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Methoxyacetyl Fentanyl N-Methyl Cyclopropyl Fentanyl MS and lon Source Conditions RE SU LTS Table 2- Sensitivity for the extractions (pg/ml)
ABSTRACT N-Methyl Norcarfentanil Cyclopropy! Norfentanyl TSQ Quantis triple quadrupole mass spectrometer
: : lon mode: Positive Electrospray (H-ESI) M i i
Introduction: Fentanyl and its analogues have become of considerable interest recently due to their Cis-3-Methyl Norfentanyl Despropionyl Meta-Fluorofentanyl \(/)apor(i)zdeer Temperature: 4;);"8/ ¢ Electrospray (H-ESI) Mode Linearity/Sensitivity NFP 2 2 10
i i i i i ife- i i - i - ) . . . . 4-Anilinopiperidine 50 25 10
mcreasgd pqt_ency, increased risk of gbuse qnd_thelr potential for_llfe thr.eate_nlng harm. They are Despropionyl Ortho-Fluorofentanyl Despropionyl Para-Fluorofentanyl lon Transfer Tube Temperature: 300 'C LAAa The linear range of the 40 Fentanyls, its analogues, precursors and metabolites was from 1 to 500 pip
synthetic opioids that are used for pain mgdlcatlon and anesthesia and in t.h.IS study over 30 of thg Norsufentnail Norsufentanil-D3 Despropionyl 2-Fluoro-Ortho-Fluorofentanyl Sheath Gas: 70 ng/ml for Urine, Oral Fluid and Blood. The linearity of each matrix was determined in triplicate over 3 Methoxyacetyl Fentanyl 50 25 25
:‘_ecr; t&yhﬁgalogﬁ?’ tlhelr tr;]"ne(’;abolltzs anld 'Szf?rmti were e;(,[alrated];ﬁ]sins[[tlve,l robulst and S;Eeg'f'c Despropionyl Ortho-Methylfentanyl Butyryl Norfentanyl Aux Gas: 10 days and the results are shown with LOD and LOQ being determined as 3:1 and 10:1 of signal to Acetyl Norfentanyl 50 25 5
-t ot anad y IC? method was elve ope I or the ql?n Ita I(r)]nlo e fentany anlaf:)g_ges,d b(TIr . 4-Anilino-1-Benzylpiperidine Sweep Gas: 0 N noise respectively where possible and the mean coefficient of determination (R2) > 0.99 for each Norfentanyl 25 10 10
metabolites and isoforms using simple sample preparation techniques in urine, oral fluid and blood. Spray Voltage: Positive lon (V):500 V matrix and the %CYV for each calibration point were all <10%. = T — - - -
The method was developed and optimized for accurate and robust analysis of these drugs while Q1/Q2 Resolution: 0.7/0.7 (FWHM) uranyl Norfentany
demonstrating the analytical issues associated with investigating multiple compounds of subtle Reagents Cycle time (sec): 0.6 Accuracy N-Methyl Cyclopropyl Norfentanyl 50 50 10
varying structures and physicochemical properties. The following Fisher Scientific™ acids, reagents and solvents were used- . ,
ying Phy brop gL?ocr;naasto(gqr;-g:i)c.: Peak Width: 2 secs The accuracy was determined by the analysis of UTAK control material as the percentage deviation N-Methyl Norcarfentanil 250 100 100
Methods: A Thermo Scientific™ TSQ Quantis™ tandem mass spectrometer in positive Electrospray HPLC grade Water Formic Acid ' from the targeted mean and the results were <10% for all levels in each matrix. Therefore, the Cyclopropyl Norfentany! 100 >0 25
mode and a Thermo Scientific™ Vanquish™ HPLC system were utilized. 100 ul of urine, oral fluid Methanol Ammonium Formate Table 1- Scan Parameters- SRM table analytical method can a_chleye the required accuracy for the analysis of the Fentanyls, its analogues, Cis-3-Methyl Fentanyl 50 50 25
and blood were used and various columns and mobile phases were evaluated and initially a Thermo Acetonitrile - precursors and metabolites in urine, oral fluid and blood. Norcarfentanil 50 50 50
Scientific™ Accucore™ C18 50 x 2.1 mm, 2.6 um column with a water:methanol mixture containing _ , Compound Precursor Product Collision Precision/Specifici . I
_ : 1, ! d : ) pecificity Remifentanil Acid 250 100 25
0.01% formic acid and 2.5 mM ammonium formate gradient was used achieving baseline The standards and internal standards were made up in Methanol. (m/z) (m/z) Energies R ermitantani 950 100 100
chromatographic separation in 10 minute run times. Quantitative analysis was performed using : L (V) The intra—assay precision (%CV) of the Fentanyls in each matrix were determined by extracting and emifentani
selective reaction monitoring (SRM) transition pairs for each analyte and internal standard in positive Sample Preparation- Urine Dilution NPP 0.55 204.16 77.1/105 45/22 170 quantifying three replicates of the pooled sample control material. The inter-assay precision was Butyryl Norfentanyl 50 25 50
mode. The accuracy of these methods were verified using reference materials from UTAK. * 100 mL of urine sample, calibrators, controls were added to 1.5 ml eppendorf tubes and 10 mL of 4-Anilinopiveridine 0.62 177.08 55/84.1 28/12 93 determined over 3 consecutive days and was found to have a %CV <10% for each Fentanyl for the 4-Anilino-4-piperidine 25 25 50
Fentanyl ISTD at 100 ng/mL were added to each tube and vortexed briefly PP : ' : three levels of pooled sample control material respectively in urine, oral fluid and blood. Therefore, the Acetyl Fentanyl 50 50 50
Preliminary Data: Good linearity and reproducibility were obtained with the concentration range from - 890 mL of HPLC grade water was added to each tube and vortexed for 1 min prior to Methoxyacetyl Fentanyl 0.73 249.11 55/84.1 34/16 124 analytical method can achieve the required precision for the analysis of the Fentanyls in urine, oral fluid B Hvdroxvihiofentan 50 100 =
10 pg/ml to 1000 ng/ml for the various fentanyl analogues, precursors and metabolites with a centrifugation for 10 minutes at 13000 rpm Acetyl Norfentanyl 0.83 219.16 55.1/84.1 33/18 126 and blood. : fy o y y . -
coefficient of determination R2>0.98 or better for all drugs in the various matrices over multiples The supernatant was transferred to an MS vial and capped Fi ] cfentanil 25
. : - o , * - igure 1: Chromatograms
batches. The lower limits of detection (LLOD) and lower limit of quantitation (LLOQ) were determined . P . . . PP o Norfentanyl 2.41 233.18 55/84.1 34/18 128 9 9 4-ANPP 25 25 25
) . . o + All in-house calibrators were prepared in drug-free urine (Golden West Biological, Inc, Temecula,
for each compound and the method could easily achieve the pg/ml levels of detection required in all CA) Furanyl Norfentanyl 2.58 271.12 55.1/84.1 35/16 134 F e Lie PPTA g I B0k Norsufentanil 50 25 25
matrices as well as baseline separation of the various isoforms analyzed. Excellent reproducibility of ' o _
precision and accuracy was observed (CV < 10%) for all compounds in all matrices across all N-Methyl Cyclopropyl Norfentanyl 3.01 259.11 70.1/98 29/20 134 Despropionyl-p-Fluorofentanyl 50 25 25
calibration levels and QC material. A sensitive, simple, specific and accurate LC-MS/MS method was Sample Preparation- Oral Fluid Dilution _ N-Methy! Norcarfentanil 3.12 305.13  245.1/273.2 15/10 119 e T P A | - Despropionyl-o-Fluorofentanyl 100 100 50
deve|0ped and verified for the simultaneous measurement of fentanyL its ana|ogues and metabolites. * 100 mL of oral fluid Sample (50 mL of oral fluid and 50 mL of bUﬁer), calibrators, controls were Cyclopropyl Norfentanyl 319 24516 84.1/177.1 18/17 131 mﬂ_AA:_YZSZUBO TCReBRUng |- R deteTsd TeEosRng | AT TIOR +cESISR mg 0 TeEsoESRng | TICR +cESISR g Acryl Fentanyl 100 50 50
The sample preparation techniques are quick and easily applied for high throughput analysis in urine added to 1.5 ml eppendorf tube and 5.0 mL of Fentanyl ISTD at 1000ng/mL were added to each L L i ' : : ' I, Bt AT, s s s :
. ) , . ' ) N ’ : Cis-3-Methvl Norfentanvl 3.22 247 14 69.1/98 20/18 132 ] 1040H05.01] NS {TTOTHTIO8) U (91908192001, (1099940500, (0490805001, Despropionyl-m-Fluorofentanyl 50 25 25
oral fluids and blood for forensic toxicology and included dilute and shoot, protein precipitation and and vortexed briefly Is y y : : : R 0 g . 05 g . BT | 0] I R0 I Fontan - - -
liquid-liquid extraction. The analytical method achieved the best and most sensitive results possible « 395 mL of HPLC grade water was added to each tube and vortexed for 1 min prior to Norcarfentanil 3.29 291.18 231.1/259.1 16/10 124 8l 0 g 0l y
i i i i i i Despropionyl-2-Fluoro-o-Fluorofentanyl 50 50 50
for the analysis of these new and gxpandlng compour)ds that have.subtle structurally differences and centrifugation for 10 minutes at 13000 rpm | Remifentanil Acid 3.68 363.12 113/331.1 2913 167 o . d m;a‘L.n" . 0] Lm”;m m " o
demonstrated the versatility of the instrument to consistently quantitate drugs at pg/ml levels. + The supernatant was transferred to an MS vial and capped. : _ . M MEASR | WO TR | WA TOEESSN | WEessing | ! e p-Fluorofentany! 50 50 50
- Allin-house calibrators and controls were prepared in negative oral fluid (Oral-Eze™ -Thermo Remifentanil 3.80 37712 1133171 ST 177 : e ] PR . ooy, | ™ o Furanyl Fentanyl 100 50 50
| N TRO D U CTlO N Fisher Scientific) Butyryl Norfentanyl 3.88 247.16 84.11177.1 18/16 133 i Mg g gl i “C“E‘%%'W L ‘?Cog*fﬂgofﬂﬁﬁ“l s 80, Despropionyl-o-Methyfentanyl 50 25 50
g g 36316:363.171] NS
4-Anilino-1-Benzylpiperidine 3.98 267.21 90.9/174 1 31/16 132 ] H 105 1ong Cyclopropyl Fentanyl 50 50 50
, .- . - , mple Preparation- Bl Protein crash o |_do 1 ] ‘ ﬂ ]
Fentanyl is an opioid that has rapid onset and effects and can be injected, absorbed through a skin Sample Preparatio ood _ otein cras Acetyl Fentanyl 4.20 323.11 105/188.1 36/23 169 0 o T‘Lcivf;%w 0 o H*C‘Ffimw 0 s T‘Lci“fi%m 0 Tl :‘*C?F‘TE‘ES‘SRW Carfentanil 50 100 100
patch, or mouth tissues. It activates the p-opioid receptors and depending on the analogue may be as * 100 mL of blood sample, calibrators, controls added to 1.5 ml eppendorf tubes and 10 mL of , L wogmen | " 1 mm o | ™| ww | ™ s | Cis-3-Methylfentanyl 50 50 100
[ 1 FERLRS y y
) - . . . - L1 ) : BB 50488 161 088051 I 1l " Alfentanil 50 25 50
have results in many deaths. * 100 mL of HPLC grade Acetonitrile was added to each tube and vortexed for 1 min prior to Ocfentanil 4.37 37113 105/188.1 38/23 198 5 o i | s | ¥ Biw - o
centrifugation for 10 minutes at 13000 rpm e e SaE PTTTD, ST e OB 1S 4-Fluoro-Isobutyryl Fentanyl 50 25 25
In this research study, we evaluated various columns and solvent combinations as well as simple - The supernatant was transferred to an MS vial and capped. i : : : rim 10 “'—Aﬁwwm P e : o AT y 08 g Butyryl Fentanyl 50 25 25
and gasy Sa?”lptle t[:ep?]ratlonttechnlhc!ues. in orsler t(:j dteV(?Iop andLC-M?;!\/ISt_anaI}/tllzcaltmetlhc_Jtd that - All in-house calibrators were prepared in drug-free blood (Golden West Biological, Inc, Temecula, Despropionyl m-Fluorofentanyl 4.80 299.14 105/188.1 31/18 152 s lﬁ:séfsim% o, AT ;\éj;ﬂcES\SRMmsZ E " AT ;;Cg‘:;;cES\SRMmSZ g " AL B ;\YE‘::QBCES\SRMM isobutyryl Fentanyl = - -
o et e et eprson dlecton and st o Penent e ch) NN ENINE “ = o
) . . i i 4 o o 4 S I S W EHTOTICR #6561 SR g
included protein precipitation for serum, dilution for urine and oral fluid.. The methodologies were Data Analysis Despropionyl p-Flourofentanyl 5.10 299.18 105/188.1 3118 149 ! - B A o Sufentani 25 25 10
developed on a TSQ Quantis tandem mass spectrometer in positive and negative Electrospra : 0- D N el o o Valeryl Fentanyl 25 10 5
ionizatir())n modes with a Vanquish HPLC systepm fora 10 minﬁte analytical g?adient pray The software used included for this method included the Thermo Scientific™ Xcalibur™ 3.1 SW, MELETEET] 4.75 277.16 96/128.1 22114 122 SR AT N Tt e R I ot SeTenEn
' Thermo Scientific™ TSQ Altis Tune™ 2.1 SW and Thermo Scientific™ Tracefinder™ 4.1 SW Acryl Fentany 5.10 335.12 105/188.1 36/23 188 oy il I el KA el I CONCLUSIONS
'w - % NCLUSION
Fentanyl 533  337.25 105/188.1 37/23 190 . o ) s | . s ¢ e
MATE R|ALS AN D METHODS METHOD Despropionyl 2-Fluoro-o-Fluorfentanyl 5.42 317.21 123/206.1 32/18 150 o | o i AA:YY@GW?E}CES o + Baseline separation of 40 Fentanyls, its analogues, precursors and metabolites in 10 minutes with good
p-Fluorofentanyl 548 35511 105/188.1 3824 200 I B mE s Al s - LOQ in positive mode in three matrix types.
Standard§ . . N HPLC Conditions- : ' : o M WEESR | WS TORESM | MO TOReESNN | WOV TGt | * Excellent linearity of calibration curves with good accuracy, precision and reproducibility across the
;rhe {glowgzanslﬁﬁ)al reference standards and Internal standards were obtained from Cerilliant, Vanquish Horizon HPLC binary pump, well p|ate, thermostatted column Compartment Furanyl Fentanyl 5.56 375.19 105/188.1 38/22 197 ;XL;;%T;%%S ?;;;ggmﬁz‘hgz fwg()igﬂg[)g.wn5nuw ;5[;41;909_105001 calibration curve from 50 pg/ml to 500 ng/ml for each respective fentanyl
nc. (Round Rock, : i - ] ) « Future work is needed to eliminate potential matrix or drug interferences to this analytical method, and
: Despropionyl o-Methylfentany 5.59 295.13 105/188.2 32/17 142 5 o i e i AR ] i u P 9 y ’
. Column: Accucore C18, 50 x 2.1 mm, 2.6 pm sl i i G g s | S ! L for additional synthetics to be included when they are discovered, and standards made
Alfentanil Isobutyryl Fentanyl Column Temperature: 50 °C Isobutyryl Fentanyl 6.27 351.11 105/188.1 38/24 195 k ] ] winth " TOR S SUng For F i Use Onl
Acetyl Fentanyl Acetyl Fentanyl-13C6 cis-3-Methyl Fentanyl Injection Volume: 5 uL : i S oL L i Lue ' o or Forensic Use Only.
Cis-3-Methyl Fentanyl 6.09 351.16 105/202.1 37/25 205 : +0ESISR n : CF 405 Sl : +0ESISR : SCESISRm (101088,
Acetyl Norfentanyl Acetyl Norfentanyl-13C6  Norfentanyl Norfentanyl-D5 Sampler Temperature: 4 °C S eyl Fentany w M ZLZHEW‘;RSW O lé,zm[;smgf ity i ECZE;EJ;URQQW 10 mﬁ%ﬁ%;ﬁim s USO8 S
4-ANPP 4-ANPP-D5 Norcarfentanil Needle Wash: Flush port (50%Methanol:50%Water) 10 seconds Butyryl Fentanyl 639 35125 105/188.1 38/24 197 e [ i e | o REFERENCES
Acryl Fentanyl Ocfentanil Mobile Phase A: 0.01% Formic Acid + 2.5mM Ammonium Formate T I — 586 349 17 105/188.1 38/24 206 8] g ] S gl i 5 gl ] (g‘é‘{“ﬂi{j@”ﬂﬂvs
Butyryl Fentanyl Remifentanil Mobile Phase B: Methanol i o _ i > v TE A 1. A comprehensive LC-MS-based quantitative analysis of fentanyl-like drugs in plasma and urine
. . . . . . H 1 o I uial i - []. - . .
Carfentanil Carfentnail-D5 Remifentanil Acid Flow Rate: 0.5 ml/min ‘. Carfentanil 5.95 395.26 113/363.2 31714 184 T a—T L L1 s L W TRBETCE 550 Journal of Separation Science Volume33, Issue17-18 Pages 2654-2662
i i Gradient: 0.0 mi 90%A:10%B ' MW TOF BRI A 1 MBI CF o550 | ] B P ’ 9
Cyclopropyl Fentanyl Sufentanil Sufentanil-D5 radient. 0'5 2:2 900/0 A:1oo/o B ‘ ? 4-Fluoro-Isobutyryl Fentanyl 6.40 369.11 105/188.1 39/25 204 o S i Ly T owm o 2. LC-MS/MS-Based Method for the Multiplex Detection of 24 Fentanyl Analogues and Metabolites in
- - . - (T (0 il Ly N TS .
Eﬁ:e:i;?/::entanyl Fentanyl-D5 Valeryl Fentanyl Valeryl Fentanyl-D5 50min.  40%AG0%E a | P 6.53 369.13 105/188.1 39/25 201 . | . i ; e Whole Blood at Sub ng mL—1 Concentrations ACS Omega, 2018, 3 (1), pp 514-523
ara-Fluorobutyryl Fentanyl 8.0 min-  2%A:98%B Alfentanil 6.38 417.28 197.2/268.2 26/18 185 it
para_Fluorofen{ax I y 85 mln' 2%A98%B : : U'WFJWWFW H G_WLW D‘ M 051G H TRADEMARKSILICENSING
2 Fluoro-isobut ryly Fentanvl 8.6 min- 90%A:10%B n m Sufentanil 6.88 387.13 110.9/238.1 37/20 178 L) 4§ 14 L) 4§ 0o 4 ¢ R R
-riuoro-isobuty y : 0 mi ' | | i e i e i © 2018 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher
] i Run time: 10 mins | 7 Valeryl Fentanyl 7.2 365.16 105/188.1 39/25 204 e I e I e -AllNg - property
B-Hydroxythiofentanyl : : . S : m,, i / Scientific and its subsidiaries. This information is not intended to encourage use of these products in any
oot o manner that might infringe the intellectual property rights of others.




thermoscientific

Quantitative analysis of 42 Fentanyl, it’s Precursors, Analogues and Metabolites in Urine, Oral fluids and Blood using LC-MS/MS for forensic use
TP189

Rory M Doyle, Dominic Andrada, Adrian Sanchez-Woehler, David Espinosa, Thermo Scientific, 265 Davidson Avenue, Somerset, NJ 08873

Table 2- Linearity and Sensitivity for the extraction methodology-PPT/LLE
ABSTRACT Reagents 5.0min-  2%A:98%B RESU LTS
The following Fisher Scientific™ acids, reagents and solvents were used- 5.1 min-  60%A:40%B Linearity/Sensitivity Ll_T_e:anlty ( L?QI) L"I‘:ea"ty ( LCI)QI)
ion-: it’ - i i ime: ' ota m ree m
.I ntroductéon. tF entar)yl and |tds gn:\ Iofgube s have db;cqme ,?f c;_orﬁlde;_rfa b{ﬁ mtire?t rehcentlyfhue to their . _ Run time: 6 mins The assays were linear over the calibration curve for the total and free Thyroids in thyroid depleted = =
Isn%r’ﬁ]aestii op(i)oiednscilﬁIar:Car?:ziedn?oro a?n lrjwfzdei]cr;]ationegnpdoaennels&}th;srie: :;d riiatﬁiglgtgudarger 3%3/0?2?16 HPLC grade Water ~ Acetic Acid MS and lon Source Conditions-Underivatized serum/water mixture as shown in the table with their mean of coefficient of determinations (R?) for 3,3’,5-Triiodothyronine- 5 pg/ml — 1000 ng/ml (+) 5-1000 pg/ml (+)
fgntan I anglo tos their metabolitgs and isoforms were evaluated. A sensitive rogust i Specific Methanol 7N Ammonia in Methanol TSQ Altis triple quadrupole mass spectrometer positive and negative mode and all sample preparation techniques. The linearity of each extraction was PPT 10 pg/ml — 1000 ng/ml (-) 10 10 — 1000 pg/ml (-) 10
LC-MéY/MS anglytic’al method was developed for the quantitation 01; the fentany,l analogues tFr)leir Acetonitrile Ethyl Acetate lon m(_)de: Posifcive and Negative Electrospray (H-ESI) Mode dete_rmined in .triplicate over 3 day§ gnd the result; are sh0\;vn with the LOQ being determiped as 10:1 3,3, 5"-Triiodothyronine- 5 pg/ml — 1000 ng/ml (+) 5 5— 1000 pg/ml (+) 5
metabolites and isoforms using simple sample preparation techniques in urine, oral fluid and blood. Hydrogen chloride - 1-butanol solution Vaporizer Temperature: 300 © of signal to noise. 'Ehe mean coefficient of determination (R?) >°98 for each sample extraction . PPT 25 pg/ml — 1000 ng/ml (-) 25 25-1000 pg/ml (-) 25
The method was develooed and optimized for accurate and robust analvsis of these druas while lon Transfer Tube Temperature: 275 C technique and the %CV for each calibration point were all <10% in order to be accepted. The analysis _
g trating th I f ¥ P ated with investiqat i Iy q fg of The standards and internal standards were made up in 0.1N Ammonia in Methanol to prevent iodine Sheath Gas: 42 of total and free Thyroid hormones underivatized and derivatized by positive mode electrospray using Thyroxine- 5 pg/ml — 1000 ng/ml (+) 25 5 — 1000 pg/ml (+) 2.5
emons rta |ntg © anda yr:ca. 'SSEeS _assloma ° rtwl investigating muttiple compounds ot subtie miaration pine. P Aux Gas: 15 the LC and source conditions shown were found to be more sensitive than negative mode with a 5 to PPT 10 pg/ml — 1000 ng/mi (-) 10 10 — 1000 pg/mi (-) o
varying structures and physicochemical properties. g . gweepVGlas: g on (V13025 10 fold difference in mass spectral response. 3,3',5-Triiodothyronine- 1 pg/ml -1000 ng/mi (+) 1 1-1000 pg/ml (+)
ray Voltage: ositive lon (V):3925 =
Methods: A Thermo Scientific™ TSQ Quantis™ tandem mass spectrometer in positive Electrospray Total Sample Preparation- Protein Crash pray 9 Negative Ion( (\)/):3750 vV Precision/Specificity LLE-No 5 pg/ml -1000 ng/ml (-) 5 5 —1000 pg/ml (-)
mode and a Thermo Scientific™ Vanquish™ HPLC system were utilized. 100 ul of urine, oral fluid 200 pL of Serum/HSA mixture calibrators, controls and serum sample were added to 1.5 ml Q1/Q2 Resolution: 0.7/0.7 (FWHM) The inter—assay precision and accuracy for total and free T4, rT3 and T3 was determined by extracting 3,3',5-Triiodothyronine- 2.5 pg/ml — 1000 ng/ml (+) 25 2.5-1000 pg/ml (+) 25
and blood were used and various columns and mobile phases were evaluated and initially a Thermo Eppendorf tubes and 20 pL of Thyroid ISTD mixture at 200 ng/mL were added to each tube and Cycle time (sec): 0.8 and quantifying in-house control material resulting in %CV for T4, rT3, T3 of <10% deviation form the No 10 pg/ml — 1000 ng/ml (-) 10 10 — 1000 pg/ml (-) 10
Fisher™ Accucore™ C18 50 x 2.1 mm, 2.6 um column with a water:methanol mixture containing vortexed briefly CID Gas (mTorr): 2 targeted mean. h _ 1 pa/mi — 1000 ng/mi (+) 1 1~ 1000 pg/mi (+) )
0.01% formic acid and 2.5 mM ammonium formate gradient was used achieving baseline . o T : - i idth: yroxine- pg/mi — ng/mi (+ - pg/mi (+
chromatographic separation in 10 minute run times. Quantitative analysis was performed using 18%%&222??238?&? added to each tube and vortexed for 1 min prior to centrifugation for Chromatographic Peak Width: 6 secs Therefore, the analytical met.hod was determined to wqu t_)est. for the liquid-liquid extraction in positive LLE-No 5 pg/ml — 1000 ng/ml (-) 5 5—1000 pg/ml (-) 5
selective reaction monitoring (SRM) transition pairs for each analyte and internal standard in positive _ MS and lon Source Conditions-Derivatized mode for total and free thyroid hormones and butyl derivatization of these compounds resulted in a 3,3 5-Triiodothyronine-  0.25 pg/ml — 1000 ng/ml (+) 05 0.25 — 1000 pg/ml (+) 0.25
mode. The accuracy of these methods were verified using reference materials from UTAK. « The supernatant was transferred to an MS vial and capped. TSQ Altis triple quadrupole mass spectrometer further 10 fold increase in sensitivity. The use of either analytical technique can achieve the laboratory L’LE,-ButyI 2.5 pg/ml — 1000 ng/ml (-) 5 2.5 — 1000 pg/ml (-) 25
« Allin-house calibrators were prepared in thyroid depleted serum and water (Golden West lon mode: Positive and Negative Electrospray (H-ESI) Mode required accuracy for the analysis of total and free thyroid hormones in serum. : : :
Preliminary Data: Good linearity and reproducibility were obtained with the concentration range from Biological, Inc, Temecula, CA) Vaporizer Temperature: 300 ‘C _ o o _ » 3,3',5"-Triiodothyronine- 0.5 pg/ml — 1000 ng/ml (+) 1 0.5 — 1000 pg/ml (+) 0.5
10 pg/ml to 1000 ng/ml for the various fentanyl analogues, precursors and metabolites with a lon Transfer Tube Temperature: 275°C Figure 1: Chromatograms Underivatized, derivatized, negative and positive mode LLE-Butyl 5 pg/ml — 1000 ng/ml (-) 5 5—1000 pg/ml (-) 5
coefficient of determination R2>0.98 or better for all drugs in the various matrices over multiples Total Sample Preparation- Liquid-Liquid Extraction Sheath Qas: 42 Thyroxine- 0.25 pg/ml — 1000 ng/ml (+) 0.5 0.25 — 1000 pg/ml (+) 0.25
batches. The lower limits of detection (LLOD) and lower limit of quantitation (LLOQ) were determined « 200 pL of Serum/HSA mixture calibrators, controls and serum samples were added to a test tube Aux Gas: 15 Underivatized LLE-Butyl 2.5 pg/ml — 1000 ng/ml (-) 5 2.5 1000 pg/ml (-) 2.5
for each compound and the method could easily achieve the pg/ml levels of detection required in all and 20 pL of Thyroid ISTD mixture at 200 ng/mL were added to each and vortexed briefly gWGGPVGI’ilSi g . V12000 V s
matrices as well as baseline separation of the various isoforms analyzed. Excellent reproducibility of . 200 L of Acetonitrile was added to each tube and vortexed for 1 min pray voltage: NOS' ';(e (I)n ( \)/ 2500 \ - P rer e CONCLUSIONS
precision and accuracy was observed (CV < 10%) for all compounds in all matrices across all * 1.2 mL of Ethyl Acetate was added to each tube and vortexed for 1 min prior to centrifugation i Sgative ton (V) 5 Negative Mode T3 T 2
calibration levels and QC material. A sensitive, simple, specific and accurate LC-MS/MS method was ' rEmny u P U9 Q1/Q2 Resolution: 0.7/0.7 (FWHM) =07 s c20m 02071 ¥ . : : : : . . i .
e . . . for 10 minutes at 13000 rpm Cycle time (sec): 0.8 ] j\ o + Baseline separation of thyroid hormones in 6 minutes with good LOQ in positive and negative mode
developed and verified for the simultaneous measurement of fentanyl, its analogues and metabolites. _ . _ o] - S . A Lo
i ' ' ' i i ipitati ’ room temperature Chromatographic Peak Width: 6 secs ] Az oB7®
(.)ral. qu_|ds_and bloo.d for forensic t(_)xmology and |n.cluded dilute and shoot, protel_n_ precipitation ar)d . Th t pt - tituted in 200 ul of 3-1 wat d methanol orap 50 » A clean serum matrix is required to achieve the desired calibration curve and LOQ as the thyroid
liquid-liquid e>_<tract|on. The analytical met_hod achieved the best and most sensitive regults possible e extract was reconstituted in uL of 3:1 water and methano Table 1- Scan Parameters- SRM table ; hormones bind to proteins and albumin within serum that can result in interfering responses
for the anaIyS|s of these new and expandlng compounds that have subtle Structurally differences and . The supernatant was transferred to an MS vial and capped. 8
demonstrated the versatility of the instrument to consistently quantitate drugs at pg/ml levels. Compound Polarity | Precursor | Product | Collision Ik - Excellent linearity of calibration curves with better accuracy, precision and reproducibility in positive
Free Sample Preparation- Ultracentrifugation (m/z) (miz) Energies E mode than in negative mode by a factor of 5 fold and again the butylated hormones gave the best
400 pl of serum sample, calibrator matrix, controls was added to a Millipore Amicon Ultra 0.5 ml, ) g o wTaT results in positive mode
Ultracel 10 membrane, 10 KDa Centrifugal Filter unit prior to centrifugation for 60 min at 13200 e . " 1007 .y AN o razrrrae
INTRODUCTION rpm at 37°C. e R Ll | Fesiive el 2 605.7/478.9  21.9/344 99 ] Positive Mode T3 Lyt R - Derivatization of the thyroid hormones resulted in a potential 5 fold improvement in sensitivity that
Fentanyl is an opioid that has rapid onset and effects and can be injected, absorbed through a skin 200 pl of the filtrate was removed to a new tube and 20 ul ISTD at 1000 pg/ml were added to each Negative 649.84 126.9/632.8  45.3/19.1 108 DE i eaeam underivatized but also resulted a high degree of interferences demanding the use of thyroid free serum
patch, or mouth t|§sues. It activates the p-op|0|q receptors and dependlng_ on th_e analogue may be as ’;)ube%I and the calibrators were spiked with standards to the desired concentration and vortexed 3,3’ 5-Triiodothyronine-13C6 331 Positive 657 67 611.7/484.9  22.1/34.4 99 - 311‘,” — E for analysis
much as 10,000 times more potent than morphine. Fentanyl can have serious side effects which retly ] A rT3 o _
have results in many deaths. » The extraction process was continued as described above for the Total sample preparation- Negative 655.84 126.9//638.8  45.1/19.4 111 0] || \l |'| | » Further evaluate other mass spectrometer platforms such as the Thermo Scientific™ TSQ Quantis™
| . o | Protein crash and Liquid-Liquid Extraction protocol. 3.3 5" Triiodothyronine-rT3 363 Positive 651.83 605.8/507.8  22.8/23.8 103 o] NN f — tandem mass spectromef-te.r astoits .SL.JItabI|Ity for the analysis of total and free butylated .Thyr0|d
In this research study, we evaluated various columns and solvent combinations as well as simple - AA 10758244 determinations and maximize the efficiency of the method as well as evaluate the potential for the
and easy sample preparation techniques in order to develop an LC-MS/MS analytical method that Derivatization Sample Preparation-Butyl Esterification Negative 649.98 126.9/478.9  51.9/22.1 130 ] T4 ' analysis of other thyroid hormone metabolites using butylation.
can demonstrate the chromatographic separation, detection and quantification of Fentanyl, its « The dried extracts produced following liquid-liquid extraction were derivatized using 50 pL of 3,3',5-Trilodothyronine-13C6 363  Positive 657.8 611.8/513.9 22.7/372 104 cs o ] . ]
Analogues, Precursors and metabolites. The sample preparation choices were kept simple and Butanol in 3M HCI for 15 minutes at 65°C , 00 a2 oe o8  os 10 12 14 18 18 20 22 26 28 28 30 a2 a4 For Research Use Only. Not for use in dlagnostlc procedures.
included protein precipitation for serum, dilution for urine and oral fluid.. The methodologies were » Due to the acidity of the reagent, the liquid was removed by heated nitrogen flow at 40’C. NG ot laolneng | 9ueiZe 123 fine{min
developed on a Thermo Scientific™ TSQ Quantis™ tandem mass spectrometer in positive and  The samples were reconstituted in 200 uL of 3:1 water and methanol Thyroxine-T4 3.82  Positive 777.74 731.7/604.8  24.8/39.2 116 Derivatized
) o . e o . :
negative Electrospray ionization modes with a Thermo Scientific™ Vanquish™ HPLC system for a 10 The supernatant was transferred to an MS vial and capped. Negative 775.31 126.9/604.8  47.3/203 140 RT. 000-270 o REFERENCES
minute analytical gradient h ibrati o 1 oa/mL to 1000 na/mL and vari od | g w AT28 A 38841 e veam0s
e calibration curves ranged from mL to ng/mL and various pooled samples were used as ine- iti 1003 . A 2257582 Moessimset,
control material. 9 = 9 P P Thyroxine-13C6 1 783.17 e I o Negatlve Mode T3 :“8;5:3;1 e 1. LC-MS/MS analysis of fentanyl and norfentanyl in a fatality due to application of multiple Durogesic
Negative 781.54 126.9/610.9  46.1/20.6 135 : To0pond transdermal therapeutic systems. Forensic Sci Int. 2007 Jul 4;169(2-3):223-7.
MATERIALS AND METHODS Data Analysis 3,3',5-Triiodothyronine-T3-Butyl 283  Positive 707.83 605.8/478.9 24.3/38.3 102 - RE3® e 2. A comprehensive LC-MS-based quantitative analysis of fentanyl-like drugs in plasma and urine
] [128 851, i i -
Standards The software used included for this method included the Thermo Scientific™ Xcalibur™ 3.1 SW, Negative 705.79 126.9/448.7  41.9/26.2 110 o rT3 & 3 iz;u:\;gl/l\jfssgparzu:ﬂn tShCISr;CGt\;Ol:Ami??’ |SI§UT17’[-18 £ 24 Fentarnvl Anal d Metabolites |
' ' ' - Thermo Scientific™ TSQ Altis Tune™ 2.1 SW and Thermo Scientific™ Tracefinder™ 4.1 SW i A 106278 . LC- -based Method tor the Multiplex Detection o entanyl Analogues ana Metabolites In
The following analytical reference standards and Internal standards were obtained from ientifi Q Altis Tu ientifi [ 3.3' 5-Triiodothyronine-13C6-Butyl 25 E— E—— o~ R - ; o .\ - Whole Blood at Sub ng mL—1 Concentrations
Cerilliant, Inc, Round Rock, TX- Negative  711.83  126.9/4548 429/262 115 fon . cewsizan ACS Omega, 2018, 3 (1), pp 514-523
Alfentanil Isobutyryl Fentanyl METHOD . . » 2 o] T4
Acetyl Fentanyl Acetyl Fentanyl-D5 cis-3-Methyl Fentany 3,3,5'-Triiodothyronine-rT3-Butyl 3.16 Positive 707.85 605.8/507.9  24.4/24.6 98 ; D TRADEMARKSIL'CENS'NG
Acetyl Norfentanyl Acetyl Norfentanyl-13C6  Norfentanyl Norfentanyl-D5 HPLC Conditions- Negative 705.83 126.9/575.7 55/31.6 128 ® Ak it DL r e sene:
4-ANPP 4-ANPP-D5 Norcarfentanil Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment g L i " § " e s ssam et © 2018 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher
Acryl Fentanyl Ocfentanil 3,35 Trilodothyronine-13Ce-Butyl ~ 3.16  Positive 713.85 N % ] Positive Mode T3 Roogn e B Scientific and its subsidiaries. This information is not intended to encourage use of these products in any
Butyryl Fentanyl Remifentanil 8O:umn:_l_ ) 'g‘g%lécore C18, 50 x 2.1 mm, 2.6 um Negative 711.85 126.9/581.7  53.1/31.7 112 o] . ‘ manner that might infringe the intellectual property rights of others.
- - - 0OA A olumn Temperature: -
Carfentanil Carfentanil-D5 Remifentanil Acid esorivilanie 20 ul. Thyroxine-T4-Butyl 347  Posive 83375  777.8/731.8  19.8/27.3 132 ™3 -. s
Cyclopropyl Fentanyl Sufentanil Sufentanil-D5 Snjec ||on TO ume- ture: 4 og , 0] \"|
Fentanyl Fentanyl-DS Valeryl Fentanyl Valeryl Fentanyl-DS Noodlo Washe Flush port (50%Methanol:50%Water) 10 seconds Ly el e X A A
Furanyl Fentanyl para-Fluorobutyryl Fentanyl Mobile Phase A 0.1% Kceti CA Ci"d R Thyroxine-13C6-Butyl 3.17  Positive 839..75 783.8/737.8  20.1/26.2 109 - e ‘3 n‘t ‘*EE,‘_W.“
p?ﬁa;gjf rf;%?;?g:] | 4-Fluoro-isobutyryl Fentanyl Mobile Phase B: Methanol e ‘ Negative ~ 837.75  126.9/580.8 52.8/31.4 120 % T4 B e
B-Hydroxy y Flow Rate: 0.5 ml/min | i :
H . N- (o] . (o] ‘E e’ ; 3'l‘I“lllIl"lF"lI"'I'lII_‘"'I4IIIIFI"II'IHI"‘.I.'ll.l4"'ﬂlﬂlllnl
Cayman Chemicals, Inc., Ann Al’bOI’, MI- Gradient: 0.0 m!n 600/0A:400A)B 00 02 04 08 08 10 12 1. 18 111&i:min:.d 22 2 26 28
NPP 4-Anilinopiperidi 0.5min-  60%A:40%B
-Anlinopiperidine 45min-  2%A:98%B




