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ABSTRACT =)x]- =] Figure 5. Leuprolide spectra at the 50 pg/mL LOQ. The A0 isotope at 605.3300 and Al isotope Analysis of the PRM spectra of Leuprolide at the 10 pg/mL LOQ demonstrates an intense signal for the
Levproide # 424 R 104 N 407 Nafarin #571 T 228 N 909805 at 605.8311 (left) are present and intense. Further magnification of the A0 isotope displays an for the b2 fragment ion with a mass accuracy of less than 2 ppm. Further spectral analysis of the b2
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_ . . . ] interference mass affecting assay performance at lower concentration levels. fragment ion isotope reveals the target m/z is fully resolved from all nearby noise and interference
Pﬁgﬁgtzzbloo?ﬁr;ﬁhr::;:jkeassay performance utilizing high resolution accurate mass for the \)L /\])\ ¢ \/u\ Ha 90— a0+ 662.3254 signals.(Figure 7) The strong signal intensity and the improved LOQ indicates that the improved
q b ' N 80- 5052305 80 E'@“f _ Ev @n x selectivity provided by the PRM scan mode present an effective tool to further improve assay
Methods: Leuprolide was analyzed in the presence of human plasma sample matrix using Selected —\H O o™ 70 Leuprolide # 434 RT.1.94 NL: 1465405 ovproice 40 KT .54 NL- 1 45me0t pe[_for_ma;_nce I?ttr?e preselnce of COTIO'ex blolgglcal matrixes without the need for extensive re
lon Monitoring (SIM) and Parallel Reaction Monitoring (PRM) scanning functions. Data analysis were NHH/ NH NH jl* 2 - 2 o] 100+ 6053309 100+ 6053300 optimization ot theé samplie preparation procedure.
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Results: The lower limit of quantitation (LOQ) for Leuprolide was determined to be 50 pg/mL for the HN © ] 6063316 . A 8058318 i - - lid ira at the 10 pa/mL LOO. The b2 f {ion 249.0977 (left) i
SIM scan analysis and determined to be 10 pg/mL for the PRM scan analysis. NH NH 1 . z - = 'gure 7. Leuprolide spectra at the 19 pg/im Q. € b ragment fon ' (left) 'S
20+ 20 Z &0 o06 7667 2 60- present and intense at the analyte LOQ. Further magnification around the b2 fragment ion
5 © 10] 606.3320 10] 663.3219 s o] Y- = o] demonstrates resolution from interference ions facilitating assay quantitation at lower
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Therapeuﬂc pept|d_es r_epresen_t a growing class of drug treatments th_at provide many beneﬁts_ for a Figure 1. Compound structure for the nonapeptides Leuprolide (left) and Nafarelin (right) _ . , o 0] [e03c0ss 104 s05.2208 L ] @@ Leuprolide # 400 RT: 1.93 NL: 1.03E+05
wide range of applications. Existing peptide drugs are known to be highly selective and effective at Figure 3. Isotopic envelop of the M+2 charge state for Leuprolide (left) and Nafarelin (right) 1 1 / Leuprolide # 400 RT 183 NL: 0.865+04 240.0078
low levels. The increased efficacy of these therapeutic peptides requires both highly selective and o P . P pess L AR R 36,0965 007
highly sensitive quantitative assays to support the development of future treatments. miz - e - 1004 80~
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Here we investigate the advantages of a high resolution accurate mass LCMS assay for the . ide SIM wraat the 50 ba/mL LO 20OMED - L ide SIM traat the 50 ba/mL LO 80 1
quantitation of Leuprolide. A SIM scan experiment was performed to determine the lower limit of SPE Conditioning SIM Analysis euprolide SIM spectra at the 50 pg/ml- LOQ - Leuprolide SIM spectra at the 50 pg/ml LOQ z 7] z 23135
. . . . . @ @
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investigated to assess and evaluate the increase of method selectivity on overall assay performance. o - The initial experimental analysis and assay performance was assessed using SIM mode. Assay A 2 5o
SPE Conditioning l F performance and reproducibility were assessed across a calibration curve range of 10 pg/mL to 250 *5_3 40 g 40 201178 Dt 0816 N
2x 500 uL Water : ng/mL. Each concentration level was analyzed in triplicate at an injection volume of 20 uL. Linearity PRM Analysis T 3] w] im0 | 23131
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MATERIALS AND METHODS Serolle LeEel N o i and reproducibility were calculated across the working range of the curve. The limit of quantitation 2] S . o] 2831657 |
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Samp?e Supematar?t s WK (LOQ) was defined as the lowest concentration level that is both within <20% difference of the linear fit Results from the SIM analysis indicate the potential for improved assay performance arising from the ™~ 1321018 5490077 gt s | G053 o 2401338 | | |244.002¢ 2500021
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Sample Preparation Ther< &= and <20% RSD for each group of replicate concentration points. Quantitative analysis and increase of target selectivity and the further reduction of potential interferences. The experimental oLy ,u,.,L,i.lil.l,i,llu,J,,llL,, SRSt Y T S I 1] | ‘ |
Sample Wash chromatographic peak generation was achieved through the quantitation of the two most intense analysis and assay performance was reassessed using PRM mode. Potential fragmentation ions 100 200 300 400 500 §00 R acilter il At ot g
Leuprolide and Nafarelin (Figure 1) standards were obtained from Sigma Aldrich, St. Louis, MO, and 2 500 ul Water:MeOH w/ 0.1% FA (90:10) isotopes of the M+2 charge state (A, and A;), which provide the most abundant signal and the least were predicted using Thermo Scientific™ Pinpoint™ software and the optimal product ion for miz . miz )
used to prepare calibration curves. The standard compounds were dissolved in Methanol at a interference in the presence of the plasma matrix. The summed area of the two isotopes provide quantitative performance was selected post acquisition. Fragmentation was achieved for both the
concentration of 1 mg/mL. A series of standard working solutions was further prepared using Sample Elution Figure 2. Solid Phase Extraction Workflow improved peak area reproducibility across the replicate injections as well as an improved % difference Leuprolide and Nafarelin using the default Normalized Collision Energy (NCE) value of 30.
Methanol and Water (50:50) at concentration range of 10 pg/mL to 250 ng/mL. Filtered human 2% 250 uL MeOH w/ 0.1% FA for Leuprolide (Analyte) and Nafarelin from the line fit, most significantly near and at the LOQ.(Figure 4) The overall assay LOQ using SIM Leuprolide PRM spectra at the 10 pg/mL LOQ ZOOMED - Leuprolide PRM spectra at the 10 pg/mL LOQ
plasma was obtained from BioreclamationlVT (Baltimore, MD) and used to generate subsequent (Internal Standard mode for the plasma sample set was determined to be 50 pg/mL.
calibration curves and QC samples. Sample Dry Down and Reconstitution £ foc | Compar | 81 ||| MG SerpleName 4|t 8| K1 4| Reorue 3| Ama 5| STDBes 408 8| 3D 8| %OV 3| 8| Fioge 3| Surpe 8] te | Coriim 8| oot 8| miclhpm) 8| miclOok) 8| mistEpeint 8|
Dry under gentle Nz’ Recon Water.MeOH (80.20)’ 0.1% FA V 1 = i Ivd i} 1 f:‘EL lide 10 pg/mL : i} i} jaDZQ : :;’:5v ::E»DOSv iﬁ; :?)9 : ::4v =1 - :\aitdv :a 1?:59 : f:OEIO : ;QOQ?E : i;z( v) 290977 :
300 ul_ Of plasma was Sp|ked Wrth the appropnate amount Of the Leupro“de Work|ng SO|UtI0n and % Nafarelin ~ 2.29 2 SPE Leuprolide 10 pg/mL 194 193 0026 6230 236566 223 609 644 2 : Cal Std 1 10223 10.000 2490980 13558 (ppm)  249.0077 =
. . N . . . . . . 3 SPE Leuprolide 10 pg/mL 193 193 0.026 6027 228035 259 6.09 644 3 Cal Std 1 10.259 10.000 248.0977 1919 (ppm) 249.0977
4 SPE Leuprolide 25 pg/mL 193 193 0.059 15535 262557 -11.00 5.98 613 4 ™ CalStd 2 22249 25.000 248.0977 1306 (ppm 249.0977
Internal Standard (Nafarelln) at eaCh Ca“bratlon curve Concentratlon PrOteIn preCIpItatlon (ppt) was ;m::(unds(:mmpoundv uRT Sa;aifmns Sample Name Actual RT 2| Response 2| Area 15TD Respon S4DifF %RSD %V Flags o Sample o Level Calculated Amt © Theoretical Ac Formula - 3 SPElLeuprolde 25 p;'"L 184|193 | D067 17357 | 250426 023 598 513 5 I @es 2 Z0 2000 2480877 DOB:EF”"”; 290077 CO N C L U S I O N S
ther] performed on the plasma SO|UtI0n US|ng a 200 UL al|qu0t Of methan0| The I’eSU|tIng Sample Aa’ p— = . P o P v e T e AE o I e == — &  SPE Leuprolide 25 pg/mL 194 103 0083 17410 274455 475 598 613 [ : Cal Std 2 23812 25000 2490979 9882 (ppm) 2490977
. . . - - "93 3 0 ngLeupmhdeso i ;_ga 1o 8‘158 ;16407 ;290773 ;98 ;,28 ;06 1 = C;lstd ; 573‘489 ;G‘OUO ;59H34N16012 7 SPELeuproITdeSUpg/mL :_.93 193 0.118 36394 309364 -12.20 373 378 7 Cal Std 3 43.900 50.000 249.0977 +1919 (ppm) 249.0977 . . L. . . .
solutions were vortexed for 30 seconds and then centrifuged at 4,000 rpm for 5 minutes. The ; e R  r mamn  |ioeie |oe |mem e Jem i o |2 oo 2 e o | (ispitntetioun ol ol e ool el el e i e B o i il o SIM scan analysis provided a sensitive and robust method that requires minimal method
supernatant from each sample was mixed with 300 UL of water and transferred to a Thermo _ : : B e e T e il - ol R o -l v o (R B B el e Pl e development. The LOQ for Leuprolide was determined to be 50 pg/mL in the human plasma matrix.
SC|ent|f|CTM SOLA“TM HRP 2mg/1m|_ 96 We” SO||d Phase Eth’aCtlon (SPE) plate for further Sample T|me FIOW rate O/A 0/ B HESI Source Sett'ngs Value Scan Sett'ngs Value ® 5 SDELeupr:\idemOpg::mL 194,194 0361 440040 1218375 -B.36 0.08 126 5 : Cal $td 4 91643 100.000 C50HBAN16012 12 SPE Leuprolide 100 pg/mL 183 183 0257 71941 279928 530 559 563 12 ™ CalSd 4 94704 100,000 248,0978 3144 (ppm)  249.0077
: . 0 0 [ SPE Leuprolide 100 pg/mL 193 194 0355 438750 1234406 -2.49 0.8 126 6 Cal Std 4 90.512 100.000 C59HB4N16012 13 SPE LeuprolidaZSOpg/mL :_.93 193 0,605 180041 298920 -11.09 743 745 13 ™ CalStd 5 222274 250,000 249.0978 3757 (ppm) 249.0977 . . . .. . . . . . -
clean up. (min) __(uL/min) aporzer emperature G|~ 460 | [Rosouen 6,000 moS sf 2 =am © o2 = i B = = o foE =T Ea o Lo o= B S o PRM scan analysis provided the highest assay selectivity while maintaining method simplicity and
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Prlor to sam |e transfer the SPE Iate We”S were retreated Wlth 2X 500 UL ortions Of methanOI Cap|||a|'y Temperature( C) 350 AGC Target 2.00E+04 * 10 SPELeuprolice 1000 pa/m 194,104 4287 5247084 1223915 1343 120 123 10 ™ casd 7 865697 1000.000 C59HBINIGOL2 17 SPE Leuprolide 500 pg/mL 193 193 1165 204002 25270 1453 183 184 17 MW caSd 6 427375 500,000 2490977 0081 (ppm) 2490977 g . .
D ’ b b ; P . o o = - Sheath Gas Pressure (Arb) 45__|[IT Fill Time (ms) 240 inrrmeiuirgl eprelll s el el iyl il ol [ o B v vl e fitmmarivacamil ol vl s il ol ool v o e ot s o A o sl i removal of interference and the LOQ for Leuprolide was determined to be 10 pg/mL.
followed by 2x 500 uL of water. After plasma sample loading, the SPE wells were washed with 2x 1.0 500 70 30 o Wi B 5 SElapoicelWpgml 131 s imE msLn a0 i 23 15 W casa 6 2iss seon s e B = =
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H H 0 H 4 . ® 14 SPELeuprolide 2500 pg/mL 194 194 12576 15982034 1270813 0.00 211 213 14 W CalStd 8 2499.998 2500.000 C59HB4N16012 o 1 1L " . - ) .
200 uL portions of water with 10% methanol. The analyte and internal standard were eluted with 2x 27 500 5 | o lon Sweep Gas Pressure () | 1| jScan Type o = —— e e e S The flexibility of the PRM scan mode presents an effective tool to further improve assay performance
250 ul. of methanol with 0.1% formic acid. The eluate was then evaporated to dryness under a 25 00 > = AgscO? oot 1.00E+05 2 n et |min |mme  |owwu|mme s | |ae | 8| W o o bmew  mmmem |cossmssn g b in the presence of complex biological matrixes without the need for extensive re-optimization of the
gentle stream of nitrogen. The resulting residue was reconstituted using 150 uL of water with 20% 3.6 500 95 5 TRl Tei‘:r?: (ms) ) 20 B 1 Sreseisge |1 |ume  |aem|oem | [in |ie || ™ o b lomess Trm s = H sample preparation procedure
methanol Wlth 0.1% formlc acl(-j and agita:te-d by plate mixer for 15 minutes. (Flgure 2) The resulting 40 500 95 5 Iso|atlon WlndOW 4 - I‘E\ 20 SPELeuPraht‘ielO‘QEIOPg."mL 194 lu?d 53.284 611117‘522 1147580 5.26 171 172 20 s Cal Std 10 10526.037 10000.000 C59HB4N16012 J; - % . . gamm SN: INF ol
solutions were then sampled directly in triplicate. NCE Value 30 T Of () Cttoncone ] . (=l £ o e r L Detector sensitivity and scan method selectivity combined with an efficient SPE clean up procedure
@ M+H (m/z 6053300) || Leuprolisem/z: 605.3300 Nafarelin RT: 2.28 | Leupro_SIM_SPE_4_113 <| 1 [» ¥ = 5.0728-3 - wwe_ﬁRAR.FJ';';”S?OHQM \gnore: W: 1/X°2; Area 2000- 300 . . . . . .
. Mo s 6055511 | O\ T T I T provide a robust and streamlined assay for the low level quantitative analysis of Leuprolide.
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Table 1. . LC gradient method (left) and MS conditions (right) utilized for sample analysis. e Fren S — R | o 1™
Chromatographic separation was achieved using a Thermo Scientific™ Vanquish™ UHPLC system. ] N 33 A — ' L :
Samples were injected at 20 uL onto a 2.1 x 100mm, 1.9 um Thermo Scientific™ Hypersil GOLD™ 12000 - R . U REFERENCES (If nec essary)
Vanquish™ C18 UHPLC column. Gradient elution was accomplished using water + 0.1% Formic R .
Acid (A) and acetonitrile + 0.1% formic acid (FA) (B), with a 34 minute gradient at a flow rate of e e : RN S Figure 6. TraceFinder view of Leuprolide (left) and Nafarelin (left) for the PRM analysis at the 1. D. Zhong. et al., Journal Chromatogr. B, 2009, 877, 3194-3200
500uL/min (Table 1). Total run time including column equilibration was approximately 4.5 minutes. RESU I—TS

10 pg/mL LOQ.

Mass Spectrometry Target lon Selection

Assay performance and reproducibility was again assessed across a calibration curve range of 10
pg/mL to 250 ng/mL. Each concentration level was analyzed in triplicate at an injection volume of

20 uL. Linearity and reproducibility were calculated across the working range of the curve. The limit
of quantitation (LOQ) was defined as the lowest concentration level that is both within <20%
difference of the linear fit and <20% RSD for each group of replicate concentration points.
Quantitative analysis and chromatographic peak generation was achieved through the quantitation of
the b2 fragment ion, 249.0977 m/z, for both Leuprolide and Nafarelin, which provided the most
abundant signal and the least interference in the presence of the plasma matrix. The improved
selectivity of the PRM fragmentation provides excellent reproducibility across the replicate injections

Figure 4. TraceFinder view of Leuprolide (left) and Nafarelin (left) for the SIM analysis at the
50 pg/mL LOQ.
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Compounds were analyzed utilizing a Thermo Scientific™ Q Exactive™ Focus MS with heated
electrospray ionization (H-ESI Il). Generic source conditions suitable for a 500uL/min LC flow rate
were applied for all data collection (Table 1). Data were acquired at a resolution setting of 70,000
(FWHM) at m/z 200 utilizing both SIM and PRM modes with an external mass calibration.

Data acquisition utilizing an SIM scanning mode leverages high resolution settings to not only
differentiate signal from the target analyte from unwanted interference without the need for MS/MS
fragmentation but also enables the capability to fully resolve all isotopes in the isotopic envelop of a
large molecule target. (Figure 3) This in turn allows each individual isotope to be monitored
simultaneously and included in the post acquisition data processing. The ability to quantitate on and
selectively sum multiple target ions while maintaining the flexibility to remove ion targets that introduce
signal from unwanted interferences facilitates streamlined method development and assay robustness.

Analysis of the SIM spectra of Leuprolide at the 50 pg/mL LOQ demonstrates an intense signal for the
A0 and Al isotopes with a mass accuracy of less than 2 ppm. Further spectral analysis at the AO
iIsotope reveals an interfering mass on the shoulder of the target mass.(Figure 5) The strong signal
intensity at the LOQ indicates the need for improved selectivity in order to improve overall assay LOQ
and performance. To obtain improved selectivity, samples were re-injected and analyzed utilizing the
PRM mode.

Data Analysis

All data were acquired and processed utilizing Thermo Scientific™ TraceFinder™ software . All

chromatographic integration was accomplished using a 5 ppm mass extraction window and method
defined processing settings. No manual integration or smoothing was applied to any
chromatographic or spectral data.

as well as a significant improvement in assay LOQ.(Figure 6) The overall assay LOQ using PRM
mode for the plasma sample set was determined to be 10 pg/mL.
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