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Introduction Results and Discussion Results and Discussion
Liquid chromatography triple quadrupole mass spectrometry (LC/MS/MS) is The primary objective for method development was to achieve Matrix effects and SPE recovery
ideally suited for the rapid analysis of multiple analytes. A highly sensitive and chromatographic resolution between EtG, EtS, and various isobaric Absolute ion suppression and matrix effects were determined for the dilution
specific LC/MS/MS analytical method has been developed for the quantitation of interferences in order to achieve accurate quantitation at lower analytical procedure (table 5). Matrix effects, recovery efficiency and process efficiency
ethyl glucuronide and ethyl sulfate. A dilution procedure and a solid phase sensitivities. When analyzing EtG/EtS in synthetic urine, no major were determined for the SPE procedure (table 6). All effects were
extraction (SPE) procedure are evaluated and compared based on ease of use, interferences observed (figure 2a). However, real samples and controls (figure compensated for by the internal standards.
analyte recovery and post-extraction cleanliness. 2b) show maijor interferences for the EtS qualifier transition. T o s O
Compound effects %* (n = 9) With ISTDs corrections** (n = 9)
HOOC 0 51 a. 100 ng/mL in Surine 1 Xm; b. Utak urine control 1 Average SD Range Average SD
HDHD o\\ //o ) . EtG 101.8 6.4 91.7-119.8 100.0 9.1
1.EtS 1.EtS
¥ HoC /\O’S\OH 3 JEte 5 by Et§ 723 2.5 91.5-119.5 99.4 8.3
~_~CHs 3 4 1 Table 5. Matrix effects for dilution procedure
2 3 Measurements done at 9 different concentrations ranging from 25 to 10000 ng/mL
2 * Peak areas from urine spiked compared with H20 spiked solutions
Ethyl glucuronide (EtG) Ethyl sulfate (EtS) 1 ’ , ** Calculated concentrations of urine spiked with ISTD corrections versus theoretical concentrations
C8H1407 C2H604S . A ; A
NGUtraI Mass 22207 NeUtral Mass: 126 o4 o8 "2 1ﬁCounévs.Aczq.l‘}isiticr12;I§ime (r?l-ii) 6 ¢ “ 8 o4 o8 12 1ﬁCountﬁvs.Ac?]:!‘isitionzll'gime (r::iﬁ) %6 ¢ “ 8 Matrix Recovery Process
. : Figure 2. MRM chromatograms for EtG and EtS (a) 100 ng/mL in Surine (b) UTAK urine control 1 Compound effects % (n =9) efficlency % (n =9) efficiency % (n =9)
Figure 1. Chemical structures of EtG and EtS e sD e sD e sD
Calibrat ted b i theti . Surine-Cerilliant) with The same interference is observed in all samples at various intensities. The EtG 91.6 8.3 92.6 3.6 84.7 7.7
alibrators weret c:_ea © nyStg mgdsylgtse ICt urclined( ugneT”_erltlan) ‘_’I_VL SPE procedure removes most of this interference while reducing chemical EtS 98.2 34 775 3.7 76.1 42
various Conce.n rations - o . an . standards (Cerilliant). . © noise and increasing signal to noise ratio (figure 3a-b). Table 6. Matrix effects, recovery efficiency and process efficiency for SPE procedure
chromatographic system consists of a Polaris 3 C18-Ether column coupled with e e
a guard column and a mobile phase comprised of acetonitriie and water [ ) ) Recovery efficiency % = C/B *100
containing 0.1% formic acid. Quantifier and qualifier transitions were monitored. x10° "+ EtS (125.0 -> 80.0) 086_Sample-F4_Dil.d Process efficiency % = C/A 1100
. . . Noise (PeakToPeak) = 21.12 ﬁ A: neat standard solutions
EtG-D5 and EtS-D5 internal standards (Cerilliant) were included to ensure 6 SNR (2.49min) = 369.3 I ﬁ B: surine extracted then spiked (post-ext)
accurate and reproducible quantitation. Urine controls (UTAK Laboratories) N \ a. Dilution procedure C: surine then extracted (pre-ext)
T e e o )
separation by retention time, impurities present iFr)1 bothycom OL’IndS can Fz:aLrlee J N Commercially available quality control (QC) materials (UTAK) were used to
intgrferencesywith one another agd Ieadfoinaccurate uantitgtion 0° measure the precision of this method. Results (table 7) show excellent
9 ' X10 % kg (125.0 -» 80.0) 020_Sample-F4_SP precision at both levels and for both sample preparation procedures. Forty

| Noise (PeakToPesl) = 15.78 urine samples were processed in parallel by the dilution and SPE procedures.

n 71 SNR (2.52min) = 648.8 H H H

Experlmental b. SPE procedure Raw data is shown in table 8 and correlation between the two procedures are
4+ shown in figures 6 and 7.

Sample Preparation _ _ _ _ 27 2517 vl e
Simple dilution and solid phase extraction (SPE) were investigated for 0 V- __ _
robustness and sensitivity. Protein precipitation was also evaluated (data not 05 1 15 2 25 3 35 4 45 Dilution SPE Dilution SPE
Shown) but did not show a significant improvement over either simple dilution Counts vs. Acquisition Time (min) Compound Measured | CV |Measured] CV Measured CcVv Measured CcVv
L . e . . 0, o, o, o,
Figure 3. MRM chromatogram for EtS qualifier for sample F4 (a) Dilution procedure (b) SPE procedure (ng/mL) [ (%) | (ng/mL) [ (%) (ng/mL) (%) (ng/mL) (%)
or SPE. L J n=3 n=6 n=3 n=6
Dilution Procedure: . . . . EtG 475.8 4.0 460 5.3 1737 1.6 1772 3.1
Vortex and centrifuge urine. Transfer 50 pL of supernatant to a clean tube. Add Depending on the sample, several interfering peaks can be observed in any of
450 pL of ISTDs solution (200 ng/mL in 0.5% formic acid in H20). the EtG/EtS transitions. The proposed LC_/MS m_ethod is capable_ of resolving EtS 236.9 2.5 | 2344 3.4 898.1 1.1 896.4 2.8
SPE Procedure: all of these interferences chromatographically (figure 4), producing excellent Table 7. Results of UTAK controls by LC/MS/MS
Combine 100 pL of urine, 50 pL of ISTDs (4000 ng/mL in water), and 850 pL of quantitative results (figure 5, table 3 and table 4).
water [ (221.1-> 75.0) 099_22_4802612_Dil-1-10-FA_Repeat-r002.d ) Name SPE Et;i(':fi/‘;“.) %Diff. __SPE Et;::fiﬁ:” % Diff. r |
1:  Condition SPE cartridge (BondElut SAX 200 mg 3 cc, Agilent PN: e T T R 330 Sample-F1 24 w22 01 el 120 133 EtS - SPE vs Dilution
12102126) with 2 mL of MeOH followed by 2 mL of water ®| Sample F-22 Sample-F2 07 788 30 1480 lse4 07
. 4 Sample-F3 379.2 391.4 -3.2 347.7 374.2 -7.4 7
2. Add Sample Sample-F4 395.4 401.8 -1.6 526.3 443.7 17.0 —_— 2500
3: Wash with 1 mL of acetonitrile. Dry at full vacuum for 5 minutes i 0 A T 2000 - y=R1.?50x€;95é24
. . . . 0- ~ = VU.
4: Elute with 2 mL of 5% formic acid in methanol (to elute EtG) and 2 mL of 110 2 (221.1->75.0) 100_23 4804283 Dil-1-10-FA_Repeat-002.d Sample-F6 32 s80 10 11695 %82 188 2 coo
2% HCI in acetonitrile (to elute EtS). Apply vacuum 5” Hg for 60 seconds. 81 Sample F-23 30 A g
Evaporate with nitrogen at 40°C and reconstitute with 1 mL of 0.5% formic acid jj Sample-£9 w08 100 a5 sba  mie 11 % 1000
in Water ZWF\WA—A‘/LJ Sample-F10 203.8 2233 9.1 986.9 997.5 1.1 Py
@£ 500
Sample-F11 684.0 705.8 -3.1 778.9 685.2 12.8 w
I'&ClMethf])g HPLC . I I I ith th 10 27(221.1 ->75.0) 101_24_4801168_Dil-1-10-FA_Repeat-r002.d Sample-F12 9058 8717 38 7182 6932 35 0 , , , ,
gl ent 90 blnary pump’ We p ate Samp er Wlt t ermOStat’ ] 3.385 Sample-F13 262.4 267.3 -1.9 372.7 413.6 -10.4
temperature-controlled column compartment 47 Sample F-24 mperls 610 a5 53 aws e se 0 500 1000 1500 2000
37 Sample-F15 1815 2005 9.9 177.1 183.8 3.7 EtS SPE (ng/mL)
Parameter Value 27 Sample-F16 130.7 140.6 7.3 229.7 2221 3.4
o) SMPCFL G09S 0 S0 weme v Figure 6. Correlation for EtS results
Analytical Column  Agilent Polaris 3 C18-Ether, 3x150mm, 3um, PN: A2021150X030 02 06 i 14 18 22 26 3 34 38 42 46 5 54 58 Sample-F18 280 302 65 5501 60 457 g .
Counts vs. Acquisition Time (min) Sample-F19 368.0 403.1 9.1 303.0 287.4 5.3 \ J
Guard CO|Umn Agllent POIanS 3 C18'Ether MetaGuard 2 mm, 3Um, PN A2021 MG2 Figure 4_ EtG interferences seen in different urine Samples_ Sample-F20 382.6 415.9 83 361.3 383.1 5.9
I . t V I 20 | G J Sample-F21 239.8 259.2 -7.8 759.8 741.2 25 a N
njection volume M 7 N Sample-F22 2002 2027 12 2922 3229 -10.0 R .
. o . SmpeF 82 o8 65 2066 014 26 EtG - SPE vs Dilution
Needle Wash 1:1:1:1 MeOH:ACN:IPA:H20 + 0.1% formic acid in Flush port for 15 1 o0tex -0016 6158, 6e-008+x -0002¢ Sample-F24 w5 asi1 48 es32 1031 415
seconds 127?;;:?&2; rigin: Ignore, Weight: 1/x 5’?;1?3:2;, rigin: Ignore, Weight: 1/x Sample-51 14.0 179 241 430 622 365 7000
§ 101 ° E 4 ’ oo ! sample-S2 9.8 125 23.8 104 137 273 = 6000 - y=0.87x + 71.64
Mobile Phase A Water + 0.1 % Formic Acid KR g, Sample-s3 947 1004 S8 523 529 42 £ R? = 0.990
26 2 Sample-S4 229.5 251.9 93 189.4 217.3 137 w 5000
Mobile Phase B Acetonitrile + 0.1 % Formic Acid 2 4 : : Sam:Ie-SS 499.6 528.8 5.7 65.6 85.2 -26.0 ‘E’ 4000
. . . . 27 N Sample-S6 1485 161.2 8.2 2843 287.7 1.2 .g
Pump gradient Time (min.) %B Flow (mL/min.) o C) o] (©) Sample:s7 sos 017 93 ems  esa " 5 3000
0.0 0 0.5 0 1000 2000 3000 4000 5600( edoc)) 7000 8000 9000 10000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 Sample-S8 169.5 183.8 8.1 581.6 575.6 1.0 g 2000
. . Concentration (ng/ml Concentration (ng/ml)
Sample-S9 330.6 299.5 9.9 619.1 602.2 28 h
3.5 15 0.5 16: 5‘:80.0016")( -0.022 64 £, gaE-004* x -0.0027 Sample-S10 374.5 404.8 7.8 569.5 639.9 116 . 1002
R2 = 0.9996 2 = I
40 98 07 14 Type: Linear, Origin: lgnore, Weight: 1y N $ —e 0322; o 1o Weieht i Sample-S11 1112.2 1218.1 9.1 268.7 2721 13
StOp Time 6.0 98 07 8 121 2 » - orem-gnore, Telg Sample-512 640.2 682.0 6.3 18509  1700.4 8.5 0 2000 4000 6000 8000
| .. . § 10: ?T : Sample-$13 621.4 642.9 34 16787  1349.8 217 EtG SPE (ng/mL)
Post Time 2 min. 2? s Sample-S14 633.3 646.5 21 31913 34404 7.5
% 6: 52 Sample-515 17375 1789.5 29 65866 56788 14.8 _
Table 1. LC Parameters : o Sample-516 18521 20214 87 69867 5957.8 15.9 Figure 7. Correlation for EtG results
0 (b) 0 (@) Table 8. Results of urine samples \ y
MS M th d 6 1600 2600 3600 édOO 50100( 660()) 7600 8600 9600 10600 6 1060 ZObO 3060 4060 SObO SObO 70b0 8060 QObO 10600
etho Compound Prec lon Prodlon Dwell Frag (V) CE(V) CAV (V) reeniaton rom Concentation (ngm)
i i Figure 5. Calibration curves for EtG and EtS using the dilution (a, b) and SPE (c, d) procedures .
ﬁ)?]llrennotd(zlﬁO QQQ with JetSAt:JeSarEStI?_c;hnology ey 711 - 0 | 110 D : X g g (a, b) (c.d)p ) Conclusions
- ' - FtG 211 85 20 110 1 5 G
Drving qas: 300 °C, 5 L/min Dilution procedure SPE procedure e . .
Neybu?izger gas pressure: 40 pSi EtG-D5 226.1 75 20 110 12 5 Compound R? Conc. (ng/mL) | Accuracy (%) Compound R? Conc. (ng/mL) | Accuracy (%) A methOd has been deyeloped fOf quantlfymg ethyl glUCUFOﬂlde (EtG) and
Sheath gas: 400°C, 12 L/min.  Es* 5 E R ” : 25 119.8 25 109.2 ethyl sulfate (EtS) in urine for clinical research. Two sample preparation
Caoill ltage: 2500V ' EtG | 09993 500 926 EtG | 0.99%8 500 95.7 procedures consisting of a simple dilution from urine and SPE are shown.
aplillary voltage: EtS 125 ) 40 ) 3 ) 10000 101.1 10000 100.2 . . . . .
Nozzle voltage: 1000V pye 195 pye 1125 Chromatographic separation of all analytes and interferences with conditions
Q1/03 Resolution: 0.7 unit EtS-D5 130 . . 5 EtS 0.9996 500 95.3 EtS 0.9997 500 99.1 compatible with LC/MS/MS have been developed. Typical analytical method
; = s 10000 101.0 10000 100.5 i PR
Delta EMV: 500V Table 2: MRM Transitions table (*Quantifier) N VST es—— A Y ——— performance results are well within acceptable criteria.
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