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N-Ethylation facilitates simultaneous quantification of amino neurotransmitters using UHPLC-MS/MS

XUE Hai-si, TANG Hui-ru
School of Life Sciences, Fudan University, Shanghai 200438, China

[Abstract] Objective - To investigate the effect of content changes of neurotransmitters on multiple physiological and pathophysiological processes
in mammals, and explore simultaneous sensitive quantification of these metabolites. Methods * An efficient and sensitive method for simultaneous
quantification of 20 amino neurotransmitters was achieved through pre-column N-ethylation of neurotransmitters with acetaldehyde and NaBH,CN
followed with quantitative analysis using ultra-high performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS). And NaBH,CN and
NaBD,CN were used as a pair of stable isotope labeling reagents together with natural isotopic standards to achieve accurate quantification. Results - The
analysis showed all 20 neurotransmitters had excellent linearity with R* over 0.991 0 and sensitivity with the limits of detection (LOD) in the range of
0.5—10 fmol except for histidine with an LOD of 36.5 fmol. The result also showed good robustness with the interday and intraday RSD (relative standard
deviation) below 15%. The method was further applied to human urine, serum and saliva samples for validation, in which 14, 10 and 8 neurotransmitters
were detected, respectively. Conclusion - The method is of high sensitivity and precision. Compared to previous ones, this method is of great applicability
in different matrices, with mild reaction and straightforward procedures. Besides, the reaction reagents are easy to be removed by simple quenching thus
avoiding interference in the subsequent analysis.

[Key words] amino-group; neurotransmitters; pre-column N-ethylation; ultra-high performance liquid chromatography-tandem mass spectrometry
(UHPLC-MS/MS); quantitative analysis
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Mg, BAEMELH (NaBH,CN), BRI B Blh:
TR, BUEMITL 1 (NaBD,CN) iy 5% &
Wi, O, bl
iR W B Sigma-Aldrich £ fit 24wl L- F§ &R, D- 4
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HIEHE, KLL11060x g, 4 C &Ly 10 min, WAL FIHHK;
B 40 uL b, A 160 uL HEE, JRBEIR ), FRkUA
11060 x g, 4 CELL 10 min, JRCEEILR iR, LLEFE
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0.1 molVL ZEafhEErhie (pH 5.0, 1 mmol/L Hidfififiz)
B, A 50 uL 2 mol/L NaBH,CN & NaBD,CN, & HE ik
A A 100 pL 2 mol/L L kIR, 37 C I pid i e
FH P ER AT B bz pHE % 2 ~ 3 LAV K I bz, HL 10 pL
AWy AR, ] 840 uL 0.1 mol/L 7. % &1 4% b ik (pH 5.0,
I mmol/L HiIRIER) #kE, fmA 50 uL 2 mol/L NaBH,CN,
IRHEIRAT, SN 100 pL 2 mol/L ZES/Ki%ik, 37 C R it
TS FA R ER VAT S RLii pH I % 2 ~ 3 DA K R, R
R DENE L DR
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{# F Agilent 1290 UHPLC 6495 QqQQ MS % %, 4 i
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VLIt s AH B & 43 bb & 78 4: 0 ~ 2min, 1%; 2 ~ 4min,
1% ~ 3.8%;4 ~ 8min, 3.8% ~ 22%;8 ~ 8.5min,
22%; 85 ~ 9.5min, 22% ~ 60%; 9.5 ~ 10.5min, 60%;
105 ~ 11min, 60% ~ 80%; 11 ~ 11.1min, 80% ~ 95%;
95% | 13 min, {7 0.50 mL/min, HEFEE 1L, Ml 40 C,
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AR Ze M7 . LOD J LOQ 4y 5l A {5 " Lb 5 T 3 1 10
It ot B AAE A KR B, EHC mix2, mixS, mix7 453 B
FEn, o AR 3 MNIREARCERIERG, 3 HAEATHEA, B
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Fig 1 Reductive amination of neurotransmitters with acetaldehyde
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Tab 1 Concentrations of 20 neurotransmitters and retention time (RT), precursor (Q1) and fragment (Q3) ions, collision energy (CE) of *H-/'H-ethyl labeling products

i ey SR WE/ (umol/L) 'H-#%id/ (RT/min) °H-/'H- #Ric / (RT difference/s) ##5Ql ##iQ3 HiQl HiQ3 CE
1 L- HATR CH,N,0, 96.7 0.633 0.01+0.16 212 166 214 168 15
2 L- FERIR CH,N,0, 3159 0.768 —0.05+0.16 231 114 233 114 15
3 HE C,HNO, 515.5 0.769 —0.21+0.48 132 86 134 88 15
4 L- RERR C,HNO, 96.2 0.799 —0.06+0.95 190 144 192 146 20
5 D- 25 C,H,NO, 404.6 0.808 —0.12+0.17 162 144 164 146 10
6 L- &R C.H,NO, 220.2 0.984 —0.34+0.59 204 158 206 160 15
7 - G TR C,H,NO, 101.8 1.057 —0.38+0.50 160 87 162 87 15
8 [ElE T ES C,H,,)NO, 273.1 1.407 —0.38+0.47 212 194 213 195 10
9 fisEs B CH,NO, 3142 2.247 —0.35+0.50 196 178 197 179 10
10 L- RARLE C.HN,O, 99.2 2453 —1.16+0.97 245 130 247 130 15
11 EFE RmE CH,NO, 97.5 2.814 —0.99+1.14 226 208 228 210 15
12 #fE C,H, NO, 97.0 4.108 —0.82+1.03 210 192 212 194 15
13 Ho C,H,NO, 101.7 4.580 —1.22+0.81 210 137 212 137 15
14 fighs C,H,NO 94.8 5.659 —0.65+0.60 194 121 196 121 20
15 s-gpdtEm  C H.NO; 98.5 5.799 —0.60+0.68 277 204 279 204 15
16 4l C.HN, 112.5 6.148 —1.70+0.72 168 86 170 88 15
17 5-Rtlk C,H,N,0 125.5 6.165 —0.40+0.56 233 160 235 160 25
18 FEEEsNE C,H,,NO, 24.6 6.260 —0.32+0.69 224 151 226 151 15
19 Mg CH,N 398.1 7.620 —0.42+0.46 178 105 180 105 20
20 falti C,HLN, 101.7 8.362 —0.47+0.81 217 86 219 88 15

'r.#ﬂ" JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE) Vol.38 No.11 Nov. 2018



BN, ¥

2.3 UHPLC-MS/MS #
o G N 2 BT RN TR S, AT PRk
Py s e Rt s, &AM T XA UHPLC-MS/MS

BRERM LR N- ALY UHPLC-MS/MS g 843 Hri A | 1303

M2, L- RAXRIR, D- 25 R. L- R AR, y- I TR
L- RAFLNE 8 A 2R, ARG B, BAS L
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ik il fmin

T W AR B 1. L- AR, 2. L- FARR, 3. AR, 4. L- RAER,

10. L- RAFENE, 11 £ EIRsE, 12, 500%,

B 2 20 Fpi#ZiEFRAy UHPLC-MS/MS @itk
Fig 2 UHPLC-MS/MS chromatograms for 20 ethyl labeling neurotransmitters
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TR PTG A BEAT YRR, AR SO 20 R 2R3 5 Y
LRPEVER, R, LOD, LOQ LK H A ZEH1 H A ZE# RSD
(BT THRIT.
T} 20 Fip 2R3 T O AR BERR BERVAG I, ST
HEMET L, R REMVER, ik LOD J LOQ H (5%
2), BRTH LBRFER R 2 0.991 4, 2T 19 Fhhid Fir)
R KT 0996 0, £WZTiLEAA RIFEEL R, %
T LOD il Br 12 HI LOD {A1E 40 fmol /A5,

462 20 Phhp i fe CEEALT™ Wi b i h £ B R BUE SRS B REVEAN

13. Z 0%, 14 B, 15.5- Rk GER,

5.D- 225k, 6. L- BRI, 7.y- A THE, 8 W LR, 9. MisE s,
16. 41, 17.5- Betaltz, 18. HEERNE, 19. %, 20. iz,

A% 19 Frh 2238 J5 Y LOD {E 5 4E 0.5 ~ 10 fmol Z ], 1iE
W25 10 B A B ARG R BB

PEHR mix2, mix5 I mix7 VRS, . AR EE LRI
RIS 1 20 Flvih 2o ik LAY H IR) 22 K N ZE RSD (B
(£2), BT 4BRIMTKREERY H 7] 22 RSD [ERTR T 15%,
Hodx 19 P 22328 ) RSD {HIDMET 15%., Bk, 1%
T35 HR ZEF0 H N 22 RSD B AT & 285Kk, TEW] 1120574

HA RUFHIRE® L,

Tab 2 Calibration curves, coefficients (R), linear range, on-column limits of detection (LOD) and quantification (LOQ), intra- and inter-day precisions (RSD) for 20 ethyl

labeling neurotransmitters

LR /

HM2E (n=3, RSD, %) Hi2 (n=3, RSD, %)

e Rt vy R (nmol/L) LOD/fmol  LOQ/fmol . . . . . .

, " L ” " L
1 L- AR y=0.0183x+0.0330  0.9964  0.50 ~ 1000 0.7 2.5 4.1 6.0 9.2 44 8.8 9.7
2 L- {52 =0.006 1x+0.0810  0.9988  1.50 ~ 3 000 0.2 0.8 3.5 2.3 3.8 3.8 42 2.1
3 o $=0.003 8x+0.038 5 0.9975  2.60 ~ 5200 1.1 3.6 5.2 5.8 5.1 7.9 7.0 7.7
4 L- REAIR y=0.022 6x+0.0462  0.9972  0.50 ~ 1000 3.0 10.0 72 6.3 14.8 9.9 6.8 8.2
5 D- 225 i $=0.004 5x+0.0212 09981  2.00 ~ 4 000 12 42 40 131 3.4 5.4 23 2.6
6 L- REM $y=0.010 8x+0.1222  0.9980  1.10 ~ 200 2.1 72 8.9 8.1 6.3 10.3 8.5 7.7
7 7- BT y=0.016 9x+0.0153  0.9991  0.50 ~ 1000 2.9 9.7 5.7 33 6.9 5.4 6.8 7.9
8 (EE 1=0.004 1x+0.048 5 0.9914  1.00 ~ 500 3.5 11.5 1.1 3.9 11.4 0.9 6.3 12.3
9 =Rl ES =0.004 2x+0.021 0 09999  1.50 ~ 3000 0.7 2.4 0.8 0.8 29 1.1 12 2.8
10 L- RA®L: $=0.020 1x+0.0605  0.9993  0.50 ~ 1000 8.9 29.5 3.6 5.7 6.2 4.8 45 6.5
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5 R TR R

11 EL A S =0.016 1x+0.034 3 0.998 9

12 =k $=0.017 1x+0.0980  0.997 9
13 2Bk y=0.019 4x+0.008 5 0.999 8
14 Jglk y=0.021 8x—0.0632  0.998 0
15 5-RIEERR y=0.022 4x+0.0448  0.9974
16 4k »=0.023 7x+0.127 5 0.998 1
17 5-R@)x $=0.020 6x—0.0446  0.998 5
18 PP Sk e »=0.086 4x—0.053 5 0.998 4
19 Hlk y=0.012 0x—0.079 1 0.999 8
20 fafik »=0.022 0x+0.0176  0.999 1

2.5 WG kS E

%51 TR N RIS I L- 20 R
(285.27 pmol/L) . - ¥5 & (162.48 pmol/
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(417 umol/L), % [ J% (0.54 umol/L)
% % (0.99 umol/L). 4 % (24.26 umol/
L), 5- & @k (1.11 pmol/L) W 5 % %
(0.28 umol/L), ZE Z % (0.55 umol/L) %
14 Fpih 22 it (181 3) 5 Al AR AL Al
#) L- %R (110.87 umol/L) | L- A% & iR
(104.52 pmol/L) , H % H& (291.09 pmol/
L), L- REZZAM (29.78 pmol/L) | 22 A%
(199.97 pmol/L) . L- &+ & iz (91.86 umol/
L), y- &4 THR (3.53 umol/L), 5- % 4
% (1.48 umol/L), H 4K % k% (0.69 umol/
L), # W (0.66 umol/L) % 10 Fif i 22
BB (& 3) s Al fE AMER S I L- 2
W (33.90 umol/L), H & & (82.01 pmol/
L), L- RZZE (13.26 pmol/L) | 225 R
(3272 umol/L) . L- &% & BR (49.43 pmol/
L), y- R THE (1438 pmol/L), 5k
fz (0.33 umol/L). Z £ % (0.64 pmol/L)
% 8 e i (& 3),

HPI2% (n=3, RSD, %)
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(%4 2)

Hiu2E (n=3, RSD, %)

%ﬁ%ﬁ/ LOD/fmol  LOQ/fmol
nmo CH CM C:L CH CM CL
0.50 ~ 1000 7.0 233 23 59 8.3 6.9 7.7 6.7
0.50 ~ 1000 4.0 13.4 42 43 43 43 45 6.0
0.50 ~ 1000 3.9 132 9.4 9.3 3.2 5.6 9.5 9.1
0.50 ~ 1 000 6.4 21.5 32 6.4 5.5 4.9 6.0 4.8
0.50 ~ 1000 1.1 38 75 7.8 115 6.3 7.2 9.8
0.60 ~ 1100 36.5 121.8 9.6 12.7 12.4 9.8 11.9 15.8
0.60 ~ 1200 2.8 93 53 6.5 6.8 5.2 5.6 6.0
0.12 ~ 250 0.5 1.5 4.1 6.5 6.5 43 6.5 8.9
2.00 ~ 4 000 1.1 35 1.2 1.7 1.6 1.3 1.5 1.6
0.50 ~ 1000 1.9 6.4 52 4.8 5.7 6.4 6.4 73
: A
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® é
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Bthe, 11 W B, 120 @ik, 13, 200, 14 B0, 15.5- BiEaEmR, 16 Ak, 17.5- %
e, 18 WEEERNE, 19. KMk, 20. (%,
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Fig 3 UHPLC-MS/MS chromatograms for neurotransmitters in human urine, serum and saliva samples
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