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Abstract: Because neurochemicals are related to homeostasis and cognitive and behavioral functions in human
body and because they enable the diagnosis of numerous neurodegenerative disorders, there has been increasing
interest in the development of analytical platforms for neurochemical profiling in biological samples. In particular,
mass spectrometry (MS)-based analytical methods combined with chromatographic separation have been widely
used to profile neurochemicals in metabolic pathways. However, development of delicate sample preparation
procedures and highly sensitive instrumental detection is necessary considering the trace levels and chemical
instabilities of neurochemicals in biological samples. Therefore, in this review, analytical trends in MS-based
metabolomics approaches to neurochemicals in multiple biological samples, such as urine, blood, CSF, and
biological tissues, are discussed. This paper is expected to contribute to the development of an analytical platform
to discover biomarkers that will aid diagnosis, prognosis, and treatment of neurodegenerative disorders.
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Fig. 1. Metabolic pathways of principal neurochemicals: (A) monoamines, (B) acetylcholine, and (C) glutamate and GABA.
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Table 1. Sample preparation and recovery of neurochemicals in biological matrices

Matrix Volume (uL)

Sample preparation

Recovery (%) Ref.

Human plasma plasma: 100

(activation) methanol 3 x 100 pL, (condition) water 3

. . MEPS x 100 pL, (washing) 0.1% formic acid 2 x 50 uL, 87.6-100.3  [86]
and urine  urine: 50 (elution) 0.1% formic acid in methanol 3 x 50 L.
0.5% tris(3-hydroxypropyl)phosphine in water 25 pL.,
organic medium (isooctane:HFBO:HFBCF, 15:1:4)
Human urine 25 LLME 50 pL, catalytic medium (4% (v/v) pyridine in 1~ 80-121 [62]
M NaOH in water) 25 uL. + 25 L, isooctane 50
ul, 1 M HCI in water 25 uL.
UA (ultrasound assisted)- NaHCO;-Na,COsbuffer(pH 9.5) 800 pL/acetoni-
Rat urine 20 DLLME/CCR derivatization/ trile(dispersant) 150 pL, 4-bromoanisole(extract- 91.7-105.5  [66]
extraction/ultrasonication ant) 80 puL
. o L .
Mouse urine 60  SCX Ziptip (S‘ifslzgfg)g'i]nﬁ’gf/?“n‘;tﬁg‘;‘“ water, (elution) o [72]
Rat 100 protein precipitation 250 mM formic acid 100 puL NR [99]
Microdialysate 10 direct injection into UHPLC- em.ployment of microdialysis as a sample prepa- NR [104]
MS/MS ration
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Table 2. Mass spectrometric detection conditions combined with gas chromatographic separation.

Analytes

Sample

IS

. Detection
GC Column A“alyezer Diﬁ‘e‘m limit  Ref
P (ng/mL)

HVA, DOPAC, VMA, iso-VMA,
5-HIAA-1, 5-HIAA-2, DOMA

DA, HVA, L-DOPA, NMN, E, NA,
DOPAC, VMA, 5-HT, 5-HIAA

HVA, VMA, 5-HIAA

Trp, KYN, 5-HT, QA

153 Endogenous metabolites including 4-
Aminobutyrate, Asp, Glu, Phenylalanine,
HVA, GIn, VMA, KA, Tyr, 3-Methoxy-
tyramine, DA, L-DOPA, MN, Cys, TrpA,
NMN, Trp, KYN, 5-OH-Indoleacetate, 5-
OH-TrpA, DOPAC, DOMA

3-MT, DA, E, NE, NMN, 5-HT
GABA, Glu, HVA, DOPAC, MHPG, VMA,

5-HIAA, TyrA, OA, 3-MT, DA, Tyr, NMN,
NE, MN, E, L-DOPA, Trp, 5-HT, 5-HTrp

Human urine

Human urine

Human urine

Human and rat
plasma

Human urine

Zebrafish

Human
urine

3,4-dimethoxybenzoic acid

HVA-ds, DA-d;

HVA-ds, VMA-d;, 5-HIAA-ds

BCh,"Ny-Trp,  Methyl-5-HT,
3,5-Pyridinedicarboxylic acid

4-phenylbutyrate, homophenyl-
alanine

3-MT-d4, DA-ds, NE-dg, 5-HT-d,

GABA-ds, Glu-ds, HVA-ds,
DOPAC-ds, VMA-d;, 5-HIAA-ds,
DA-d;, Tyr-dy, NE-dg, L-DOPA-d;,
Trp-ds

Ultra-2 cross-linked capillary col-

umn quadrupole  SIM 0.001-4.7 [89]
0.2 mm x 25 m, 0.11 pm

DB-5MS colum

0.25 mm x 15 m, 0.25 um

Thermo TR-5MS column triple

0.25 mm x 30 m, 0.25 um quadrupole

HP-1MS capillary column
250 pum x 30 m, 0.25 pm

quadrupole  SIM  0.17-17.84 [74]
MRM  0.063-49.6 [78]

quadrupole  SIM NR [121]

Agilnet VF-5MS column

quadrupole  SIM  0.59—447.92 [62]
0.25 mm x 30 m, 0.25 pm

J&W DB-5 column

quadrupole  SIM 1.2-95  [108]
0.25 mm x 30 m, 0.25 pm

DB-5MS capillary column triple
MRM  0.02-11.10 [75]
0.25 mm x 20 m, 0.25 pm quadrupole

99¢
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anhydride (PFPA)$} 2,2.3,3,3-pentafluoro-1-propanol A3 FTh® Fig 3(A)NA B 4 =0] GC &4
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Xm, (308—.219)  x10° (493-267) xm1 (355—»281) x102 (355ﬂza1) x1o2 (267179) X108 (384—179)  x10% (297—223)
10508 2 9.746 11.158 4.2 11.673 12 319 24 9.67 8 10.522
2 1 ‘ ‘ 12 4
10.41 10.51 10.61 9.65 9.75 9.85 11.06 11.16 11.26  11.57 11.67 11.77 12.22 12.32 12.42 958 9.68 9.78  10.42 10.52 10.62
HVA TyrA NMN MHPG 3-MT OA
X105 (326179)  x10° (192,177) x10‘ (297223) X103 (297ﬂ223) x102 (297—223) x10¢ (435209)  x10? (267—193)
3 8.912 12 7.716 10.519 6 1471 36 9.758 14 9.050 8 9.011
15 1 06 A ‘ ‘ ‘ 1 4
881891 9.01 762 7.72 782 10.590.52 10.53 11.07 1117 11.27 9.66 9.76 9.86 9.04 9.05 9.06 8.92 9.01 912
Trp 5-HT 5-HIAA 5-HTP Glu GABA
x108 (130—103) X104 (444-218) x10° (335218) x10° (560218) x102 (472-216) X100 (356—218)
6 13478 22 13508 13552 T 14.472 1 7-068 24 5182
3 1.4 2 07 L 05 1.2
131 132 133 134 135 13.6 13.45 13.55 13.65 14.4 14.5 146 6.97 7.07 717 5.08 5.18 5.28 Y,
¢ (B) \
L 0742 44 45 43 030 32 34 0715 10 19 21 18 )

Fig. 3. MRM chromatograms of neurochemicals in human urine by (A) GC-MS/MS and (B) UHPLC-MS/MS.
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Table 3. Mass spectrometric detection conditions combined with liquid chromatographic separation

o . Detection
Chromatog- Analytes Sample I Column Mobile phase lonization - Analyzer Detection limits Ref.
raphy mode type mode (ng/mL)
ﬁgt’ 1;%]\11/}%C§:v;1()r1ree, lijleAcf- Human Acclaim Mixed A : 0.1 % acetic acid in 20 % MeOH hﬁ:gﬁrg)ll:/
HPLC .0 S P . 1-aminoheptane solution Mode WCX B : 2.0 % acetic acid in 20 % MeOH ~ APCI + IU2¢ruP MRM 1.0-21.9 [60]
rine, OA, PhEt, Put, 5-HT, urine 2.1 % 150 mm, 3 um Flow rate (uL/min) : 400 linear ion
Spd, Spm, TrpA, TyrA : oW i ' trap
. . A : 0.1 % formic acid in water
R.at br.am Phenomenex Kine- B : 0.1 % formic acid in ACN triple
HPLC DA, NE, 5-HT microdialy- NE-d¢, 5-HT-d;, DA-d, tex PFP 3 ESI + MRM 30 pM [101]
Flow rate (uL/min) : 1,000 quadrupole
sates 4.6 x 50 mm, 2.5 pm o
column temperature : 30 °C
L Discovery C16 A : 0.05 % acetic acid in 40 % ACN
HPLC Hvﬁ’o X??ﬁtgirgt;igc'd’ P{l”r:‘:;“ amide B : 0.05 % acetic acid in water ESI-  fontrap  SIM 50-250 [73]
g 2,1 x 100 mm  Flow rate (uL/min) : 200
Waters Acquity A : 0.1 % formic acid in water
Human 12 18y UPLC HSS T3 B : 0.1 % formic acid in ACN ) triple VMA: 0.02;
UHPLC VMA, HVA serum VMA-ds, "Co"O-HVA 5 | 150 mm, 1.8 Flow rate (uL/min) : 400 ESL- quadrupole MRM pyaio1g 61
um column temperature : 45 °C
A : 0.1 % formic acid in water
Human Restek ultra PFPP B ; methanol triple NE: 2.5; E: 0.25;
UHPLC NE, E, DA urine NE-dg, E-d;, DA-ds 2.1 x 150 mm, 3 pm Flow rate (uL/min) : 450 ESI+ quadruple MRM DA: 2.5 (701
column temperature : 30 °C
. X o .
DA, NE, 5-HT, DOPAC, lﬁg;l:)r;“ ﬁi'c igigl\.ﬁl I:LE:SAC and 0.1 % for (Homogenates)
HpLC VA, VMA, MHPGS- oo DHBA, 5-HICA Ultimate XB-C8 5" tonitrile ps+ WPl ypy o 0497 pM g
HIAA, Trp, KYN, KA, Glu, . . 2.1 x 50 mm, 3.0 pm . quadrupole (Microdialyates)
microdialy- Flow rate (uL/min) : 250
Gln, GABA PN 1.2-9.7 pM
sates column temperature : 40 °C
(PI) A : 0.01 % HFBA in water
(PD) Tyr, DA, NA, E, 3-MT, . B : 0.01 % HFBA in methanol hybridtriple
y Inertsil ODS-EP (NI) A : 0.01 % acetic acid in water ESI + quadrupole/ (+) 1.7-10.6
UHPLC (NI) L-DOPA, DOPAC,  Rat urine Isoproterenol 4.6 x 150 mm, 5.0 . o) . 1 . . MRM | ) [82]
DOMA, DHPG, HVA. um B : 0.01 % acetic acid in methanol ~ ESI - linear ion (-) 1.8-11.5
MI-iPG, VMA ? Flow rate (uL/min) : 1,000 trap
column temperature : 30 °C
3MT, S-HIAA, S-HTrp, - g o 3-MT-dy, ACh-d,, 5-HT-dy, S- 10 mM NH,COOH in ACN:water
ACh, Ch, L-DOPA, DA E, =% HIAA-ds, L-Trp-dy, GABA-dg, 0 oy go foi o e 00 inle quad.
HPLC GABA, Glu, Gln, Hist, His, lzz“mjgj; DOPA-ds, DA-dy, L-Tyrdss 5 | %505 g oY ? Lp/min') 200 Esi+ PR AT MRM 0.1-58 [63]
Trp, Tyr, NE, NMN, Phe, 5- stc}zl alis) PC,"N-E, Ch-dys, Glu-ds, . o column temu erature.' 30 °C ’
HT, TyrA &n 13C'5N-Gln, NE-dg, 5-HTrp-d, P ;
A : 0.1 formic acid in water
ACQUITY UPLC . .
5-HT, 5-HIAA, DA, NE, B : Acetonitrile triple quad-
- — 56
UHPLC HVA, GABA., Glu Rat plasma DHBA, Nle, 5-HICA BEH C18 Flow rate (ul/min) : 200 ESI + rupole MRM 0.15-740.06 [56]

2.1>50 mm, 1.7 ym column temperature : 30 °C
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Table 3. Continued

N . Detection
Chromatog- Analytes Sample IS Column Mobile phase lonization  Analyzer  Detection limits Ref.
raphy mode type mode
(ng/mL)
A : Methanol
Trp, Phe, Tyr, IAA, HA, Rat .. CAPCELL PAK C18 B : 0.01 % formic acid in water
HPLC PA, Cr, Glu, SA, GABA plasma Phe, Tinidazole 4.6 x 250 mm, 5 pm Flow rate (uL/min) : 800 ESI + quadrupole SIM 100-2000  [55]
column temperature : 30 °C
Rat and mini Perfluorophenyl Fluophase A 0.5 % HFBA in water triple quad- (pl(;ﬂ?)r;a)
HPLC E, NE, DA pig plasma and  E-dg, NE-dg, DA-d, pheny? Fiuop B : 0.5 % HFBA in methanol ESI+ UPed MRM » [68]
. 2.1 x 100 mm, 5 pm . rupole (urine)
urine Flow rate (uL/min) : 600 025
(PI) Neurotransmitter G(Eleﬁ?;:argzgfr g_ (Neurotransmitter analysis)
ACh, Hist, Glu, GABA, 5- e i A : 0.1 % formic acid in water
HT(derivatized with P L
HT benzoyl chloride-ds) B : 0.1 % formic acid in ACN
-ds . . . .
. Synergi Hydro-RP Flow rate (uL/min) : 300 ESI + linear ion 0.0035-
HPLC (NI) Prostanoid Rat blood TX];PTESt?SS)_ d 2.0 x 150 mm, 4.0 um (Prostanoid analysis) ESI - trap MRM 0.56 [100]
TxB,, PGE,, PGD,, 15d- PGD d 41’ 5 d_PéJ fa A : water:ACN 175:100 (v/v)
PGJ,, 6-keto-PGFq, 6 ie:(; PGF dz + Phase B : methanol
PGFy, et Flow rate (uL/min) : 200
2 PGFay-dy ow rate (uL/min)
Ala, GABA, Val, Leu, Lys, Homemade C18 A : 0.1 % formic acid in water
UHPLC DA, His, Phe, NE, 5-HT, Mouse urine 3-aminoquinoline B : 0.1 % formic acid in ACN ESI + Q-TOF SRM  1.12-31.03 [72]
75.1 pm % 150 mm, 1.7 um L
Tyr, Trp Flow rate (uL/min) : 0.35
4-Aminohippurate, 5- A : 0.1 % acetic acid in water
HIAA, Glu, Gln, Hippu- . . XTerra RPg B : 0.1 % acetic acid in ACN triple quad-
HPLC rate, Pimelate, Pro, Trp, Rat urine Cortisol 3.91 x 100 mm, 3.5 pm  Flow rate (uL/min) : 450 ESL+ rupole MRM 2 [81]
TyrA, Tyr, Val column temperature : 40 °C
.. hybrid triple
. A : acetonitirle
HPLC ~ NMN, MN, 3-MT, VMA Human serum M -d5 MN-d;, Atlantis HILIC B : 100 mM NH,COOH in water  ESI - quadru- gy 00042 )
3-MT-d, 2.1 x 50 mm, 2.6 pm S pole/ linear 0.25
Flow rate (uL/min) : 400 .
ion trap
A : 0.1 % formic acid in 5 % ACN
Waters ACQUITY UPLC B : 0.1 % formic acid in 95 % ACN trivle quad-
UHPLC 5-HT, DA, E, NE Rat brain  4-Chlorophenyl-alanine BEH Amide (HILIC) with ImM NH,OAc APCI + pie q SRM  0.05-0.55 [97]
L rupole
2.1 x 50 mm, 1.7 um Flow rate (uL/min) : 500
column temperature : 0 °C
A : 0,1 % formic acid in MeOH
. Acquity HSS T3 B : 0.1 % formic acid in water triple . 104
UHPLC DA Rat brain ECF DA-d 2.1 x 100 mm, 1.7 um Flow rate (uL/min) : 500 ESL+ quadrupole MRM  DA:0.15 [104]
column temperature : 65 °C
. A : 10 mM NH,OAc in water .
Asp, Ser, Gly, Ala, Met, Human Ascentis® Express HILIC ; . o triple 9.7-13.3
UHPLC 1 e, Tyr, Trp, Glu, GABA  plasma Met-ds, Glu-ds 46 %100 mm, 2.7 ym D 10mMNHOAcin 60% ACN - ESL+ g MRM nM [79]

Flow rate (uL/min) : 500
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Table 3. Continued

L . Detection
Chromatog- Analytes Sample IS Column Mobile phase Tonization - Analyzer  Detection limits  Ref.
raphy mode type mode (ng/mL)
A : 10 mM formic acid in water DA:
HPLC DA, S-HT C. elegans DA-d,, 5-HT-d, YMC-Triart PFP B: 10 mM formK.: acid in methanol ESI + triple MRM  0.057;5- [71]
3 x 150 mm, 3.0 ym Flow rate (uL/min) : 425 quadrupole
o HT: 0.025
column temperature : 25 °C
(PI) Tyr, Trp, 5-HTrp, DA, E, . ™™ A : 10 mM NH4COOH in water
ppLc  NE.3-MTS-HIAA,L-DOPA, - .~ PI:Norvaline XB“dge(I:\IIE;‘ée) BEH 5. 10 mM NH,COOH in ACN  ESI +, adrupole s (1020 6
5-HT uman u NI : DHBA 30 % 100 mm 3.5 wn  Flow rate (kL/min) : 1,000 ES[ -  duadrup () 10-20
(NI) VMA, HVA, DOPAC ’ 22 column temperature : 25 °C
A : 0.1 % formic acid in water
DA, Trp, KYN, 5-HIAA, e eace targeted
HPLC HVA, 3-HAA, 3-HK, DOPAC, Youth urine o6 DA-ds, ACQUITY UPLC BEH-CI§ B : 0.1% formic acid in ACN  por  (pivan MS/MS — 0.08-1  [76]
5-HT-d, 2.1 x 100 mm, 1.7 um Flow rate (uL/min) : 250
5-HT, 3-MT, NE, E X o scan
column temperature : 35 °C
A : 0.2 % formic acid in 5% ACN
L-DOPA, DA, E, NE, DOPAC, Rat brain . Agilent SB C18 B : 0.2 % formic acid in ACN triple 0.002—
UHPLC HVA microdialysates Isoprenaline 2.1 x 50 mm, 1.8 pm Flow rate (uL/min) : 200 ESI+ quadrupole MRM 0.004 nM [64]
column temperature : 30 °C
A : 0.2 % formic acid in water
(PD AD, NA, Glu, GABA, , , ACE CI8-PFP B :0.2% formic acid in ACN ~ ESI+ triple () 0.25-
HPLC DA, 5-HT, 5-HIAA Rat brain Isoprenaline L MRM 250 [96]
2.4 x 150 mm, 3.0 um Flow rate (uL/min) : 600 ESI -  quadrupole
(NI) MHPG N )1
column temperature : 25 °C
A : 0.1 % formic acid in water
Human E-ds, NE-dg, DA-d,, RPLC B : 0.1 % formic acid in ACN triple -
HPLC E, NE, DA, MN, NMN urine MN-d;, NMN-d; 2.0 x 100 mm, 3.0 pm Flow rate (uL/min) : 300 ESL+ quadrupole MRM - 3.5-74  [77]
column temperature : 40 °C
. . . . o
70 Neurochemicals including gizr%(ll:::;e (f:r(s)Fm onrmll(i %TF\)&%?H with 0.15 %
UHPLC DOPAC, L-DOPA, MHPG, 3- human serum, fly ACh-d, Acquity HSS T3 C18 B : acetonitrile ESI + triple quad- dMRM 0.0088~ [58]
MT, GABA, 5-HIAA,5-HTrp, .. 1 x 100 mm, 1.8 um . rupole 28.83
S HT. Trp. Tvr. VMA etc tissue homogenate, Flow rate (uL/min) : 100
> 1P, LY * fly hemolymph column temperature : 27 °C
12, 15
HDTA—(?XBAC-E T\,]: (5:-_ A : 25 mM formic acid water 0 S(FSCOFr)lM
UHPLC DA, HVA, 3-MT, 5-HT, 5- Mice and rat brain D;A SHTd © NEf Waters Acquity HSS T3 C18 B : methanol ESI + triple quad- MRM ’ (brain)  [99]
HIAA, NE, ACh, Glu, GABA tissue : b 2.1 x 100 mm, 1.8 um Flow rate (uL/min) : 500 rupole
de, ACh-dy, Glu-d,, column temperature : 65 °C 0.75-50
5-HIAA-ds ! perature : M
5-HIAA, HVA, DOPAC, 3- o . XBridge Amide™ BEH g ; }8 r‘;‘II:A’I Eg“gggg 1‘;‘ Xg‘;r
HPLC MT, 5-HT, DA, E, Trp, NE, 5- DHBA (HILIC) : 4 ESI+ quadrupole SIM  10.0-20.0 [86]

HTrp, Tyr, L-DOPA plasma

3.0 x 100 mm, 3.5 um

Flow rate (uL/min) : 1,000
column temperature : 25 °C
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Table 3. Continued

N . Detection
Chromatog- Analytes Sample IS Column Mobile phase lonization  Analyzer Detection limits Ref.
raphy mode type mode
(ng/mL)
A :20 mM NH,COOH and 0.25 %
. formic acid in water
7 Endogenous metabolites . ACQUITY UPLC® BEH X o .
UHPLC  including 5-HT, E, DA, R brainand —6-TG, DHBA, 5- Amide (HILIC) B:20mMNH4COOHand 0.25% gy | triple quad-yypyr 46 190563 [59]
NE serum HICA 21 % 50 mm. 1.7 formic acid in 93 % ACN rupole
: > T HI Blow rate (uL/min) 1 500
column temperature : 35 ?
A : 0.1 % formic acid in water
Glu, Gln, pGlu, GABA, . Glu-ds, Glun-ds,  TSKgel Amide-80 (HILIC) B : 0.1 % formic acid in ACN triple quad- -
UHPLC Theanine Mouse brain pGlu-ds, Theanine-ds 2.0 x 150 mm, 2.0 um  Flow rate (uL/min) : 300 ESI+ rupole MRM 103-17 98]
column temperature : 40 °C
Val, Leu, Ile, Met, Trp, 5- Human urine 5-HIAA-dy, Tyr-dg, water and methanol both contain-
HT, 5-HIAA, KYN, 3-OH- and plasma B3Ce-30H-KYN, Trp- Acquity BEH C18 ing 0.01 % formic acid and 1 mM triple quad- (urine) 2.5-1000
UHPLC  KYN, KA, XA, AA, 3- &% fefmmal ds, Phe-ds, S-HT-ds, | Xqi‘otg g NHCOOH Flow rate (uL/min) :  ESI + lzu gi‘e SRM  (plasma) 0.3-100 [57]
OH-AA, Phe, Tyr, DA, 3- ° nEX(PFC) BCe-KYN, DA-dy, 3- Ll 300 P (PFC) 0.1-5
MT, HVA MT-d,, KA-ds column temperature : 55 °C
Human periph- A :0.01 % formic acid in water
eral blood Luna PFP B : 0.01 % formic acid in MeOH triple quad- E: 0.18; NE:
UHPLC E, NE, DA mononuclear NE-dg, E-d;, DA-d 2.1 x 150 mm, 3 pm Flow rate (uL/min) : 450 ESI+ rupole MRM 0.85; DA: 0.77 [106]
cells (PBMC) column temperature : 30 °C
L-DOPA, DA, NE, E, 3-
Mg’olﬁ/iN’Dl\;_[g’GDgsjzc’ A : 0.1 % formic acid in water
5 2 > . : ; o R . )
UHPLC  VMA, MHPG, 5-HT, 5- 'Rat bram Isoprenaline, SB C18 B:0.1% forrnlc. acid in ACN ESI + triple quad: MRM 0.1-3 pM [103]
microdialysate 5-HICA, Nle 2.1 x 50 mm, 1.8 pm Flow rate (uL/min) : 200 rupole
HIAA, 2,3-DHBA, 2,5- column temperature : 30 °C
DHBA, Glu, GABA, Gly, P ;
Asp, Baicalein
A : acetonitrile (Sahi}g% (1)'10887
Rat CSF, . B : 0.1 % formic acid and 2 mM . .
ppLe s 3-HK 3HAA, o brain Caffeic acid Agilent SB-C18 NH,OAc in water psp+ Uiple quad- oy, (CSF) 0088 o,
QUIN, 5-HT, 5-HIAA . 2.1 x 100 mm, 3.5 um . rupole 102.11
tissue Flow rate (uL/min) : 300
lumn temperature : 40 °C (Plasma) 1.12-
colu emperature : 102.11
L-DOPA, DA, NE, E, 3-MT,
NMN, MN, DOPAC, A : 0.1 % formic acid in water
DOMA, DHPG, HVA, . Isoprenaline SB C18 B : acetonitrile triple quad-
UHPLC  (MA, MHPG, 5.HT, 5~ Rat urine 5-HICA, Nle 2.1 x 50 mm, 1.8 pm  Flow rate (uL/min) : 200 ESL+  pole  MRM 0.077-0.38 [66]

HIAA, Glu, GABA, Gly,
Asp

column temperature : 30 °C
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