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Abstract: A rapid analysis methodology for ten neurotransmitters in serum was devel-
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oped using ultra performance liquid chromatography-quadrupole-Orbitrap high resolu-
tion mass spectrometry ( UPLC-Q-Orbitrap HRMS).

(PPT) method was employed for removing protein macromolecular compounds and effi-

A typical protein precipitation

cient extraction of the studied compounds. A home-made accurate mass database (mass-
to-charge (m/z), retention time, isotopic distribution and characteristic fragment ions)
and MS/MS spectra library were used for accurate identification. Quantitative analysis
was performed using the extracted m/z of full-scan MS and external standard method.
Matrix effect was 62.4%-112. 2% and the relative standard deviations (RSDs) were
1.9%-10.1%. The extracted recovery and RSDs were 73.6%-104.2% and 2.6%-
10. 6%, respectively. Experimental results indicated that good linearities (R*>>0.99)
were observed in the respective concentration ranges. The limits of detection (LODs)
and limits of quantitation (LOQs) were in the range of 0. 05-11. 63 nmol/L and 0. 09-
46. 50 nmol/L, respectively. Stability of standard solutions, quality control samples and
serum samples can meet the requirements of biological samples analysis. Accuracy of the
dilution effect (DE) was 5.1%-10.6% and the precision was 1.1%-5.3%, all within
the range of £15%. Carry-over effect (COE) was 0. 4 %-4. 6% through the analysis of
initial mobile phase after three consecutive injections of samples of high concentration.
Moreover, this method was applied to the research of neurotransmitters metabolism in
the serum of rats with ionizing radiation-induced brain injury. Results demonstrated that
ionizing radiation causes neurotransmitter metabolism in serum, and can provide impor-
tant references for the screening of new biomarkers in serum.

Key words: neurotransmitters; serum; ultra performance liquid chromatography-qua-
drupole-Orbitrap high resolution mass spectrometry (UPLC-Q-Orbitrap HRMS) ; ioni-

zing radiation; biomarker
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Jo B B I K AR A AT ST .

1 LIEESHS
1.1 U8 . Fr5iKH

UltiMate 3000 #8 & 80 AH (3% (Bl —
JLHRE AELZR B AL . A SRR SR AR A
Q Exactive #tHL 37 B3 B & 43 B 53 A (B A
ESI J5) . 2% E Thermo Fisher 237 77 i s XS105
8T R Hi -+ Mettler Toledo 24 & P2 5 s MS2
WA ER 5 4 - 1 TKA A A 77 5 YM-080S #
P BRI T 5 B A BR A | ™ s CR
21G R VR ELO L H A Hitachi 28 @) 7= 4

Z M i (CAS: 51-61-6) , 5-% 4 it (CAS:
50-67-9) I bR Z (CAS: 51-43-4) , 5- % mg| gk
4% (CAS: 54-16-0) , & [t i1 i (CAS: 51-84~
3. EHE F IR R (CAS: 51-41-2) . H & ]
(CAS:56-40-6) , K4 2 R (CAS:56-84-8) \ 4+
ZAMR(CAS:56-86-0) . y- 2 K T MR (CAS:56-12-
2) o - Al RE SR 99. 0%, 4 Bl 1 55
Sigma-Aldrich /3 &) . 1% [ Dr. Ehrestorfer 2
F) F13E E AccuStandard 23 F) s U BE . £ i AL
g : LC-MS % , 5% [E Thermo Fisher 23 & 7= i s
walisk : B 26 B Millipore 23 @] 4 7 1y MILLI-
Q50 B &l K AL 5
1.2 fRAEBERME T

i % B OIS S 1) 1 b 22 368 5 s 9 o T
6520 & Wi -7K % f# il 4% 100 mmol/L (¥ 7 ¥ fifi
W o RS B B L mL B AR MEAE A R
10 mLZ5 50 H . FH 0 06 i sl AH a2 25, T il AR
10 mmol/LIE & tr eV W, & T —20 ‘CIRFE.
SITRITTE 4 “CUKAR B AR R .

1.3 HYAEBERMFRE

24 FUREE 3 32 #E (SD) K B (K T 200 ~
250 @) 114 F 37 DUAR (AL ) AR AR A R Al
BE L5 % BR AL (8 B R BE AL (16 B, f@ IR
HEFH 530 2 41,43 3 LA 10 Gy 130 Gy F|
AT Cob60-y 5 2 il 34 B 5 %) 5 %8 Ry 2. 519 4
Gy/min, & N VAR 57 30 RIGALSE.

b o NI s i O I GRE Ip  E
(60 mg/1 kg & ) 17 K B 77 K B J5 24
20 min, ¥ K B RLAD BN [ E TR AR E 3R
TE T e A KRR 39038 B A2 A T IR i L 3R O i
WS [ 8 TR ET R BRRD [ 47 5 47 F I i
WO E R 2R TS (LR R A EDTA % )
B LLC IR 2F i 2 i AT i . R i E T K
PR B0 A R, R R BRI 1~ 2 hChn B I 2
RN AR 4 C UKAoL i I v S 4y
BelED ,4 C FLA3 500 r/min B .0 10 min, B
W E W W o e I bRic 4y - 78 — 80 C RA IS & 14
TIRAF
1.4 MmFEFEARTLLE

K% HL 100 L A % 1.5 mL EP &0
B mA 400 pL B ETRE R AR W 0. 1%
HR- I W AT /E — 20 "CHR 1 h) L i
JiE30 s, KK Hr AT 15 min, —20 °C B 4%
PEFITE S .4 C TR LA 12 000 r/min B 15
min, BEIEW AR T 100 p L ) 46 3 3
FASLHS R 50T
1.5 RERHARNE

K% FE B 5 mL SRR Fh 2 M I (PBS, 10X
F 50 mL R A 4K, 2 5 = 2R
BE B PBS ¥ (1) SR G IMA 2.5 g 4 1ML
A H (BSA) YR 5] FE 2 28 1 I3 68 4000 fi
FH o 53 B R B 25 Il T AR 4P IS 7K (LQO)
1 (MQO) | 5 (HQC) 3 A~ BE 1 o7 5 45 il (T
FEOREA, BI43 50 R A e T B BRMEE 3 A% i I
W B T A R A A o gl 9 TR e S B Ay e
JE AR AR A DA b ol 2 L B B 7504 ~
95 Y0 Ak 1) VR E R FEAS . Ab By S 1.4
YA Y Q& YN E - iy G == 2
1.6 ZW&EH
1.6.1 @EiE4%M Waters ACQUITY UPLC
HSS T3 A (2. 1 mm X 100 mmX 1. 8 pm);
AR 0. 1% H IR-/K CA) FL 2 i (B) 5 kA
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2 pLs AR 40 °C sk 0. 3 mL/min; & B Pk M
i .0~1.5 min(5%B),1. 5~4. 0 min(5% ~
40%B),4.0~5.0 min(40% ~95%B),5. 0~
6.0 min(95%B),6.0~6.1 min(95% ~5%B),
6.1~8.0 min(5%B),
1.6.2 JREESME UM SS B IR IE B TR
(ESI") ;M55 i JE 3.5 kV; 3 4048 1 )& 350 °C;
S ES 2. 76 X10° Pa; T4 i3 0. 66 L/min;
TR E 350 °C 5 R A R RV
fili (Full-scan MS/dd-MS*), — &% JF il 2 ¥
T R EAATEE m/ 2 50~500; 43 FEH70 0005 H
Bl a5 75 i (AGC target) 1 X 10° 5 8§ 5 KiEA
i [E] (maximum IT) 100 ms, — 2% i i 2
TP 17 5005 I — fk filf 13 8 & (normalized
collision energy)20.40.60 eV; A zh¥ 5] 1<
10° s & i KA AR E] 50 ms; 3 &5 HER: (dynamic
exclusion) B} [8] 6 s; M0 I 58 i B = 1 B+ 4K
H (Top N 5. i 4834 5T 1) £ B B[] B i
AETFHEMERYI TR LRBCE 7065 E
~THE L,
1.7 BHERENEEM - HREENE
Tl 1.6 15 2R IEAT P 22 8 BB 1 S I TR
(R AR L SRR B B OO ik I8 K
Ffb & 2 FR 4> F 3000 7 it LCAS 4 5
BT — FOR B R R (/) 1 ~2 g
TE e B DR B I ] 2 A TraceFinder 3K
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B GRS A mzVault 3% B B i3
SLE O B RS I

2 #RE5iTie
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H T 00 ol £ 366 5 ) i T I s PR U
o1 ARMEFR B A MG AEA . B, AR SL G 4
5 vE pH E I IR ER 2% vl B A Ry R
T A M3 11 8 S8 I 37 b A AE 1 2 1 A
Ko ¥ HWEE B E S % k24 ],
2.2 WAEBAFZERMRL

KBV B A3 52 2% & =5 6 0 8 T L B e
SE N R R T E WAL . H AT 1
SO 7 A B A AR W A B (liquid-liquid
extraction, LLE) . [# HZEH% (solid phase extrac-
tion, SPE) Fl & H Ui 3 ¥ (protein precipitation,
PPT), Hrp, LLE kXt miEFEA B —Em
4 fbHe gy . B4R BOKCR B 52 BORE AL B e I Y 5
Wi o XoF R /N A3 5 1 ZE BOBCR IR SPE B
FRORBEE ) PR BB PPT 2 AH X f7 5, P &
A, A 5 SRl

ARSI B2 B T Y S BE-OK A T R B
(logKow) ¥J/NF 1.5, et K. H L, %
WEHL 100 pI. 100 nmol/L {1 B FEAS . 2 £ 5
DRI PR F) 4 25 (MeCND | HE 2 (MeOH) |
0.1% W fig-2 1% (0. 1% FA-MeCN), 0. 1% H
PR~ FH B2 (0. 1 % FA-MeOH) | I iE- 2, i (50 ¢ 50,

x1 HEBERMWIRBSH

Table 1 Analysis parameters of neurotransmitters
T B 1 ) MEBF  Adduct ion
2 3% 5 Retention g Jr sk i - Tk A 22
Neurotransmitter Adduct : Error/ X106
time/min Theoretical Measured
% M it (DA) 1.19 [M+H]*" 154. 08626 154. 08635 0.6
5-¥ 4 i (5-HT) 1.63 [M+H] 177. 10224 177. 10242 1.0
B EREME 0. 86 [M+H]' 184. 09682 184. 09702 1.1
5-F2 05| Bk 2, i@ (5-HIAA) 4.25 [M+H] 192. 06552 192. 06569 0.9
Z IR (Ach) 0.88 [M+H]* 146. 11755 146. 11736 —1.3
FHE R E(NE) 0.79 [M+H]* 170. 08117 170. 08137 1.2
HHZM (Gly) 0.75 [M+H] 76. 03930 76. 03965 4.6
KA (Asp) 0.78 [M+H]* 134. 04478 134. 04491 1.0
B &R (Glw) 0. 82 [M+H]* 148. 06043 148. 06050 0.5
y- &I TR (GABA) 0.76 [M+H]* 104. 07061 104. 07076 1.4
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Fig. 1 Extracted ion chromatograms of ten neurotransmitters
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Fig. 2 Optimization results of the precipitants for 10 neurotransmitters in serum (n=26)
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Fig. 3 Identification of acetylcholine using
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112.2% ,RSD K 1. 9% ~10. 1% , F W% J5 1
A7 T R4 ;L X 22 B50pf 22 388 Jo A7 7 B o 4
RO, o RS BT80N AR 2 56 R FH 28 1 UL 37
REFDL L 5T VT PO bR o Hh 2R A 7 B 20 AT

2.4.2 HMEXR KR LEER RHARD
T AR KT 19 Bl 22 3 o V5 R AT R PR TR
A8 33 0 TR FRA DN AR AR (o) s A i e J3E oA e Al

b Co) B AT A Fe /s — 3 ik 1m0 E 338, A &
BN/ o SRR AEAS BT A L A
P23k 5T X 6 B M R G B M G R A OG R
(ROIIFRT 0. 995 6 H BR K & 8 FR 4331 4y 0. 07 ~
12. 81 nmol/L 1 0.12~25.61 nmol/L, %] F
3. IR HI T R BUE R BE AR
JEAE PR B 23 AT 5K

R®2 RIOEKWERERIAMERLER (n=06)
Table 2 Experiment results of extraction recovery and matrix effect (n=6)
PRI R FE J5T RN
2 R (33 Extraction recovery Matrix effect
) Concentration/
Neurotransmitter (nmol/L) i AR B 0 22 i AR B 22
Average/ % RSD/ % Average/ % RSD/ %
AN 0.1,200,400 76.2,89.2,88.6 4.9,2.6,3.9 101.6,109. 3,97. 2 4.6,6.4,1.9
5-F2 A 0. 5,200,400 93.2,98.7,81.9 5.6,10.1.4.5 90. 6,89.6,101. 1 6.3,4.1,4.3
B R E 3,150,300 90.1,82.1,83.9 6.2,5.9,3.7 74.9,86.6,88.2 7.4,5.1,6.1
5-F2 15| e 2, iR 5,350,700 98.1,90.5,95. 1 10.6,7.8,5.6 66.1,62.4,78.2 7.9,5.9,9.8
21k HH B 1,20,35 78.1,90.5,79.9 8.5,5.1,3.2 112.2,81.6,96.0 8.5,10.1,6.5
FHE ERE 1,200,400 86.7,94.6,99.7 7.4,5.1,6.2 86.7,72.3,78. 6 5.5,6.0,3.7
H A’ 50,1500,300 73.6,98.1,104.2 8.6,4.9,3.3 94.1,89.1,90.1 8.2,9.0,6.6
K& TR 20,1500,2500 90.9,81.8,75. 2 8.1,6.2,3.7 92.0,83.2,81.3 5.1,2.9,3.1
N7 5,400,750 83.6,98.9,101. 1 10.0,6.2,4. 1 87.1,94.6,90.0 8.8,4.6,6.2
y-E TR 1,1500,2500 78.3,91.6,86.0 9.8,5.1,6.0 77.0,86.6,79. 1 8.1,6.7,3.3
F3 MAEILEHE LR KHRREERER
Table 3 Results of standard working curve, linear range,
limits of detection (LODs) and limits of quantitation (LOQs)
n I R AL . L
. M . ) izt FR R
i 2538 i Correlation
Linear range/ LOD/ LOQ/
Neurotransmitter coefficient
(nmol/L) (nmol/L) (nmol/L)
(R?)
B4l 0.12~500 0.9999 0.07 0.12
S5-¥ {0 i 0.22~500 0.9999 0.11 0.22
R E 1.57~350 0.9957 0.79 1.57
5-F2 5| Wk Z 1R 2.86~750 0. 9992 1.43 2. 86
PR 0. 44~40 0.9998 0.23 0. 44
LR ERE 0.91~500 1. 0000 0.45 0.91
HER 25.61~3500 0. 9998 12. 81 25. 61
KA R 12.17~3000 0.9995 6.08 12.17
B E R 3.22~800 0.9992 1. 60 3.22
rEETR 1. 04~3000 0. 9997 0.51 1. 04
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2.4.3 FOEVEEE ALBRAM P EHK 24 DU IR E P QLS REA T — 80 Clik

JETE AT RS E Mk A, R LT T i

s T i R B A E P (4 C RIS R T R

BOLAAGIE 3 WO R AR R ESE M (R
REah 28 3 4> VR ElE BRI AR E e ik B S
() ML Y5 REATE 1 Sh BEREAS P15 °C 2 1F F

B 3AAD . R HER I (REC) 3R 52 I 45 4
5 B B2 {H 22 8] /9 22 57 . LA RSD 7 [A] —
By REAS Z2 0K 43 BT I 5 &5 R 0] 1 422 30 A B L 45
RO T 4. AL AR e R R U A
4 C AR ICE LA A B —3. 8%~

* 4 BERRMZERNREEERER
Table 4 Results of stability for neurotransmitters in serum
PRIEVEIR 4 °C VR b5 1 i K
W R (s Standard at 4 C Freeze-thaw cycle Short term Long term
) Concentration/
Newotmsmivter e W ME WEE MEE WEE EEE WEE
REC/% RSD/ % REC/% RSD/ % REC/% RSD/ % REC/ % RSD/ %

EAuNii3 0.1 —3.8 1.6 8.4 7.0 —8.2 2.6 —5.6 4.8
200 —1.5 5.0 3.8 4.5 —2.9 3.4 —3.9 4.2
400 5.4 0.2 2.6 1.7 —6.5 5. 6 —8.6 3.3
5% 0.5 6.2 0.1 1.3 2.7 4.6 1.7 9.8 7.4
200 4.1 2.7 2.6 4.8 —0.9 1.0 2.7 6.1
400 2.5 5.2 0.7 3.2 1.3 0.7 3.3 8.5
B ERE 3 9.5 6.5 3.6 1.3 3.9 5.9 —6.0 1.6
150 4.1 1.5 2.5 1.3 —3.7 4.7 —4.3 4.2
300 4.6 3.7 5.0 3.3 —4.9 5.8 —6.4 4.0
5-FR 05 Wk 2 1R 5 8.2 0.7 4.0 2.5 4.1 2.0 3.4 5.8
350 4.4 3.0 2.5 2.2 2.4 3.0 4.5 6.2
700 5.8 0.9 9.7 8.1 4.1 1.5 1.5 5.2
T REL B 1 —2.2 2.0 3.2 1.8 —2.6 1.0 —4.3 7.1
20 2.7 2.9 1.3 1.7 5.4 1.8 —3.0 6.1
35 —2.5 5.3 2.2 1.1 —3.3 0.3 —2.4 8.3
ZHE ERE 1 2.3 3.3 5.4 3.3 2.3 6.1 —6.7 9.9
200 3.8 4.5 5.9 2.9 —1.6 2.5 —3.6 8.6
400 4.9 2.8 3.2 2.9 9.2 2.5 —7.5 4.9
& R 50 2.6 2.6 2.3 1.1 0.1 1.4 5.1 1.1
1500 0.7 4.2 2.8 0.1 1.8 3.1 4.3 4.6
3000 2.1 8.1 1.0 8.5 1.7 3.2 4.2 7.0
KA R 20 3.3 4.5 1.3 2.2 0.7 1.3 3.0 3.7
1500 1.3 5.1 0.4 1.5 1.7 0.7 0.8 7.1
2500 2.6 2.7 0.4 4.5 0.7 2.3 1.9 6.2
AW 5 2.0 5.1 4.7 3.5 5.6 7.5 —2.3 7.1
400 —2.2 3.8 0.3 1.0 1.1 6.9 —2.6 4.7
750 —3.1 3.6 4.7 1.3 3.7 1.6 —1.4 6.6
rREETR 1 1.1 2.9 0.7 2.7 2.0 2.1 1.4 6.8
1500 1.3 5.3 2.0 1.2 4.5 0.8 2.0 4.1
2500 3.3 2.7 1.6 1.7 —3.0 4.1 2.4 1.7
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9.5% I 5E K RSD K 0.1% ~8.1%;
SRR IE I REC M N 0.3% ~9.7%,
RSD K 0. 1% ~8. 5% ; &b ¥l J5 B 1ML 35 # & 16
HahErEgs 15 C &M T & 24 h i) REC
HH—8.2%~9.2%,RSD H 0.3% ~7.5%;
M5 HE S T —80 C &M FtE 3 4~ H i REC
HH—8.6%~9.8%.RSD H 1.1% ~9.9%.
DL b5 R R B BR o VA R 5T 45 R il B L T AR

AR B RS T T AR AR W R B A AT K
2.4.4 BN RN BR B OB MR AN
(dilution effect) 4§ $4 #ff 1 151 V& BE 1) 2 W) A A
AT — B R RO T o DN vk 5 B R I R I
V18 7 FIORS %% 132 8 A £ 15 60 Y TR P A g
BORFR B W] Sk L2 B TR 5. 4 10 £
WIS HEHE hy 5. 1% ~10. 6% . K % & RSD
B 1. 1% ~5. 3% ¥7E 15 % Ja

RS HRUNRKBHUMNERER

Table 5 Results of dilution effect and carry-over effect

10 f5#i B¢ Ten-fold dilution (n=3)

R i TR T e W 5 e i 5 5

Neurotransmitter Original Measured HEwh HiveJ COE
concentration/ concentration/ REC/% RSD/ %
(nmol/L) (nmol/L)

EARN 3 3000 320.446. 1 6.8 1.9 0.4
5-F% i 3000 321.94+15. 1 7.3 4.7 0.8
E 3000 319.243.5 6.4 1.1 1.1
5-FZ M| Wk 2R 3000 329.7410. 6 9.9 3.2 0.6
Z Tt AR 300 31.7+1.0 5.5 3.3 0.8
R ERE 3000 322.5415.5 7.5 4.8 0.9
HEm 20000 2201.0+116.8 10. 2 5.3 2.5
K& AR 20000 2122.0470.0 6.1 3.3 4.6
B HR 3000 315.348.2 5.1 2.6 1.4
Y RAIETR 20000 2212.0446.5 10. 6 2.1 1.0

TEA W RE G o3 B 07 B R v, 2 RV
18 d5c R T RE R VA RO S E AR O L 2000 A A
FI % ) 325 [ RE S LA PE Al 5% B AR Cearry-
over effect, COE) , H. W 7 i # 3% 09 78 B b A
e R 2000, A S0 HG AL 3% 22 3 Yk
P g b ) Jo0 4 M L e R B Y BT 4 o A
A IR JE HERE SR BT A5 R CRD AR T s AHD L B
i A T3 0k 10 5% BE RUONL . E R UK SRR L S 3
UIERE G 23 M 00 46 W 3l A S 8RB 2 s o Y
W T AR HCAE s A BIR U B A A g e T AR L
{HAE 0. 420 ~4. 6 %0 Z 8], £ 45 43 B 77 64
2.5 TERBERITBERGKRLE KA

W £ 57/ 43 5 ) A T Co60-y

S 4 A O RO R Ok BRI i R R 22 i
Jo e AR AR B 5T . AR IS A TR A Y] T
PR SEAE ) ARSI B 4 0~50 Gy F
Xt R BRAY R 25 R R RRAE 10,30 Gy 5
AT R BER 30 KN Mg R NI B A% fiE
Wy e 7 W e A L AR AR SR Y
R BER . R RS R BLIM W h R &K
MR LOBERAR . EHE EIREVE EIR R A
FIRH T RS TE 4. 5 bl 2 iy
F U A AR B R L U P 22 R O O B
i 463 13 Jim » % 26 i 22 33 JoT mTRE AR O ¥R 7E 1Y AR
Yikr &5 . A ARG & WA JE RS I
RFEA R 5 58 6 I 70 2 o5 A (] ] 57 I
[ 45
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Fig. 4 Changes of five neurotransmitters

in rat serum after irradiation
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ABEFE R UPLC-HRMS 25485 1 57 2
BOHE AN 2 B I S T LTS 10 Rk
125 Jo A DR 5 T 3 R AR UL i A
BCHBRME A Y. i A5 T B LR (PBS +
BSA) J Jit VE BC f4 b o AT ih Ze 2647 % & 70
FMZESE RN, . J7 1 2 PR U EDCR V2P SE AR
i PR i PR R E L R IO B B B A
507 T 56 R A M REAS I e T R . At
BT AT LR Cob60-y 5t £k 8 IR 5l ) B2 B4 1) AT
FEH R Oy Ui 12 P v A S O A 7 1003 v A
PR B P IR T SR

S 3

[1] ZEE EAVD, LUITEN P G M. Muscarinic ace-
tylcholine receptors in the hippocampus, neocor-
tex and amygdala: a review of immunocytochemi-
cal localization in relation to learning and memory
[J]. Prog Neurobiol, 1999, 58(5); 409-471.

[2] OWENSM J, NEMEROFF C B. Role of seroto-
nin in the pathophysiology of depression: focus
on the serotonin transporter[J]. Clin Chem,
1994, 40(2) . 288-295.

[3] BERKE J] D, HYMAN S E. Addiction, dopa-
mine, and the molecular mechanisms of memory
[J]. Neuron, 2000, 25(3): 515-532.

[4] LOTHARIUS J, BRUNDIN P. Pathogenesis of
Parkinson's disease: dopamine, vesicles and
alpha-synuclein [ J]. Nat Rev Neurosci, 2002,
3(12): 932-942.

(5] K& IR B0 T2 205 T BRI 8 i 3

Tk FE AR ) Ao 0 o 2 B2 i L PR R FC R AR D).
ZEE Ak 2 2R . 2003,24(4) :591-594,
ZHANG Lei, LIN Xiangqin. A novel y-aminobu-
tyric acid monolayer modified glassy carbon elec-
trode for simultaneous determination of dopa-
mine, uric acid and ascorbic acid[J]. Chemical
Journal of Chinese Universities, 2003, 24 (4).
591-594 (in Chinese).

[6] ZHANG L, LIN X Q, SUN Y G. Separation of
anodic peaks of ascorbic acid and dopamine at an
a-alanine covalently modified glassy carbon elec-
trode[J7]. Analyst, 2001, 126(10); 1 760-1 763.

[7] ZHANG H M, LI N Q. The direct electrochem-
istry of myoglobin at a dl/-homocysteine self-

assembled gold electrode[ J]. Bioelectrochemis-



344

=

L I

a2k

[8]

(9]

(10]

(11]

[12]

[13]

try., 2001, 53(1). 97-101.
ZHANG HM, LIN Q, ZHU Z W. Electrocata-
lytic response of dopamine at a d/-homocysteine
self-assembled gold electrode[ J]. 2000, 64(3):
277-282.

YE B, PING X, LIN L. Determination of the
neurotransmitter-norepinephrine in the presence
of ascorbic acid using carbon fiber microelectro-
des activated by potentiostat[ J]. Microchemical
Journal, 2000, 64(2) . 125-130.
INIE— ., S BRE L, B K. 2 BE Bk 4 K & -Nalion
A 2 B v AR TE 1 R B BT IR 0L R R R TR A &R
RN 2 L] BRI,
2002,23(11):2 067-2 069.

SUN Yanyi, WU Kangbing, HU Shengshui. Se-
lective determination of dopamine in the presence
of high concentration ascorbic acid and uric acid
using carbon nanotube modified glassy carbon
electrode[ J]. Chemical Journal of Chinese Uni-
versities, 2002, 23 (11): 2 067-2 069 (in Chi-
nese).

TR RN B K, £SO B E . Rk
9K B A A B8 i H AR 22 T i R T R Il TR
HHLHE K (1], 43 HT 4k 2% 2002, 30 (9): 1 053-
1 057.

WANG Zonghua, LIU Jun.
WANG Yiming, LUO Guoan.

YAN Liushui,
Electrocatalytic
oxidation of dopamine and ascorbic acid at car-
boxylic carbon nanotube-intercalated graphite
electrode[J]. Chinese
Chemistry, 2002, 30(9): 1 053-1 057(in Chinese).
Flz, EFA. BRI E WL B ER. RPK
B A AR N 22 L e B b IR B0 K IR
w0 LI, 4 M 4k 2%, 2003, 31 (11) .1 281~
1 285.

WANG Geyun, WANG Zonghua, XIAO Su-
fang, WANG Yiming, LUO Guoan. Electrocata-

Journal of Analytical

lytic separation for dopamine and epinephrine at
electrode
and Chinese
Journal of Analytical Chemistry, 2003, 31(11):
1 281-1 285(in Chinese).

ZHANG W, XIE Y F, AI S Y, WAN F L,
WANG J, JINL T, JINJ Y. Liquid chromatog-

multi-wall carbon nanotube modified

simultaneous determination[ ] ].

raphy with amperometric detection using func-
tionalized multi-wall carbon nanotube modified

electrode for the determination of monoamine

[14]

[15]

[16]

[17]

[18]

[19]

[20]

neurotransmitters and their metabolites[ J]. ]
Chromatogr B Analyt Technol Biomed Life Sci,
2003, 791(1) . 217-225.

JIN G P, LIN X Q. GONG J M. Novel choline
and acetylcholine modified glassy carbon elec-
trodes for simultaneous determination of dopa-
mine, serotonin and ascorbic acid[ J]. Journal of
Electroanalytical Chemistry, 2004, 569(1) . 135-
142.

ZARE H R, NASIRIZADEH N, ARDAKANI
M M. Electrochemical properties of a tetrabromo- p-
benzoquinone modified carbon paste electrode.
Application to the simultaneous determination of
ascorbic acid, dopamine and uric acid[J]. Journal
of Electroanalytical Chemistry, 2005, 577 (1):
25-33.

LIN L, QIUP H, YANG LL Z, CAO X N, JIN
L T. Determination of dopamine in rat striatum
by microdialysis and high-performance liquid
chromatography with electrochemical detection

carbon nanotube

384

on a functionalized multi-wall
electrode[J]. Anal Bioanal Chem, 2006,
(6): 1 308-1 313.

B— T DA M. £ Tk K IR A Y-
Nafion [ {& i B3 1% 6 40 & b Uk HL Ak 2 46 0 3%
[J1. Zr#riis 244, 2003,22(2) . 12-15.

ZHENG Yining, MO Jinyuan., LLAI Rong. De-
termination of dopamine by capillary electropho-
resis-electrochemical detection with cobalt macro-
cyclic complex-nafion membrane modified elec-
trode[ J].
2003, 22(2): 12-15(in Chinese).

MULLER A, JOSEPH V, SLESINGER P A,
KLEINFELD D. Cell-based reporters reveal in

Journal of Instrumental Analysis,

vivo dynamics of dopamine and norepinephrine
release in murine cortex[ J]. Nat Methods, 2014,
11(12): 1 245-1 252.

REIMER J, MCGINLEY M J. LIU Y, RO-
DENKIRCH C, WANG Q, AMCCORMICK D,
TOLIAS A S. Pupil fluctuations track rapid
changes in adrenergic and cholinergic activity in
cortex[ J]. Nat Commun, 2016, 7: 13 289.
CATH L. ZHUR H, LI H D. Determination of
dansylated monoamine and amino acid neuro-
transmitters and their metabolites in human plas-
ma by liquid chromatography-electrospray ioniza-

tion tandem mass spectrometry[J]. Anal Bio-



Hi3 i

o AR <8 5 ST €0 - 135 2 9 M A B v 23 T A P 2 A 54 05 sl ) L o i 1

345

(21]

[22]

[23]

chem, 2010, 396(1): 103-111.

YANG Z L, LI H, WANG B, LIU S Y. An
optimized method for neurotransmitters and their
metabolites analysis in mouse hypothalamus by
high performance liquid chromatography-Q exac-
tive hybrid quadrupole-orbitrap high-resolution
accurate mass spectrometry[ J ]. ] Chromatogr B
Analyt Technol Biomed Life Sci, 2016, 1 012/
1 013: 79-88.

BTS2, GRAE I , B G, BT, R R
7R e 20RO A €2 T - B OB T kPR Y s K BR .
8 Rl BT ]. AL as. 2018, 46 (1)
121-128.

ZHAO Fang, LI Qiang, LIANG Meili, YAN
Yan, XING Jie, QIN Xuemei, GAO Xiaoxia.
Simultaneous determination of eight kinds of neu-
rotransmitters in rat blood serum by ultra-high
performance liquid chromatograph-tandem mass
spectrometry[ J |. Chinese Journal of Analytical
Chemistry, 2018, 46(1). 121-128(in Chinese).
AR B A TR A AR 2 LR SR AR R
AR XU 22 oo 20 RUA €0 T35 - R IO o 3% 2 0 7

[24]

[25]

RN 30 M 2R [T]. 7tk a2, 2013, 41(9) .
1347-1 352.

LI Pengfei, TAO Beibei, ZHANG Xude, AN
Zhuoling, ZHANG Qian, LI Yue, HAO Qian-
gian, LIU Lihong. High-flux detection of 30
kinds amino acids with isotope-labeled internal
standard by LC-MS/MS[]]. Chinese Journal of
Analytical Chemistry, 2013, 41(9). 1 347-1 352
(in Chinese).

MERBEL N. Quantitative determination of
samples
using TrAC
Trends in Analytical Chemistry, 2008, 27 (10):
924-933.

ZHANG P, CHEN Y, ZHU H Y. YAN L B,
SUN C L, PEI S Z, LODHI A F, REN H,

GAO Y N, MANZOOR R, LI B, DENG Y L,

endogenous compounds in biological

chromatographic techniques[J].

MA H. The effect of gamma-ray-induced central
nervous system injury on peripheral immune
response: an in vitro and in vivo study[J]. Radi-

at Res, 2019, 192(4) . 440-450.





