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1,2- 3,4~ -9- (BCEOC) Hypersil BDS Cyg
(4.6 mm x100 mm, 54 m) , 390 M ( 333 m) ,
5 ( Y- 5- 5- )
5 24 fmol 200 pmol, 0.9997; 4.0 12.6 fmol (SIN =
31) (ESI Source) ,
: 5- A B (A:
, B: )4 ( 1h 12 h) 64 5
1
(1 3] ’
(Glu) Y- (GABA) , (DA) 5-
(5-HT) 5- (5-H AA) [4]
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(51 , 5HT DA
el 5 HT : DA 5HT
,5-HT/DA , Davis ! ,
5-HT 5-HAA ,
5-HT/5-H AA
_ (71 -
[8] [9]
1, 2- -3, 4- -9- (BCEOC)
20 [10 12]
BCEOC , 3
( )4 t 1
2
2.1
1100 - (Agilent ),
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100 (ESI Source)
1,2- -3,4- -O- ( , [10]); Yy - 5-

5- (Signa ); (Fluka ) Wistar (

, 180 220 g,

): ( M erck ) , MilliQ
2.2
2.2.1 5 , V ( ) V (H,0) =1 1,
V(ACN) V(H,0) =11 1.0 x10"* mol/L ; (1.0 x10 “ mol/L)
32. 6 mgBCEOC, 10 mL, 10 mmol/L;

(1. 0 mmol/L)
2.2.2 2mL 100u L , 200 L (pH 9.0),
5 (0 1mmol/L) 50ML ,150M L (1.0mmol/L), 40
10 min 50% 5pL, pH 7.0 10M L (100 pmol)

BCEOC (2]
2.2.3 : HypersilBDSCy, (100 mm x4.6 mm, 54 m,

) A: 30% ( 30 mmol /L , pH 3.7);B:
100% 1.0mL /min, 10pL, 30 A =
333 mMmA 4, =390 : 15% B 5min, 15 min 25%, 25 min
100%, 100% B 5min
(ESI Source) , 0. 24 M Pa, 9 L /min,

350 3500 v'*!
2.2.4 A ( ) B
( ), 32 B 8 :
6 d, 1d 10 m/min 8 20 m/min, 15 min/d

40 min/d 8 4 (abcd ), 8

(a ) 1h (b ) (c , : ,

; ; ) 12 h(d )4
2.2.5 , ,
, , , ( 019, 1.2mL 0.1 mol/L
, , 4 30 min (18000 r/min) , , - 80

2.2.6

2.2.7 PSS , )
, t P <0.05

I+

(X +9)

pH
pH <7.0 7 pH pH=9.0 ,
pH , pH = 9.0
10 min , , 5
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& ol = & 1000 =
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pH n(BCEOC)/n(neurotransmitters)
1 pH  (A) (8)
Fig 1 Effect of pH of buffer(A) and excess reagent(B) on derivatization yields
Glu ( glutamic acid) ; GABA (v - y -amino-butyric acid) ; DA ( dopanine) ; 5-HT (5-
5-hydroxytryptamine) ; 5-H AA (5- 5-hydroxyindole acetic acid)
3.2
5 )
) A pH BCEOC
, PpH 3.7 pH , ,
(50 pmol) , 012481624 48h
, 0Oh 2.90% ( 1),
, 50pmol 5 6
, 1,
15 (n=6)

Tablel L inear regression equations, correlation coefficients, detection Iimits, M'S, stability and reproducibility for retention time
and peak area of 5 neurtransnitter derivatives(n =6)

L inear . ( RD) RD RD
Neumtran- regression Correlation D?ﬁtgn w |+H I] ’ Fragnent Stability Retention Peak area
snitters equations ooefficients (fmol) o e&‘gr jons for (peak area time RD (%)
Y =AX +B? on MSMS RD, %) RD (%)
_ 418.9, 390.9,
Glu Y=6L.85X+ 4 9998 6.9 437.1 2641 246.1  2.68 0.42 0.74
13. 52
218.1
Y =65. 12X + 375.0, 264.1,
GABA 28. 05 0. 9997 8.0 393.2 246.1, 218.1 2.32 0. 46 0.78
_ 424.2, 368.1,
DA V=319 0.9998 12.6 443.1  307.1 264.1  2.90 0.68 0.88
’ 246.1, 218.1
_ 462. 3, 434.9,
5HRAA ' T874X+ g 9997 4.8 4812  264.1 246.1  2.76 0.60 0.9
29. 99
218.1
_ 711.1, 536.0,
SHT  VTS29X+ 0 9997 4.0 755.2  429.0, 264.1  2.85 0.64 0.86
i 246.1, 218.1
a X (injected amounts) : (pmol) ; Y. (peak area) Glu: (glutamic acid) ; GABA:Y - y -Amino-butyric
acid) ; DA: (dopanine) ; 5-HIAA: 5- (5-Hycloxyinolole acetic acid) ; 5-HT: 5- (5-Hydroxytryptamine)
3.3
,5 2
, 1
5- (5-HT) 3, 4
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Fig 2 Chrmatogran of 5 neurotransnitter deriv- ; 204 34(,2_““ 536.0
= 2181 |
atives (100 pmol) ol k ﬂ ; — ’LT i . 74'1' [ : ;
BDCOH: 1,2- -3, 4- - (1, 2- 200 300 400 500 600 700 800 900
m/z
benm-3, 4-dihydrocarbazle-9-ethanol); (BCEOC) ,: 3 5 (5HT) ( )
-(1, 2- 3,4- -9- ) (bis(1,

Fig 3 MS chramatogran of representative 5-HT derivative (posi-
2-benzo-3, 4-dihydrocarbazole-9-ethyl) carbonate) tive ion mode)

3.4 A: (molecular ionMS) ; B: MSMS

200. 0 pmol 24. 41 fmol , ,

1 0.9997 0.9999 ; 3.98 12.58
fmol (SIN =3) Davon Glu GABA NDA (SIN =3)
90 Mol /L ( 0.687 mmol/L) 3 mol/L ( 0.799 mol/L), Zhang DA
5HT™  5-HRKAM (SIN =3) 2.5x%10 ° mol/L ( 1.258 x10 °mol/L) 1.0 x
10 ° mol/L ( 3.98x10 “mol/L) 6.0%10 * mol/L ( 4.83 x10 * mol/L), ,
3.5
3.5.1 , 200 L 6 mol/L NaOH
pH 8 9, ,
51
2 4 2
3
3.5.2 ,
, 1Qu L 1.0 x10 *mol /L5 ,
2 5 (XS n=8,u g/g
Table 2 Contentsof neurotransnitters in rat telencephalon of wo groups at different states (X £S, n=8, U g/g)
1h 12 h
Neumtransnitters Group Quiet state 1 h After exercise Exercising exhaust 12h A;;er:aﬁ(:rclsng
EHT A 4.39 +0.56 5.02 +£0.62 5.37 +£0.68 5.94+1.06
B 4.83+0.45 4.39 +0. 49% 4.57 £0. 992 4.77 £0.96%
S AA A 3.72+0.58 4.21 +0.63 4.03 +0.67 4.32+0.80
B 3.39+0.44 4.24 +£0.54 4.09 +0. 64 4.05 +0.53
DA A 20.24+1.8 21.4%2.4 19.9+2.4 18.7+2.4
B 19.72+3.1 22.4+3.1 19.4+2.1 17.1+1.6
au A 532 +54 611 +54 606 + 43 586 + 59
B 525 +36 547 +49 624 +48 597 +49
A 317 +13 331 44 321 +24 281 49
GABA
B 311+28 320 +68 295 +412 251 +22

a A P <0. 05, (campared with the same state of Group A with significant differences (P <0. 05) )
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[M+H]" m/z 755.2
0
[

HO.
NH—C—OH,CH,
5 Bl \ GG
S-Hydroxytryptamine N

m/z 536.0 +

0
m/z 492.0 [l
H NH—C—OH,CH,C
N\
N
|

+

10
HO NH—C
(I\C
N
|

(IIHQCHZO—C=0

4 5 (5-HT) ( )
Fig 4 MS cleavage mode of 5-HT derivative (positive ion mode)
3
Table 3 Ratios of correponding neumtransnitters in rat telencephalon of wo groups at different states
Lh At exercis 12 hafter |
. . : t exercising ter
Neumtrangnitters Group Quiet state 1 h After exercise exhaust exercising exhaust
A 1.21+0.30 1.22+0.31 1.38+0.35 1.39+0.21
5HT/5-H AA
B 1.45+0.22 1.05+0.19 1.14 +0. 30 1.21+0.34
A 4.66 +£0.59 4.36 £0.97 3.76 £0.75 3.19+0.43
DA /5-HT
B 4.08 £0.53 5.13+0.63 4.43£1.02 3.73+0.88°
A 1.68 +0.16 1.88+0.34 1.90 +£0. 24 2.03+0.39
QU /GABA
B 1.65+0.23 1.71+0.17 2.16 £0.42 2.40+0.33°
a A P <0. 05, (campared with the same state of Group A with significant differences (P <0. 05) )
5 y 3 Glu BDC-OH
3 1
, 4 5 ,3 GABA
’ (BCEOC),
100 [4].
0 5 10 15 20 25
) 3 t/min
3.5.3 2 3 5
[1,56] . (1)
! ’ Fig.5 Chraonatogran of neumtransnitter deriva
1h , OHT B A (P<0.05), tives of telencephalon
5-HRAA , 5-HT/5-H AA B A ) 2 (peaks are same as in Fig 2)
8
, ; , 5-HT B A (P <0.05),
5-HAA A ,5-HT/5-HKAA B A,
, ; 2h 5-HT , B

A (P <0.05)
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Table4 Realtsof recovery
RD
Neumtransnitters Added (U g/g) Found (U g/g) Peak area RD (%, n=9) Recovery (%)
0 4.34 2.23
5-HT
3.52 7.78 2.45 97.7
0 3.76 1.96
5-HAA
3.82 7.14 2.08 88.5
0 20.20 2.38
DA
3.06 23.09 2.52 94. 4
0 531. 65 2.44
au
2.94 534. 63 2.60 101. 4
0 317.82 2.37
GABA
2.06 319. 95 2.65 103.4
5-HT , A
12h , B 12 h ,
5-H AA 5-HT/5-H AA B A, 5-HT
, 1 (2) DA 12 h
,B A DA /5-HT B A (P <0.05), ,
, DA B A . (3)
, GABA B A (P<0.05),QU Q.U /GABA B A,
; 12h , Q.U B A GABA , LU /GABA B
A (P <0.05), B 12h , ,
) , AU GABA
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D eterm nation of Neurotrangam itters n Rat Telencephalon Using
Pre-column Fluoresence D er ivatization with High Performance
L iquid Chromatography /M ass Spectrometry

1

Zhao Xian-En*?, Suo You-Rui’
' (Northwest Institute of Plateau B iology, Chinese Acadany of Sciences Xining 810001)
? (Graduate School of the Chinese Acadeny of Sciences B eijing 100039)

Abstract A nsitive method has been developed for the smultaneous detemination of 5 neurotransnitters
(glutamic acid, y -anino-butyric acid, dopamine, 5-hydroxytryptamine, 5-hydroxyindole acetic acid) with 1,

2-benz-3, 4-dihydrocarbamle-9-ethyl chloofomate (BCEOC) as derivatization reagent on a reversed-phase
Hypersil BDS C;; colunn (100 mm x4.6 mm, 54 m) with a gradient elution folloved by high performance
liquid chromatogrgphy (HRLC) via fluorescence detection at 390 rm ( excitation wavelength 333 nm) and
online mass pectrometric identification The linear range of 5 neurotransnitterswas 24 fmol - 200 pmol, all
the correlation coefficientswere >0. 9997, the detection limitwas4 0 - 12.6 fmol (at a signal © noise ratio
of 3 1). TheMS identification of 5 neumtransnitter derivativeswas carried out by post-colunn online mass
Pectrametry with electropray ion urce, the M S/M S fragnent ions of then were listed, and the MSM S
cleavage mode of representative 5-hydroxytryptamine derivative was analyzed Under all the above optimum
experimental conditions, the contentsof 5 neurotransnitters in telencephalon of 64 rat (classified as2 groups,

A Group: quiet contrast goup, B Group: training group) at4 states (a quiet state, b: 1 h after exercise, c:

at exercising exhaust, d: 12 h after exercising exhaust) were detemined It is indicated that a long period of
tme medium intensity training can effectively improve mice exercise cgpacity and obviously pranote o resore
central fatigue after resistance exercise The established method exhibits high sensitivity and excellent repro-
ducibility, and provides a new technology for the smultaneous detemination of monoanine and amino acid
neurotransnitters in rat telencephalon

Keywords Rat telencephalon, neurotransnitter, exercise, pre-colunn derivatization, high perfomance

liquid chromatogrgphy-mass ectranetry, fluorescence detection
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