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Simultaneous determination of multiple neurochemicals in
Chinese rare minnow

GAO Siyue SHEN Yi YANG Fangxing ™
(Institute of Environmental Health, College of Environmental & Resourse Sciences,

Zhejiang University, Hangzhou, 310058, China)

Abstract An analytical method was developed to simultaneously detect 24 neurochemicals in
Chinese rare minnow (Gobiocypris rarus). In the method, QUEChERS is employed to extract and
purify the sample. The neurochemicals are then analyzed and quantified by ultra-high performance
liquid chromatography —tandem mass spectrometry (UPLC-MS/MS) based on isotope internal
standard method. The instrument detection limits (IDL) range from 0.01 to 0.06 ng-mL™", and the
method quantification limits (MQL) are in the range of 0.28 to 1.97 ng-g™'. The matrix effects are
between 60.6% and 129.0% at the two spiking levels. The relative recoveries are in the range of
66.8% to 116.7%. The instrument intraday deviation are less than or equal to 8.3%, the instrument
daily deviation are less than or equal to 10.9%, the relative standard deviations of method are less
than or equal to 10.8%. The results show that the method is accurate and reliable, and meets the
requirement of neurochemicals detection in fish.
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Chinese rare minnow.
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ST, MR 2 B PR TS e B A B EREE , 4h 0% 7K AR sh A CRe sl £ 28 ) 7 AR 45 TP A 52
M =20 R AR A T 0 A A B — L85 e W), RERS AT T T K AR Sh I MM 2 R 8, ) A 2 B R R
M) . 3 2875 Yl Wy i a4 ) AR O 400 o) 5 Ao ol 22 38 i ) R, D T Bl Wy AT O R AR R, A
AAHOAE L B . POREAS B AT, HETT RS MRS SRR A AR AR BLE . DAL, R T L 2 A
5 B 7K A= Bl WA 532 W) 1) T2 2H R, O B AZ BT T ST

15 U ) A 22 BE R T A o e 0 o el R b T U e ) (G Rk o il 2 Al =2y Jo ) S B 2368 Jo AN A
JEAH 2R I B FER, T EL7E AR R 22 R G R B AR R A G H B RO ME . B 2 AR % Mk B A 220
R I, I PR E ) 2 Sl 8 0 2 a2 RV, e I3 Ak ) B, AR ELE AT A R S 2 AR
IR U EEbe Dol o TR AR T e 4 SR U (5 N PN 1 = Bl i A v e B R A IS
PR BUE I B s s R ] RE R BOUL I I 2 Rl 222 3R B, AR HAR THA K TIRE . 2
SIBEAT . WU A 2GR S R 1,

BT M2 Y RIAR, RG] 7 o HERE 24 MAE . 22 TIRAE. HZMAE. IHHHE
FREMRE . LB R REAN ' IR R BB AR R AT, X S 28 22 58 T LAY 1 A W) 94Ty Se A= BRI BE. 191
U AR RE £ E AR (ACh) AT S P IS 32 AR B8 S 32 K (nAChRs) FITE #E 28 3 /K (mAChRs) . Hi
mAChRs ] BEZ: 5 2845 3 | M 220815 FI IS8 W £21Y, nAChRs 7518 15 43 Z IR B AL ANCAZIE ™ rh &
PR T JLZR M i RE P 22 L M B 2270 L o5 I 22 0 B AN B 1%, (B EAT TR R I A B4 36 5
LR, 22 ELRERE R T aE Bl DRI AR U e i RE rh a3 2R mT AR 1 R L etk L AR
PEAT O BRI D RE A . X Le A 22 R G 1 e AL A W) SR T RE 32 B ANETS G i A,
2T A % B AR PR A e 2 PO

SRNT, AEMP A TEPERT ST, el 2 AR REAR Y Rl A 1 2 T2 PRI 5T, TEAEIF AN RUE 5 5L 40 941 AT AL

WA S 52 S A LR AR, A N A 7R R 24 10 SR MIL R, 35 S et A A R 1y o 42 B P S i e 28 T RE A R
TEL R ALY L. PR, 2485 K ph 2 Ak~ ) o () A 28 B MR S IsF, AR A BB 9% o 28 i M 1F
FEI, R R AT B P 56 T 22 (0 A 2 Ak 2 I, A RE VR 4 T PA T Y B A 28w sy B L.

[RJ S 43 BT 2 b it 28 Ak 240 50 0 B X6 AT T B4 1R 1 B o ) PR R % 0 1 A DU S o 22 Ak 2 0 o 11
5 12 B AR XN 2 X4 2 A2y R 3 A T A BRI, BB () A ARG I 22 Al e 28 kS ARG D ik
F B S A ERE - BT % (GC-MS) | R 20 3% 75 (HPLC) F1 = R0VRA € 3% — e BG T35 1k
(UPLC-MS/MS) %, Hor GC-MS REME A (149 J57 L 55 8 BR, HPLC ) 2 S8 & 4IK, 1if UPLC-MS/MS K
AN BE 1% ) s 4G 0 O 22 0 fk 2 0 o, L LA O s A R O RN ofE A R 0SL H R EL A5 SCiRk R UPLC-
MS/MS Xif 41 28 A4 S A T ARG, LR, KR4 1F 7 o AN AL 45 L AR LR ol 22366 5, AN il i R . L WEAR
Bl AR . 22 B AR AR g SR B T AL AR AL RE . A R BRAE . AR AE . U RE . LI I fE
FVE IR ZEBE R GAE N1 24 Fhap Ak 224 5, 3k Se W) Jo 4 55 B f) bft 22368 o K HLpir AR AR g9, A
AEA T 104 T M 2 o 28 28 G0 5 e 90 40 W

i Al 82 o AT R, R TR K L, E TS YRR, B R SR AR S, R — e B b
259 R AR AR 0SSR R K AR S, G T I5 el 2R i A Btk e i A VR 2 4 30
AR SR TR A S B0 A 52X 3h W, 25 A8 i OB i - B3 B B3 7 (UPLC-MS/MS ), #5717 — Ffais i
L5 A5 G SR PN ) f A 24 ook 22 Ak 2 9 5 ] B ARG I 1) BRGE Z0T  2%, Shy A TRTVEAG V5 YLy it
S i 2 BEMERY IR R AR R T B

1 i%\%ﬁﬁj\(Experimental section )

1.1 SR bR

R = RO A €6 - = E DU AT HR B BT 3% (Xevo TQ-S, Waters, 3¢ [ ), it B 5 25 25 15 (EST) 5 il vk
MLOK 7%, B ) ; Milli-Q Zli7K A (Millipore, 32 [# ) ; 43 #fr K F- (220 g/0.1 mg, ME204, Mettler-Toledo, Fii
+) 5 M OB TR RS (KQ3200, 735, ) ; A1 HL(IKA, #E [ ) ; m i B O HL(TG20WS, HIA, fFE); &
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W 45 {L (N-EVAP-12, Organomation, 55 % ).

24 Fpp A=A BOR 11 AP IR 2R ARSI A EE R A AL TEANE B LR 1T Rk eE
JoT b 7 it R R 57 2% P9 A A 4l G A B ) N B — 2 LA K 1) M 9 W TS ) v B2 R 1 mg-mL ' 1Y
AW, FE—20°C S50 T ORAF, Be IRV BE BRAR SR AR T F 5% G /K WE AL A T .

K1 24 FIZALEY R 11 FpEAE NFR RGNS B

Table 1 The detailed information of neurochemicals and isotope internal standard

MAERGIIE AL F Y YEILAFR (LN alifE
Category Neurochemical English name Abbreviation Purity
ZTHEAER Acetylcholine ACh 98%
JIEg8L Choline Cho 98%
JIHgkRE R 5L o AR Glycerophosphocholine GPC 99%
AN Phosphocholine CHOP 99%
B0, Betaine Bet 98%
LIRS Serotonin 5-HT 99%
e R 2R Tryptophan Trp 99%
S-FRAEAO AR 5-Hydroxy-L-tryptophan 5-HTP 98%
5-J2BLN5|WE-3- 212 5-Hydroxyindoleacetic acid 5-HIAA 99%
gz 3,4-L-dihydroxyphenylalanine L-DOPA 99%
Z M Dopamine DA 98%
LA IERER S 3-FH AR L 3-Methoxytyramine 3-MT 99%
Ji R Tyrosine Tyrs 99%
i e Tyramine Tyrm 97%
CANES Epinephrine E 100%
B EIRRRERS EZHE ERE Norepinephrine NE 98%
LHARE [IRE Normetanephrine MNE 99%
L7 2 Pt L-Glutamine Gln 99%
BRRERS L-A MR L-Glutamic acid Glu 99%
L-SE R L-Valine Val 99%
ikl Histamine HSM 97%
L-RAHIR L-Aspartic acid Asp 98%
HoAlph 28 RGAR I BT
L-ER MR L-Methionine Met 99%
L-Jf L-Proline Prol 99%
L NAGE-d, Acetylcholine-d, ACh-d, 99%
JIEAR-d, Choline-d, Cho-d, 99%
ElSni-d, Betaine-ds Bet-d, 99%
M #-d, Serotonin-d, 5-HT-d, 99%
S-FRFENE|VE-3- 2, FR-ds 5-Hydroxyindoleacetic acid-ds 5-HIAA-ds 99%
[R5 2 b Z M E-d, Dopamine-ds DA-d, 99%
ZEfEZ M -d, 3,4-L-dihydroxyphenylalanine-d L-DOPA-d; 99%
Bx = ER-1C Tyrosine -*C Tyrs-"C 99%
FHAR R -ds Normetanephrine-ds MNE-d, 99%
LR R-"C L-Valine-"C Val-*C 99%

JHER-1Cs, "N L-Proline-"*Cs,"N Prol-"Cs,"N 999,
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fili FH I 24 LC-MS 2. BB [ 9% [ Fisher Scientific 23 7], Z M54 [ 35 [# J.T.Baker 22 7). H iR
(Formic acid, FA, 4[i &£ 99.0%) W A 1 [E A R &2 7. W 5] PSA(Primary secondary amine ) g H 3¢ [
Agilent Technologies /A #], C,g W4 1 32 [E Welch Materials 23 &) . 43 M4l ALO;. Jo7K MgSO,. NaCl ¥
H BB GE BT, fd T al i ALO; 78 180 °C &4 T 4L 12 h 14k, JE/K MgSO, il NaCl 450 °C
HERE 4 h DL R Al RESR B A B4
1.2 FE SR ST ALy 1

B AT i 6 ( (0.8 + 0.2 ) g) W A v B Bb 2 B K AE A= W58 e, SESR R FH 28 48 h RS BRI B
KoK UM — 8, B RYERE 12 h SEIR AR — IR FAEH, 55 48 h ke B N —2F0K.

FE i 17 b 2 77 1 R Fl QUEChERS( Quick., Easy. Cheap. Effective. Rugged. Safe) 77 ¥, 1% 77 i #F
2003 4F-FH Anastassiades 554 H >, 73 Ay N6 A BORT L 5T v A0 R > 20 B, 3 38 W2 o6 391 2 B3 56 5t v /g g s
SRR 0T, AT A KRR AR BN 2, HARERAE IR

B A i) 8T —20°C B 551 ¥R VR BALFE, 4 5% 0 FR T IS 45 0 A A EE A L A3 %) e Atk (n
0.5 g A 1 mL B 4lK) 705020 0K, W22 KW E T 2 mL 208, A 20 pL [ 2= ARIR G
(£ TR 2 ARV E R 100 ng'mL ™), A 3 mL & 0.1% (IR FR 40410 H R 1) £ 5 ¥ Y0HR 75 A€ B 10 min. i
A 100 mg NaCl I 100 mg JG7K MgSO, #fié i > Ja 7E 5000 rmin™ T 4.0 5 min, R LG RN
A 60 mg PSA, 30 mg Al,O5, 30 mg C4 #1 20 mg JC/K MgSO, Ji7 iR g ~), 5000 r-min™" K E5.L» 5 min, B
IEWE, B4R 2 mL & 0.1% FER Y S IR S PR ORI TR IR B3R T I AWk 4
ZIET, FHH 200 pL 5% CHEKEHILHT, 1 0.22 pm JEMELL LR T RE &G RMIRAY), i#E UPLC-MS/MS 34T
1.3 AU Hr s

35 2k WORH 43 8 8,35 4%/ Synergi Polar-RP 100 A column (100 mmx2 mm, 2.5 pm, Phenomenex,
Torrance, 32 [# ), #: /I VanGuard ££ 348 (2.1 mm x 5 mm, 1.7 pm). 43 #7 i, AR5 &R 20 C, FEFf
10 pL. W SIAH ] ZoC e, A B EE, B #§K, ST 0.1% B R, WE 4 0.2 mL-min™', B B BE
>+ 0 min 5%A, 2 min 5%A, 4 min 25%A, 7 min 95%A , 8 min5%A.

i A5 B s AT A O IR B T, 22 i BE 2 7 Wi (multiple reaction monitoring, MRM).
LRI 3.5 kv, AUUE BRI, T 800 L-h', i 350 C, AU il fEE <.

Fi 1.3 AR AT S5 A5 31 24 P 28 4AL W 5T 10 ng-mL™ B 75 R 04 6k 25 - e i T (T 1) A
24 Tl 22 AL~ F W TR 11 B RO 2R AR 0 £ B IR R) 85— X O I AR ) S5 28 (3R 2).

2 5 R 5308 (Results and discussion)

2.1 J7VEUENRFE RS % R

AR BE T 4, A T B UE RN O ik i ] SR, AR SN QUEChERS Jy 2 Ak 33U A7 i B 5
I Z2 bt 22 Ak 2 0 o %) 5 T A5 R K [ Ae 6 | ASC e T PR AR O ik et BR A S 8 A T T D . Bk
BT,

FE TR I 5« A AR 22 5%, 10 4R Aa B 20 3 A TR 20, PR 200 pl(n=3) 2 4%
BE1.2 9 0r i AT AL B8, Bk 23 15, 200 pl 5% ZWEVA R & %, {8 UPLC-MS/MS Il & #fi 22
T2 Tk B R Cs

FE ALV, (matrix effect, ME) : BUC_E 383 A7 i 6l 5] 32 200 pL(n=3) 4% f&“1.2 57 ik E AT rAb 2,
ARZEIT TG, 435I 200 puL ¥R 5. 50 ng-mL™" @90 Ak 254 IR & bR i 52 %5, 18 UPLC-
MS/MS {5 ik 2 e B R C, ARAA R (1D 43 BT H ME J5 FE T8 ME A9 (B bR ifE 22,

C -Gy

AH X BHSCR (relative recovery, Rr) : B iR H A fif il 2] 242 & 200 pL(#=3) il A 20 uL ¥ &4 50,
500 ng-mL" A 284k 2 IR A AR VS W, FE R 1.2 9 Jr ik b T T AR B, Ak 2L T, A 200 pl
5% CNEV R, i UPLC-MS/MS il % # 224k 2 W) Bk B ol €, ARAK(2) 4300358 10 Re J5 3
B Re FORIE AR 2.
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< | El SE A Bet s L H3ETR-d; Bet-d,
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100 ® 100F ¥
< L | L-Jifi & ERProl o L LB 4ER-"Cs N Prol-1Cy, 5N
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oo ® 100
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oor 100F

I
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Fig.1 TIC Chromatograms of standard solution of neurochemicals (10 ng-mL™")
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Table 2 Retention time, transitions and Internal internal standard
st PO gy b | etk OO0 gy b
Neurochemical RT Transitions Internal standard Neurochemical RT Transitions Internal standard
ACh 1.85 145.8>87.0* ACh-d, Gln 1.42 147.0>84.0% Val-"C
145.8>60.1 147.0>130.0
Cho 1.46 104.1>45.0 Cho-d, Glu 1.45 148.0>84.1% Val-"C
104.1>60.2* 148.0>102.0
GPC 1.43 258.1>60.0 ACh-d, Val 1.63 118.0>55.1 Val-"C
258.1>104.0% 118.0>72.0%
CHOP 1.43 184.1>86.1* ACh-d, HSM 1.25 112.1>68.0* Val-"C
184.1>125.1 112.1>95.0
Bet 1.49 118.1>58.2 Bet-d; Asp 1.42 134.0>74.0% Prol-"Cs,"N
118.1>59.1% 134.0>88.0
5-HT 4.57 159.8>114.9% 5-HT-d, Met 1.91 149.8>132.8*  Prol-"Cs,"N
159.8>132.0 149.8>103.8
Trp 6.65 205.1>146.0% 5-HT-d4 Prol 1.49 116.0>42.7 Prol-"Cs,"N
205.1>118.0 116.0>70.0%
5-HTP 4.12 220.8>133.8 5-HT-d4 ACh-d, 1.85 149.9>42.7
220.8>161.8% 149.9>90.8*
5-HIAA 7.16 192.2>146.1* 5-HIAA-d; Cho-d, 1.46 108.1>60.4
L-DOPA 2.00 197.8>152.1 L-DOPA-d, 108.1>49.1%*
197.8>181.1* Bet-d; 1.49 121.1>61.2%
DA 2.03 136.8>64.8* DA-d4 5-HT-d, 4.61 163.8>135.9%
136.8>90.8 163.8>117.8
3-MT 3.39 167.8>150.8* DA-d, 5-HIAA-ds 7.15 197.0>150.2%
167.8>90.8 197.0>122.2
Tyrs 2.51 182.0>136.0% Tyrs-"C L-DOPA-d; 200  200.8>153.9%
182.0>165.0 200.8>140.8
Tyrm 2.58 137.8>120.9% Tyrs-C DA-d, 2.04 140.8>123.1
137.8>76.8 140.8>94.8*
E 1.86 184.1>106.9* MNE-d; Tyrs-C 2.50 183.1>91.1
184.1>134.8 183.1>136.2%
NE 1.68 151.8>135.0 MNE-d; MNE-d; 2.04 168.8>137.0%
151.8>107.0% 168.8>109.0
MNE 2.02 165.8>133.9% MNE-d; Val-"C 1.63 119.1>55.1%
165.8>149.0 Prol-Cs,"N 1.49 122.0>75.0%

T % BB B X, Note: *: Quantification transition.

TESLY e 5 25 1F 1, ] QUEChERS-H o 85 WA (531 - £ I B3k X A My BEA P 24 i k22

il

W) 5 AT ARG, 5 HE 6L o A5 7 AR G [l 6 6 3 s ZE IR BE A 5 ng-mL ™" #1 50 ng-mL ™" £ F
IRV AL T 60.6%—129.0% Z [8], FHXF ISR AL T 66.8%—116.7% Z [H].
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Table 3 Matrix effects and relative recoveries
AHX %% BEJTRN Yo
(Sl Relative recovery Matrix effect

neurochemical 5ng-mL™ 50 ng'mL™" 5ng'mL™ 50 ng'mL™"
ACh 97.246.7 87.3£2.7 117.0+£2.2 84.6+7.0

Cho 97.4+6.0 100.0+7.3 105.5+6.6 95.5+7.7
GPC 104.8+9.4 109.4+4.5 126.0+18.5 88.4+4 .4
CHOP 96.3+10.4 75.0+£9.5 93.6+8.2 78.349.3
Bet 90.1+4.2 77.7+8.3 95.0+6.7 72.1£12.5
5-HT 91.245.5 96.0+4.8 79.5£1.6 104.1+2.2

Trp 100.5+5.7 86.9+£8.3 72.5£2.9 76.7+3.2
5-HTP 89.8+6.2 89.14£9.6 99.4+1.2 102.0+4.4
S5-HIAA 89.7+4.4 84.6+6.4 93.3£10.2 79.6£3.4
L-DOPA 96.3+£5.7 91.745.8 91.1+15.3 61.8£15.8
DA 97.7£7.4 74.3£11.5 109.1+3.6 66.3+16.2
3-MT 103.9+2.0 85.3+8.8 84.8+5.9 117.2+5.7
Tyrs 101.8+7.0 76.2+9.8 95.94£3.0 87.0£7.3
Tyrm 99.1£9.8 111.6+8.0 103.6+6.1 96.1+0.4

E 101.5+3.3 85.1+£8.7 113.8+7.7 60.6£15.6

NE 93.1+£2.5 82.3+1.8 77.1£2.5 95.7£1.9
MNE 96.5+8.5 92.9+4.7 105.3+9.5 89.7+6.3

Gln 87.1£2.2 87.2+7.4 100.6+1.6 71.7+£0.8

Glu 104.7+4.5 74.1£5.6 108.5+1.5 77.6£8.9

Val 91.3£8.4 66.8+1.0 105.5+2.8 70.4+9.4
HSM 107.9£9.1 79.7+10.7 99.5+2.5 67.4+12.9
Asp 83.4+4.1 98.4+10.6 100.7£5.7 97.6£11.5

Met 116.7£2.4 88.9+£3.5 129.0£12.3 88.9+0.6

Prol 105.4+8.2 113.4+6.9 101.9+£3.2 97.3£5.3

T LTSN >100% 28158 ; <100%2 7~ 1. Note: matrix effect >100% means enhancement; <100% means suppression.

AU VTS T A O 22 05 KGR, {SCa i 2 A0 45 A3 H PO 22 R0 H T 22, 45 5 DL 3% 4. )
8 H A 22 A0 H ) 22 1 2 NSRS (5 ng-mL ! F1 50 ng-mL ™) AR AR IR B IEDERE T 15 2, Jr ik
%5 B EH RS AR 6 (5 ng-mL ™" F1 50 ng-mL™") B9 21 R 2 J7 11 .27 A AL BEAS B, n=5. 4 finbr ik
J¥ 9 5 ng-mL™ A1 50 ng-mL™" i, {38 H P fi 22 <8.3%, 1345 H ] fii 22 <10.9%, 75 W H 55 1 <10.8%, 75
JH R v 0 VRR 2 33 - E BR JT 355 A 10 ot 28 0 2 ) T 1 M R 6 v, R A 28 Ak A ) B I A R 0 BT 4 2R
CIETS
T4 QUSRI AN (=5)

Table 4 Instrumental validation and method validation (#=5)

S H R ZE% A5 H IR 22 /% TTENEERE %
(Sl Instrument intraday deviation RSD Instrumental Interday deviation RSD Method precision RSD
Neurochemical 5ng-mL™ 50 ng'mL™" 5ng'mL™ 50 ng'mL™" 5ng'mL™ 50 ng'mL""
ACh 35 0.2 32 1.1 7.0 3.1
Cho 1.1 1.4 8.4 53 6.1 7.3

GPC 2.7 1.3 5.5 4.0 9.0 4.1
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Le% 4
S H R 2E1% ASCHAS H 1 g 22 /% TrEREE L%
ML FHIT Instrument intraday deviation RSD Instrumental Interday deviation RSD Method precision RSD
Neurochemical 5ng-mL™" 50 ng'mL™ 5ng-mL™ 50 ng'mL"" 5ng'mL™ 50 ng'mL™
CHOP 5.9 1.8 3.5 2.9 10.8 5.3
Bet 2.0 0.3 4.7 2.6 4.6 10.3
5-HT 5.0 1.5 3.8 23 6.0 5.0
Trp 3.2 0.4 23 1.0 5.7 9.6
5-HTP 32 4.7 7.1 23 6.9 10.8
5-HIAA 1.4 0.3 24 0.8 4.9 7.8
L-DOPA 7.0 1.1 9.8 10.9 6.0 6.3
DA 1.2 0.3 7.3 3.0 7.6 10.7
3-MT 2.1 0.6 42 1.7 1.9 10.4
Tyrs 5.7 4.5 3.6 2.5 6.9 9.6
Tyrm 3.7 1.4 5.4 43 9.9 7.1
E 5.2 5.8 8.4 3.1 3.2 10.2
NE 2.6 34 9.0 8.8 2.7 2.1
MNE 2.9 2.1 7.5 4.3 8.8 5.0
Gln 6.0 1.0 3.8 2.0 2.5 8.5
Glu 1.7 1.7 7.6 3.6 4.3 3.0
Val 4.5 2.0 3.6 22 9.2 1.6
HSM 3.1 1.1 6.6 1.2 8.5 1.2
Asp 8.3 2.3 5.1 33 5.0 2.3
Met 6.7 3.8 7.4 3.4 2.1 7.1
Prol 3.6 0.4 7.3 5.1 7.8 6.1

22 JriEA PR AN LR
AL 25 K5 I FR (instrument detection limit, IDL) {57 F§ EPAP 14 45 7 B 58« Bo ik )& o 0.1, 1. 10,

100 ng-mL™" [ #F Z84k 22 1) BT TR & A E VA VR, VA B2 e R 5 Ok, THERLER T 1 °F- 34 B (mean peak

area, M) FlIF1 HEMR 22 (standard deviation, SD);

TINV(0.02, COUNT (al:a5) —1)xSDxC

IDL = 3
i (3
77 15K BR (method detection limits, MDL): AR 4 IDL 1 Rr 11584k 15;
MDL = IDL x 0.2 mL x 1.6 mL )

02mLxRrx02mLx0.8g

715 52 1B (method quantification limits, MQL) : %5 3xMDL.

K, C KR AN AR ME A WO JE (ng-mL ") 5 a; 27 [R]— MR BE AR ME VA WE L2 E 5 RN SR @ IR I 1T
FUE; MDL 157 R fBHL 5. 50 ng-mL™" PP INAR IR B [RICR AP 3ME; 730 0.2 mL 3 AR
T, 1.6 mL A3 A0 B SRR, 43-BE 1 0.2 mL A BT B €0 51 SRR, 0.8 g i iy k. [Rl A2
A2 T BN (] i P8 St ksl IR 35316 1% fe/IMELTE ok DL,

Shy U8/ S5 I AR X R 25 Ak I s 1 TR, A T ik SR R D ARG o . R I DG R P AR o
£k R 200 pL A A S A0 AT, 2205 k1.2 W RiAb RS, B JE LA 1, 5. 10, 50, 100, 1000, 2000 ng-mL ™
)b VA VS YR S ) 56 T DG E A A T 1T 2k, 24 Bl AL L ZE 1—2000 ng-mL ™" I P &2 R A7 42tk
KF, MR B R JE IR 0.990—0.999, 45 HL WL 5.
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Table 5 linear relationship and detection limits

e ta=7/)i LRI LIPS R/ (ngmL™)  JrikE Y (ng-g)
Neurochemical Linear equation Correlation coefficient IDL MQL
ACh »=0.0588x 0.9956 0.01 0.31
Cho y=0.1136x+18.186 0.9974 0.04 1.23
GPC 1=0.0242x+0.0275 0.9968 0.01 0.29
CHOP y=0.0017x—0.0047 0.9900 0.02 0.62
Bet y=0.0934x+7.0849 0.9959 0.01 0.33
5-HT y=0.2304x—0.2847 0.9974 0.06 1.97
Trp 1=0.5648x+1.6208 0.9982 0.01 0.30
S5-HTP y=0.2386x+0.0196 0.9988 0.01 0.33
5-HIAA y=0.1255x+0.0154 0.9995 0.01 0.33
L-DOPA y=0.0755x+0.292 0.9989 0.03 0.93
DA y=0.333x+0.6576 0.9958 0.01 0.31
3-MT 1=0.4708x+2.968 0.9950 0.03 0.87
Tyrs y=0.0766x+0.3108 0.9951 0.02 0.59
Tyrm y=0.037x—0.0155 0.9958 0.05 1.51
E y=0.0074x—0.0024 0.9959 0.02 0.59
NE y=0.1x-0.2194 0.9975 0.01 0.32
MNE y=0.0334x+0.0628 0.9995 0.01 0.31
Gln 1=0.3987x+0.9834 0.9989 0.02 0.69
Glu y=0.7131x+2.3598 0.9984 0.01 0.29
Val y=1.0057x+12.349 0.9968 0.02 0.66
HSM y=0.2451x-0.3618 0.9935 0.01 0.28
Asp 1=0.0029x+0.0356 0.9980 0.03 1.08
Met y=0.0733x+0.5839 0.9990 0.03 0.77
Prol y=0.8398x+7.5476 0.9965 0.01 0.28

2.3 SEBRFE SN E

A T7 ¥R N QUEChERS-# /5 R4 VBRCRH €00 33 - 5 JK J5 35 12 [ A6 D0 7 A i 00K 1 24 Rt 224k 27 1) o
i, HEXT YA 7 d I AR A S AT 24k 2 M B A, SR R LA (), 4R D ng g
(V) £r~. Hrr, 5-HTP f TR TR R R K i, Cho., Bet, Asp, Met, Prol ¥ = =5 T2 VR B, S
T R, HA R Ak 2R ) T R v BE 25 SR LR 6. A B 1) b 22 Ak A ) TR OST- 5 H B SR R e
A2 I B K RO [R]7 24, PR, SR I IZ 07 15 2 AT 1.

. CxV
C = (5
0.2xm

Horp, CrRoR AR N ALY & &, BN ng-g ' REE )5 C H P 22 A 25 40 Joi A T AR DA s 0 T AR
FLAEARARRHETT R 215 1V R S0 I BUE AR AR (mL) 5 m R # A B (g).
R 6 TATEEPIR AL T B (n=T)

Table 6 Concentrations of neurochemicals in Chinese rare minnow (#=7)

ALY/ )y Mefa g /(ng-g!) GBI Wt S /(ng g (GEE)
Neurochemical Male Female
ACh 66.3+£8.9 55.8+6.5

GPC 2.8+0.7 1.1£0.2
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ik 6
PN A=<ty )} et F R /(ng-g) (JEH) WL " /(ng g (JEE)
Neurochemical Male Female
CHOP 6.0£2.2 4.0+0.8
5-HT 11.0+1.5 11.8+0.9
Trp 28.9+2.9 33.1£3.0
5-HIAA 13.6x1.6 11.1+1.8
L-DOPA 53.9+5.1 40.8+5.5
DA 611.1£80.2 660.1+£74.3
3-MT 475.9+69.7 501.7£75.2
Tyrs 1189.4+69.4 184.0+95.5
Tyrm 840.7+52.2 034.5 £150.7
E 5.7+0.6 6.0£0.5
NE 2.7+£0.2 2.5+¢0.2
MNE 6.2+0.3 6.3+0.4
Gln 32.1+5.0 31.7+2.4
Glu 48.4+5.0 47.9+5.5
Val 849.7+54.6 273.0 £121.7
HSM 33.14£5.5 38.3+7.4
*: Mean+SD.

3 2512 (Conclusion)

ASCESE T — 7 QUEChER S-# e SBCHRURH (335 - ER IR ST 336 7 BT Dy ik, T ) g AGLI A A fily 89 v 24 oo
AL YIR. 2T LA R BRIE T, T30 IR B, RS RIS %07 1k L IS T A i A
PR ZAL A B AGIN, T LAX 22 bt 22 R 0 rp i AL 22 W TR E AT A A 20 A, Sy B 2w 2242 )
PR T B A SR A TP T
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