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UPLC/Q exactive MS method for detection of the contents of neurotransmitter
released by PC12 cells from Cistanche deserticola polysaccharide
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Abstract Objective: To establish a method for the determination of dopamine, norepinephrine and glutamate in
PC12 cells by UPLC/Q exactive MS ( quadrupole electrostatic field orbitrap high resolution mass spectrometry ).
Methods: the Ultimate 3 000 series high performance liquid chromatography ( HPLC ) and Q exactive system were used.
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Standard reference was dissolved in ultrapure water. Acetonitrile—water ( 0.1% formic acid, 10 mmol * L”" ammonium

acetate ) (4:96 )was used as a mobile phase with an Hypersil GOLD column. Full scan/selected ion monitoring high

resolution mass spectrometry ( Full MS/SIM ) model was applied for qualitative screening and quantitative detection.

Sigma Plot12.0 statistical software package was used for data analysis. Results: The concentration of dopamine and

glutamate in the range of 3-2 000 ng * mL™" revealed a good linear relationship, and the limit of quantitation was 3

ng * mL". Norepinephrine concentration in 100-2 000 ng * mL™" showed a good linear relationship; the recovery of three

kinds of neurotransmitter rate was high, the RSD of precision was less than 5%. The stability of 8 h at room temperature, 7

d in 4 °C refrigerator and a month of frozen in 20 °C was good . Based on the study of Cistanche deserticola polysaccharides

( CDPS ) to improve the function of learning and memory, the concentration of three neurotransmitters released at different time

points after administration was measured. Results showed that CDPS could obviously promote the trend of the three kinds of

neurotransmitter release. Conclusion: UPLC/Q Exactive MS method is suitable for simultaneous determination of dopamine,

norepinephrine and glutamate in PC12 cells.
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Z 4t ( Thermo—Fisher 23 H] ) ; WH-1 f34 Y i€ 3 1 &
(P PR ) s B e R DAL
(SIGMA, 318K, f&[E CHRIST /A H] ) ; AG-245 43-4F
K ( [ Mettler Toledo 23] ); fHIE/KIAH ( HH-
6 [ A 85 A FR 2 | ) 5 40 i 5% 5% 46 ( HERA cell
150i CO2 incubator Thermo 23 F] ) ; Eppendorf 3 A<
8 5-100UL 12 & IR . @3%H N Hypersil
Gold ( BR JE & 4l §i% K 1% £ I 41 K5 100 mm x
2.1 mm, 1.9 wm, 3€ [# Thermo-Fisher /A #], 5% 5
25002-102130 ). il # & Hypersil Gold Drop-in
(BRI e 200 2K 3% fE B OB 10mm x 3 pum, 36 [
Thermo-Fisher 22 %] )o

% [ e (5 110797-201108 ), 2 B & | g
% (L5 110798-201307 ) 73+ & ik (L5 110798
120515 ) X RE it I 3 o ()6 o 24 S ke i 5 Be . &
W R B Al (A ARIGA R A FRA H] L LC230-1) 5
itk 1% 4% ( Sigma—Aldrich, 86835-25G ). H! i ( Fisher,
BH 500 mL ) A a4l ; DMEM 3% 353 ( Gbico, 525 :
11995065 ) 5 BEFRERZE M ( PBS ) : FRHEX NaCl 8 g, KCI
0.2 g.Na,HPO, 1.44 g Fl KH,PO, 0.24 g, T 800 mL 2%
MK R, HCL 5 3% W pH 2 7.4, B J5 Iz 18 K
FEAEE 1000 mL; HABRIE R b4l ; 25 7K R
EETK,
1.2 4ijE
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Fig. 1 Mass spectra of dopamine, norepinephrine and glutamate

AR S




1670 -

M 4 W 22 E ChinJ Pharm Anal 2017,37(9) ‘jPA

2.3 XHHREER S CDPS R BC

A3 AE BRI B A5 SR A X R A 45 1 mg,
EHE FIEE 1 mL, BT 3450 mL SN, LI 2L
IKEZ, B 20 g* L X IR S A A TR, B AR A0 B
4 CHRECPAAT &, BB B B, R
IR AR 2 (AR S0 2 il 8 RN, 2 > 90% ) 32
HRatifb 4 0.001 g, A 2525F7K 1 mL, Bk 1 mg» mL™
JEOR, AL UG G 4 CCARAT, A F I S SR i R
TR
2.4 FRIAE SRR
241 2525 CDPS 4] BUWHEUE K4, L 3 x 10°
A - ml BT 6 FLA, A K 48 h, 57 8
FEHE, FH PBS Ji1E 3 8, 5725 PBS. B 6 FLARE T 37 °C
AN, FEFL A TC A R 4 37 5L BE il 19 2459
CDPS 200 pg-mL™", 20540, 76 10,30 s S 1,
3.4.5.6.7.9.15.20.30.50. 60 min I} ] 5 FHES AR
WA 2 mL 25008 N (5 a] A 15 2 AL ), 153
CDPS FlIAE i o
242 YIMIFEA [FEEKE 3x10° 4 -mL % R
PC12 4t T 6 fLik T, A1 48 h, PBS {HUE/G T
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W R AL S B S |, BOA B0 L 10 000
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AL BRFRG I A6 0F R, 28 (S IR 3L 1) 28 P 3R 3 b
A 3 Tl 22 58 5 R A PC L2 41 o A 2s 8%
FREE CHIfRE ) RS, 28 A S IERAS
ZAPRTCHA 2= T4 . PRI 235904 1.86 min ( £
EUR% ). 1.39 min ( EHEF FAREZER ). 1.31 min ( BER )
(%R ), Qi 2 Fis .

100
e A B
S 20
& 100 g 199 -
=1
§ 60+ k| 20
2 20 g 100 ;
i Lh |
£ 20 2 1ggJ
£ 0 i b
0] 3 o0 A
7 T T T T T T T 20\ T T T £ \ = T T T
0 04 0.8 12 16 2 2.4 28 0 04 08 12 16 2 2.4 2.8
t/min t/min
100 SO A U ¢

2 60}[}2; O O o U

§ 20 RT:1.86

€ 100 e

g 60J [\ M: 129650352

= 20 -

2 60} [\AA: 7284166

520 RT- 1.31

= 100 AA: 77166931

= 60 RT: 1.69

20 g
f T T T AA; 143372 T T
0 04 0.8 12 1.6 2 2.4 2.8
t/min

A. 75 F 5572 (blank medium ) B. 28 HEF SR Bt M A 2 W 5 VB B IR R 4 2R X B 5K ( blank medium containing reference solution of
dopamine , norepinephrine, glutamate )  C. YEFIT PC12 45 1955 35 3 ( medium after incubation of PC12 cells )

B2 3fHERREEERTReERE

Fig.2 Selective proton flow chromatograms of three neurotransmitters
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o SRR Z M A HEFRAE 3~2 000 ng - mL™ g
Pl A E 2 R4, R E SR 3 ng -l 25

F R F IR ZAE 100~2 000 ng - mL™" T [l £k 1 5¢ &
RAF, A E R 100 ng * mL'

*1 ZBEREFBLBRZIURSERIVERKEDIETSE

Tab.1 Regression equation of standard curve of dopamine, norepinephrine and glutamate

ft 2 380 T BIEp:F: R

( neurotransmitter ) ( regression equation ) '
Z B ( dopamine ) Y=65 384X-105 0.9993
FHE 1 RZ (norepinephrine ) Y=39 419X+604 402 0.9996
421 ( glutamate ) Y=3 757.2X-186 502 0.9995

LRI E R
(linear range )/ (ng *mL™") (limit of quantitation )/( ng * mL™" )
3~2000 3
3~2000 3
100~2 000 100

33 WEmEEE

BUEA 1 mL 25 (R 2 mL EP 45251, 1
R mA—E RN Z B EFE LIRE AR
FR Xt R A, (2 LU 2 PR R R PR

RN 100 pg- L FEMEAT 6 Y. S5 2.
W% 2 BTz, R 28 B 245 5 RSD Y9/ TF 5%, I 5E 7 s
KB AT B A YRR & e 2K

*2 SBEREFSLEBREURSEBRIEZEEIWER (n=6)
Tab.2 Precision results of dopamine, norepinephrine and glutamate

LijiEaSe B st i) Bl FEEE FrifEs RSDJ%
( neurotransmitter ) ( retention time ) /min (value ) (‘average value ) ('standard deviation )

Z B ( dopamine ) 1.85 5587612 5349 082 99 575 1.86
1.84 5588388
1.85 5421011
1.84 4938 817
1.86 5273378
1.85 5285290

L MR Z (norepinephrine ) 1.39 248 191 278 081 7 850 2.82
1.38 284 599
1.37 277178
1.39 273 314
1.38 307 895
1.38 277313

B ( glutamate ) 1.31 4331727 4386572 96 735 221
1.32 4505 535
1.30 4310618
1.31 4183559
1.31 4805 052
1.30 4182946

3.4 fnbRlER

3 S ] — B[R] A 3 43 8 60 45l 48356 TR B35 1)
AAAE R4S 200 L, 23S IA RS P A 3 Rt
(1) 3 Tl 28 S P9 T8 A T B I TR, 0 A AL By
ALFR S HERRIN RE 45 3] 3 i gt i i e T AR AR A

Pt i e Jr R VR B, 114 A5 e 38 A0 A 1 22
{EL-5510 ATRAR R FE 1 HE AR B R b [ 25 5 AL
3, 20K EHE LIREMAZRINR IR
F 90%, RSD ¥I/NTF 5%, FF G A WHEA & 550 BT i
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Tab.3 Recovery of standard addition results of dopamine, norepinephrine and glutamate
— IR Gk YA A5 e i pIIENEIE
. (' mixed standard sample concentration )/ ( cells medium )/ ( total concentration )/ ( recovery of standard RSD/%
( neurotransmitter ) a a1 o .
(ng-mL™") (ng-mL™") (ng-mL™) addition ) /%
£ EL Wz ( dopamine ) 40.00 16.00 55.93 99.8 2.6
30.00 45.97 99.9
20.00 35.69 98.5
EHE FIRR 150.00 107.00 253.51 97.7 1.8
( norepinephrine ) 100.00 203.84 96.8
80.00 183.89 96.1
AR (glutamate ) 250.00 212.00 456.93 98.0 2.1
200.00 407.29 97.6
150.00 357.16 96.8

3.5 FEEAE

Weas [ SRS 1 mL A 2 mL EP e, g
AR N EPE FIRRMA RN IR
T, 22 T e 25 PV R A PR g 2 o o kA
G35 100 ng - mL™ o SR 9 fy. HEEEIRAE 8 h.
4 CHAF 1A =20 CHRAF 1A HIIRENE, 70 Bl %
“2.57 WUR 7 i AL BRS HEREA I, 5 R W 6, 4f
KW, 3 M 2B BUE AR AR S IE 8 h, 4 CIRAF
—JA K& =20 COAF—A A BRI TEE , 1 3 Fh3h
B N ORAF BN 25 & R E

*4 SEREZFBLBEZURASBRIEELESER

(ng-mL™",x+s,n=5)
Tab. 4 Stability test results of dopamine,

norepinephrine and glutamate

ERSU
?hﬁLLJ\ (indoor 4°C (7d) 20 °C (30d)
( neurotransmitter ) .
stability )( 8 h )
2B ( dopamine ) 33.74 £0.75 33.67+0.81 33.51+0.79
FHE LR 35546231 35332246  352.87+271

( norepinephrine )

AR (glutamate ) 1011.76+8.73  1009.81 £8.28 1007.41 +8.07

3.6 3 i Zis BRI E

FETFHTHAXT CDPS AR N SE I 5T, & X2
i ae T BA —E R ER . 22 2ie i Tne &
) — I T EE R 2R DR, A ML 5 b 2 I )
HCEVIFSE . PC12 402 H BT H T4 R 500
S VR SN 5T ) 4, 45 F CDPS 150 pg - mL™' 5, He
XF PC12 20t 3 i s o R 5 1) s i G 1 3 BT 7
M3 HRRT UL, a8 (4] (ARBEARAL ) FHEE, 252454 3
T 22 o R i B SR 3, 29k 2 AL 6 A% A2

hhiHE i

I=A
2

A7, I HAE 3~5 min 2247 35 BB IGAE , 22 )5 Bl 45 B
(i8] P HE VRS T e B T AT
4 itig

AR 256 5% Fl UPLC/Q Exactive MS A6 7 A, 4
S TXF PC12 45 n 2 L 2 VS AR R DL
A AR E SR 5 . E T R 43 PR Y Full
MS/SIM 71 i A5 2R 177 e e O A R 0 o A
W, 5 = H DU AT SR B, A SO R A T RS S
Pk, X AR A A W R s 4T 8 3 B8 A
AR FREA T T AR REUE R, 3 Fhp
o AR I B8 , 26 6 R AT Inbr IR, 3
Tl J5T (ARG 2% B2 RSD 34/ TF 10% , 38 FH T AR ALK
R 2 A AR AL

I, 00 Ao 2206 I A T I v A Ak 220 i
WU s R kR
kT A I R A R R E P
22, BB s AR A FH i, 2 BIORE A 1 5 R Tl
SEARRME BE i, R R A BN IR IR R
PRS2 N FH AR WRE A 2 5 1 ASORORE vkl
FE TR LRI, 75 BN A AR S0 A TR 2 S
P2 A TAE AT ANAE JE AT AR X S TEAR KRR I
SN SEY R S, I ELAT A 00 AR DL et
PR A A AT BERT A AR B RRAT A, X S
S U 2R3 T A B DU A ORAR R s . Bl 2
Y e EIFI AR A, B = R = R
JE R R AR, R it Ak P AT AR AT P R R
T — BRI R GE ) BT ER ORI AR SR R SR b
M BT FBr. #E - Ik (UPLC/Q Exactive MS)
R4, UPLC AMUE ST R 58, B2 Q Exactive MS
(OHERE R GE ™, (il T S AR H e i 3 T4
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Fig. 3 Effect of CDPS on dopamine( A ), norepinephrine ( B ) and

C/(ng

glutamate ( C ) release
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HH, JCIEAL AR 254 5 AH AR A AR A 0 0 1 5 TP -

K = BETRER G PR E R T Sl AH , 2 ST mi (B4 5 5 &
s — 7K HOIm A 2 T R e A0 R R e, Tl DA 5 4 HERR
PR 4 T 22 L L 2 R L B R DL R R 1)
T, 20 a5 I R A R R R A LR A, 1T DATACEE E A
Yo ik o, FLRSTR % HA R Ik, 15 2 ek
P MR A R S R G O - K
(0.1% HfiE, 10 mmol « L") (4:96 ), FEil f#h 28356 5 Fl
Z= T LIAS B R AF 00 43 2, T s AR P AR RS, 1T
DL 1 7 2

25 ik, A PR ZH SR R - JBEK H (UPLC/Q
Exactive MS ) Y745 , 456 Wi AR B 24 201012
T AR ST 2 2 PC12 20 B A LRl 1 I 2 22 1
Jiie VR IR AR 3 R R, 45
S5RTIEe—8 A ST BENRT PC12 4 3 Fh
o1 22366 T PRI 32 v LA DR R R A
TR SRR A, 8 TR RS M A 28358 ) 1 1

S 3 Hk
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