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[Abstract] Objective To establish an ultra high performance liquid chromatography-tandem quadrupole mass spectrometry
(UPLC-MS/MS) method for simultaneous determination of 5-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid
(5-HIAA) in cerebrospinal fluid of depressive rats, and to investigate the concentrations of 5-HT and 5-HIAA in cerebrospinal
fluid of depression rats and fluoxetine treated rats. Methods Twenty-four SD rats were randomly divided into control group,
model group and fluoxetine group, with 8 rats in each group. At 30 d of model building, the cerebrospinal fluids were taken
after the test of behaviors, and the concentrations of 5-HT and 5-HIAA were determined by UPLC-MS/MS after pretreatment
of protein precipitation. Chromatographic column was ACE C -PFP column (4.6 mm X 150 mm, 3 pm), mobile phase was
acetonitrile and 0.2% formic acid-water solution, flow rate was 0.4 mL/min, and the column temperature was 25 ‘C. The mass
spectrometry detection was performed using dynamic multiple reaction monitoring (DMRM). Results 5-HT and 5-HIAA
in cerebrospinal fluid of depression rats had good linear relationship within the concentration range of 0.10-100.00 ng/mL and
1.00-1 000.00 ng/mL, respectively (#>>0.999). Intra- and inter-day precision was less than 15.00%; the recoveries ranged
from 86.86% to 98.49%; and the matrix effects ranged from 89.80% to 95.25%. The samples remained stable during analysis.

Compared with the control group, the concentration of 5-HT in cerebrospinal fluid of rats in the model group was significantly
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decreased (P<<0.01), and the concentration of 5-HIAA was significantly increased (P<<0.01). Compared with the model group,

the concentration of 5-HT in cerebrospinal fluid of rats in the fluoxetine group was significantly increased (P<<0.01), and the

concentration of 5-HIAA was significantly decreased (P<<0.01). Conclusion The UPLC-MS/MS method is simple, accurate,

sensitive, reproducible and suitable for simultaneous determination of 5-HT and 5-HIAA in cerebrospinal fluid of depression rats.

[Key words] ultra high performance liquid chromatography; tandem quadrupole mass spectrometry; depression;

cerebrospinal fluid; 5-hydroxytryptamine; 5-hydroxyindoleacetic acid
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1.1 L%  Agilent 1290 Infinity I A 3%,
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Fig1 Dynamic multiple reaction monitoring chromatogram of analytes in cerebrospinal fluid of rats

A-C: Blank cerebrospinal fluid sample; D-F: Authentic sample. 1: 5-Hydroxytryptamine; 2: 5-Hydroxyindoleacetic acid; 3: Internal

standard

1.8 ZHRWORHSHFERERGHE BHEK
B 5-2 0. 5S-HIAA, SAEERE FIRE
( NF5) 4% 10.00 mg, &ET 10 mL F&EHH,

mahE (& 2% WK ) WrmBeE20 5, #7%
53, B4R 3 AP RS AE AW, TRV EEY R 1.00
mg/mL., /P BOE AR SR, BRAE
T 10 mL &k, Mok (& 2% Wik ) &

A, MRS XM SR . O (5 2% 7

iz ) MRK B B o T AR A X IR 5 T AR T,
SR AR E N 2.00, 4.00, 10.00, 20.00,
40.00, 200.00, 400.00, 1 000.00. 1 600.00,
2 000.00 ng/mL, 5-HIAA JEEHE N 20.00.
40.00. 100.00, 200.00. 400.00, 2 000.00,
4 000.00. 10 000.00. 16 000.00. 20 000.00 ng/mL,

AR TAEBF Rl 10.00 ng/mL, {#17F 4 C
vKFERE

¥ 10 3ok A AR BUG 2 F A R 50 TR
A, A 10 uL XSS TAEW, g 190 pL %8
FIE R (S NIREREIY ), Bok S-F ek
5 5-HIAA RN S 2ME R, SMEM 5-32 60
e ) o B MR 3 50 010, 0.50., 1.00, 2.00.
10.00, 20.00, 100.00 ng/mL, B&Ef7FRHFESF
ShIEVE SR AL, L m BT R 0
0.20. 50.00, 80.00 ng/mL, AMJEME 5S-HIAA f) 5t
WIESr 5 1.00, 5.00, 10.00, 20.00, 100.00,
200.00., 1 000.00 ng/mL, PFfif5HE S 7w AMNE
PE S-HIAA B9k, . SR E 518 2.00,
500.00. 800.00 ng/mL. JriZk2#gmibr, Fndiih
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1.9 JEA-RAFSRAT AL B A R FHEE F DL
TEERIAL T, A5 30 uL FESVAEW T 1.5 mL
EP &, JiINA 30 uL IARAI 30 uL ZAEUTHER] (&
2% WL ) , WAlE 1 min, 4 C 54T 13200X g &
> 10 ming P EVEHRE, SEFEEN 2 ul.
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REVER IR CIER R, iz Set3 FUBRASIE
JE PRFI B R B — 3, HERE 5k, g mBUES
Setl. RV ITHE AN (Set2—Set0 ) /Setl,
PEHUPCR I E A (Set3—Set0) / (Set2—
Set0 ) , HEEPHRAYFE TR AHREEUE SO bR
FBRAE, HAREAEL SRR L.

1.10.4 FEMEZZE HlMK. P &3 ADWREN
PREST 2 IEW, S SR 6 h Je b3,
AHRE EIRECE 24 h, 3 WAL, K —80 C {4
£ 30 d ARG EME, 2 1.9 TR ERE AR,
FTBE AR PR 2 (relative standard deviation,
RSD ) N AHXMmZE (relative deviation ) , FEXHMWZE=
(SEDE — BSE) /HSEH X 100%.

111 %itsa2 W SPSS 19.0 {4741t
T BIESRITR R, x£s FoR, £

ZH ] Fe R PR PR 2 22000, PR TR] e 3R
LSD ¥, #5KHE (a) A 0.05,

2 # B

2.1 ATAF4R ER35d A, B4 RRE
FOGR | WSl . RN R R, TSP TT 4R R
RAEIR B s . S A R, BRI K
FBUKSEAS5y . B . KR & E 4 L RIS
(P9<0.01) ; SR AL, FPETTHR BT
55 A WK ZE 3 T (P 3<
0.05) , LLESEREIRERINY). W&k 1.

&1 MEBKXBATAFIERAEWL
Tab1 Changes of behavior indicators in depression rats
n=38,x=xs

Open ﬁeld test SuCrOSe prefere‘nce
Group - - test (preference
Horizontal score Vertical score rate, %)
Control ~ 42.38410.13  18.50%6.59 0.80+0.21
Model 20.88+6.317  6.88+£3.947  0.53£0.19"
Fluoxetine 33.88+11.09° 12.13+3.87°  0.75+0.14"

“P<0.01 vs control group; “P<0.05 vs model group

22 AMWEELRKE TR S-ROMLMERIT
FHEK: Y=0.009 1X—0.003 9, »=0.999, £k
JEHEIA 0.10~100.00 ng/mL, HIEERE N 0.10
ng/mL; 5-HIAA ZPERIHAFER: ¥=0.000 6X+
0.003 2, r=0.999, ZMEHN 1.00~1 000.00
ng/mL, A EFRA 1.00 ng/mL.

23 MEBEELEMEFER KEEM RSD &
N, WER 2 R, 5-RRE@BE S-HIAA H WK
% RSD #<10.08% . HIEfF%E RSD #<
8.82%; UEMM B LAAIXS M R, 45 R KM
S-FRME S-HIAA H N, H (8] ERG A F 7E
97.83%~113.00%.

24 AR#pERRERE K, . 53 Rk
BE S-FE A S-HIAA TR S ARSI i e 7e
86.86%~98.49%, FHLJIALNTE 89.80%~95.25%,
L2 3,

2.5 MEMEFR SR S-HIAA REllYi
FE LRI 225 B —3.90%~8.90%, RSD
¥1<15.00%, FPAREATR &M R AT

2.6 AR XTARK BRI ER AR 55
A S-HIAA S T & e, SR 0% 4. 5%
MRZH P, AEAUZH K RUIE M 5-32 i & it
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FRAK, S-HIAA & BT, Z2R¥ESITHE X
(P <<0.01) ; SHEAIA AL, ST 2H K BN

BHh s-BREMSE ETE, S-HIAA SEEIK, %
S¥AGIEE L (P)<0.01) .
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Tab 2 Intra- and inter-day accuracy and precision of analytes in cerebrospinal fluid of rats

n=>5
. Intra-day Inter-day
Concentration - :
Analyte po/(ng * mL ") Measured concentration RSD (%) Accuracy Measured concentration RSD (%) Accuracy
’ pe/(ng + mL "), Xk ’ (%) py/(ng e mL" Y, X R C)
5-HT 0.2 0.23+0.02 6.71 113.00 0.2240.01 6.43 109.53
50 49.1414.95 10.08 98.28 49.411£4.36 8.82 99.71
80 78.261+4.08 5.21 97.83 80.4343.37 4.19 101.64
5-HIAA 2 2.1610.20 9.12 107.90 2.19+0.17 7.95 110.63
500 499.40+35.37 7.08 99.88 498.53+29.72 5.96 98.82
800 805.00+30.72 3.82 100.62 805.13+36.67 4.55 100.53

5-HT: 5-Hydroxytryptamine; 5-HIAA: 5-Hydroxyindoleacetic acid; RSD: Relative standard deviation

®3 ARMEERPHEUME IS B
FRE B [ Wiy 22 0 5 Jo 3

Tab 3 Extraction recoveries and matrix effects of

analytes and IS in cerebrospinal fluid of rats

n=35,xts

Analyte Concentratiglll Extraction recovery Matrix effect

py/(ng e mL ) (%) (%)

5-HT 0.2 94.431£5.35 91.991+9.46
50 93.19+4.70 90.14+4.88

80 95.62+13.29  95.05+11.06

5-HIAA 2 86.861+9.02 90.18+16.84
500 89.47+5.08 94.97+7.09
800 97.08+6.79 89.80+5.06
IS 10 98.49+13.82  95.25+8.69

5-HT: 5-Hydroxytryptamine; 5-HIAA: 5-Hydroxyindoleacetic
acid; IS: Internal standard

T4 MEBXBRMERD S-REES SSHIAMAWRE
Tab 4 Concentrations of 5-hydroxytryptamine and
5-HIAA in cerebrospinal fluid of depression rats

pp(ng e mL "), n=8,x=+s

Group 5-Hydroxytryptamine 5-HIAA
Control 2.621+0.41 78.71£20.58
Model 1.77+0.37" 119.56+21.14"
Fluoxetine 24540424 89.4+11.96°4

5-HIAA: 5-Hydroxyindoleacetic acid. ~P<<0.01 vs control
group; ““P<<0.01 vs model group
33 it
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