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Detection of Coffee Polyphenols in Nanoliter Cerebrospinal
Fluid by Microextraction Coupled to Nanoelectrospray
Ionization Mass Spectrometry
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(1. State Key Laboratory of Food Science and Resources ,
2. International Joint Laboratory on Food Safety ,
3. Institute of Analytical Food Safety , School of Food Science and Technology ,
Jiangnan University, Wuxi 214122, China)

Abstract An analytical technique was designed and constructed for the in situ extraction and rapid qualitative and
quantitative detection of polyphenols in nanoliter cerebrospinal fluid. By preparing polypyrrole microextraction probes
with good biocompatibility and stability, the rapid and efficient enrichment of polyphenols in cerebrospinal fluid was
achieved, and the matrix interference was reduced. Combined with nanoelectrospray ionization mass spectrometry

(nESI-MS) , high-throughput rapid detection of polyphenols in micro-volume mice cerebrospinal fluid was realized.
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The method for simultaneous detection of four phenolic acids (caffeic acid, 3-hydroxyphenylacetic acid, homovanillic

acid and ferulic acid) and two flavonoids (epicatechin and epigallocatechin gallate) was established based on
microextraction coupled to nESI-MS. The linear ranges were 0.1/0.5/1—20 wg/mL (R*=0.994—0.999) with recovery
rates in the cerebrospinal fluid matrix of 96.9%—108%, and the detection limits were 0.027—0.39 pg/mL(0.014—
0.20 ng) , which took the advantages of low sample consumption, wide linear range, low detection limit and accurate
quantification. In addition, the new method was utilized to analyze the content and dynamic changes of polyphenols
in mice cerebrospinal fluid after polyphenol ingestion, which showed high potential application value in
understanding the distribution and metabolism of polyphenols in cerebrospinal fluid and exploring their mechanism in
neuroprotection.
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Fig.1 Schematic of the detection of coffee polyphenols in nanoliter mice cerebrospinal fluid (CSF)
based on microextraction-nanoelectrospray ionization mass spectrometry (nESI-MS)
(A) In situ sampling of mice CSF using a micro-glass pipette; (B) polypyrrole modified microextraction probe
enrichment of polyphenols in trace amounts of CSF inside the micro-glass pipette; (C) washing of the microextraction

probe followed by nESI MS detection; (D) simultaneous acquisition and quantification of multiple polyphenols.
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Fig.2 Optimization and characterization of polypyrrole modified microextraction probe
(A) optimization of electrodeposition potential ; (B) scanning electron microscope (SEM) image of polypyrrole modified stainless
steel probe prepared by 1.2 V potentiostatic electrodeposition; (C) optimization of electrodeposition time; (D) stability testing of

polypyrrole modified probe in air, water and alcohol.
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Fig. 3 Optimization of in situ desorption-nESI source
(A) Photo of lab-made ionization source (inset: total ion chromatogram of three sample tests) ; (B) optimization of spray voltage;

(C) optimization of emitter position.
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Fig. 4 Rapid enrichment and simultaneous detection of six polyphenols
(A) Optimization of enrichment time; (B) optimization of desorption volume ; (C) optimization of desorption time; (D) optimization

of desorption solution; (E) calibration curves of four phenolic acids; (F) calibration curves of two flavones.
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T 0. 5~10 pg/mL, K5 H B4 0. 01 pg/mL™ ;588 /&5 4808 AH 135 - 5 356 5T 1% 77 12448 H (0. 003~0. 06
pg/mL) P03 ARSI (R H BRI, (EAR SO 3 FH A T 2 ST AR VAR & b 22 0 114 SIC S R
SOHT, HAR KT ng L XA B, B At 10 o VR AT AR 2R R ARG D LA B S 9

P27 1 TR B L T b 2l (e , BT T R SR . SRS X 2 I R
PE & PR T IZ 0y 75 78 SRR 43 AT HP G L AR . SR N A X 2 T 1) A R (i R
89.22%, FRILFRZE N T79. 96% )izt = Mo HV Hh i Wk B2 T A0 0 o 1) ' 46 8 (R 0K 8. 24%, TH 24T
N9.37%, FLER N 13. 47%) (S5, WAL HEFEE). R HE T, gt %= C RN AR
H—E MR TT, JEELR BT MRM J k3 — PRI 755 T4, ORI T 2Bl i rE k. 7Esi
N UG TR, 6 B Z2 B EAS R INFR e B (2 F1 8 wg/mL) R 243 B HLA 4 59 AR [m1IACK (96. 9%~
108%) (2 1), FIAGEN & 4 AT A SFARIL T T, %053 ol FH T S PR B AR 5 40 . 20k =1
WCSEBGFERH |, 3205 1 B B s (KNS 25 1 (RSD<8. 8%, n=6) , %5 B SEbm v FH2E 2 1 i

Table 1 Results of recovery and stability test

Sample Added/(pg-mL™) Found/(pug-mL™) Recovery(%) RSD(%) (n=6)
3-Hydroxyphenylacetic acid 2.00 2.17 108 2.2
8.00 8.34 104 1.5
Homovanillic caid 2.00 2.16 108 0.8
8.00 7.84 98.0 34
Caffeic acid 2.00 1.94 96.9 49
8.00 7.90 98.8 1.5
Ferulic acid 2.00 1.97 98.7 45
8.00 7.97 99.6 5.1
Epicatechin 2.00 2.08 104 4.4
8.00 7.98 99.8 2.1
Epigallocatechin gallate 2.00 2.16 108 8.8
8.00 8.05 100 2.5

2.4 UNEER ZETERKE R P IBANRTEUFAR

Z W e — MRS VEYI R, FAT, WPLE 2 W RE S 2 i3 I N 5 B0 F T I ZE DR T b . 2 2
i 5t B — D A AR, HLSEIE R R T 2 M Y5 | B | 0 RN B I AR AR A R R
WFFE R B, H88 737/ B HAT I 1R P SRk D RE R 1 i) 22 A vl RE 2P Rl . Ab, S
RSB E L T RERZ R 22 B BN A 204, SR I P 2 R S 5 B o 2L

BT A HRES & nESTEOR BAGN T5 k% , A SCUAEEAZ By a4/ O BERL, BIF5E T/ U £ 22 1
WOHE S IR © B2 B RGO . 22 B4 = 2 B2 b S MR . K ad A — R
20, dnmHERR AP BLAR S , IXLEZ WL S A DAL . P SURTEMIRTER DU . Z2m
M 5 I T s s URRE P, (A A 2 S P s, Mo AR AR . /)N SR 2 By
Ja , LN W PR e A IR | 3R OR LR R ILAS R, I B TR R 8 A R A
(F5). o B R L B 52 ] 28 L B o, SRS o i 2 2R G D R R A RH DG B CHAIATIAEE ) ¥
YIS A E B NSRS 2 B S , U P A A IR TE 1~6 h N TR, 1E6 hik
FUEE [ 5(A) | 3-BREIR LA N —For T BB/ D ERPEER Z B &Yy, HRETS 2752 Uik 5F
WA DA . ASSCAE R PRI 2] 1A 3 BER 2R [ 1R 5(A) |, WP SR WL RA 28 1 ik 5 e it
NI REIRE ST, FLAsH o A i i 0 nT REAT B T Hear i MU R b . S B S IRAR L, 3-BIE5R 2
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PR 2325 MUK B B AR 4055 , TR 2~6 h i, FEMKAE R PRI E BRI BE K. RILRR AT )
Je—REEERL Y, BRI AR, ORISR M M 5r s S IR, X Ui
SFOXELL 237 i 5 B i AR . A SO/ N U ARG 1 e vk BE ) R LR R [ 181 5(B) |, g T
1~6 h N H S5 BT, 766 hisBIEAE, X ol 5 Z it A ¢ . H-S H AT 4 —RA—Bul
JERANR (1) B FRILER BA BN ST F0 R AF A IRVEME , v B8 23 i if v e fe vh i) 5 i pL |
s Z W B RE 1 1R R GEHE AN (2) HE S AR RIS Y, RBe 1L
RGO TRILER . FREERAIIEN] 187 e 22 - WA S FIPLEERE S H B RE )

10 10
(A) -@ Homovanillic acid (B)
P —& 3-Hydroxyphenylacetic acid —~
Lo SO
g g
2 6 2 6
E <
R=t 2
g 4 T 4F
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Fig.5 Variation curves of polyphenol content in mice CSF after ingestion of polyphenol coffee
(A) 3-Hydroxyphenylacetic acid and homovanillic acid; (B) epicatechin.
A
3 5 it

BEXTINE Wb Z Bl R AR A TR . 2B 2 | 2R e TEE2E A A DR o T 2 TR A
WIS T — R A F TR R ML B I AR B D718, T T AT/ NI Wb 22 B Y e 4R S SR Y
AL, A AT RN SE BRSSO AR N T BUE S, T — R AT AR | B R PR A 2 A
MEA . SLIEUIREW], %I73 500 oL JKH R H 2 M 2 0 (3-FREIE LR 5 & IR . IIHERR | B
IR . RILRRIREE TILRRBE TR HA S RO HFR0. 014~0. 20 ng) | R (10 min F 4
Fe<1 min K] ) | el S5 R RO VS A TR T . RITZO A AR ST T 6 Rl o 1) 22 7 I VR
TS AR AR, RIS 20 ) ik i S s AL B 22 1 7 i v 1) 2 A S AR A 1R s, AR
TR 2 W (A 2 ORI A S 15 S 2 T A FATLBE, XAk IR £ kb S8 F0 2503676 ki A BRI ) 52
HAEAEN A E.

F 442 8 Whttp: //www.cjcu.jlu.edu.cn/CN/10.7503/20240327.
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