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Abstract: Biogenic monoamines, including catecholamines ( CAs) and serotonin (5-HT) , play

critical roles in the central nervous system. They have recently been proven to be primarily use-
ful as biomarkers for the diagnosis of CA-producing tumors. The highly polar properties of bio-
genic monoamines result in poor retention on conventional materials, making it challenging to
simultaneously measure more biogenic monoamines from complex matrices. Moreover, the
classical method of off-line pretreatment is relatively complex, labor-intensive, and incurs er-
rors in repeatability among different operators. Therefore, the development of an on-line sam-
ple pretreatment method combined with the use of specific nanofiber adsorbents has been ex-
plored. An on-line procedure could avoid unnecessary and time-consuming steps, and enable
full automation of the experimental process. In this study, an on-line packed-fiber solid-phase
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extraction (PFSPE) and determination method for urinary CAs ( dopamine (DA), norepineph-
rine (NE), epinephrine (E)) and 5-HT was developed, using composite nanofibers of poly-
crown ether-polystyrene ( PCE-PS). PCE-PS composite nanofibers prepared by electrospinning
were used as adsorbents in the PFSPE column, which was connected to the on-line HPLC sys-
tem. The PFSPE-HPLC equipment contained a dual ternary pump and a switching valve to ena-
ble enrichment, purification, and analysis directly in the system. The left pump was connected
with the PFSPE column for sample enrichment and purification, while the right pump was atta-
ched to the analysis column for sample separation and testing. The switching valve was con-
trolled such that after enrichment, the samples could be eluted to the analysis column for sepa-
ration and detection.

The current work expands on our previous research by analyzing more target substances, and
developing an on-line sample pretreatment method to simultaneously analyze four biogenic
monoamines. Gradient separation aided in the satisfactory separation of the biogenic mono-
amines within a short retention time. The running time was set at 16 min to enable thorough
enrichment, elution, and analysis. The influence of the complexing reagent ( diphenylborinic
acid 2-aminoethyl ester, 2 mg/mL) was also investigated with this on-line PFSPE-HPLC sys-
tem. The results showed that the intensity of most analytes was significantly higher when 50 WL
of the complexing reagent was added. The influence of a buffer on the extraction of the biogen-
ic monoamines was also tested. The optimum extraction condition for the target analytes was
achieved when artificial urine (AU) samples were diluted in a volume ratio of 1:1 by phos-
phate- buffered saline solution ( PBS, pH 7.8). Under the optimum experimental conditions,
the on-line PFSPE-HPLC procedure showed good linearity (in the range of 1 ng/mL to 200
ng/mL) with correlation coefficients above 0. 996 for the quantitative detection of urinary CAs
(DA, NE, E) and 5-HT. For the CAs, the limit of detection (LOD) was 1 ng/mL (S/N=3),
while the limit of quantitation (LOQ) was 2.5 ng/mL (S/N=10). For 5-HT, the LOD was 2.5
ng/mL (S/N=3) and the LOQ was 5 ng/mL (S/N=10). Moreover, high recovery rates and
good reproducibility were obtained. The recoveries of AU and real urine spiked with CAs and 5-
HT were in the range of 83. 5% —-117. 7%, and the intra-day precision was lower than 10%. Addi-
tionally, no significant changes in the nanofibers were observed after repeated extraction,
which reflected the good stability and reusability of the nanofibers. The nanofibers could be
reused for more than 95 times.

The on-line PFSPE-HPLC system was successfully applied for the determination of urinary
CAs and 5-HT with good precision and high sensitivity. This high level of integration and auto-
mation was significantly advantageous in terms of its repeatability, as well as reduction in the
time and effort required. The proposed on-line pretreatment and determination method can pro-
vide strong technical support for the detection and diagnosis of, as well as research on related
diseases in clinical practice.

Key words: polymeric crown ether composite nanofiber; high performance liquid chromatogra-
phy (HPLC) ; on-line solid phase extraction; catecholamines; serotonin; urine
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UltiMate3000 X — JG = A% AH €4 3% {1 , FLD-
3100 7 YEHKEM 2%  Chromeleon 7. 2 SR5 (435454 %
4i( 2£[H Thermo Scientific /A 7)) , DW-P403-1AC
o LV (R AR S FE LR ) |, Bl T B 5 WZ-
50C6 (HVLEL % i R 2= AR A BR A W), 1-14 /A
A O ML (2 E Sigma-Aldrich 23 7 ), Milli-Q
Integral #B4[/K R4 (15 EZBIEAFA)

NE.E DA 5-HT .3, 4- % 52K 2 i SR TR
(DHBA) 2Kz 2-2 3 £ 705 (DPBA) #114 H
%[ Sigma-Aldrich A w], WEE O KO (6
Al R RRHERH A BRA ) R4 (PS,
XS F e 1. 8x10°, il fb =R oE i) , —
HIF-18-58-6 ik (KA BB AR A RAR)
ORI 18-5-6 kIR A YIRSk ( PCE) th KB
B2 TR0 2= A R
1.2 tREFSRF SR EERLSGE

TR A B VA VR - 43 500 EC 1) o e i 7K 5 i 1) 1. 0
mg/mL Y NE E DA L& 5-HT BE- (E FRife st
6 30 WL 0. 1 mol/L SRRV ) , FFMHUAS RE
W, FEO0 IR AT HC ) AL 100 wg/mL (1) IR A bR
T, B IE T UKA-20 C R H

WAR (IS) ¥ W - BUA AR 5T DHBA 38 &, A
ABAK I, B HI L 1.0 mg/mL Y IS fif & W, %
B RAOEIR T UKEE T -20 TR RAER .

DPBA % ¥ . B DPBA i 2 il 7K Bt 1 5 2.0
mg/mL A L&A H

4 1R £k 2% #h W (PBS) : SEHEC I 0.2 mol/L 1y
NaH, PO, 7K % % Al Na,HPO, /K%, — % % 61 :
39 .81:19 183 :17 947 :53 AUARRL L 43 IR A, X 1
2o pH 390k 7.0.7.4 7.8 F18.0,

NTIRB(AU) . S % 30 H it i AT A
TR BT, PR ER A A S % Sk 15 ER
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PR Vs A 5 N TR

PRGFEAS BB I PRIBCR 0. 22 wm (7K
5tk , PN A SR FR ) PBS(pH 7. 8) 522 IR 5],
1.3 BERMEAMWKTENTE

SR WA R A T E A AR S, B
3.6 g(0.01mol ) A J-18-7-6 BEIA T 20mL H iz
RO AE = VBRI 0.6 g ZREEE A 20
mL 2, InF (50 C) i Pl A SR 5 1 e 4
) 20 mL K I-18-768-6 Fik ity FF R VA T 240 18 s =)
GG INE] = DB b, PRHE 50 T AkSEhiE 4-5
h, S 2R BT, =R N AREE PR 2 20 h, f7
PR AR DTE ™= A, #E BAR, H 30 mL ZE 187K
RE VG 2-3 K, & Tk KT Rt 1, 1%
1) [ A= i B Ry 2R ek

HRHL T 22 b BN T T 5% (v/v) PCE By —H1
FAPHR( DMSO ) % A 15% (v/v) I L4 (PS)
A — Y 3 A - DU &K i ( DMIF-THF, 4:6, v/v)
VTR AR R IR 4210 (v/v) IR S R 95 221
USTS PR ALY T YN B RE [ R L W N
3k 5 v R FL TR BHARAHGE | 40 TE IS B & 5 R R
TR R BRI , PR 15 em, LR 20 KV, i
W% 2.0 mL/h, PCE-PS {3 WRTE i e Ha 3% 1 i
SHE E A 9K A4
1.4 PFSPE #/y#I&

KHANENME(EHAE R 0.5 mm) ¥ iE &
PCE-PS &Z 59K 42 10 mg 4P KE T 4 @A
fA7 (10 mmx2. 1 mm) 1, < SIS 4 b vt 7 A
JEASNEE 3, A4 PFSPE A1 5
UltiMate3000 7= 2808 A (35 U %2
1.5 PFSPE-HPLC EZ4BE AR

SRR A 7 )R 38 YD 4 i 135811 T PF-
SPE-HPLC 7Bk F I R2 )7, i B2 7 70 i 3 47
(D) FESLE SR (LR 1a) , FET 2 A shitbkegs i
A PFSPE #1758 8264k s (2) i PE I % #8 1d
FE(CULE 1b) 2 D4 13 1 i 107 58 2- 1, K i
VR VeI, e 8% 2 20 B A b (3) B 4 B ad
(WL 1a) , B FR R VI [ 10-1, 7843 874 v ift 47
HARY 0943 8 AU | [R]0) PESPE AF FEF-4 | T %
AR FRF R ST AR 16. 00 min,

1.6 fBi%&HE

6, 33% ¥ 1%& 1] YMC-Pack pro C18 f43% 4% (100
mmx3. 0 mm, 5 pm) ;FEIREHR 35 C ;2L &
(R WA (A ) BEN 286 nm, Z S K (A, ) N
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a. Valve position: 10-1
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b. Valve position: 2-1

1 PFSPE-HPLC #4&BRAREFZITRER
Fig.1 Schematic diagram of PFSPE-HPLC
online program design

318 nm; Ji SN AH A HEBRFREE 0. 45 g BEbe i R B
7.6 g FPIEIR 7.3 g Wi A48 .0. 1 gEDTA 1.9 g
KA T BeRr T, FEINA 55 mL Z 0, 8 4liK
FEAAZE 1L, e, g, A < 10 min, BEAT
WY pH A 4. 15, % 8040 B: 1 mol/L vKESHR ; i
BN 0.5 mL/min; JEFER R 100 wL, HAER
VEWLRT )RR 7 7 ik L3R 1,
1.7 #RAEMZERLE

KN TR BLH 1,5,10,20,50, 100, 200
ng/mL 1 R FI bR AE TR 5 W (L IS 9 i i ik

*1 BREGEXBRMERESE
Table 1 Optimal gradient elution time programming method

Right pump
Left pump (analysis)
Time/ Flow rate/ (enrichment) ————— Valve
min (mL/min) mobile phase Mobile  Mobile position
(water) /% phase phase
A/% B/%
0.0 0.5 100 100 0 10-1
3.0 0.5 100 100 0 10-1
3.5 0.5 100 0 100 2-1
4.5 0.5 100 0 100 10-1
5.0 0.5 100 15 85 10-1
15.0 0.5 100 60 40 10-1
16.0 0.5 100 100 0 10-1
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¥1°4 25 ng/mL) , #K¥kF: A PFSPE-HPLC 72k B H
ARG E A TR R T B4 B bR i A
DA R B X (ng/mL) AL 4 HAr 5 1S /Y
WA LU Y AR, 43 3251 NE E DA 1 5-
HT fbriEZe .,
1.8  hnkREI R I

SR T IR IR LA B A BRE A PRI a3 i A
S IARIEA T bR [ SRR

PRUGHE T W 0.5 mL A T PRS2 BRI R
FPRAAFH I 1:1 A pH 7. 8 1) PBS J& , FMA 2.5
pg/mL A4 IS % 10 wL F12. 0 mg/mL DPBA %
50 pL,iZ%,

N BRI IR 53 AL & 3 S 7KF (10,50,
100 ng/mL) . WZH 0.5 mL A TR , ¥ UAF I
1:1 A pH 7.8 /) PBS J& , 433 ILA 10 pL iR &4
WERIR (1.5.10 wg/mL) , FFAIA 2.5 wg/mL (1) IS
YW 10 wL F12. 0 mg/mL DPBA % 50 wL, 185,

SEBR W ANAR 100 ng/mL, WHL 0. 5 mL R,
PRI 1:1 iInA pH 7. 8 B PBS J7, LA 10 pL
IR GARER I (10 wg/mL) , FMA 2.5 wg/mL 1y
IS AW 10 pL F1 2.0 mg/mL DPBA % 50 uL,
N

53 SN T PRI S B PRI Jo S L finbris i
% 100 L FEREAMHT e SR AW AL . THEE AR [l
R bR SR = (5 (- JE AR IR M) / inds 7K P
x100% .

2 ZERE5{TiE

2.1 PFSPE-HPLC 4Bt BREFRMHTL

PFSPE-HPLC 7E &1k FH 2 17 1) 2 HAE S 5k
SRV AR, LR AR R R] A T
ke, W E e R, S SRR R E
W R FE 43, i K & RECR BB RS 1T R, FE RS
[ 2 S B E AT A o5 RS A pTst Tl
R 253 B H AR R RE A 0 i Kt & 5 8
AT ] A WAk Y Al s ] 0 e 2 i N PF-
SPE H:F 43 A A R 1 56 42, M Ah, (i A Y IH
BFORLRE AR AT A5 8 2 52 e LA 28, 32 T 52 i)
Oy R R AR L, ARSI X DL g R
HOUEAT TARAL , e AL I 254 1.5.1. 6 75\ NE
E DA 5-HT Fl IS #9472 (i Bl an & 2 fros, 7 it
AL, Je g 4 /b RN TR, i
a3, A T R A P AT

i 539 %
2.0 NE DA
15 ] E
= 1
g l.Oi IS
=1 4
< 4
&) ] 5-HT
0.5—_
0.0 A/L
——————————
0 2 4 6 8 10 12 14 16
t/ min

B 2 SREMEBRRBERERF S ZETE 100 ng/mL NEE,
DA 5-HT 0 IS iREMRIR A KRR 2 & BiLE
Fig. 2 Separation chromatograms of 100 ng/mL NE, E,
DA, 5-HT and IS mixed standard solution dis-
solved in water under optimal gradient elution
time program method
NE: norepinephrine; E. epinephrine; IS internal standard,
3, 4-dihydroxybenzylamine hydrobromide; DA: dopamine; 5-
HT. serotonin.

2.2 #&&7% DPBA TINEHE

H T DPBA HJLAS B i 32 A1 22 [8] 47 78 7T 586 11
KANVEIT 24 I F= 4T LU4R &5 7F PFSPE
HE AR RS T AAIR 56048 T DPBA A &=
XEAT TR I S, R F N TR VR B ) A v T
1 mL (NE,E, DA 1 5-HT A J& & % & & 100
ng/mL, IS & 25 ng/mL) , il AR [A &£ F1 ) DPBA
(2 mg/mL) ., M 3 Al %1, DPBA BN AXT T CAs
FOVEFHEE & B 8 % 5-HT A/E A BR . AT
LA 50 wL B, 25 H AR T 0 1 i R
e U &4 F A DPBA s m A&, G
ZLCI R R B A5, A 50 wL DPBA,

] C3s5HT ZAE
6 CONE EZAIs
B B DA
"y Rl
=1 ]
ERE
< o
a3
S 1
a ]
24
1
0]
0 50 100 200 300 400 500
DPBA amount / pl

B 3 447 DPBA(2 mg/mL) I ANE3t 5474
RERAFM(n=3)

Fig. 3 Effect of the amount of complexing agent
diphenylborinic acid 2-aminoethyl ester
(DPBA, 2 mg/mL) on extraction of ana-
lytes (n=3)
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2.3 PBS By

FEE B AT, IEH N B PR R 1, pH
PEGRREFE 6.3 2247 . BT DPBA A LKW
BRI RS R RN A A, Bir LR PBS IR Wi
pH #EATIRAY . ARSLEMEL T AW pH 7 PBS DL
N TR 5 AF pH () PBS SRR S IR Y45
ST N A, A& 4 BTk, fE Bal PBS H, pH
7.0 SN 25 43 BT i WA e N B K, T AE N TR
W5 PBS SR BUR G M b, pH 7.8 &1 T %
3T AR e 7 (R A . G2 SR A U I SR — 2 i
(% PBS 115 AT IR pH Z T LS, 2% 93 )
REAE S B B,

AR 7E 4 FMARR L 2544 FIR-A AN TR F pH
7. 8 (1) PBS, 25 73t i e i 1y 1B 25 S 4/ 101 5%
T A0 B 1% g e 7 (B A T At 3 R E L 4%
7, UL BH I S5 C R Bl i AR i pH 2544, BIr AR S5
S S N TR B S R PRV Y pH 8 75 8k
pH 7. 8 Y PBS S {ARILIR & .
2.4 PFSPE HMBEMRESFERARY

HIWIS2 56 v % B0, PFSPE kE 45 b | i Adi G,
YKL 2 DA RS ALRIE , EAR T B AL, A
KREERAFE R, AT M ARELE X PF-
SPE H: i 842 R B AT 1 821t , Dtk — 20 % 42
PFSPE #EpyFe e 1, SE80 45 R & B, 1% PFSPE #E
#£ PFSPE-HPLC Z 4t H ] LIHEATT 200 X CAs #ll
5-HT MTEL A sk s £ Ao, B 1. 2 5 Ag il iy
IRA PR 2E7K 77 B 2 100 ng/mL (IS it
WA 25 ng/mL) #EAE 100 pL, NE E DA 5-HT
J IS Wy AL ) NE \E DA 5-HT 5 IS Y Ug 2
FU A PR B AR R DL S (Geit 2] 95 W), B i
/i NE E DA J¢ IS (14 06 1 FH 357 Bl {5 FH v 550 i) 38

9

e TR LI SRR 8 R B — e KT, BRI
TRV B BERH 1A K BsF 8] 09 /N 0 B, B S LR ST
R 1M S-HT A0 1 R RE 0% 78 3 4 I ] P PR 4R 38 4
(RS AE Pk (5-HT Fl CAs JAb2- 25 25, fr LAAR
LA AT e —3) . XLEHULH] PFSPE #: R
A — 7 WYl PR A A AR e M, T DA —
ik ] P9 RS g DL FH e R v B s R FH A v
WHEAT g, LAR45 %t PFSPE T REN T #% , B {5 br
TR VRS2 o PR YR D 2% e I A A B[] R
Fi—%, /0 F PFSPE Hij kb 34T 1) P R P 2815 24
SRR 2E

25 FHEFE

251 frEd &

AT R WAREE /78 1~200 ng/mL 1Y
TP, NE E DA 5-HT [ {5 3% i V4 0 7l WL, LA
NE .E DA 5-HT 5 IS A% {0 i i 1 AL LU (B ( Y) 4%
PR RV (X) kel 455 s NE E #1 DA
fE 1 ~ 200 ng/mL Z [A] £ £ 7%, 5-HT 7£ 5 ~ 200
ng/mL Z [ 22, HZEM R RIF (MK RE r
=0.996) , KHFRN 1 ng/mL (S/N=3, CAs) fll
2.5 ng/mL (S/N=3, 5-HT) ,/#&FR >~ 2.5 ng/mL
(S/N=10, CAs) 1 5 ng/mL (S/N=10, 5-HT),
NE .E DA 5-HT M2t #8538 . Y=0. 008 9X+
0.0335 (NE, r=0.9993), ¥Y=0.007 3X+0. 055 8
(E, r=0.9961), ¥=0.013 6X+0.0042(DA, r=
0.9997), ¥ =0.0052X +0.0030 (5-HT, r =
0.999 8) ,

2.5.2  JmARE kR

T DR RN S B BRI [0 5 3t 6 245 SR 0 3%
2, NE E DA J 5-HT B9z B 53 51 ok 87. 0%
~117.7% . 87.6% ~ 110.7% . 83.5% ~ 110.0% &

8] CO5HT ZAOE CONE EZZATS DA

74
2 64
= 49
3 ]
34
2
17

PBS PBS PBS PBS AU-PBS  AU-PBS  AU-PBS  AU-PBS  AU-PBS  AU-PBS  AU-PBS

(pH7.0)  (pH74)  (pH7.8)  (pH80)  (pH7.0)  (pH74)  (pH8O)  (pH7.8)  (pH7.8)  (pH78)  (pH7S8)

(1:1) (1:1) (1:1) (1:1) (1:2) (1:4) (1:5)

B 4 PBS WH KR NAIENE (n=3)

Fig. 4

Influence of PBS on the detection of analytes (n=3)

PBS. phosphate-buffered saline solution; AU artificial urine.
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Fig. 5 Influence of reuse times of PFSPE column on the detection of analytes (n=95)

98.7% ~111. 7% , AHXT A5 (W 22 (RSD ) ¥/ T 10%
[l AT 58 DK 285 AR AN A DU K, 1k BHAZ R D ik
& TR FEA T NE E DA 2 5-HT B9 58 54007,
2.6 SEBRPRGAEA A9
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Table 2 Spiked recoveries of artificial urine and actual urine samples (n=6)

Recoveries of artificial urine (RSDs)/%
Compound

Actual urine

10 ng/mL 50 ng/mL 100 ng/mL Background/ (ng/mL) Spiked/(ng/mL) Recovery (RSD)/%
NE 87.0 (4.2) 102.5 (6.5) 108.3 (5.3) 15.5 100.0 117.7 (3.6)
E 87.6 (6.6) 105.9 (5.3) 105.6 (7.1) 3.7 100.0 110.7 (8.6)
DA 83.5 (7.0) 88.0 (9.9) 110.0 (7.8) 170.6 100.0 106.7 (4.8)
5-HT 98.7 (8.4) 111.7 (7.9) 104.9 (7.8) 53.2 100.0 101.6 (9.8)
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