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Abstract: The components of biological samples are complex, and the concentration range of target analytes varies
significantly. Therefore, sample pretreatment is particularly important for subsequent analysis. With the continuous
development of analytical techniques, the requirements for sample pretreatment are also increasing. Pretreatment
technologies are evolving towards microscale, time—saving, high—efficiency, online, and environmentally friendly
directions to meet the requirements of complex matrices and trace analysis. Online pretreatment technologies
integrate sample pretreatment steps and subsequent detection processes directly into an automated system, which

can reduce steps and errors, improve analysis efficiency and sensitivity, and achieve automatic, rapid, and efficient
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analysis of target compounds. This paper reviews the online pretreatment technologies for biological samples in

China and abroad in the past 10 years, offering valuable insights to guide future research and innovation in the

realm of biological sample pretreatment.

Keywords: online pretreatment; biological samples; solid phase extraction; solid phase microextraction; column

switching; restricted access media; molecularly imprinted polymer; microdialysis; turbulent flow chromatograph;

liquid phase microextraction
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SPE $E ARAAL AT LLAE B e XN AT, B T E
FHI R 9 SPE HR 5 gl A AR OB U8 e 2,
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Tab.1 Application of on-line SPE techniques in the analysis of biological samples

2 [ AR BUTRL / A A KA N W/ i
R, T TELR IS AR AU} / A AR A R YR [i] St
. . (‘on-line solid—phase ( coupled detection o o (time for a single
('biological sample ) (‘analyte ) . . (limit of quantitation ) . 7 (Ref.)
extraction sorbent/column ) technique ) analysis ) /min

PNk JEIHZ (methantheline)  Cpg SPE-LC-MS/MS 0.2 ng*mL™" 10 [10]
(‘human serum )
NIk 4 X 7 HHE (phenyl ) SPE-POPLC 10 pg » mL™! 15 [11]
(‘human plasma ) ( X-ray contrast agents )
PN ifEnli e A Cs SPE-2DLC-MS/MS 25 g L™ 52 [12]
(‘human cerebrospinal ( teicoplanin )
fluid )
PNk 4 HEFF N- Ak Cs SPE-LC-ESI MS/MS 25 pg s mlL™! 10.5 [13]
(‘human plasma ) ( estragole N—oxide )
UNIRE) [liceszty] I 1S e B 55 SPE-LC-PIF 6.0~11.9 mg - L™ 18 [14]
(human serum ) ( sulfonamides ) (‘anion exchange sorbent )
PN/ 10 AR P2 Cs SPE-UHPLC-MS/MS  0.003 21~2.75 pg - L' 10 [15]
(‘human plasma ) (‘ten antipsychotics )
NIRI B ZRAY Oasis HLB SPE-CE-UV 10~100 ng * mL™ 13 [16]
(‘human urine ) ( barbiturates )
NIRHE R, S-3,4-MDPV Oasis HLB SPE-CE-MS 30 ng* mL™" 35 [17]
(‘human urine )
NIE4 ZUF] Camisulpride ) Capcell Pak MF Ph-1 SPE-HPLC 0.012 pg * mL™! 10 [18]
(‘human plasma )
PNIIRE: 16 Fi2f [ pit Cs/Cig SPE-LC-MS/MS Cig:2~10 000 pg * mL™" 5~15 [19]
( human serum ) (16 steroids ) Cs : 1~25000 pg * mL™
LT HFRZE25) Cis SPE-LC-MS 3pg- L 4 [20]
( enzyme—containing ( heparinoids )
matrix )
PR B- ZAAE B Turboflow—C,s—P SPE-HPLC-MS/MS 0.1 pg- L™ 15 [21]
( sheep urine ) ( B-agonists )
NI delamanid &ZfCi#% DM~ Phenomenex Gemini-NX Cis  SPE-LC-MS/MS 0.300 ng * mL"™! 7.5 [22]
(‘human cerebrospinal 6705 ( delamanid and
fluid ) metabolite DM—6705 )
NFRW JILEF ( creatinine ) R PH 2 5¢# SPE A1 SPE-UV-Vis 0.5 mmol - L™ <35 [23]
(‘human urine ) ('strong cation exchange SPE

column )
NAEIf /i PR NS R AR Turboflow HTLC Cyclone SPE-LC-MS 156 ug- L 17 [24]
(' human whole blood/ ( methotrexate and
serum ) metabolites )
UNI(F4 o— REE A B- #EHE  Shimadzu-GL SPE-LC-MS/MS 0.05 ng * mL.”! 14 [25]
(‘human plasma ) # (o—amanitin and B-

amanitin )
L AEPN XU A (bisphenol A ) ACE 5 Cis— FLHURFA: SPE-HPLC-MS/MS lpg L 20 [26]
( Korean human (ace 5 Cis—pentafluorophenyl
urine ) column )
A BRSPS AU R SRR - SRR 9] SPE-LC-HRMS 0.008 pg * mL™! 8 [27]
(‘human plasma ) EL PG (oxcarbazepine and  ( hydrophilic—lipophilic
metabolite licarbazepine ) balanced sorbent )
NKE Jedi TR Chromolith® Speed ROD SPE-L.C-MS/MS 0.135~1.35 pg * mg™' 7 [28]
(‘human hair ) ('nicotine, cotinine ) RP-18e
PN J RS RTAT A Phenomenex—Strata Cig—e ~ SPE-LC-ESI MS/MS 5~10 pg* mL™! 7 [29]
pg

(‘human saliva ) ( cortisol and cortisone )
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2.2 TELFARMCEIEAR  EARGEE I (solid phase
micro—extraction, SPME ) 4& SPE 1Y ZE fifi Fil & J& , H R
PR T — [P A W BE, i BOR B Arthur 45 P
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ofe , T LA I S S IBGRI R O 73 B 40 AR i R o
OB AL Z R BT BOF A5 1 SPME it Ab B
HoR /D SR ORI RE AR P B o 402t —
FEBIE o3 e, BT s el B/ e SPME HOR S A A
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RFEZ G iR 75 4R SPME AR Y FEAHE S
2 RREE Ty 2%, DAL A i i R G v i b B
SR FEBGE RE AE R AR 2 X SPME $ R
V1R A I SR 7 A E R ) SR T A 42 o T 22 b P
XEEH 2 A RETT K7k, X B 7E— e R LR T
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Tab.2 Application of on-line SPME technique in the analysis of biological samples

G A HR SE IR BN/ Goninil
AR, ek i
. %ﬁun et ( coupled detection (limit of (‘time for a single .
( biological sample ) (analyte ) . L . ) (Ref.)
technique ) (uantitation ) analysis ) /min
A3k % (‘human hair ) Jeil T AR T SPME-LC-MS/MS 5pg-mL” 5 [32]
pg
('nicotine and its metabolite cotinine )
ARS8 5 6 FHEEFCIH) (six aldehyde metabolites )  SPME-HPLC 7.7~12.3 nmol - L™ 20 [33]
Y
(‘human exhaled breath
condensate )
MRV | LV B R W B R 3 AR IT-SPME-Cap-LC 1~5 pg * mL™! 14~22 [34]
( human saliva, serum, or urine ) ( caffeine and its three main metabolites )
A MEWE ( human saliva ) 4 FpESIRRT A Dbr B IT-SPME-LC-MS/MS ~ 0.036~0.768 ng * mL™" 24 [35]
(four steroid stress hiomarkers )
N3k % (human hair ) ZI57)% (polyeyclic aromatic IT-SPME-HPLC-FLD 20 pg* mL™" 35 [36]
hydrocarbons )
NSRRI U254 ( antiepileptic drugs ) IT-SPME-MS 0.1~0.2 ng - mL™' 16 37
piep g g
( human plasma and urine )
SR (human urine ) 5 FhHERE (five estrogens ) IT-SPM-HPLC 0.008 0~0.16 pg+ L' 24 [38]
g g
AR (human urine ) 8—OHdG N ( 8-ohdg, creatinine ) IT-SPME-LC-MS/MS 0.05~0.5 ng * mL™" 7 [39]
K EUR (rat brain ) AEA 2-AG IT-SPME-MS/MS 6.0~10.0 ng * mL™ 12 [40]
NJR#E (human urine ) ZH M (heterocyclic amines ) IT-SPME-LC-MS/MS 1.7~4.1 pg * mL™ 15 [41]
Bl 2 (rabbit plasma ) Jelr T R AR SPME-LC-MS 0.05~1 pg- L™ 6 [42]

( nicotine and its metabolites )

23 HUIHEAR  HUI#E (column switching, CS ) $
AR Snyder T+ 1970 A2 Hy ¥, USRS 1o D45t 9
BUR RS R GE S GE 18], P G WA E LA AT rp 52
BAFIN Y 55 A= W B 500 B Ja T el e R . FEAE S
RO 5 A R I 1 A s U4 R (7S 38 i Bl
), BT SEBL CS A, U8k i i) D45 i 8] 38
M i RS AR R, T R

AL HREL
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FIE . BALBRES RS, 75 I H D)3 2= 0 etk s, I
B A TUAL HAT: b A TR0 20 BE AL sl AH A 20 B A E
Ay BT RE , — 7€ I Ta] e, DI i ik (0] T4k IR 25
(FFAEARE), 9 — AR A o LIRS, B A
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FE, LUTHBRER B P00 T — UG I (4 52 1), DA T S 5
S0 BRAE N 3 B AT: B A4

CS FARBA LU LA FEL 2tk , a7 s fi kb 21
H ah b A, HR5 T A B R AT BRI s
RO ZH 53, 32 i o3 e RAKEE , 38 T S el F s 2
()RR A 18535 TCA N A , R B R, PRI A B
ASCAS R PP 4 1, T 3k B vy ) A R R R P (3R
3), (B, CS HIRZ ) e f v, a] LA HI Ok B3 fiE
JI5R A AL FRIECRL , B 7R AL RIS FH R AE 7 44255
AT BN AR , 0 A R DU FH U6 M BE ) 805 A i sl AR , 4
B I PR R BRI S A v e R R IR, LAY
INCRERRE T s e v . A, CS HORFFED] 4 e
MY ISR / BUEER RS, X SN i R 5
W& AR B A
24 TEZFRIEHURHEAR  AER, FRIFIFUE (restricted
access media, RAM ) $& ARAE A& G ke S AL BEF AR 1)
BT %, 2 BBk 2 (9 G TE. B T 1991 4R
Desilets %5 P/ ARHE | 3L RO HERH IR B, RR 43+
Y BHERE /N W 5 B o AR TS RAM W B3 i 45
FARR B, AT A Sl P S T S AHBEDRL 2 7 3R T
o Rk K AR DR R IR Cos RERSECRL RS
TRgIER B X 46 RAM HA FRER I 4544 FIFLAE K/
Bt , HNEAATE— ROT R FL Il A , RS &5
KR, Sovr/ N e Can HARsAr ) s, i
AR K (e BT AR SR ), T
I3 ROHHOR, Tk ABDRH N ERFLER . BT A=
YR BYHEREAE HIFIXT N o F- P i i) e ST A
A O Gt 52 A AT AL BAD IR, B A] R R A
RAM W38T 248, LR W) R 0T w PR e 3G i /N 73-5
Wy O B AR SEDRE |, SR T S ) 3 B AR

RAM BARG R T A= P it vh 28 19 BT 55K
ST BN N3N 5300 5 B0, AT S8/
I3 T TELR B AR L BB 5 RO EISTE LI T AT
BN 53 BT 5 1 o e R | e e
SRR TR, B RAM $K 5 €S (G ARSE 4,
AL A A, BRTE T 2 T8 28 A W A i
(R 4) WP, SEL0) SPE FHLL, RAM Ak} fig ik
PEPEHL LR B /N1, R BR AR 1 5 55 R 1AL
THER BT B 42 S 2 RS B 1 e, (s A
W SRAFAERE b B SR B AR AN A PR 4 e o,
I, T EARZFT RAM A1

( molecularly imprinted polymers, MIPs ) J& FH 45k HLAAR
AN 2R G T s Chn E el B e 2R ) A i
TEREW ., BAT 737 HUNRE ) M m BRI , 2 i
b P b SR AL R R B0 R AA R, B B R
[E6] 1 , ) TR v Y R i s, TE TR L WUR 5 AT AL R A%
P R HBARESE . MIPs HOARAE 20 T2 70 4F{CHI5 A
T, ZAERAE R MG S ST 3 T &R, 77+
EN 35 [EAHAE B AR ((molecularly imprinted—solid phase
extraction, MI-SPE ) 7E42 = TR 45 P4 FIAS I 52 i
JGHE TR Z G, MIPs AR SPE JEes
PRI A 31 7 AH , RS e PEATE SPE 38 I T pH AR
Al BCTE il T o3 B AT, MIPs B 80 A K 25
i R P T AR SPE R & A

MIPs A 2 — B4 A1 ] B AROBAS | e M 0 1Y
I3 TR AR 5 USRS b R A AR
MIPs VA Fi A SRR PR B3R, E2 72 BT T SPE
SPME . LPME 255 B F1 A= 91 3 A7 73 B 4008, AH R 22 72
TEH LC. GC LC-MS/MS 1 GC-MS/MS 45 A% & i 17
I3 BT Z BIVE R B 53 B 5 i AP —RE T T iR 22,
HABME R . I, B TF & 1 FIH] MIPs (O 7EZRA:
AL EEA BT 7 . MIPs 0] LUAE SR i A 35125 1 Wi
BF 750, 4n SPE . SPME il S5 72 1% Bf 751 15 #% B ( packed
sorbent microextraction, PSME ), 1 13 25 75 W B 57 7 2k
BB A AR FE TR LR P A T A 35 o
Br (3£ 5), MI-SPE Ry Z 3Lt i A2 / A=Wy o it
A7 sRA IR TR, IRl HAT SR | ed e AR
A R B A R
2.6 TELBGENTIHER A ST (microdialysis,
MD ) 5 AR F2 LT BB I I S AR A AT IS | 97l
(9 3 BT 400, 23565 VR T JBURE FISZE AT R AR AT 1A PR HURE
KA R N Ay B AR SOl s A
W, PR, ) AR AR AR G2 1) TPl dse /N LA i B
HEAH ARG O T L AT ST, B T BEE [m] i
W 22 Fh o A, MD HOR E )iz N T A ik
PRSI 7 ANIEPEACE , DL 22 i i b Y sh 25t
i R IR H SR 8 B AR5, 51658
A TRAE B AR AT LG, MD SR TEIRE 5 B DT AN &
HHE BRI T, o] HEE H S AR g5,
B Lk 7 BRI A A v T O R I R, H
HAT R A I )R 23 (8] o B

MD AR 5 HPLC, MS. CE. UV-Vis %314
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Tab.3 Application of CS technology in biological sample analysis

HWIRE s SR AT LR A T T FE A IR AR Y
o Bk N , AR : ek
( biological ('sample pretreatment (coupled detection (time for a single
(analyte ) ( quantitation limit ) (Ref.)
sample ) required ) technology ) analysis ) /min
INIF4 3R A Y LR - 25 (33:67)  CS-UFLC-MS/MS 50 ng - mL! 7 [44]
(human plasma ) (31 benzodiazepines ) FiRE 50 Lk

(‘ammonium acetate—
acetonitrile 33 : 67, v/ )
dilution, centrifugation

filtration )

NIRW 3 A B AZAARBET Fii B ( dilution ) CS-HPLC 4.6~9.2 ng - mL™' 8 [45]
(human urine ) (3 B=blockers )
PN 5 RN TR 25 B4 2 5 W R . # R ( dilution ) CS-UHPLC-MS/MS ~ 0.40~60 pg- L™ 12 [46]

( human serum ) 24 4 (5 antihypertensive drugs

of different pharmacological

classes )
PNFERi delamanid & 3= Z A PP CS-L.C-MS/MS 0.3~30 ng * mL"" 7.5 [22]
( human DM-6705 ( delamanid and main
cerebrospinal metabolite DM-6705 )
fluid )
NIR AR HIXT A Fii B ( dilution ) CS-LC-MS/MS 0.05 mg - L™ 6.4 (47
( human urine ) ( amphetamine enantiomers )
NIRWE 12 Fh&B2E — R ER 1 G WAL SRR RIS CS-LC-MS/MS 0.1 ng* mL"' 25 [48]

(human urine ) (12 phthalate metabolites ) 1R
( glucosylation, decoupling,

formic acid quenching )

il 3 9 FhAE WL (9 steroids ) PP (protein precipitation )  CS-LC-MS/MS 5~50 pg + mL"! 12 [49]
(dog serum )

NN 10 RS FIT 254 € (filtration ) CS-UHPLC-MS/MS  0.003 21~2.75 g+ ! 10 [50]
(human serum ) (10 antipsychotics )

MR B IR A] R A=Ak ( derivatization ) CS-LC-ESI MS/MS 5~10 pg * mL™! 7 [29]
(‘human saliva)  ( cortisol and cortisone )

NN ¢ JEEAHIRZ (nsaids ) LN CS-HPLC-UV 50 ng * mL™! 15 [51]
( human serum ) (dilution, centrifugation )

INIE4 WEHIZ5H) Tetrandrine 7 (no) CS-LC-MS/MS 40.0 ng * mL™ 12 [52]
( human plasma ) (model drug tetrandrine )

NkK CHERAT R 4 COKWFE B0 Lk CS-HPLC-MS/MS 5pg*mg’ 13 [53]
(‘human hair ) (‘ethyl glucuronide ) (4 °C water incubation,

centrifugation, filtration )

NS Bl AR R BT CS-LC-MS/MS 1~20 ng * mL™! 20 [54]
(human urine ) (opioids and benzodiazepines ) ( centrifugation to collect

supernatant )
B3 FIHEF- ( rifampicin ) 75 (no) CS-HPLC 0.25 pg* ml™! 15 [55]
(rat plasma )
NN ¢ FIZSMaRE (linezolid ) PP CS-LC-MS/MS 12mg- L™ 4 [56]

( human serum )

AL HREL
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Tab.4 Application of in—line RAM technique in the analysis of biological samples
JEEURL 7 H: 1A K4 A WA HTAH
M, SR FRRAESTORY / E SR TRIE N R UM [E) ik
L (restricted access (coupled detection (‘time for a single
( biological sample ) (‘analyte ) . . ( quantitation limit ) . . (Ref.)
material/column ) technique ) analysis ) /min
PNIIRT L APTR 25 (non—steroidal  THLIKLF 4L AL RAM-HPLC 50 ng - mL™! 15 [51]
(‘human serum ) anti—inflammatory drugs ) M —e- CNFRE
BRI (poly—e—
caprolactone composite
adsorbent composed of
micro—nanofibers )
PNIE Z ] (amisulpride ) Capcell Pak MF Ph-1 ~ RAM-HPLC 0.012 pg * mL™! 10 [18]
(‘human plasma )
I3 ( serum ) I Z (estrogens ) WCX RAM RAM-LC-MS/MS 3~7 pg* mL™ 15 [59]
K BRI Fl4F (rifampin ) RAM #E (45 mm x RAM-HPLC 0.25 pg - ml! 15 [55]
(rat plasma ) 4.6 mm, 5 pm, [H7=)
[RAM column ( 45 mm x
4.6 mm, 5 mm ), made
in China]
NG 4 Fp N R Shim—pack MAYI-C4, RAM-LC-MS/MS 13~30 pg * mL™! 22 [60]
(‘human cerebrospinal (4 endogenous estrogens ) 10 mm x 4.6 mm
fluid )
NN 50 AN T 24 B 25 2 ) Y B s RACNTs RAM-UHPLC-MS/MS ~ 0.4~60 pg - L' 12 [46]
(human serum ) 24 ) (S antihypertensive drugs
from different pharmacological
classes )
PNk PRy (e s el RAHCNTs RAM-UHPLC-MS/MS ~ 1.0~5.0 pg- L™ 15 [61]
(‘human serum ) filil ) Je il T R AR ) [anti-
smoking drugs ( varenicline and
bupropion ) , nicotine and its
metabolites]
PNIE AR R VETHENKET - RACNT RAM-HPLC 20mg- L™ 12 [62]
(‘human plasma ) ( phenobarbital , carbamazepine,
and primidone )
PNk 4 PR 2 R G 25 Cs—ADS RAM-UHPLC-MS/MS  0.025~0.625 ng * mL"! 10 [63]

(‘human plasma ) ( central nervous system drugs )

RITELRES G RIS eV, ARSI TR
DR SN2 SR RE | PTA S8 R AR I i), 1 5
REAR AR E M, SRR TE) 3P R M R e 1, 1l
PR IR B A ) o IS T R (K 6 ). MD
KAENE— AR , AT R A AT S, Ak ]
RE SR BT RN G ORISR SRR Y k0t , 2240
FZESE W L) K ) 53 M 5 T )™ Jee 7 1) i Jie, i
A AR AL A i E AR AR A B

27 FEIRM AR 1998 4F, Quinn 25 BV T & T
— P ROREAE I v U S TR, R TT R T — oy 6
AT ——m i (4 (turbulent flow chromatography
TFC) £iAR o TRC J&—FAARBOB AR, - T ik

YA /N T 25 A AR ER . TurboFlow™
TR I TR ) R R ik 22 LU O (1] 7 78 ] B 25
], AT DL AE PRE i EE A S s i s A, 78
UL T SAH R B E T AR s (T4
Fr HAs b &9 ) Iz, JF HRe gk A S (a4
T ORL I FLB B DR B AE E AR B &
g3 CARIMREEE A ) 9/, PR R, Bl e il . 42
BUS B H b4 8938 53 CS P o A M e, T
MS B¢ LC-MS 4347 . i TREfE L858 4 [ sk
B, 1 HAT DA RS, DRI IR R RS A Rl
G307 . Z2BERGE I B VB TR i AR S
b 247 2 B0 1) e A ) AT T
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R 5 F% MI-SPE BAEEMH RS HAINL R
Tab. 5 Application of online MI-SPE technique in the analysis of biological samples

NS N LY AR
AR, HohiA T A RN BOR SRR YR S AT e TR ik
. . ( coupled detection (time for a single
( biological sample ) (template molecule ) . ( quantitation limit ) . 7 (Ref.)
technique ) analysis ) /min
NI 1- F25E1E ( 1-hydroxypyrene ) MIP-1.5-50B %! & St 5t gAY 105 pg - L™ 1.5 [65]
(‘human urine ) (MIP-LS-50B Luminescence
Spectrometer )
NN ProGastrin Bk MIP-1.C-MS/MS 17.2 pmol - 1! 50 [66]
(‘human serum ) ( ProGastrin—releasing peptide )
NI MR AR (cocaine ) MIP-Nanol.C-UV 6.1~25.5 ng - mL™ 10 [67]
(human plasma, saliva )
NN SBE ELPLYR MIP-1L.C-MS/MS 34 ng-mL™" 33 [68]
(‘human serum ) ( hexapeptide ELPLYR )
NI IR RHZT 2 (bilirubin ) MIP-1.C-MS/MS 13 ( plasma ): 1.6 nmol + ™" 7 [69]
(‘human plasma,, urine ) SR (urine ): 5 nmol « L™
NIk FEVT P ENEIR M RPN MIP-HPLC-UV 20 pg - L™ 23 [70]
(' human plasma ) J# TR 15 ( fluoxetine , methyl methacrylate,,
and ethylene glycol dimethacrylate )
NI PR JBE 2 (insulin ) MIP-HPLC M3 ( plasma ): 0.7 ng * mL"™! 30 [71]
(human plasma, urine ) PRV (urine ): 0.1 ng » mL™'
VR (human urine ) 5% /K (oxprenolol ) MIP-LC-MS/MS 1~3pg- L™ 13 [72]
i3 (human plasma ) FIKEAR (amitriptyline ) MIP-1.C-MS/MS 150 pg - L™ 10.4 [73]
PR (human urine ) 28 —HIR — & ( diethyl phthalate )  MIP-GC-MS 0.18~4.01 ng * mL™" 12 [74]
&6 FEZk MD BV ARTE Wi 20 47 h B Rz
Tab. 6 Application of on—line MD sampling technique in biological sample analysis
o L2 20 LA KA N A 3%
AR T AR A B PREF I ik
(' biological sample ( coupled detection ( probe recovery )
. (‘analyte ) R ( quantitation limit ) (Ref.)
tissue ) technique ) rate ) /%
FEUFME Crat liver ) 24 F{CH# (24 metabolites ) MD-OE-ESI-MS 0.005 mg * mL™* - [75]
KB (rat brain ) PIVEEEACE ( endogenous metabolites ) MD-CE-MS 37~946 ng * ml™! - [76]
FEIL S g S4B MK ( cefalonium ) MD-LC-MS/MS 0.5 ng* mL™! 183+ 1.5, [77]
(rat plasma, brain ) 19.40 £ 1.91
FEUAR Crat brain ) LS MG 2R E2ENG LB  4- BRI MD-LC-MS/MS 0.01 ng * mL™ 12.0~37.5 [78]
( dopamine, serotonin, methamphetamine , amphetamine,
4-hydroxyamphetamine )
KB (rat brain ) #MHIE 7T 7 B s MD-HPLC-MS/MS 0.4~5 ng + mL™! 7.84~89.14 [79]
('seven components in buyang huanwu decoction )
KB Crat brain ) 5K ( mercury ) MD-pFPCAVD-ICP MS 10ng- L 5~10 [80]
REVCME (rat heart ) - PRI K AT RACE ) MD-LC-MS/MS 0.01~0.05 pg* mL™! 10~15 (81]
(‘acrylamide and its primary metabolites )
KEUAL (rat blood ) ThYRAARR 1 F1 1T Thyn44 YL 1 F0 1T MD-LC-MS/MS 1~32.5 ng* mL™! 3.0~15.4 (82]
(aristolochic acid i and II , aristolactam i and II )
FUIRSCIR AR DA DOPAc HvA .5+ HT.5 - HIAA MD-HPLC-ECD 0.2 ng*ml™" 5.3~28.3 [83]
(rat brain striatum )
KB Crat brain ) MBS H: 5 FAREH (nicotine and its 5 metabolites ) MD-UPLC-MS/MS 0.039~0.098 ng * mL"™* 47~9.3 [84]

AL HREL
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TFC Fi AR, B e M, 5k B O 572 T A&
PR AR S, 5 HPLC  MS R S A TAELRFE
i TR RS, PEAN AR PR R U B L T, AT LA
PEE AT, (R g 2 5 = AR R S o B
(7). 456G MSKIFLG T FH A IR T 5G4k

8, 5T SR T2, DR, TRC FAR AT 20 HrdE
PIHHEGERER AL BT v (I LLE ) IWEIRE S S0
B G, AR AR AR UL A R AE S 2 4
AR PRATE ST, HET, TRC EARE B T3
Ml 2 A I, R AU B, A L 5

RT TEZL TFC HAFEEYHRATHAA

Tab.7 Application of online TFC technique in the analysis of biological samples

BB A FE i BT[]

AR BRI . o . . SCHk
L (coupled detection ( quantitation  ( time for a single
( biological sample ) (‘analyte ) . L X ) (Ref.)
technique ) limit ) analysis ) /min

PN o- WEBHEEAMP-RBHE TFC-(HR ) -MS/MS 1 ng*mL™" 15 [87]
(‘human urine ) ( o—amanitin and B-amanitin )
NIRHE i 125 Iz SRR 25 1T A TFC-HPLC-MS/MS 1~2 ng* mL™' 9.5 [88]
(‘human urine ) (free cortisol and free cortisone )
PN DU 22 | R 22 A A S R PR Y AR TRC-MS/MS 5ng-mL” 5 (89]
(‘human serum ) At ( OH- ZEE A )

( citalopram, sertraline, bupropion and its active

metabolite hydroxybupropion )
INIE4 AT B FOT AR N- B R =560 TT TFC-HPLC-MS/MS 10 ng * mL™! 7 [90]
( human plasma ) (' mebeverine and its active metabolite

N-desmethylmebeverine )
PNk 6 FP AL IEYI T | 2 AR EL | 3 PRI 1 A TFC-HPLC-MS/MS 0.1pg-L! 8.5 [91]
(human serum ) ORIl

(6 perfluoroalkyl substances , 2 sulfonates,

3 carboxylates, and 1 sulfonamide )
NS AT LB DR H 4G TR G4 TFC-UHPLC-Orbitrap MS ~ 1~10 pg+ L™ 13.83 [92]
(‘human urine ) (organophosphorus and pyrethroid metabolites )
M i e FRIE U AR S8 VG K ( oxacillin and cloxacillin ) TFC-LC-MS 0.5 pg* mL™! 10 [93]
(‘human plasma,
cerebrospinal fluid )
NI MTX . 7-OH MTX , DAMPA TFC-LC-MS/MS 5ng+mL™! 5 [94]
(‘human serum )
PNk BT RE LA ) SN38 (irinotecan and its metabolite TFC—LC-MS/MS 5~25ng* ml™"! 10.29 [95]
(human plasma)  SN38)
[k JRZFAT TS | 17— B ST A S TFC-LC-MS/MS 0.02~1 ng - mL™! 9 [96]

('serum )

testosterone )

(hydroxyprogesterone, androstenedione, cortisol , and

2.8 TELMBAHHEEIGEAR  WARTEZEH (liquid phase
microextraction, LPME ) Ji Bl 5 % — & 2 BUAH L, &
FIFH 53 BT )RR R A G 39 22 TR 43 i R B[], 3K
FAEHCE R H A, YRS T LU AZ S0 LLE
5 SPE AL ¥R AR ST B, A LA 1, (H A
I Y Jmy BRAE o A0, R PR S e K, AR 1, it /
BREFER, TR %)), B sl e B ARAE
W, 73 25 20 4E 4 4 /N LA ) S BB R A0 A
Br TARWAR, 518 177z & P, SPME | LPME

R e A AR S A A A b B R A P 1T
%, I T 4 b3 A o A B S B B i A B4k
TR T AN A AL . TEARZ B LPME B
BA R A B( single drop microextraction, SDME ) #l1
1 2% W ( supported liquid membrane , SLM ) E i)
THRAEAE T A shit, TS 32 Ol iR FRTE uL JiE
Bl , 5 LC. GC LA K 343 B 43 A B vh i) i A AR
BRI 24, (A 1, SDME 5% SLM #% B 5 3% #8643 #7 $5 R
) B AR G, AT L o i U A s B Bl 2, o

RO
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A I e 7% B HERE R Ge b ok S EL PR 8 ),
FIHT SLM ¢ HU5t B0 0 58t BR S rhas 27 4 - W
AHTAEHL (hollow fiber—liquid phase microextraction,
HF-LPME )", % B 50 2757 5, A &% B A0, #E 41 —
U, i FE R — Bl AR B AR . SR, A HF -
LPME 3% 1 55, B ah i AL R 6, TUH 4 E T
AP T 00 B AR R W B g K M) B R AT EL Y TR

BT 40 I, (LG T A 4 BT B4 I S o BT R 22 2 i 4K
AT, K HF-LPME 5338 | LC 2 GC Hi AR HE A,
IR AR B FE RS B M R G, T S A4y
rad B A [ sl 5 PR3 Rl & 75 22 0 A%
2%, B s i A s e v A SR R A S
HERE S8 FIAL 5045 46, BV AR 224 5 2%, Wi B ) T
Az

&8 7EZ LPME RAREEMBE RS TP EI R A
Tab.8 Application of on-line LPME technique in the analysis of biological samples

A AT H A E R FLY AT i)

ERX7 S AL SCiR
L " . SLM ( coupled detection ( quantitation (‘time for a single
( biological sample ) (‘analyte ) . o . K ( reference )
technique ) limit ) analysis ) /min
NS VY2 ( tetracycline ) 1- e LPME-HPLC-UV 0.5mg- L™ 6.7 [102]
( human urine ) ( 1-octylamine )
AR DIBR T BRI 2 LR R DHE-ENB(1:1) HF-LPME/CE-UV 2pg- L 10 [103]
I3 ( physiological — BEME JEIR T A1 44SEDL TR A
solution, urine, and  ( model basic drugs: nortriptyline, ~ ( DHE and ENB
dried blood spot ) haloperidol, loperamide, and (1:1 mixed
papaverine ) solvent ) )
T BEAE 7K FRYEZ5 ). 3% SF 2838 4 (R DHE HF-LPME/CE-UV ~ 0.3~55pg- L’ 30 [104]
(dried blood spot and V&5 AL S 2SR Cacidic drugs:
wastewater ) ibuprofen, naproxen, ketoprofen,
and diclofenac )
PRI (urine ) A 8 BT 42 25 B [ 58 . DHE CNF@HF-LPME-  53~143 pg- L' 22 [105]
2R WGEO BRI I 08 HPLC
( non-steroidal anti—inflammatory
drugs: ketoprofen, naproxen,
diclofenac , and ibuprofen )
NI 4 Fgls TS 25 1- 2 LPME-HPLC 0.29~0.38 pg - mL' 7 [106]
(‘human urine ) (4 fluoroquinolones ) ( I-octanol )
JK SR ARPG S A s A £ 42 1 E+ Tk HF-LPME-HPLC-  0.9~1.8 pg- L™ 35 [107]

( water and human ( exemestane, letrozole, and ( n—dodecane )

urine ) paclitaxel )

uv

3 BREERE

AR i TR TRAL B 5 2 BRAR AT A 24 1
HEABER T, BAENE 22 E YR A 30 sk
HERfH M PE I S A v 4 B AR, DT 3545 i I
SRS T R AR JE R T 2P SERT 1
Qb PRTT %, R 2L SPE  FE 4k SPME ., CS. 7E £k RAM .
TELR Ay T BN 7E 2k MD  fEZR TFC  7£ £k LPME %,
XEETERA DI $Em AR fE A ab B
WD T RE S AL R LR, 18 TR T 5 B
AR TS G, A S T AN iR 2E Bk T
b 1 e R AN AR R 5 i AT Rk dR A alifl, £
TN RE 5 0 R U RIER T . SR, A 1A ke

AL HREL

At TE LR LA B AN AE—LE R BRAE, 140 - Xof— 4
S AR L B0 b FRSCRATI A 15 8 o 5 — L85 TR A A
5, BRI 1 RN H] 5 R8T R IR ANE iz
e AT XA IR L AR A A T4
ARG I BTG A SR AR A A FAL
HOIT, IR Z R INE B S E—R, LI L H 552
(AL IR T oK« BEAR SRR AR B B A 8, A2 W)
B AR TEL TIAE PR AT )35 R AL S AL A JE , 13
Ak B AR 1 — 2D AR A R AR BAL , AT SE B R |
TS A B 0 s A BN T RE AN ST HE RO 42 1 58k
TES AL B ARG SR AL A A sk, il 3 RE
PR K, A PSRRI A A 28 75 B g 5 (R
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