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Advances in liquid-phase microextraction technology and its
application in biological sample pretreatment
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(School of Pharmacy, Naval Medical University, Shanghai Key Laboratory for Pharmaceutical (Chinese Materia
Medica) Metabolites Research, Shanghai 200433, China)

Abstract: Liquid-phase microextraction is a novel pretreatment technique for biological samples developed
on the basis of liquid-phase extraction technology, which is simple, rapid, economical, and environmentally friendly,
and has been widely used in the analysis of biological matrix samples such as blood, urine, and saliva. In this
paper, we review the basic principles of the main modes of liquid-phase microextraction techniques, i.e., single-
drop microextraction, dispersive liquid-liquid microextraction, and hollow-fiber liquid-phase microextraction, and
the progress of their applications in biological sample pretreatment by reviewing the literature in the past five
years, with a view to providing technical support and reference for sample pretreatment in the fields of in vivo drug
analysis, pharmacokinetic studies and new drug development.
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S, A TR T A B i LS ) — MR, B Liu A
Dasgupta 111996 2 H . SDME i i F (K Filsi 202
B HR N B AR B (direct immersion single-drop
microextraction, DI-SDME) A1 751 75 B i 25 B (head-
space single-drop microextraction, HS-SDME). 41 & 1
Jr7, DI-SDME 38 b 4 3 i L 4695 N ZKORE 28 Joi v I
TRFFE 1R s SR AR /S5 PR &), 2 5E G T
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Figure 1 Two main modes of single-drop microextraction. A: Di-
rect immersion single-drop microextraction (DI-SDME); B: Head-

space single-drop microextraction (HS-SDME)

520 SDME A HUS A 1) £ B 3 4 3240 (3
HGA ) ISR BRI e Wk ot (AR (RE ) 19

PH B AR L FEH A 1] AL B 35 AN 5 - o B AR,
SDME H 25 UV 751 — A% B 5 7K A0 B VA i R Re 1

AR o3 W4, 36 N B # A M R Z8 U IR R
R 8% 1 6 P52 55 LA R W0 2 €. 5 DI-SDME A
Et, HS-SDME [ 2= BUV 7l AN 75 22 5 4 i I W 4 fd, ik
5 LTI RIE, (R BFR] DLE G 52 A i N TS e
SR BT

SDME 1) & 4R mUR2 187 5 ZEHUE R 1= A L
TEFEAED AR AT PLS S A5 (GC) i RUUAH
1% (HPLC). B41E B ik (CE) B LR fELL B, 55
P E Bk o F 2 1 A 1R R T AR R AR B2 R ¥ 77144
R U AR E N L M ZE R R IR B R
B 58 N G2 A I 2% 6 5 ik SDME 52 R A7 76 1) ik 5o
Mehravar 25U E F| B 5 F U 35 5 3 75 (deep eutectic
solvent, DES) [#] HS-SDME J7 % 43 #1 /K ¥ v 2 31 55 &

(e 2 A P B T A S A, BB S 35 4R v O 1
R M R 7 B R 1) A IR RN 40 B RSB v A
PUEAEL . Yildirim 25226 DI-SDME 5 HPLC {X %8 7
LRI F, T o 4 0 5 PR K RE v 1) R s T R 2R 2540
% Ff] Lab in syringe B A, s28 T A£ S AL 5 2087 H 3)
Ak, B AE T PR A /NS S R I, 88 n T
AR, SR ZEHUE R . 5% G 7 v b 2 4% ' JE e [R) 4,
T e ) . H AR %I%*ﬁﬁn%o Song Z5™1H A
SDME Bk & GC J7 15 58 JR A 2K T fie FH B 2 28 T i
I 51N HL 3 38 5 1 T B, S8R f 7 0 H AR T
B b R R AL TR0 ()7 T, 2 35 2 T IR AR
) S Y A e E S AR R (1 ) . Mafra
UV ST 7O W R B ¥ MR (magnetic onic liquid,
MIL) 1E RNZEEUH i) SDME 45 & HPLC J7 7 2 PR 45 7K
FErR R IA 4 R SE 7 BN WAk &, 185 96 FL
B 2R G5 35 25 4 J6 43 M R 6] L S B v o M R AR v T
P o MILAE Sy 2 HUR) AT DA B R A AR ) R,
& B R AR R AR e
1.2 SDME 74 ¥t A2 A9 R A

7€ 4% Flt LPME . A o, SDME H 91 5 5 H. #ix ]
R, i85 GCVHPLC 28 % M o b 7 kB H « AR E
AERBAR I, (HFAEAR L5 W br &8 Pl
A2 S 1A 3R S A R 1 & 4 o A R AT AN 2D
F, 80 FH 8% 22 W E DD RE AR JRTFEAS

Tang Z"JF & 7 —Fh i =41 SDME Fil T /& R
A% BA I . %715 L 200 uL -+ Z R fE A AL
HHE T & H DNA/Fe,0, W 25 (1 /K ¥ 177, 6.0 pL 1)
3,3,5,5'- VU F L BE K 1 (TMB)-H, 0, TR A T T/ AR EL
VA5 TR P 2 TE R T U2 N LA R BEAT 2R, 43
Wi & B B vl 32 s 2 AP (6 )0 RATRIU
Al /M TS S5 5, 18 G 3 o RN I 5 35 1Y s A W15
SORE, ARG BRI LOD, B LA R E TR AR
Gr B IR, N T PR R AR, S Th N A T 4 A
& 92 M5 FE A miRNA-122 Fl HBA-T (2 - 2
DNA F B) S Fric Y kI, oA 18 & il A%
BRI 5 (R B KT8 17 . Mafra Z5U 706 7 47 B0
A5 HPLC-DAD & & F T~ W I A PRI A 1
B S5 PUFP AR 255y o L [P ¢ 0 1,IMnCL> ] 1A AL
7, CARR R B 10 3% L H2 HL 130 min Ay 5 2 B %A,
InEh Xt o 4 BB B R . TR T BT
()R 5 LRI VEE R B2, H AR 20 S0 I LOD 2 7.5 pg-L,
LOQ 425 pg-L", X E 2N 70%~122%, & % K
TAE4~15 2 [a], 544 SDME J5 i A7 L3 it 7 3
(1) 73 b 308 - A0 A A 1 9 R e e M, AT DUAE S AR R AR
A 25 5 (1A 20T 1. Purgat 26U Md ] SDME 45 &
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B A X TR I e N R Hp ) 2R P e R R P T
(HTL). %J77%LL0.2 mol- L R h 22 X (pH 8.2) A1l
FH 0 8 1) DR VBRE AR 9 (AR AH, 5 40 uL (1) & 07 T3CE
TR KA R HAE NG VLA, 4.5 mmol- L i BR 1A WL AE
N2 A, I BN UK R G TE 48 SDME J7 SRt IR
TREAR BT -TRAE . e E46 1 N HTL i LOQ Al
LOD 43524 50 #1125 nmol-L™, [FIYRE 96.4%~101.9%
Z 8], HEE R 96%~ 110%, 5 CARIE I 7 EM L B
4 H B AFERS JE RO 3, HLE B MU R AE i L & 57
IRER, BT DLS. T HTL AH 9% 1) N 295 B A= B 22 1 5
2 PEUR-REE B AR K R A
21 EXFRESZWMEZR

Assadi Il Rezaee Z5"ME 2006 “E 42 H T — Fp /Y
A4, B - 2 BUH; R —DLLME, 3% B Ih 44 B2 T 7K
A HAL S I . DLLME £ 45 & — Fh i1 K M
(HEAAAH) 23 BRI AN ZE BUR) (2 AR HE) 41 = e 4 4y
TEFIMA 2, FEARE L& 2, FVE ST 285 R EU) 5 7 B
FIVR A ) PRI N AR W, A8 5 AR 5 7K AR AN TR VA 1
REHR (B2 AR H) 12 3 B 750 B 4E F T T8 B /s
T, T P B N AE R 5 7K A 22 18] (1 2 i 52 6 3 THI AR, PR
A B, STIURE 2 BT AR A B A B 52 A4 1
e AR B R, E B A IS R PN BE A% SR A 4w 11 [l i
FFE R,

i WL 52 e DLLME A& B3 1) D] 35 A0 46 22 U
TR 3 B 7] B ot 288 R AR R L I T < B B 43 PR
SRS 8] L 25 00 38 B % W T) A ot 5 VR pHL A < 5 3002 AT
BTN AP o A i B R 2 A LI 7R AN 43 0 7
(I o B 70— M SR 5 AR D RE AR V5 VRN 2 L
FIBSREIR T, o FH B2 BOA R B 46 R RE S RE VA L 2
i B REHUA ) R EE B Histb & B
A R UFRERLRE A AT 9 A HLIE 7, &7 &
B BRGSO S 42 i DLLME H i
FREEL 242, Fischer ZP9F & 7 —# DLLME 4 &
GC-MS/MS 177 15 [RI B I 58 SR 1 UV-327 K HAR
WY, FRVEAL IR AR B R . f#H 40 uL BSA/

Mixture of dispersive
solvent and extraction
solvent Quickly

injection

Centrifugation

TMCS fiT A4k . X DLLME 1 43 #5071 B 26 B (1 28 7Y
AR FR A i V5 00 pHLAEL « 598 5 R 96 Je I ) 38 A7
T A . 7E CH,CL CHCI, 1 CCl, 55 3 F i FH 25 HUE
FICAJe 2 VAR HR R TR S TR REE S P s FH 2 i
VE A Hh i € CHCL A1 57 P I 93 79 A D e o5 0 26 BRI )
BUA R, % 82 A AR CHCL, (100~450 pl) 5 5 A B
(400~1 000 pL) X 25 B 54 1 82 1 )5 1 72 400 pL 5
P71 700 pL 57 74 1 250 3R o 5 76 308 e I 1) 0410430
60120 F1 180 s Hf & 3 JiE 30 s AT 3RAF I AL RE LR
FLA 2% AR AR AL A 42 il B & pHL < 2, ¥R 1 5% NaCl.

SRR PE, DLLME B A 2 BOE FE V8 % /3
i~ A TLVE R8P 2D 1R A0 ] A0 R A AR A5 R 2, 3
A [ I 4 BRURIATT A2 23 0, o T ORR 0 1 92 23 i v iR
PEALEWARA B, e AR dh e B T2
(8L FHET (2 H AT 1 48 K358 4 DLLME TS 7 14 H
A WL A D9 2 BB 73 B0 57, e o s 3 vy JeE B A
Ak, ik R ERE, £ - ERE LRSS
DLLME ¥ 4E) 8
22 WENSEEE

AR, QR P IR R T T R A B A
B 5 B W4 5] N DLLME 3 2 i ] o I 24
Bl o3 807 AN REE — 5 D A HLE LT, A 20 &
RIS P R RORES AR FL B 23 BT BOAS [R) AT DA
DLLME 43 24 8 75 %t B 3 B0 — 7 25 X (ultrasound-
assisted dispersive liquid-liquid microextraction, UA-
DLLME). 7% < %l Bl 73 80 — K 7 A5 B (air-assisted
dispersive liquid-liquid microextraction, AA-DLLME) F
TR JE A B 5 HIOR — 0T AE X (vortex-assisted dispersive
liquid-liquid microextraction, VA-DLLME) & #% 3 .
Rahmani %L # AA VA Fl UA = F DLLME J5 V£ %}
KA PR O | R A T 0 AT 2 SR R I, = M B A
IS AT AN FH 4 BV 771, 2 IOV 770 40 i) e o =0 < e e
R 7 I ) B AR ) S BLA ) o3 , aE—R
LB FIRAE T o AR 4 B A X DLLME 72 £ )4 it T3
Aab B ) 8 R LR L3 1805047,
ealocton [
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Figure 2 Basic process of conventional dispersive liquid-liquid microextraction (DLLME)
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2.2.1 AA-DLLME AA-DLLME H B i 5 2 B
TR ) TR A R e AR B N T S A, SR A B S R
SR A o Ferrone S UK % BE I 1-+ —BEAE R
MR, AL T HE TR AL A ML (solidified
floating organic droplet, SFO) ] AA-DLLME-SFO J5 7%
4545 UHPLC-PDA [F] I 5 5l 572 A I3 e 1) FF g e
S L0 I NV NP | P U 7 R VAt 7 N s M A
TR R A 4 B, R 10 mL B 35 v 5 8% S B R GE
A 3 SR D s A B A A R RO S AT 43 HOE G
VEMREI . 7552 T 2 U BA 0T 2 R 28 1) 5 M, (E Hh
F7 1~ 10 R E 25U B Ak iz 8 YR INE A P [ i
R, PR ATEA ] 1 min N S8R, BE18 S
i PUE A AR .

2.2.2 VA-DLLME VA-DLLME 1 i % Jie it £ 28 5
HORE SR A0 HLA . Hammad 2597 VA-DLLME
5 HPLC-UV 4 & (1) J5 V260 il 3 A% 51 258 AT T
GMPE o LL20 pL 1-F B9 REHF 7, 200 pL H B
943 HIOE ), i e I TR IR AT AR AL, 45 R B R ATE 0.5~
2.5 min P i i€ 2 min W] IE B AR RCR, WA e ] T
2 min 2> 5 FE UM A 58 42 70 8, KT 2 min W) 23 {6
AR TE 7K H s ffe B 38

2.2.3 UA-DLLME i /i /& DLLME " 5 47 24 AT
IS FH 5 2 1 4 B 20 TR B, P O R e A B S
A 45 2 BRI 1 T B 40 2K B8 A oK 20 P AR
TH 43 R A R TR RV ok IR, A S BT
(R 10 RE A A5G I A 1) 42 ik, (2 2k LAk, DA%
IR, P BT A I B = US> B R AR
P | A R 2 45 43 IO B A R o AF R o R ) 7 A
2 FE T ) B AR . Mercieca S L T UA-
DLLME &4 GC/MS 177 1P I 5 1 73 A0 R 9 1)
R RR = B AR . e R A A A A 150 ul &
PR N ZEEA 7, ik 7 2 min 4 BHRVE, Zd R R
15 FH 43 B0V 7)o

2.3 A DLLMEBFI S5##

AR, B AL gk 0 B ARIA TR AP, 1 0B Ak
(ionic liquid, 1L)"“"', DESPY A% % & ¥ 7] (low density
solvent, LDES)PY #8437 ¥ 7] (supramolecular solvent,
SUPRAS)) | SR THI ¥ 14 77195 710 AR A AR 5 B VR & W i
7 (low transition temperature mixture, LTTM)P**1 A1 ]
D4 5 71556 A5 W i 4 97 #£ DLLME Hh & % # 24
F o 3 QUOASS1SS3STT00 3 gy T e i B 4 €8 R E G 1
DLLME N T A= P dl i 4 B 038 73 SE B
231 BFRME IL 2 A KRR BB A R
H R Rl L, 48 S 2T 100 °C, B 2 M # v i
M2 BEIEFIGRE T A 1E I PH B+ FIBH 55 1 Re g

VAR IL (3G 2% B B KR Si /K P, 3o AN ) 40 2
FH 1) 45 45 AT DL B 5 R 2 A0 A B4R, DL AT
DA AE R BOAE TS, A AL G A WLIE ), IL B 7T
IS PR M R e TR RE ) B T SR VEIR R
(A 7% 0 25 2 2 A0 AU, i IL ek Ja AT AR
MIL . & [ 3% M 2 T4 (SATL)ZE 3 B AEHL5F . Kong
S g 7 7 — Fp kT SAIL () DLLME 5 3%, 45 &
HPLC 2 [F] 25 5 N I 2% A 4 Fof i 35 4 24 A2 25 F0 6 Fh
KAE MEK, 4 [C,MIM][PF,] 1E NEEBUH, L%
4R LOD 4 0.002~0.076 pg-mL". % /7% Al 7E IL #H
CGERUR) B 3T 1R 5 T8 B 9K T 45 4, 9l
BRI AL, SCEL T R RO B IR BB E N EZ
232 RERAEF BRIL5EEEIERMLD
HE&EWHERS, BEAE— 2 WIS R FEAEE.
i A oK, DES R o 5 TL i P 28 A0 ok i 52 06 1
DES A& W4 F4) J53 38 i S0 A B AR P B I Az ik T
REA A o 3L R AW, 8 TR 5 3RS BN
ATRESAL B YA B, B % — 8 B AP 25 PR R A2 ) %
fif . DES W& KE SRS T, 1% 581 1
e REAUAR, PR B A s B AL 25 1 Joit )
I8 T AR 25 ) P &8 %2 48 (hydrogen bond acceptor,
HBA) 5 & # itk (hydrogen bond donor, HBD) K Lt {71
WA, # UL DES R ZA PYM R © 54
B A @ ik 5K A 48 K 4R,
® F4h 5 HBD (BEh R R ML) A, @ 4
JE&E A5 HBD (BEe RRABES) MA A . Hp
T B o A S K M 1 DES, J5 B Rl 35 A R
A B IR 3 i ¥ 71 (hydrophobic deep eutectic solvent,
HDES)®*, LPME ' [{] DES % & ] & 1k f5 Bl 55 iy
(G 2K By 56) TR A i 4150, 7K & 048 DES 1 45 #4045
PE, A8 A KA 2 B A AR, AN B F T 2K AR i 1
PEHL, 1M HDES #1 7] F F /KM AR, X — 259 KT
DES 7E DLLME 1 [ i ™. K £ %t HDES & & 1 %4
(. 8 DK R4 1E 8 HBA 5K Bl K55 s
FR BN WL 1 (GEEATEE . T L A HLERSE) 45 HBD
& % HDES. 5 Ak 058 55 5 4 £ 56 A0 L, B # £
{E A HBA B B K IHKER . HDES % B 75 ZE L
ik A% o kS A E A Y, R R AR R R T 43 RN
T AL R, BB R, DRk, (K% 2 HDES
BE— 3B FF k5 B FME TS R

U HH LA R SR VR 3 R T RS el B L BERE L £ T
R A AL R RN 2 B R 5 R ARG & i A B A LA
F UL 5 BE R B4R, A EE T IL A% 45 ) DES, HoR
SRR TN &t tafb R B R B, e
KLY, LTTM A& —Fl 5 DES AHALL A5 77, 3L X A1 78
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F I AT 5 BUK A, T R BB AR AR . (R
7E il £ AL F LTTM 1F 4 DLLME 1) 25 B35 2 /T, 75
BRI 2R 3 B GRS L A ik AT RAL, DL E
HONLTTM i 9E DESP,

Mohebbi Z£°*15% H DLLME 45 & GC-MS [ 75 723
SE PRV I = IR 2R 25, 1% 07 15 A A /b & 1) DES
(Hfr BE 2318 B AL G TR 7, (8 258 7K 1EAR
Iy BV ), B4 i DLLME 75 3 86 22 4> L & (.
Golpayegani 26 DLH Ik = s B G B 5 1E T g (BE/K
Et 1:3) 4 Bk ) HDES 1E & DLLME [ 25 U5, 45 &
HPLC-UV J7 350 %8 A i )L 38 i 2% A i K 3 B i, £
R T DA 7, & T 5 2 SRR R A [F)
=Y E .
233 JEEBEAT £ 1 DLLME & B — %
FE LK R, B0 JE UE T8 R DU E AT AH 2 5, (H 2 X
BE 5 ) 22 N S 77— S5 BRI R, T IE F B AR
£ ¥ 70— R LA BAR B 1 L5 o W 88 B BT B AR
M, v AE A DLLME B RSB {H 2 25 58
K2 B 5 70 008 LA — 8 DLV 1 T S0 A2 A8 T oK T
J7, ANEE G R, PR T tH A 9B A 2 2 4 55
TUCERAR S B2 G HLAH, S8 2 H 1 A 1k A 848 1) 07 7%
A A B Sk B S P Leong Z57E 2008 45
JEF LDES JF & Ht 7 DLLME-SFO ) J5 ¥, 1 i 2 %
N BE LKA A, B0 S B LR AR HUE (1 T
B, A LB 7E KK I Ho vt [ W 4R, T S 7R & IR T milfk
BE4T 73 HT . DLLME-SFO A5 B 711 2 3R 78 7 B0 77 v
RE =1 PV AL TR KM R I R AR S B AR e i B
B AR 7 v 4l A = I A A L W 1-1
- (B IR S S R A
FIH AN I, Z TR YRR AR N A2, &
312 i T DLLME-SFO £ 445 HUAH 5 58 T )5 1% f ke
REANHE . NT RIRIX— 8, Canales E R T
B B A5 ¥, BN AE DLLME J5 F 3F 47 8 75 4 B
R, 1 5 BEAT LC-MS/MS 43 7. Iqbal 217U & K B
I 7 5 B e LS DLLME 45 & M T 4 Wkt
A5y M, 5 UPLC-MS/MS Bt F 20 # I 5& N R W 1
suvorexant.
234 EASEHMEMR  BCSHETEM BT TR R B,
AR R Bz, A MIL fG AR . MIL B
5450 IL MU B4 M R, RIS BE WS AEREIAVE A R
R B ZL A N . MIL G H B — 280 4h G I7 A oi
FUE N AL A W 24H R, 72 DLLME w4 AT DAY B 4%
GiR B . T MIL B A4 B8 9F B 5 T [mlk,
DRl LG 4 A A B A G0 TL SE IR ERUT ™ i A 2 Wl e 4 oK
W5 B B R A B T Y B — s B 34 50 1A 1

PER R RS0, A1 Bh T Wi Pl A 2R, A 20 20 5 5
Do FERGIRAR R, 38 SR A 4 B Th v M ) 7 G
T8 B — A HEF 2, 1T DU 5 58 4 4k 1) T i A Ut
F&"",  Alipanahpour 55§ Fi LA Fe,O, 14 M4 44 2K #4
5 HDES 8 £ il £ 108k Rl I 7 A A v 48 €8 2 U5 1
DLLME 5 HPLC-UV 25 & 1 77 155 R« i 2% A 2= 7
FESL T 2 PR 2 (DOC) #HAT & & . 1% 7 vk
HDES f& % 75 i 11 44 K URL (1) 0] T 42 £14 B e /2 ok B 1
YK FIORL I SRR, 1 R IR PR TR AR 1 o ViR i Bt B U
FH T o R IR R A A P TR o B, B A A ) A
R . 5 JE i A RGO A MUR AR R 2 3, 982> T B
20 B, Refs B B 46 A AR R 1) . 5 fh 2 TR R 4
Hr 7 A0 b B AR Y LOD, nf T ZE s AR RE S
DOC [ HL .
2.4 DLLME fE4E #2895 A

H #7 DLLME J7 ¥A 78 A= W0 A 1T b 38 o 1) 87 F o
Z DL ERE R R AW B A R R DU, R
PO R 5 MR AT 259 R 2 TS T Y S £ A S IR R R
VVE R R VR VS I 2 R 2R
3 R0 A A A 1 Ak P A R I AT 2, TR
HR VAL A UL S HPLC F GC £ 43 K7 758 04 68 % Tk
o

Rahimi £ % 37 T UA-DLLME-SFO 5 HPLC Hf
B35 A R B R Ly B AR R SRR U &= .
0.2 mol-L™ W g 5 2 /i i I 15 FE A pH = 6, LA 90 uL 1-
WA AR EUGR A 300 pl B EE AR o BT, R A
15 min J5 &5 0, ZEHUH T UK K 38 o 358 ] 43 125 )5 75 2R
TR AT . A E BRI R E £ T
125~137 2 [, £ 1 ¥ 4 0.005~3 mg-L", LOD A
0.002 mg-L"', RSD 7£ 2.7%~3.2% 2 ] (n =5). %7
A RS E R R, 2V T AR E,
LOD #23x B T~ H AR 7T, A WL E AR /I
Zhou 25 & 37 7 UA-IL-DLLME 45 & 8 /& 208U F 2
Tl — = Y AT 4R 14 B 1 B AR BT U VAT AR B A
R i i T B e RRE R R AR DRV A R B R R T .
150 uL [BMIM]PF, F1 400 uL Z. i 43 5 4 S 26 U 771
A3 B R, 75 307 W 75 D) 28 1 S 4.3 min, 5 FE
4.8 min. HMAKMFT, 15 P4 0% )7 1 LOD 7E 0.05~
4.88 ng'mL" Z [i], LLOQ 7£ 0.12~11.24 ng-mL" 2 [#],
FIECE (n = 3) N 72.67%~125.43%, R* ¥ KT
0.991 7, 7732 0] T FEAS [ I R A 4 v 4 42 366 I o
3 hEAHREMERR AR A
3.1 HF-LPME RIBREE

1999 4F, Pedersen-Bjergaard 25" 37 T HF-LPME
J7 9%, A 205 Bk SDME 57 A 43k i AS Ao e 14 1) 8 .
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HF-LPME $52 AR B A7 ¥ 751 1 #6 R it A0 2 I [R) 6 56
Pe#y, T H 2 £L 0 b s 2F i B £L ] DLBH IR 2B K 93
PoJsidt N, Jelsb 52 2% B0 T AN A 52 . HE-LPME
FE o PR =R (1813), =AM iR 1
PR 3 H T 52 AT TR (3 A T Y P 9 A P v T A%

AR K ik PE . HF-LPME — A4 FH SR N 13 & 2 7L
(1) 2 AR YA D T 1Y) S, A TR A R N AN T
T KB A WL 7B B SC 3 B (supported liquid
membrane, SLM) 1E NFIN LM . 1E AR A, B
T T 9 SCHE TR ) [ IR+ A2 52 A A, 1T = AH AR X0
TE 723 A4 78 5 SLM AN TRV I 52 4840 i
KA. SRS, R 25 4E 4l AFE b, 20 A A4
JKAH (BT SLM) $2 LS8 i (1) S2 A A i b, T s &
AL FRIFATI o BTS2 AR AR AT DA A LV 1) B 7K I
W, P LLHF-LPME & e R 3, W] 5k 2 80l ik
a3 R o A DL AL 22 A A A e U

Acceptor solution

(aqueous) Acceptor s_olution
(organic)
Supported liquid
membrane (SLM) omls Sl

Figure 3 Two main modes of hollow-fiber liquid-phase microex-
traction (HF-LPME) A: Three phase HF-LPME B: Two phase HF-
LPME

3.2 FBEEN SHRMEMEREAR

3.2.1 HEEZZEY (electromembrane extraction, EME)
EME #% AR 55 5 7£ 2006 4 51 AU A YA, 5 /K AN v 1k
8 7 ) SLM A ZK A i o £ A FL A 5T, /2 HEF-
LPME [ & & FIfEAH . 5 HF-LPME J& i 5 #t 4 U
7], EME 2 U 5l /) /& — A fiL 37, DR T L 4 R okt A i
FEVELF AR, Rl fext T BB M 70 i . EME %
Ol R e 3 1 pHAB K FBL B 73 440, I AE L3 B4R H
AL AT KR A RS B[] E A2 SR A AR SL P
AP TR Bl JUAE % T EME B KRBT 5T 5
FET SLM MM FI LA b, SR 40K A4 BHE IR0 R E
TR T T 0 el U B ) N POV A P AR AR R AR B B T
5 FEME AU R E PR AN e B ) @t [R] I e
T EME F A7 & 0 RS VEALE B, A 223 ST 0T

KT RF R 0 EME £, B Sl (v 5 H
ﬁﬁ%[l%]o
322 AT ZER (solvent bar microextraction,
SBME) Ny 7 #k— 5 i L Al 2ig it HE-LPME $2 R £ Hy
T2 7, 30 G v 25 2 4[] 5 S B3Rk AEH 0 PR i), 2004 4,
Jiang Ml Lee 27 7F HF-LPME £t b JF & HY —F B4R
J7%——SBME. SBME {# H — /N B 9 vy (] A 1) vh 2
AR YEE AL AR TR RE AT R, SRR AN T 2SR,
BV 7R AT UL H RS B, AR 3 5 T 20 BT 0 0 F
B RE 77, AT 345 5 JE A AE B TR) R S 1 TR 46 TR
FUSI9, 5 HF-LPME 28181, SBME [A] ¥ L 7 1 AH Al
=PRI 4 SBME BEAT LAk kit 5 X R R
T/ RLES 770 0 A2 A 2 O B I ) A e A )
2 H Bk RUEE IS B T BT N R T AR e b
W Li UM G 2> T RIS R N e B L T
P 5 P YA B RE B 92, o 2K UM o A PV L 2
(R ZING3 1 F 0 AT v 255 R TR e 17 () ) e A Ak HE B
FEAR SRS TYR T, %777 C R N
F NI A A S AR BT 28 25 19 53 BT il 5
33 HEEVMHRI PRI

HF-LPME %5 I B A B H A 5 SDME #il DLLME
AH b 55 0 90 45 2% A A R I e S 1 TR A, Rt — 2D
T G T A T AR T 2% BN B2 AR AR A BT A . AN R
12T 7 B8 o T R &, BEOREUH AR 7 5 . SOk
R 38 R g DT I YRORR R R it R AR 2 L JE S AR BT 4 24
R AT VR T S 250 R o3 I e A, BT S O AR %
A A, B[R B D e A R AR R R 24
WU SR R T R A 2R AR AT AR AR (1) oy B
e B A

Kiani "% SBME 5 HPLC-UV & &, [ T &4
I E AL PR A YRR R R KR . IR IR
FHEAE N SLM, #5435 il 2 $2 U3 SLM 1 s [
FEELB KA SZ AR M A o FAG B 2 F5 40 300 o T (L A4 AR
524K pH A 10.7 F113.1, 7E 51 °C N 25 HX 60 min LAFE
RERAERFERE . KEHWNE4£F T 498.5, LOD
FILOQ 43 54 0.015 F10.05 mg L™ % 53 N & IR M
AR b R R B B, 95 7% 48 HF-LPME J772: &
L P RECR RN S . Bai " RL S mmol L' &
T P 77 DPPC ¥ i 7E 1F 3 B A0 /2 1 1) s R ARV AR L
#H, F HF-LPME 5 HPLC 45 & F 0l 2 2 9 2 o b &
BRITHI S . IR RE SRR 25 f5 15 pH A 6.
FH ¢ 63 %8 T T 1 1 I I 5 Je TR ik AT R AIE, A 23 45 4
Fr B[ e R R b, DN 15% NaCl PAFEE %
B RIT s R R, R IR R . RIRHRAE N
FETH G M A SR AR AR, o T AN [F) S 2 A0 o (1 20 B P 2



5e AR W R R B SEAE AR R i T AL 2 o £ 12 3 e - 307 -

Table 3 Comparison of three modes of liquid-phase microextraction (LPME) technologies. SDME: Single-drop microextraction; HF-

LPME: Hollow-fiber liquid-phase microextraction; SLM: Supported liquid membrane; NSAIDs: Non-steroidal anti-inflammatory drugs

Mode Basic principle Advantage Disadvantage Application Ref.

SDME  Single organic droplet is used as (D High enrichment factor; (D Restricted droplet Determination of antibiotics, [4-6,10,
extraction media to extract the @) low organic solvent surface area and volume;  psychoactive drugs, NSAIDs, 13,17,18]
analytes by direct immersion in  consumption; 3) good @) organic solvent pesticides, biomarkers and
the sample or by standing in the ~ compatibility with analytical volatilization; @) lack of ~ other components in
headspace of the sample. instruments; @ low cost; stability; @ poor biological samples such as

®) easy automation. reproducibility. blood and urine.

DLLME Extraction solvent is rapidly (O Wide selection of (D Extraction phase is In vivo detection and [21,22,
dispersed into the sample extraction solvents; easily contaminated by metabolite studies of drugs, 25-76]
solution by dispersion solvent or () auxiliary dispersion; complex sample matrices; chemicals, endogenous
auxiliary dispersion mode to ®) fast extraction speed; @ still requires the use of components, food and
form an emulsion, which is @ less use of organic toxic organic solvents; environmental pathogens,
stratified after centrifugation and solvents; G easy to operate; (@) low automation; active ingredients of
separated for instrumental ®) economy, efc. @ easily affected by traditional Chinese medicine,
analysis. human operation. nutrients, disease markers, etc.

HF- SLM formed by porous hollow (D Wide range of (O Slower extraction Single or simultaneous [101-115]

LPME fiber (a carrier), used as the application; @) not easily

extraction interface. There are contaminated by complex
two modes: O two-phase HF-
LPME, SLM as the extraction
phase; @ three-phase HF-

LPME, there is a receptor phase

@ compatible with most
analytical instruments
(acceptor phase can be
(mostly aqueous) along with the  aqueous).
sample solution and SLM

(organic phase).

matrices; @ good stability;

speed than DLLME; determination of acidic/

@ requires special alkaline drugs in biological
equipment. samples; study on metabolites
of organoid derived drugs

(such as liver organoid).

A RUF R RE 77, v LA T8 A 246 5, 1
HF-LPME A 507 1) & SR AR . 28 XTI LLOQ
N2 ngmL", &K FikF 126, 7] HTH K230 71
S
4 NEE5RE

SDME . DLLME #1 HF-LPME 1 >y LPME 1 ¥ H]
e 2 I = AR, A A A S W kb 2l S5 Ak
SDME % A f% {8 54 25, 1H & REHGHE FE 1% R A Fe
S5 ) LR, HF-LPME $% R RE % 12 3% 140 3% SDME £2 &
PR ] 8, (2 A5 EOH FE A AR 45 1%, EME #1 SBME 4%
I RSB AR R R R AT DL PR S AU . A
B 5 DLLME $52 AR BAT i 8 L PRk L & 55 VA R 1 4R
A, AR T I 55 52 R o R AL B AN AR 75 5 R
JRRR AT G RRSRE, X =M VRS A R S X H N
AT (FR 3HSIOIITISA22 TG0 TR A R AT Ak B
BTN G5 G o TSR R A A M I A ot R i A A
RO BH e B k. oh, BHFEE S R
(FEN Qe 3 B S E e O o S NI IR B G AN
EZ [WiRr D

LPME 7 AE ¥ 25 ) 43 #t 508k 1E 338 45 o IRV — 0 2
H B [ A A6 H S A% SR ot i Ak 2R 7 A MLV )T FE
R HEAE S A% BRERT (R B, 0 IE T I 2H LN

PRSI TR R B 2R A A, A R R (RO
) 9 B AT R | e sk 2K EUORT E B A5 o AT, 8 i
JB Tl AT AR L SR ) [ B K KB R R o AT Y
FE R FNAER 1

LPME JH 25 33 A8 1) 4 5 0040 B 7 6 o 6 K e &
). FERIALLTJUAJr: © LPME 4 2 5 i
a5 AT ACER I AR A A R PR, I A B A, LS
U5 @ HAE D IR TR 3 — 2D ik, O TIAL BEE FE A
R . — 4 LPME £ AR % 8148 8 2 Ui,
P8 Yk S R0 40 T i RS TDM I 100 55 R 4 A F S B
BRA —EEE;, © NAZ 5D miEEE s
Mt HL 5 S PEUF 1) LPME # R E f5IF R, @ BT R AT
B AN V2 3E M R B R B A TRl — 2D
. A5 A B G SPME &5 HoAth A & Tl AL 3 H2 R AR 55,
AN RIRG O TRV FEMREFE T, i —Fitm
LPME J7 V103 5 R R FI BRI, B S IT R e il
A 1) v 38 A SR TIAL B A, S AE PR SRR
I3 TR DI 23 A7

YEB TRAk: 5870 0T SO R SR SO i = BR 4 Tt
BECE; T R BN THE SR ERER TTE SO dhk e
DT SRR RS S AE AB SRR S

FIZE A A SCTH 2 R
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