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ZRERNE AR EEED MmN

& B, X &
(ALIRRFADTIARERDBER, KA IRFILETEERE/ mERE,
ST %4 “1117 5195 K, KX 430068)

WE: AKRAFE LS % (polyamines, PAs)E & & # & i (putrescine, Put). L4 (spermidine,
Spd). #5 & (spermine, Spm)A= L ELIL % i (acetylpolyamines, Ac-PAs). % BK-F69 %85 % 4% 4z 6%
RAeF R EEEMK, AR SEMINARSHBREGKELDIREY, BN S EGEGR. 2EERL
RAFEIEE T E I, A ZHEMNEREE A TEMHFEST ZROSH, —FRIET $ KA
FEIE 6 S Fe e RGBT P A A M. AL B2 T ZRAMNBRALAEDESSTFHEA, £
ZOFEAMEE, AABEE- A, A E AR R R RS, I, TRENBT NN S
BMB AR, BT, ALIGE T EMHES T ZREOEMN ST IAZT FEGPI AL E T RS, F45
BT %Rt MBER R T, AR % et R 6951 5% A= 4 2 5 69 F- 0 55 &A= 0E AR50 69 & A
RE—R G HFE,

X S SRARM: Sk

Technologies for polyamines detection and their

applications in biological samples analysis

SHI Chuang, LIU Sen™
(Key Laboratory of Fermentation Engineering of Ministry of Education & National “111”
Center for Cellular Regulation and Molecular Pharmaceutics, School of Bioengineering and Food,

Hubei University of Technology, Wuhan 430068, China)

Abstract: The ubiquitously existed polyamines (PAs) in human body mainly include putrescine, spermidine,
spermine and acetylpolyamines. Dysregulations of polyamines levels are closely related to the occurrence and
development of many human cancers. Therefore, not only polyamines were prevalently regarded as potential
biomarkers for a variety of cancers, but also the synthesis and catabolism pathway of polyamines was
considered as the important target for cancer treatment. With lots of techniques have been applied to the
determination of polyamines, the application value of polyamines in cancer screening and clinical diagnosis
was furtherly confirmed. This paper concisely reviewed the detection technologies of polyamines and their
applications in biological samples analysis, which mainly include gas chromatography, gas chromatography-
mass spectrometry, liquid chromatography and liquid chromatography-mass spectrometry, and also briefly
introduced the progresses of recently emerged polyamine detection technologies. Meanwhile, this work

pointed out the limitations in the detection and analysis of polyamines in biological samples, and proposed

WFSEHA: 2021-10-11

HEQWH: EXARRAESUIH(31971150); HILA A8 H 5 F 3410 H (2019CFA069)
$—1E#: E-mail: 101900389@hbut.edu.cn

*BE{EH: E-mail: senliu.ctgu@gmail.com


https://doi.org/10.13488/j.smhx.20210736

- 120 - CHEATRIALEEY  20224E42%: 11 £33

corresponding solutions that demonstrated the direction for the development of polyamine detection

technologies. Finally, we hope to provide some references for the research of polyamine detection and their

applications in the early screening and clinical diagnosis of cancers.

Key Words: polyamines; polyamines metabolites; polyamines detection

5 DA (WHO) AT (20204 tH 59
FERE Y R, TEARRM ZH4E, At AR
FEIF B BT e 21 IN60%! . TEFRIE , [l 4%
P AE (19 N SRR AR BT, i B A 5 X
30~695 NFFAET I BRI . FETm B84 mr
FRIE 2 BN . BFRE . BE. 4Bk
FUIREED . i FIX e RE, B ATE A SR
HRITHERZ K. Bk, 2FA800HE
F W 515 R 3D Jed i 3o 1S 1) B2 o

Z RN N T 2 A — R A
SRR R EE MRS T, S 525
AFET . RRMEARNE K. MG 55 5%
ZMAES I RIEEENERY. BRREL,
SE JC M\ A B 4T At 2 PR 4 PR ) B AR S, AR A
BEEE R B RNk, 2R A AN RO E RN
RIE, 20 N 22 K P 16 b T 38 8 A 2 e
RARIRRED,

V4 2 VR S — Pl A - 30 5 A0S W () AR )
WEWEEE T 2R, XuE"%
L, JeRE B URE A P s RS e RS i /K P
VW m R, 10 HLAS R g hE R A
Z WK A A AN ], R BAS [F) 1 22 i AT R
AR MR AR EY . Wk, FRERAE
AR I 7 3252 43 BT A= DR i P I 22 R T e e
AR S A W R R B . AR E LR
T 2 RS DA A (B 5 i B FLAE AR DR L A i
HIRLFT, DA 22 i S T E 15 3 9 A A
Wt —E NS5,

1 B

1.1 ZERHE B R

Z NI EY & BORIE T IR %, 8% LS %R
(Ornithine, Orn)EfE &M (Arginine, Arg) NIEY&
B Rt R AE RS G & BB (spermidine
synthase, SPDS)IIEH FAERASE, 3 —B1E

K% 4 R (spermine  synthase, SPMS)HJ/ER T4
A % o LRS- i 24 K (decarboxylated  S-
adenosylmethionine, dcAdoMet)thZ 5Hrh, A
Wi P FIUR Ji 1 6 A A1 28 7 22 (aminopropyl), T H
By 958 J5 8 R i £ (methylthioadenosine, MTA).
122 G B oy AR R b, SRS G e - T i e
% I (spermidine/spermine-acetyltransferase, SSAT)HJ]
3 VAR AT i FIORS Ji B A Oy T A S s g /s T
(acetyl-spermidine/spermine, Ac-Spd/Spm)Fil — Z.Fit
A0 K W% /K W (diacetyl-spermidine/spermine,
DiAc-Spd/Spm), N RAEZ A E (polyamines
oxidase, PAOX)MEAL 70 Bl A0 M Ji e ALK fit
UbAh, JE L v AE A A B (diamines  oxidase,
DAO) P4 T A pliy- 2 3L T BR (y-aminobutyric
acid), F§HEIE AT AEPAOX AL T BB AL N K
i, FHAERBGETEEH,0,). 2 &G R 43 At
R EN TR
1.2 ZRRSRERE

Z WK R R S AE () R AR B DA G . R
AR F L fe A RIS MG s, 2 oK PR T
o TEFLMRIE . 45 B i R0 e S5 e 2 L v T
P AR RO BT 5 10 2 BRI R
ZWAE AR AR T A i b i EEAE ] . Igarashi
WL R Y, 2 R s 5 m 45 B 4 i A&
K TA A AR O T ek R R iR A O Ik AT ) 3R IR SR
RIEX S B W E . [y, 2 ik
A LS B bR ) R A A ) B A L (R 2R
RE T, BEAIK S e 4 M i pi b e S The . 2 il
ReAE A e B A 0 B A2 W e bs . 7E 2 o e
BRI R IR 22 K35 A
[FFE R Th i, R 2 A W] R4 Jhe 5 4 i
BRI W FE AR

Z W R o R S RE K A . KR
PIMC. DuZEl'URIL, KRR A (SR
M. ZEE) 558 EWE R RKERBEVIMEK, —
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1 3 {7}
Methylthioadenosine Spermidine/spermine
. -acctyltransferasc : e Polyamines oxidas .
Decarboxylated Spermidine —— . Acetyl/Diacetyl-spermidine bl Putrescine
S-adenosylmethionine £
Y EZ : H,0,
Methylthioadenosine @' @ Spermidinc/spermine
o . -acctyltransferase g . Polyamines oxidase S
Spermine Acetyl/Diacetyl-spermine Spermidine
| Polyamines oxidase L 02 Hzog
o~ Spermidine
o, H,0,

Bl ZEREVE AN 5 AR G R R R

FRERRABIRE, Btk ol KE Bk, 2
B A AR AT BE SR R AE VR T IV HE . LA
T B e i B 2 R o AR AL S 259
BITIE , PR 2 KT W& B R IR
RT3 I 1) 2 B Fr A K oy AR AT LA R
iR AR K EGA BRI TR RE R H . B R AR
W, ZReTDME TR I, 4B, w15l
lgtie 25 22 i hE R A AR SR TII FA RR AR
PR, 22 5 BN R T A A AR AN R R ) A= W b
W

2 ZEENKAREEYERDHTHRIMA

Z sy A K BB A, R G 5E AMR
MUK S5t 1 H 75 R HL A 58 AR s 5 4] B
55 R 5 5 G B R 22 kAT AT AR A S AR
W R] DAAS G AT A AT B A I 22 iK1, {H R
A% . fHakkinenS @ L T —Fh LUTURRIC I 2 i
VBN BRI AS 75 AT A B ORE € 1 - 5T 15 v R At
N PR B S 22 1
2.1 A%

AR R ) T A BE TV 2 A - AR BT
(liquid-liquid extraction, LLE)™. [ AHLE
(solid-phase extraction, SPE). [&FH{#ZEHLiZ% (solid-
phase microextraction, SPME)™". i i A% By 2

(electromembrane extraction, EME)™, rhas &4k
RARTAEH (hollow  fiber-liquid phase extraction,
HF-LPME). HA[H AH#HZ% (magnetic solid phase
extraction, MSPE)2%, /s [A] A TALHE J5 vk & AN [H)
AL I 7 32 DT I B0 0] A5 ot v 22 Jlg 1) SR . 1
Har i o
2.2 BRI A E

AR S R 22 i RS DN D7 vk 32 A DA
LR BRI G 9% I B E 5 (enzymes  linked
immunosorbent assay, ELISA). S AH %1% (gas
chromatography, GC). “SAH1E- B B H % (gas
chromatography-mass spectrometry, GC-MS). &%
AR €32 (high performance liquid chromatography ,
HPLC). AH 155 1572 (liquid  chromatography-
mass spectrometry, LC-MS)&5. 77 :0 3 Z A5
EANRWL . AR ARG HA A AR

iﬁfzi—f{;
H =T o

2.2.1 BEFE T 9% BRI ik

TREF IEKG B 928 TR BRI 2 K i A 10 ) B AR B e i 4
G THEAMEEAE B, RGN R ERS S, M
SIAR L B AR BB ARSI . Matsuoka % FH
PiDiAcSpd. DiAcSpmZ 7o & BRI T e B 5
PR A N Ng-DiAcSpd AN N ,-DiAcSpm. HR
Ue D7 e R, BRI R R e, HRH
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T 52 B AR P 0 2 DA R o A WA fh F 4 SR
ST, CARDHEER .
222 RIRSEME

9% EHTVER F 0 5 P4 B R e v 4 A 1
BRI H 1), BAERER S SONIRE H &
Rr S R T, G IR . Moriya PR
T PRI e RE FR 3 SR P DiAcSpm 1) G g E A
HA, JREHIEEDiAcSpm 5 DiAcSpm BT A& 4F
FELE AT DIACSpmE AP W 5k T, I
i S DiAcSpm & &, Mlgs BB, FiE
i B R B 2 K P B e, PR D v
Hff AR DN 22 e s A B T e R 1) 30032 W YA T o
HER T 0 4 498 oK R DL K B 4 1) AR E R R AR
m, EEERERE, OB, W
A 0 T S5 v R 5 (A 2 A T VE AR
223 AAEikik

SN SRR B BOE R 2 B E A
8 %21 5y o B AT AR I . N SR T Y
g i # b 2 LSS T A7, k& T4
Wr o T4k AFEMELF . H/NMEXS T i E
A . Hanff2E R AR G A 7R3 1
Z WK, SRS B Y. BT
R 2% 2E B BR A1), SR B0 VR A 2 AR I R ) N
Rz /> TR 3k
2.2.4 A& Rk ik

SRR U - 5 R R R SRR £ A AT
B, I R R AR PR
WP /N A 43 AT DO HER 0 HT . YuZe P etk
T TSR € - = E DU AR AT S (L (GCxGC-
qMS) 7 Hr R 4 . ZH 4B U A b R B R
% iz (Put. Cad. Spd. Spm)fi 7%, AU
TR, M HIER T KR (femtomolar) & B
B, Tz LT I R A DG RE a2 i IR R T 4y
Bre Casas®5U" R FH & H R £ B8 % 22 e b AT K AR AT
A, JE I SORE - O R (SRS T R AR (i

JFF-Je ) R R N A R H IR 22 i (Put. Cads Spd.
Spm)7/KFo G5 H I, JrE R A A R A R
IR B G RN RS i KT 22 e B 35, 18R T E
AN TR RE BB ) SR A

22.5 J kAR &k

o OR300 A A A o 3 €0 5
HEEAT 4B, RJEHE R I ES R, B S A ik
FERE . B R L v SRR AL ARSI B8 A 4
AAT RLEAS I 2% (ultra violet/visible detector, UV/
Vis). K IEKE M #5 (fluorescence detector, FLD). 1t
22 R ICHE I 2% (chemiluminescence  detector, CLD)
o UMEMECERE R e, WERAA
[F) AT S, DASE LA [ AR A i R 23

I 2 i 5 fip A A k0] e B g % 7 AR 48 Ah /T
DGR, 35 58 A0/ mT L s I 2 Sk Al bk Ty
FEEAEHEET . REE &SN AT
A AR A 2 BB S (benzoy] chloride, BZ-Cl). %}
FH 2K T8 9% S (p-Toluenesulfonyl chloride, TsCI). —.
2 0 2R S R 2R i it & (Dabsyl chloride, DABS-
CH&(FE 1),

Balcerzak %>/ I 37 #5352 AR (supporting
liquid membrane, SLM)XTsCIfTAE ) 2 g 1T 3%
B, 3l vy OO 385 - 28 A AT D A T 25 SR A I
PR i i 26 28 AR g R N L VAN B 1 22 Jig 7K
o SEER BN, MR AR I M R R 2 K
HEETEEN, MRASd 2 oK-FHHE S
THEREH L, BLEH 2 oK 20 5 s R A 2 1)
K. MTERARNAE TR, ZiKE SR E
AL R, T LR A T A T A B o ERORE
i, AEBNERIGKZE TH.

FIH 2 e 5 98 6T A Ak 5 I B2 15 31 2 i (1)
PEOCRTAEY), SR G 2GR I # AT R . A
BT ERA- AT WA, WLk R S R
FE, /MRS 013 g, Bk, RElEAIRE
0T e MBAR, TOAT I AS B A S B R e, AT

1 FEI % EREINA AT E IR LR

FTAEAR T AR SEHN/ AT A A R BR
BZ-Cl 1,7- e B 238 nm 200 nmol
TsCl 1,10- B 58 It 254 nm NA
DABS-CI 1,3- A 436 nm 0.02 nmol
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PAAT 20 G AN R 5 G ) o BBy T 1. 2%
¢ VA I H B AT A AR A P R S0 (dansyl
chloride, DNS-Cl). 42K — H % (o-phthalaldehyde,

OPA). 9-7%j Fi : 50 F B2 I (9-fluorenylmethyl
Chloroformate, FMOC-C1)**F15% ;i (fluorescamine
FA)%(3£2).

R2 AREIRZRERISENTEWIAFIEE S
MG MOREK@OmM) AR (hm) Rl
DNS-CI 350~370 nm 490~540 nm 0.08 pmol
FMOC-C1 260 nm 310 nm 0.03 pmol
OPA 340 nm 455 nm 0.40 pmol
FA 390 nm 475 nm 1.00 pmol

Provenzano®s K | —FiAOPA(hex=330 nm,
Aem=445 nm) N HTAEAIGT, 8 RO = RGHUAHE 6
T - 5 A N 5 I S e A PR K A R £ R (Put
Cad. Spd. Spm)/K- VW J7ik. FEW T BRI
(human melanoma, HME)4H 5 A A4 2 &K ¥
BRI R B, AE HME 48 B R &S I A 2 Put i
Cad, TMSpdHlSpm7K-F-H & T IEF 40, A
BFH PRI (Y Spd I Spm/KFAT BT R 1Tt . T %
J¥ FE HME 48 Jfd (1) 384 58 A0 23 A e 72 o Ok 45 55 B 221
YER, UGB 2 Bk 1 AT e AR SN vFAk 10 1) it 988 48 P
HEFEAN 3 AR 25 P0IBT TR AR o
2.2.6 AR & k- R Ak

TR €3 - o T IR R VA s A PG A S, Sk
PR i 1) 1 2 B A B AR o M e RS A R ik
PRI 58 1o B RE BRI, A R TR R
WU FRTRE T A A AT S

VenildinenZ S Fm MR 2 AW ARY), @it
VRUAF] €0 R G PSS 55 S 1 (LC-MS/MIS) % 45 L i
3% (colorectal cancer, CRC). #AEM: i EE
(inflammatory bowel disease, IBD). Jf &34 Fxt
MR R Y 2 M it AT T e o tr. @R KI,
FECRCHEH RN, N, ,-DiAcSpm#) /K F- B & =
TXTREZH . IBDEE MR B, BEUIN N, ,-
DiAcSpm7ECRCE# R H B RA R 7, vhg
FECRCH— MBI AEVIREY . [FIKE, X7
TN R 22 i KPR REATE 45 CRC R # 1
— M B FE bR, X T S HLCRC B 1E A e
A AIZ R | KRS 5%, FIRCRCEE KL
T3 B KR o

Tsutsui 25758 o 8 = 00 €1 - 5 TG L 55
Ji 1% (UPLC-MS/MS)IE T ¥1% B ANk 7L
A R T B M P ) 2 K. SRR,
W R FL e 6 Y LR 2 i KT B R T
L, AN, =M ZHE(AcSpm. DiacSpd. DiacSpm)
KPAEEREHTHEETm. GRERY], R
o B 22 i KT AT REAE TR S ke A R AR R
NPEZ Wi bR, RIS A] DA A 30 I 6 97 ORI
E RPN bR

Fahrmann®# "R F A €38 - B I 1% (LC-
MS/MS)ll5E 1 A [ M. 5 F L, e S5 2 R0 i RN 1fi
KA 2 K S5 RAE = B 3L I (triple
negative breast cancer, TNBC)H#H MK+,
DiAcSpm/K-¥- BB Thi, I H 5B, R3%
RS HE N 2 IR OC,  [R] B A S AR A A S B
Aadi. seAh, AMABTFRI, MK P DiAcSpm
JE TNBCHE S AR ) B AR Y, #27<DiAcSpm
AL AT PAFRI TNBC 2 @ F1 4% # , i HL i ik i 4%
DiAcSpm/K ¥ 1] LA & 40 1) L AR 1 56 85, B8
IR AR, SR SR AR

Min%5 7 F4-(N, N-Z PG 4 )-7-960-2, 1,3+
7K FFHE[4-(N,N-dimethylaminosulfonyl)-7-fluoro-
2,1,3-benzoxadiazole, DBD-F]%} £ &t 1774,
AL VR € - R I LIS 25 B (LC-MS/MS) Ao fif i £
BN R W 2 kAT e R . 4R
RIL, i & 4 A HIN -AcPut Ml Put & & 43 7l
el RN I3 1015 12,5615 o [F] I Hdfs 4 1 30,
Tt PP o ORS Jie R 5 i e 6 XU SR IEAH O,
B4 Y v 0 22 A B2 R AR AR N Bl B it e 12 W
A R F -

Qin%5"" 34 FN- 2 I B2 FA 9% W A% 5 1K 1 C (N -
hydroxysuccinimide ester functionalized Cg,, NHS-
Ceo)¥f Z AT FRIC, I8 5 5T 4 Bh O M s+
A i (matrix-assisted laser desorption ionization-
mass spectrometry, MALDI-MS)J| i€ J HeLa-
293T. HL-7702F1HepG2 45 A\ V5 i 83 4H ffa R figt v
W2 e, aiRRIH R aEm Mz Ert. X
UL BINHS-Cgohr it 45 5-MALDI-MS 5 i 1] F T 8
I M R R 2 AR, AT RAE BT R R 2
JiE A BRI RE AT 9T o

Z NG RE R 2 R AE B 0% A R
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FIEYIRR B o G55 UM v A0 B i 55 7 T2k AR
M OIS R A R ) 2, TR
Rt B2 e RE S5 A R AE A R L, A R0
AR AR W RE P 38 B0, B e e Y
WA S
2.3 ZREAETTERIEL B

WRAEAS A SR B, JE A A [R] R RE i AL B A
BRI, ANFE 2 e U5 2 A T LUR 4 s
FIAE AW b 2 R ROA I 0 A b AN BTV
EHTAFE RS, A Rska, mHEA
[ 75 35 P A 1) 46 R e A AT R L. b A
g, &EXAFE AN AT SR E R, A%
Jige e W) &5 SR R 1) EL AN T VR AR R AL G — AL
Rt ERENSE, SRINES.

3 MAE

VAR, B FTN DBk R B 3 2 A
WAAERMERAE . RKEPEZEEM. 280 ¥
SRR O E R B TTER T R R, N2 A
PRft T Z TR .

(D) BUARARAG AT DR o ARG A I 52 A
T is FH B AR il 2 e ks il . Takahashi
SR F PiDiAcSpm ) 5L 7 FE B ik e & T /gl
g fitiJE (non-small cell lung cancer, NSCLC)H# &
{8 N R I DiAcSpm /K T o A AT BT 7 45 R
KIL, NSCLCHEFH R DiAcSpm/K-F &% & T
fERRNEE. HUbER, KK HIDiAcSpmK-F5
JIR RN RER Ay S IR DG, ] LA AT
MINSCLCEE M UIBR TG AR . KT, R
T I DiAcSpm ] LAAE A b g 51112 Wr () A 24
kR EY), AR IR U B TS VEAG bR 5
EH.

(2)REH: PRI 1% (nuclear magnetic resonance,
NMR). NMRAHH 5ol 8 5 112 W e R AR
RERERIE, HIb ™ AL IR BGE T 70 T 85 1)
AT, s TR A SU AR I A
FITEE. Patin5 W I7EF FINMR 43 #7 L2 45 14 0 2%
fi#{L.fiE (amyotrophic lateral sclerosis, ALS){{ifZH
AR R, RIALS B M RS 2R o AR
W, AR £ (Put. SpdFISpm) /K- i 3
Fhim . XUEMIRE R AU 8 5 ALSIH R A %

VIR, KRR AU IS A2 n] B o8 I ALSYR
JTHE R

G)LL B AR ATIME . BR 2:4% G810 = 800 -
PFERT ML 2 Ab, — He I 57 J5 2R (1 b B A0 7%
TR T k. TianZE™IFE T —M3 Tk
WA y-FOMI K (y-cyclodextrin, y-CD)F1#
7 IR (77(cucurbiturily;;,  CBy7))Z [8] 1) 2 43 T4 Bt/
[V FH 118 b 20/ 7 D' R 092 SR A ) e oA B 2 e R
NBEPR W 1) 2 K F o S8 R B0, 844 i e
(solid tumor, ST)FIMLEHIE (blood tumor, BT)H
) IV e FHORS G 7K B E. B S5 Ui,
THE 98 AR BE I AT WL/ Gk mT DL A A
i R 22 KA T PR . A R R

(D AIKHL T T . KuoZE W Ig 7 1 F) -
B/ AR (Ag-Au/AgCl)ZHKRL 745 I AS i 1 7
o KERATH] T Ag-Au/AgCIYNK KL T 1) 40 B 7%
PE, TR T RV RS i 5 4 KR UL 3
IR &, FF 778 . Pt s I FR i A iR
J 7K

(5) W IR S . PrylutskyiEUOF) F 9K &
BRI 1 5 MUK RIS e o Ak 1R 2 0 1 8 (e
=380 nm), Tl 7 e 40 i RMCF-740 ffd 7% 1
FE ity o RS FE RS Ko BT 9RoK BORL R &
SRJER N, AT LIS B A0 B E 100~100 000
A/mL2 Ja], FfHAE10.0~100.0 ng/mLiu F Py £
RIFHIZME R FR X ULHR KA B AEY)
8 AR AE A0 F 2R T i 2 R B KRl o B —
SE N H A -

Bk, T At T R B ARG I 5 AR H T R
PEAR EMEA R R, EEA HIs H T 2 &M
e

4 RES5RE
LRI R E 52 MIEER R E . KR
UMK, R E Bt EVIREdh (B kR 1R
HE L PRV MEVR . MR L3R DL R A R 2R il
AL P2 R BT T BEYR I 2 A
PR, T L A AT 0R A PRA2  AA
TRSE X, B — BRI R R,
BEE W TN WTIR N, SR TR ¢
AR 2 73 A DN B AR AR 3L, O 5 v if 1



F1E, S 2R s AR B HAE AR o AT R iR R - 125 -
=3 FEIBZ RN T AR
FEMPH  TRAbE 5 ST EZiVEiiES o IR pch==1!i} LR PEVE R ZE R
LLE UHPLC-MS/MS 9 £ fig & 5Fh NA NA NA [10]
Rt
S BRNES GC-QqQ-MS Thh % NA 0.01 pg/mL 0.01~10.0 ug/mL [24]
SPME
EME AT IR 4R 2R 1.4~7.0 ng/mL 47~233ng/mL 020 pg/mL~  [25]
H A 0.10 mg/mL
HiDiAcSpm#% ELISA DiAcSpd. NA NA 4.53~145.00 [26]
R TR AL HE DiAcSpm nmol/L
AR . GC-MS 3PP 2 e F2 A NA 0.17~9.0 pg/L 0.17~40.0 /L [30]
ALK ABATAE R
DNS-CIfiT4E LC-MS/MS 13Fh Ll f6R  0.01~22.14 nmol/L  0.03~73.81 68.8~3442.3 [31]
twostepLLE Rt nmol/L nmol/L
SLME HPLC AFh % iz NA NA NA [32]
[Ff AR UHPLC-ESI-MS/ 7R £ i% 55~55000pmol/L  100~100000 50~1000 nmol/L [41]
MS pmol/L
[FAL RIS MSI-CE-MS/MS  7THh £ i 2.9~21.0 nmol/L 9.7~70.7 nmol/L  0.1~1000.0 [13]
SME umol/L
DBD-Ffii4: UPLC-MS/MS 8Fif £ i NA NA 0~18.0 nmol/L  [15]
LLE
. &7 F AR CE-LC-MS/MS 6 £ i NA NA NA [18]
L LLE
SPME LC-MS/MS 14Fh 2 i NA 0.8~71.4fmol 5.0~10000 [22]
nmol/L
DBD-Ffii4 . UPLC-MS/MS IBEEEAIA 9.0~43.0 amol/L NA 1.0~1000.0 [37]
LLE fmol/L
DNS-CIf74 . HPLC-FD WHslE. Kl 0.01 mg/L NA NA (23]
LLE
EEDA=Y 3TN GC-MS &R TSR NA NA NA [28]
LLE
JlibE X
" DNS-CIfiT4E LC-MS/MS 13FhZ e M6R  0.01-22.14 nmol/L  0.03-73.81 68.8-3442.3 [31]
twostepLLE R nmol/L nmol/L
[ Aric UHPLC-ESI-MS/ 7l £ iz 55~55000pmol/L  100~100000 50~1000 nmol/L [41]
MS pmol/L
1K SLME HPLC 4Fh 2 NA NA NA [32]
JikRic. LLE UHPLC/Orbitrap 722 it J2 55 0.109~7.421 ng/mL  0.382-25 ng/mL  0.382~279.3 [9]
R ng/mL
Jiilk: .
* LLE UHPLC-MS/MS  9FhZ ik Je SAh NA NA NA [10]
Rt
P 08 MALDIMS Put. Cad. 0.21~0.45pmol/L  0.68~1.48pmol/L 3.5~150.0 [40]
S ES Spd. Spm mmol/L
. LLE UPLC-ESI-MS/  DiAc-Spd. 5~10 pg/mL NA 0.04~10 ng/mL  [39]
T MS DiAc-Spm
GINES TN 2D-GCxGC-gMS  Put. Cad. Spd.  140~670 fmol/L NA NA [29]
LLE nor-Spd. Spm
HEM R . .
[Ff FE i UHPLC-ESI-MS/ T £ fi% 55~55000 pmol/L  100~100000 50~1000 nmol/L [41]
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pmol/L
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