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Fig. 1. Chemical structures of typical biogenic amines.
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nopropane (1,2-DAP), putrescine (PUT),
(CAD), spermidine (SPD), spermine (SPM), acetylspermine
(AcSPM), diacetylspermine (DiAcSPM), diacetylspermidine
(DiAcSPD), 1,3-diaminopropane (1,3-DAP), N-acetylpu-
trescine (N-AcPUT), N-acetylcadaverine (N-AcCAD) &
o] ATth? o]5 F PUT, SPM, SPD= Al X £4¥
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(tyrosine hydroxylase)oll 2]} 44tk hydroxylation)st
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31, =3} t]7}E-A koAl (dopa decarboxylase)e]
B W3-8 AR Z 19 (dopamine, DA)o] A E T}
DAE T}A| dopamine Bhydroxylase (DBH)O 2] 3] A]
FAEs) BEg- o2 NEZF A4 E ) ©]§ NEE phenyle-
thanolamine N-methyltransferase (PNMT)ol <] &4 |
g3} 9h-S(methylation)> 2 E7} A€ th o]l 7}
H| F o}l 52 catechol-O-methyltransferases (COMTs) &
= monoamine oxidases (MAOs)ol| 2]s] zzt o €3}
2 Ak3LA o}yl wkg o 2 R % o] homovanillic
acid (HVA)QP vanillylmandelic acid (VMA)$} 22 4F
AR F2E /I =4 o] JEZolNle HF At
A7t ot O]E FHEFolRle] A At AEE Fig
20 AAct.

Z g ol T4 L omithine2] EEHAF HE-3-of ]3|
PUT7} A3 5= 28] Al#s]A SPD, SPM 5¢] &
glotlo] A H T Zloly] A= AFsH(oxidation),
o} A & 8H(acetylation), o}v]x=7] Ho], Ft=nlrd 3}
(carbamoylation) WF-8-ol ]3] dojytth. A A
PUTE F 719 02 Z2E 53 F4E0 A HA
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agmatine-> agmatine imino hydroxylase (AIH)oll <] 3}
N-carbamoylputrescine . 2 W3 = o] Aoz N
carbamoylputrescine> PUTZ H3lETH F HA| o2
74 2+ arginine©| ornithine©. 2 %] I ornithine->
ornithine decarboxylase (ODC)°ll ¢]3] PUTZ H3+HE
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Fig. 2. Metabolic pathways of catecholamines.
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Fig. 3. Metabolic pathways of polyamines.

t}. 33, CADE lysine decarboxylase (LDC)ol 23]
1A 9] HES-0 2 lysineC 2 H-E A€t} SPD=
decarboxylated S-adenosyl-L-methionine (SAM) 2. 2 5
Bl aminopropylic groups AH&-3t] PUTZHEH &4
Hr}, o] 8- spermidine synthaseol] 2]&] 2=t}
SPMX:= spermine synthase®l| ]3] decarboxylated SAM
9] aminopropylic groupS AFH8-3}4 spermine synthase
o] o3 3= SPDEF-E FAFEHE Ao A
Zolvl 7ol WAL Fig 3o AUt
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14. =2ntzl EM(profing analysis)2 S&t
=7|ZlcH

A obrl e Aol SnFe s Ex)stal AR AL
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= THEsE 23 xictel] 2] A8H A Qi) FHEIEot
W % HVA, VMA, 5-hydroxyindoleacetic acid (5-HIAA),
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T} 19713 Russello] & $xFo] AW A|RoA &
glolRlo] It} HEFE e EAEL Zolvle
o} B epASkate] FBAAE A7Eah” s,
A TG FAke] AW AlBAA Elolrle] FET}
A Z7HIYgE BRI AT o)Qo e 2 F
Fo] o FYAE F2o MEY Eolwle] =
Z7H7F o] BaiEoe] Egjotvle] o] AR E=Z
A RS wy 9uhl70 gy AP U Zajolw
9 e HXE FH9 HER "FQLE]J— A=, &3
2Fe] HEFo|A] SPM¥ SPD7F & TEE A5
Aok wEA] Felolvle] AA = G3Abete] &
Alell o] & 2k B X5 wlg Fasg v E 7t
A3 gt

_]0

2.0
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AN F Fujgke] Ao FS Qe sl 2481
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2l A gE G Blsl) Alg HF 7 &olst
M, A& HAY 7hsAdol Ao, E40] &olste] 7
AAQ S 7HAAL Ao 2y A8 115 f\lﬂ
o] ZAoAFE AT erPAo] HolX= A7 A
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24| Je = 2A3t 53] A8t 7t Ak
Hej o] FE|Zolvlol A 2 doJUR =R ethylenediamine
tetraacetic acid (EDTA), o} A=A 2X 4 FFEA &
HEAZ AREsHH FHe ZolRl o] AkstE wed 23
Holrh, & A g9 FtEIZotw]l BN BEAR
HCl 95 AHE-3 A9 o, BEAR At
aL /A A7EA] 20 °CollA Baketd A 671 L7k
HE 7psatth ey Eejoble UdnkH o R otn
Yottt et 9714 & wol & AlgolA stek+
Zx9] ¥yt dojux] Reth wEtA &AW A8 F
ZZotrl E40 ojM wE BEAE AMEEA] &
I A oA BAs S QoY el Bk 717k

< 2 s AN EB]OP“H E7F BAA9] &
Tof] A FETFS ] g ST HaHYL 2
212 &l
A AEE

ANHA AGE SaAIye] glokd
S7t fA dojutr] wiEel & %
Ms AEE B wylo] dasith Y NEE &
Aat7] fBiME 24 Aol 383 A(FE EDTA,
F Ao E)E Yol Bagtt. o A5 3-gA
=2 HHZ ¥ EE Fox] &OH micro clote] A
AR JAYG 9AE Gurst = 9lo] Fojv}t B
f3t) B AFE dHe 3 XA S AN F
20 °C o]atol|A] Hgsjof gt > e AHE F
N A F7} 32 HAES AR TR A A7RA] 4 °C
of BAE AT AJS} o] 27 HH A5
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tetrasodium salts 22 tha AAEE st 20 °Col
A B = gk

213 MH ==
2y GANERE ¥ 2%, B, £F, e
o) 1o, Mg 4 A Axel
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AN, AlE AFHA ol o5 LhEH o HY
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weba] FHof oz oA uE YA #et @
A& A Az strh. 2B HHFA A8 E 4 °Col
A AZYE we 24X 77k A EATE? E AR
S d8Al =¥ 2 Al7F 542 5-HIAASF HVAS] ®
Aol dojubA] @om, 70 °C o|atollA BstA 3
2] glol= 5 o] ko] yhEEith olelo
ulg-2 A 59| HEgA] APFS AES F AIFE
x«]];d o].*7 Ag;s;]_t‘ﬂ-z% HM ;(47].;(] J/ﬂ-ﬂ %}%Q_oﬂoﬂ
AN He] 7+ Fie FAE SA3IL 20 °C
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22 M 28 4 A W

BANEE A7) A, BB A S As
) e 2248 A 74§J§Li’>ﬂ 4 £ 7 =
g ek itk web YANES] 54 mef,
NeigEdel we, $4 gvle] ne, 488 5%
W AR e A8 stelok i,

221, 2AIE2|E (high-speed centrifugation)
QARF = 72 AT WA AAHS o)L

sl A Fo EDES HFd wg el AY

A7 we A YAE Belehe 2ot} Sl
A} A B A 2AQA] 279} @

=9 A7t FHolM Y
e o) YAalHo] AL
of A&t kA S ol A 7
101 Eoz—lo]q_ o]}_—_ -1 ;(};(.]]EJ_ .H_Q_sl- Hl-tﬂélo
gro] ofyEl AR, @5, A% 5 7IAH &
A= Bol o] &Hrtt Al & A8 F AEY o
n|PAEL A A7) S84 HCL NaCl, ether 5
Z7ve AR (103, 2000 rpm)EH o] A7) =9
ek TAA FEH o A TdAIEA =t
A2 AIE7F 742 1400 goll Al 5E7E, 1000 goll A 3+
F QAR E S3 vEAe] AlA W AFe &
N AT

Hol guto g H7to] & X

o —
]]'T‘:‘ _]\:Lo QO]{_}.
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222 9H-of FZ=H(jquid-iquid extraction, LLE)
N2 %S Aol7} U T o 7ho] BHYR
o U E o] &3 EEeltt 4olA ¥ 2719 o
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SPEE= F&8"& 7lERA| ] Yol & du= v
AEE LAY (solid phase)oll &
Fol 888 &0 A% Sl wel FHAL 3

=
Wgelth, AEE F

om Z*ZM?] = 4go] golat ol ANEE A
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Asi7k SPE =19 A% S0l mek Aol
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A& Foll FHe Zoll S #2493 Wi 335 molecularly
imprinted polymer (MIP)”7} —513. A= AH-E FLEZA
£ A14E FAPUE RIS A0l F2A)
MIP= /‘\/\gtg-_,,} qu-]7]7<4 )\]-_‘9‘_1_]—.9.0]] 45}]}\1 E;ﬂ
He FANY 4 e Sol4e AT k. Ea
phenylboronic acid (PBA) 7FEZ A7} 2 A& F9]
FreFolw) ek - AP EA o o] AFRE I glom,
53] A53stE WHO R SPEY| ©o]-&F L k440
1 ¢]o %= medium cation exchange (MAX)-SPE 7} E
YA E o] & A} AW ARoA FHEIEolE S
A8 g o] FH 2o A= ATE*
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n‘.]oll

23 Azd F= MM 9
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oy

2] F7go] A= olof it



324 ANA - ZR7 -
Hydrolysis
NaOH or HCI
Centrifugation
LLE ] [ SPE [ SPE ]
HPLC-ECD LC-MS/MS ] [ Ehemical ]
derivatization

GC-MS/SIM

i

Fig. 4. Analytical procedure of biogenic amines in urine
samples.

LLEE ©]&3&}7} filter paperZ F3&3h= HH*0]
Qith EE= HPLC-ECDO| ¥4 % SPE &< A
7= S g2 dAE] e RE o2 wdh
AHESHE 7397t AT, o A 10~158 FF
Ao g g A A iR ste Aol =

el
5o 4o AR o2 5893 perchloric acidS
) =) o
Bl =2

=

%

N, oE
g 1 tlo ob

QAR 3t oAl 2 &9 1,6-diaminohexane
Y ek S80S 7l pH 9.00% $HEo)
HARE AR F 149 vl g
A2 g7 A A8 = A3A

o] BA & uwala AW A B A
normetanephrine (NMN)3} metanephrine (MN)S %
SRt HOIE: A7belo] 2087E 58 Aol b7
A2 7t 22T AW AR F AR oNF

AN QL FH G2 Fig. 400 A3

232, &% (plood, serum, plasma)

g A 857} -§aE7] Hofl 94, LLE 52 ©]
23t] dox Fagt FEFYF, NI, 4
9 s FEsT dFRAA A5 2]
A8 AA g AR, @Y £A457] 9
e A Aol S IAAE Yol g ? A
3 B4 A A EE B F g FE Yoo
AR &, 4S5 A A NaCl §94-8 713t

1

249

R =

[ Blood, serum, plasma]

Centrifugation

Hydrolysis

LLE and/or SPE

LC-ECD, LC-MS
analysis

Fig. 5. Overall analytical procedure of biogenic amines in
blood, serum and plasma.
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[ Brain tissue ]
I

s Y

Homogenation
\

I

Filteration,
|_centrifugation )

J

r

'S ~

Hydrolysis

o ) [ ower )

I |

[ LC-MS/MS, ]
GC-MS

Fig. 6. Analytical procedure of biogenic amines in mouse
brain tissue.

234. 2(har)

2 A gE AE AFH7E &ole AAFT + 7t
et o FRE ZAHES AREste] SPEE o] &3t
F= AAlsks ol de] AR ET B A8
Ao g dol 24 Yl obAEx A 3 AlH
St O, 2295 0]83) 0.1% sodium dodecylsulfate

I3

==

i 2

(SDS)& M H gt} 1 the AolA Ax 757 3ol
AZAZ F, 50 mg] B Al 2R FRES 94

w2719 24‘” s ¥eth 2487 A REAEE
ARHH 07 AFLola Hgith Bl AlgE 47174
wg Astst AEE 7R AL slow He g A 8A,

SrgA, A By, 2o v, &S BAA7F

. dAotRle] stE RTAEt WY
‘:’]‘j/k«] SHAEZDS B43] HsiAE ke f=A
Wil gl AREEY shehEe] TR0 weEt vk

=23 W] Qo). 848 SwAE Hhne sk9
9,] g7 AL ol ARnEIH T 7E5S
FAA Rt 282 24 Y] F 7ks ARetE
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st SA4E 95 AREE THE 3
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WYAA 3 R

o
=
FHA| £ ZFr} 9ol %= selected ion
3l
3]

monitoring (SIM)°ll 9Jsl|lA] A1) e d =Y 5 9
T} HPLC-UVE A& wf 3}eh=9] whaitho] glA
U w2 53 EE e seE 249 Afl f=A
3t R EYor BA9 s A A T
ATk tHEAQ] G2, FPjopile Agd At §
B 7R dom Fubdo] Wi EApEFo] Ao}
B4 Zerh WA 7] dj el f=Ash Aokt vkg
AA A AEE #2A9. FEAS A% 9-gAR]
5 Zejopvle ZH=rt 50uiu okl A7 e,
e A Holl 4 0] 7hsskar, thddt x4 A
Zo] 7hsatrh! gk shgtEo] Alg e W&
FTFE e AT, W S 2 fEYA
2HE A =Y T U

s}8t fEAst e E vE AHE EnjFE
2o AEAL 5 A Heolth 84 ES 7]
|2 F&317] 98 84 SHEEY 54 75
7] 3 FEE fFEAS AA HgEA SER s
A7) AHEE < 3ok 53] mjER A7) v it
g Al W] BT sES A fEAS
Wiel dasiet fFrAs WS AAIsHA gerhd
a3 e/ F25E7] Wi 588 A
Y9708 FrAst AA FE3e o] &FH otk

A A oF]l FhE| =t

S =A3F He vl =}

Zejobnle] whe} Wiz 5 itk shEZobule] fEA
3F 2 vl Tk Alote] ARgE 53] Ful%
o] HlEord tAAIFE B4 flsiAE S4d0]
2 olulir), AESA), A2BAS) BHFLE
71 3HELS sjdAlo] Z L QEA 3 v =4 9,] =
Al BHER ABsHE o) ook YurHo

._

Z o}l Fol thale] alkylation*?3} alkoxycarbon
esterfication”™> =43} HhHo] F&2 AFR-E AL 9

2 AlFA VMAS HVAS] A3 £48 8l &
=3} 2-8-EZZM ethyl chloroformates AME-SF 7
[e) E ol %\‘D}_ 43

FHElZobRl & BATS 7HA L glom ko s
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Table 1. Fluorescence reagents used for catecholamine analysis

Instru-

Reagent Target ment Sample Detection limits Ref.
O-phthaldehyde DA CE Rat striatum 36 nM (S/N=3) [56]
Naphthalene-2,3-dicarboxaldehyde DA MEKC Standard 31 nM (S/N=3) [57]
Naphthalene-2,3-dicarboxaldehyde DA, NE cp Microdialysate from I nM (S/N=3) for NE  [58]

thalamus of rats
Naphthalene-2,3-dicarboxaldehyde DA MEKC Human urine 4.7 nM (S/N=3) [69]
5-Furoylquinoline-3-carboxaldehyde =~ DA, NE MEKC Standard 20 nM (S/N=3)for NE  [60]
Fluorescein isothiocyanate BSPEE’ E, CE Standard 1.2 nM (S/N=3) for DA  [61]
Fluorescein isothiocyanate DA, NE CE P oleracea L. extracts 0.34 nM (S/N=3) for DA [62]
Fluorescein isothiocyanate DA, NE, E CE  PC-12 tumor cell extracts 0.08 nM (S/N=3) for DA [63]
N-Hydroxysuccinimidyl fluorescein 1\ \p g 1 Human urine 3.2 finol (S/N=3) for NE  [64]
-O-acetate
4-Fluoro-7-nitro-2,1,3- DA, NE, E,
benzoxadiazole NMN, MN LC  Standard 0.5 nM [63]
Ethylenediamine NMN LC Rat tissues homogenate 10 nM (S/N=3) for NMN|[66,68-70]
L DOPAC, . Lo 5 nM (S/N=3)
Ethylenediamine HVA LC Rat kidney microdialysate for DOPAC [67]
L. Pharmaceutical products _
Ethylenediamine DA - . 120 nM (S/N=3) [71]
and human urine
Extract of culture media
1,2-Diphenylethylenediamine DA, NE, E LC removed from myeloid 3 nM (S/N=3) for E [72]
cells
1,2-Diphenylethylenediamine DA, NE, E LC Standard 2.5 pM (S/N=3) for E [73]
1,2-Diphenylethylenediamine DA, NE LC  Brain microdialysate 42 pM (S/N=3) for DA [74]
. .. DA, NE, Brain extracts and microdi- _
1,2-Diphenylethylenediamine DOPAC LC alysate 12 pM (S/N=3) for NE  [75]
Benzylamine NE LC Mouse brain icrodialysate 4.0 pM (S/N=3) [76]
Benzylamine NE LC Mouse brain icrodialysate 4.5 pM (S/N=3) [77]
1,2-Phenylenediamine DA - Standard 2.1 uM (S/N=3) [78]
Terbium (III) ion DA, NE, E LC  Urine 10 nM (S/N=3) for NE  [79]

CE, capillary electrophoresis; DA, dopamine; DOPA, 3,4-dihydroxyphenylalanine; DOPAC, 3,4-dihydroxyphenylacetic acid; E, epineph-
rine; HVA, homovanillic acid; LC, liquid chromatography; MEKC, micellar electrokinetic chromatography; MN, metanephrine; NE, nore-

pinephrine; NMN, normetanephrine

< @ W & 5 it THEEeR e fA Sl A
5 BB =L Table 13} 220}

S, AN E F Fejoll o] vheket fFeAst
ol tigk dal g 7heks] sk o2 2ok A
A G2 W AlE F Eeolds B flal 7]
A 27194 benzoyl chlorldeg 7}sked benzoylation A
71 3 diethyl ether2 FZ3+ 397} Ah!

F WA o2 dansyl chlorideZ AFE-3le] 2T W
Zeopl S fFrEAsHE Bygel ok A8t A=
Zol xstE B EF 898 do ¢
A oMHES ¥

AE B33 H prolined] 28 2] dansyl

perchloric
23} 8t T} dansyl chloride”}
o=

chlorideE A AS & dansyl F=A1& AlE2Hto=
FEdte] A4 2AGNAN S Az
dansyl FF=A3} & ZEglolvle 25 o gA o3}
He @S 2ok

M WA o 2 N-hydroxy-succinimidyl fluorescein-
O-acetate (SIFA)Z. Z2|olRl-g F=A3} sl WHol
Atk A 4 W Egotdlel] F3E g vt=s
o WA A EE HZEo] FEYF vlo|Ye 2
I borate SHELNOE pHE ZAGA|Zl & SIFA A
°FS WETh 2 F 45 °CollA 3027 7F23Ek fr
A3} A7 HPLC-FLD (fluorescence detector)@ 4]
At

=3

Analytical Science & Technology



AN E

iR et o 2 AW I Alsol Zhz dA 7] 3
S 233k T isobutyl chloroformates 23 o}yl 712
vR s} st} 35 °c<>ﬂ*1 Hj st 213l 5 diethyl
etherZ 2¥H F=3F & f-43) ¥ 84S
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ato] H7beth® 1 9o BRuk Alg 9] EEoivls
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2.5. Biogenic amineRe| A= W

25.1. Enzyme-dinked immunosorbent assay (ELISA)
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2.5.2. High performance lquid chromatography (HPLC)
HPLCE 7HElZoldlz o A& E4sk=d 7t
% o] ol g5 Boln AE 718 AHga]
ol o] NEE H4E 4 3lrh® DA, E, NES
w487] A 4 AA AR rHE e Y (reversed
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phase liquid chromatography, RPLC) S+ %7]3}3H4
717} A4 € 313}/0] 228 HPLC (affinity/ion-pair
HPLC, IPLO)E %o| AH&3it) o] A& WiES o
T7b $stal Adeido] vlaA AR g8 22
Zl&o] H3skal LLEY 2 SPEM e} 72 Als #XE]
Hgo] Ao g AgFofolsint, Hdde o2 &
3} T+ phenylboronic acid X138} A A A& o] &3+
g3t 22l FEHE AHEE = gk RPLC
A o Yot 44 H3F}e aRvEdy
(hydrophilic interaction chromatography, HILIC), pre-
aqueous liquid chromatography (PALC)7} 7H-%| ] cth#!
FZolE 10,000 psi 0142l T3PS A Y= ultra
performance liquid chromatography (UPLC)%= 71 %]
o mEFe] tAKAl 4ol AR v =2 AEE
7R ofF wAIgE Z7]¢] BAY YAE ARS8t
el A FdE S 7 Aok sAINE &
i F=7F vl 22 AN EA = LLE,
SPE, low-performance liquid chromatographyo} 7+
A& AA 7 Dbttt 5348 dAe] A= =
Tt e = Aol Fw8] AAHA 7] o] A
94 HEzo] YFH otk Led| AZste AME-E+=
AZE7]= F= electrochemical detector (ECD), mass
spectrometer (MS) %! tandem mass spectrometer (MS/
MS)el™ 2 €]ol| %= fluorescence, UV/Vis, chemilumi-
nescence 5°| Atk AZE7] 7ol o= &3 <
£e]715S S8 tde HPLC 2 S0 7 Foln,
o]& o] &gk Hlwd o] 8 Fof Uth, o|MH LY
I AE719] FFol wEh ohgFs HPLC w4 Wyl
ZA)) 5k} 26
HPLCE AAAF] 24, g Z2opddy 24
o] 7h¢ ol AHEHE ‘:'“7]710113}. 2221} HPLC-
EAEEY] G dATe] glojol AEo] 7}

—
= —HE

Ttk UV 29 e JHP A& W =S48EE
et 83 JuE F7I= A T FE ‘J%é
o] 27bsstH Al 2hdet 7 AR Hoj e

7397} )t} B wela] HPLC- UV/ﬂuorescence“ 2y
T % Z3 oYl HZ Al dansyl chlorideZ =3}
A7l #Hol dE] ARSE AL 9o, PUT oA
= WS 2 AEE Hole @xe] vk HPLC-

4=
ECDE 4tsh-39iuks-g 7122 3 oz 473
g} Hofo| A du] AME-ETE 53] FF1EH o] Fthe]
AolA FHE|ZollFo] Ao =& HPLC-ECD7} A}
|57 Aok ey B o]2&d 71 A|7ke] &

e, 584 2EA B AEo) APeA %
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253. M7|5tst4E 7| (Bectrochemical detector, ECD)
FQ AAAGEZQ] FHHFoRIF] AE o
A st AE717F AFEHIL e, ol F HE

] AREEE HE7]E ECDolth o] AE7E Aks)-

FAwse 54 AXT AeHon 1EY & 9
£ 4ol Atk A= DAY AE) oA B Ve

FH/7|EAbe] 28kE f2] e A F(glassy carbon
electrode modified with carbon nanotube/chitosan)®]
2 RAH S AEE VAL JTha Baly
Aok T3 DAE HEY 7 9ol screen-printed
electrodesE AHE-3lH F5 A S HFY v AE0]
7hs sttt kA Lwolu AN AN 54 JF
HFol7l o] §-83HA 220th¥ DA, E, NEE 4
2% o FBLHFE o]&3 differential pulse
stripping voltammetryS AF8-3}H pH 6.4°14 ZE &
o] WIzkek whg-& HIh¥ DA, E, NE H& Al
monolithic silica disk-packed spin column< 7]&2]
silica ot A& F58& WFH nge] 4 =29
T RkEEE7] 471 vl AAAE EA4 0 A sttt
ol ECD7} ¥3AZ71 5t £2 ot A9
Ak

o

254. HPLC-MS/MS (tandem mass spectrometry)

LC-MSE QW02 HPLCOIA F& wHathe 7}
AA e 7% AHgie T B0 glojA fols)
o} T3 LC-MSE W23 A Aoy w7l £&
=g 7K+ Aol Atk LC-MS/MS (tandem mass
spectrometry)= 2 GHAA &2 WA A 24
o] ofujgt 734 AHgstH AF A2 e dolA
GC-MSHT} -3t 5994 54 (isotope dilution)
HE A8 LC-MSMSHH S A A4 2 AR
Aof oA 7 A o R AUl EATER LC-
MS/MSE A&7 Ax2] FEjolvls E4st=r] 2
AHgET AAANE T S EFetdls
dansylationA] AA] ¥4 w] LC-MS/MS+ HPLC-
FLD X+ flow injection analysis (FIA)-MS H.t} o =
& BAAFAE Ho] FUTh E3 LC-MSMS W e
2 ZFFoE 1 ngmLo] IS BHAFTE? 71E
°] HPLC-ECDE E7¢ Wl MN¥# NMNS 43 o
HPLC-MS/MSX.t} 727} Holx =2 HPLC-ECDX.T}
+ HPLC-MSMSS Abg-she Zlo] frefsttt, 7]&9]

AZE WHEL Zo A|7lo] 285 H A EE A

24

CHAS - S

Eia=] “47131]‘“ o] e A AR EAlo] FR
2 o57] 2 AlZko] A Ew A ek Holrk ¥
o] 9o %= flow system°ﬂ Al HPLCE A%3$ LC-NMR
2 AR 724 gl HgEAe, ReElsd 7
o QJojA ofF R8-S 7HAIAL Q)

UPLC-MSMSE 2 um o1he] o] % 2he 4748 A}
g3tel BYBAL Lelshzvl Qo] £& ¥ v
2 BOlFYTh MAE FAAE Al B 2
3} =S A GO A St i w
26 S RIS RS S8 ol
sk # Agshs g 24 Aol ged

& F37(5 uLyol A]E 7R 24 0] 7Fssitk
o]% E&¥o] A4 %¥ HPLC-Q-TOF-MS (quadrupole-
time of flight mass spectrometry):= THAFA] 4ol of gt
B2 FEE S T Jom AA o) ARvEIH
(total ion chromatogram, TIC)2. 2 5-E 4 tf/do] =
o] F&0] 7}t FEo|ARNEIYO R
B SRR &A% o] e ARE v =
AER A& 4 e Axol Ak

flo -1:n rr

255. Gas chromatography-mass spectrometry (GC-MS)
w490 A Sl 2ol 2 diAAIF ol
N9 TAE Ha AEAE S S 5
EAs 0] WA QA solor gk, Ao
GC 318 F=As WHS 253} immunoassays<}
HPLC-ECD®] @& H ¢t Hiolt} ¥ GC 4] A
=4 #&7](-0H, -NH,, -COOH)°l|l = & 45
27] fl5te] AAE s o] g Egopwl
Zo ojA] FATE] Wil EEolg e R
A o F AREA et GC 4 Al FA4 3
|710l tiEk et WA Alg A 9AeE AL
o] A7] &l A& Azl gFe] AgHA o)t} skA R
EAs 7Fed BES AT - B A g W =
2 A= £ YeR Y] W] uig dE] ARE
= I
FANE GC AZE7]2M flame ionization detector
(FID)E Po] Hou} HZole & s 7Y 2
Al 4 gl {83 AFHAHMS)E thAlskas 9l
ot MSE A& &2l &o]3hH “41 o] 771 RS
7 gk e o}l\_—]-/_ 1:1]

2 GC-TOFE ZA&Zx7 ¢ Zgo}
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25.6. Capilary electrophoresis - mass spectrometry
(CE-MS)

CE-MSE A& ﬂﬂal FJr?H 7] gle] 10007 <4
200071 8] ZEHE = AEY  Jon, N4, g5
e, d 5 22 EdEo ] EA8H Al sk w
Xﬂ@ S fFATIBR Fofsfof ¢thY CEE UV, MS,
ECD9} 22 thdst AZ710 AZAA AR} CE
= =2 =& 47 93 field-amplified sample
injection (FASD)ell 9]t &2}el A& A FF3A o] A}
2975 k0 22y FASIE oA 53 A|82
3l s FIAATAT 7129 doll o5 WEE
Hk=t], o] &o°]7] 98] SPES} molecularly imprinted
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Ao W E =Y g 7] wE] &% AFE WY Al
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3.1. 3FE &M= S (pheochromocytoma)
2BARPA LTS $A 520 ARG
P D) o] Fe AR AxolN LA
EOR i ek of el Ao A3
Z X , X3 AM 9] <o
25% AEIE A wolel A Hliﬂa’it}l @) @
B3 AHA Aol Y F44 57K 2 RET
roto-oncogene, von Hippel-Lindau (VHL), neurofibro-
matosis type 1 (NF1), succinate dehydrogenase subunits
D¢} B (SDHD, SDHB)7} 9t} Snlels Z52e 3
ot A st Ads, AFA, A2F Fol Aok
AFPIAEF] 5 AR F=d ¢
71 2o 3 HMMA (4-hydoxy-3-methoxymandelate),
HVAS} 22 AR S Fo] wH| k= Aol wahA
Ao} & 5o AAAFENA HMMASF HVAS
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AZEAR ARste] A& By Zgs 7
S 9l3te] 24X 7F B A&

NMN, E¢} NE, VMA, HVAS] T8 =

o] 7k del ol &E 3l ‘:} g Fl= MN
NMN, E¢} NEE S4st= o] de] o] &5l
o}, o] ¥W¥-& HPLC-ECD, LC- MS/MS 2 GC- MS/
SIMe = "]7 tol] whE tiAlA o] WSR-S AS5ate] 31
wHetth 2 9jo] 83 59| chromogranin A (Cg A)<]
TEE FAshks Wl dled,” ol Cg A7t %
Ao FHelIEetRlzt 3 A7 E L ZEH]H 7] wEol
ot 2y e B AE SolAo] WolA]r] wiiE
of Yol Ak o= AFSER] FeT BQE
oA clonidine suppression testollA] AAold ¢
clonidine®l] ]3]l 7}e|Folwl Aito] 7HAdta AEX
P 2F Sk 9= 2 whE-o] mH| st

A}

3.2. MZOMIZES (neuroblastoma)

Aot EFE 54 o]3) ofFolAA FHEC] &
2 FTF A% F shelth. o] T4 AA WolA wh
24 HJA1 thkst 2o B sts EXS 717
OF A AR OHEF Ak 65%= T2 HH-oh 5
Ae|A FFo] WA s olFES FE EI 7hE
A FoFo] WA ST LM&‘r “‘*‘Oﬂ wg} o *E Eﬂﬂ
tpolo} Aw whAlof we} Fwheitt M Ao X
ZHEIFIR A 2 oAk Ol*Ur A3 dAE 7}
A3 ek o] FFE WAl 71¥E T olE
ksl DAl =8 tlARAIQl HVA, 12|32 E9F NE
o] F9 tAMAIQl VMAZE o] A3k A EH &,
o] Aglo] glow FHH FolHl EAALL & ‘?j}sHZVl
o o] 2He] HVA, VMASH 7He thAtA| o] Fol
TS whEba] FRate] FA s AoA gl v
3] HVA, VMAS®} 722 A o] Bo] #H|s2=
AZolM e ko] W AXZE AT =
VMA, HVA, 5-HIAAS A7 o}H| L5 YA FZ

2o|7| % Bt} Foko] e A AWl VMA F
S ARl Hls] uj-$- ‘E}"“ Aoz A4
o3} 32 = HVART VMA %71 1 w2tk

WAOAEFE ARk B XL 44

3} A2 Table 201 A QAT 424594

3.3. HIF| A (menkes disease)
/\

WAL AW T £ Gl R Qs HYFA
Asol A7 X A A Fd FJrolrh® 1
2= v YAEH cytochrome C oxidase, superoxide
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Table 2. Analysis of biogenic amines in urine of patients with neuroblastoma

Target Instrument Detection limit Ref.

HMMA: 0.15 mol/L, 5-HIAA: 0.03 mol/L,

HMMA, 5-HIAA, HVA HPLC-ECD HVA: 0.08 mol/L [7]

VMA, HVA, DA HPLC § [42]

VMA, HVA ITP-ITP,HPLC-ECD VMA: 3.7 ummol/L, HVA: 2.7 ummol/L [43]

HVA, VMA GC-FID . [44]
VMA: 0.001 mg/L, 5-HIAA: 0.015 mg/L,

VMA, HVA, 5-HIAA HPLC-MS HVA: 0.050 mg/L. [45]

VMA Ton-exchange chromatography - [94]

dismutase, lysyl oxidase, tyrosinase, DBH 52| & 3.5. 2(cancer)

S AAGNH DL, F2L ARG ol & el ATelA e AT A 45

2 A A 715 el 7 A7 A 2 oA —“ér - 7%‘% A HA] ot FArtalA S48t A= AW

de A8 dF FEEel A7IA "ok 5 T golglE Wi FdxA S WA RNA

cytochrome C oxidase®] 7% A 3}7} o)+ l‘%«] 75‘ o %—4‘4% fF=skaL, &8 oHl2 RNA polymerase<]
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SPMS LC-MS/MSE #4]3}o] 423 5t
AY A ELZHE Egonle] A4S
f=A43} 3f] GC, LC, HPLCE &21&
8 AFEHQ] PUTY tisiA H=
@0l Yehgth aA % LC-MS/MSE |
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257 RNA tiAtEE S S7HARIT oA e s
PUT, CAD, 1,3-DAP, DiAcSPM} 7+& Zgjo}7lo]
ZgzA A mEzA Frheib
&S FEEr] Hs oz gt BAyo] 4
HATh 2 G 489 B e
2 B4, AAAEZE PUT, SPD, SPMES
N ste] GC-MS/SIMO. 2 BAlalgtt. 2 A3}, 4
oll & SPD7} 7MY B2 FEE AEHUL gL
2 PUT, SPM <=0]2lt}h. 2|3 tlAl 5oz i nr}
FdA Eeloll st Tkt

o} 3hxle] AW-E 433 DAP, PUT, SPD, SPM,
CAD, AcSPMS A A X EZE 3l HPLC-Q-TOF-MS

A BT A AR EEoRle] TR o 4}
011*1 o E=A vEbsTh 283 #21e] AW A5
PUTS =7} SPM9] F=2T} o =R 9F G2
o] A% 2 WA olg st A2 L3Ale] 271
S g AFZEH] G o] wlS-
g on & zt=th o 3419 AL HPLC-FLDR
PUT, SPD, SPM, CADE ®AIsl3ith 2 A3 ¢ 3§
212} SPD, SPMQ] E%7 1§ =4 Vet s

53] Y FAE e 3t JAREe] Bol B
VA g A i R g e e B i o =V B S ) et
H3} Ao JE DiAcSPDE} DiAcSPMS ELISA 1
Moz BEX3 43 DiAcSPMO] DiAcSPDXE.T} W 7¢
34 YEFTh DiAcSPD9} DiAcSPME 71E9] A F
Q1 carcinoembryonic antigen (CEA) <= carbohydrate
antigen (CA) 15-32.0F B2 o] HAZH ot 2 wj &
o DiAcSPD3} DiAcSPM7} £ A B2 ©] 4-83H
AR AE Flolnh? B, Fi $Abof ARl

(2 op

x
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23 oM g o}¥l(1,3-DAP, PUT, CAD, M-
AcPUT, N-AcCAD, SPD, AcSPD, AcSPM, SPM) &
=& LC-MS/MSE #4293 A3} F 2F 7+ & W
%a]o].u] TR ol AXA] olo]./q ovlol xck /\]
2 FE ol T AF 2= AHsA FAt st
Ak oA 1,3-DAP, PUT, SPM, AcSPD2] =&
ek 3zle] FEUF GARIEY 2 TEE HA
g W Eelolwl s=rt o e X7t E
%E}” e 82 5 #1737 A5t e Age] &
2}, 235l el el Za]o1(1,3-DAP, PUT, CAD, N-
AcPUT, N-AcCAD, SPD, N-AcSPD, SPM, N-AcSPM)
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