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Abstract

Catecholamine, including epinephrine, norepinephrine and dopamine, is derived from tyrosine by
the catalysis of a series of enzymes. Catecholamines take an important role in physiological activity
via autonomic regulation and keep a dynamic balance in human body. The abnormal concentration
(particularly the high level) of catecholamines and their metabolites often indicates the occurrence
of neuron endocrine neoplasm especially pheochromocytoma and paraganglioma. The prominent
features of pheochromocytoma and paraganglioma are releasing Catecholamines irregularly and
sometimes explosively as well as refractory hypertension. It is because these nature, pheochromocy-
toma and paraganglioma can present with lots of serious complications. Unfortunately, the diagnosis
rate of pheochromocytoma and paraganglioma is very low. One reason is its high heterogeneity and
protean clinical presentation, but the more important reason is lacking a hypersensitive method to
screen and diagnose pheochromocytoma and paraganglioma. At present, medical organization
usually screens pheochromocytoma and paraganglioma by detecting the Catecholamines in urine or
plasma. However, low concentration, instability, high polarity and high similarity in molecular
structure of some metabolites make it very difficult for accurate quantification of the Catechola-
mines. In this paper, the detection status of catecholamine and its metabolites is summarized, the
necessity of LC-MS/MS combined detection of catecholamine and its metabolites is discussed, and
the basic steps and precautions of the development and verification of the combined detection me-
thod are explained.
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1. BIE

JLZ5 T % (catecholamine, CA), HE'E EHR 2 (Epinephrine, E). 2 F'E L Ji# 2 (Norepinephrine, NE)All
Z L% (Dopamine, DA), & HESZRRE— RIIMIHAIER T Em. ERENMEN, B EREFEEH
B bR T A ok, 25 R L IR T SRR T AR A R R Y, e MR E E iz —[1] [2]
[3]. 2 e K i & 1 LR S ih i, = 2 EUROR A& 300 I B 2R E . B 9 N2
B ERRAE L IRSNE AN B A S UA L B 4]. AL E R (metanephrine, MN), FRAEE 25 U L AR
Z (normetanephrine, NMN), 3-H1 4 /##fi%(3-methoxytyramine, 3-MT)2'5 EAR R L HE EAR R M 2 B
JLZE T} -O- H 4 4% Mg A A0 A F R (0 R AR 7= 9 . 75 7 R (homovanillic acid, HVA) R Fr 5 i Bk R
(Vanillylmandelic Acid, VMA)2'S FliRE. EH'E IR Z BN &A= . JLam ke 5 2307550
TR NAR BB BE S PR T HERER . LR e & HARE ) 57 W FE DU =2 K F)
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PRI ARLE P S AR, T L A A T YR AN I 44 45 715981 (pheochromocytoma and paraganglioma, PPGL)
&4 (5] [6] [71-

T 5% 24T LR R 1) o 2 7 JRE 2 43 ) DN U T 4 R b R A T R R A TR R P 4 U R
[8], KIWFART 1532 —[9]. PPGL %254 SR AR LA e, A I SRR PRI, R
P MV M = LR [10]. FH X 2 i, PPGL AT DA BRVF 22 ™ 55 (A 9 AR, SR8 Wi RVAR 97 i T B3
A . ANFERZE, PPGL BIZWIRIRMK. TR 2 — & HIGIRERIEA S R R 2 (1], (|
B TR SRR B — R AR AR R A AT PPGL (5. HRT, BT LR I R S o L
AW e Je HARUR = W)K& PPGL. #RTT, LA i B HE LB AR = MR FEAIR . ANFRoE . Rtk 4
TSR RS s A 1 ) LS T e B JFE SR8 e A= A2 1 v ik 0 e e 5 TR S [12]

H A Lo B i B FAS ™ Hrar il 1) 77 245 18 %95 Wl 5E (enzyme immunoassay, EIA), i 250 3
FEAk 224081 (high performance liquid chromatography with electrochemical detection, HPLC-ECD), &40 AH
033 5 R 1% 23 41 (high performance liquid chromatography-tandem mass spectrometry, HPLC-MS/MS)%s , H:
Hh gt TR B N FH ) Y2 R 1 G e W 5 VR 03], A F - L R BB R B R 22, ELRE i 1) 2% B [
fEAF B BN E ALK RO E AL T 5% . tbah, Bl e kA aedll & 3- Al iz, T 3-H A lg ik /2
T PPGL 5 (B ZE4EAR . X T i 8AH G A2 04, i T ICAR B e R HE R P AR 5 5, )
B AR ARSI ) LS e e AR P~ i) 2 2735, (BN BRSNS . ICRAER . FE R4 5= 2 LLECAR ]
TE (R AT T 5B , BUAE C4 0l Bl 528 I 52 A LC-MS/MS P BUAX . S5 4 2 5 AT HPLC-ECD M LE,
LC-MS/MS B A s, PR, RECRUIEFEERR AL I FLAT RA— R R e 22 P ) L2 frie B AR
FER, DR AR R SRR 22 (1 S5 5 A S0 N DO AT 9 B F T PR A8 DA & PPGL B2 Wi[14].

2. JLERERER B AW IEAN R R GEEL

B ARAE M P LS 90 fre S AU = W B BEARAG, R ) LR I S LA ™= 4 B AR 9 1) — R 1 Bl 5
SR, AW A RERE, dEREEhACSTA . PEFR R B LA LIS 2 08 2 5 B0 AT I 1) /S I A
%% B 417 (Target Organ Damage, TOD), i /A G FHBURMLE . 53— 718, M3 LA i S AR
VIR 5 AR SRR A OO, P B RE . HRIRThRETCIESE . AL, g I LR oK P
AR ZRWRZ, BlanFERy. . BRCTE. RE. 4. %, mA%E[15].

I e AR AR B 4%, WRiATR, EMY ERER FE R, SR Rk B A
ity (monoamine oxidase, MAO)IM A1 ) L 7% My -O- H1 5L 5% #% il (catechol-o-methyltransferase, COMT), fir LA
HE IR R MAO LR, 760 M R TR 3,4- — 23 %% 2, — % (3,4-dihydroxyphenylglycol, DHPG)
[16]. DHPG #EANTEN, FERFAEH RN 3-H 3 -4-F8 3 2K 2 — ¥ (3-methoxy-4-hydroxyphenylglycol,
MHPG). DHPG fll MHPG &AL N FHE mBkiR. MAO F1 COMT M1EE T3 EARBE R anfrh . B,
B ERER. EHE EREANNE AT D M AR R REEENE ERER, &ERE
B ER . fEH T, A MRS LN, PR SULTIA3, & ] LLREIF B ) Loas B i S AR
W= OB IR S 45 & AR P2 . MEIR BRI IS S, JUPITE MG & H A F IR R A RIR
TB RS WA U AR S R, MR ERISS A AR L HE IR NIRRT B i e 1) 2%
S ERER. Bk, 456 RIS FIRE I MR EE F 2 R pe 2 B EIRE I E E A, mas
FRAEUEE W E I 3% 1 I 0 5 0 S e B b IR 1) B B B A . T2 2%, JB36 T i) 22 R R R 4ok
AT B aE g o AR, 99%1 % B AL T4 A RAS . T IR 22 Bk 32 22 f ' S HORN 97 B
#rJie % . (Levodopa, L-DOPA)AEITE M, BRI IR A 22 B 5 5 v HLAS 8 FH T 12 W g 46 4 o g
[17].
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3. JLIRER AR B H A~ 10 4e
31 BERE. XHELRER, SBE

JLZRB AT e — DRI S PPGL A RINAEMIFREN, HAIH Z R HT PPGL 12, H
LR ARSI EA R 2, DLTR FIM 2 2A O i s A O g ZOeRl . BAnE rdk. i
M2k, o, LC-MSIMS [RIHCREME [R5 RAEEE | ARp e DA SRS o J32 45 777 T 25) B 54 S e RS 56 22 5K
111 B8R 25 b e T 7 5 2 FH i ARG

ST, LR R ARSI . AR R RUETEE, XERINE B
TRKIIBRAR[18]0 BEAh, LA E M I B S L R SR A (1) PPGL 2 I ANBURR, - L AS 70900 BT W 2 7t
JLZREZ T PPGL. DRIL, BEE X LA AR R AOBR i, AL B el e 32 i e FL AP 4
S ERER R 2 R R R P S S5 i A o (R IR 030 22 B 1 57 L PPGL ARGl »
JUAR B FRAGLIATS 2 AN T 5 AR [19] » I RIT» ) LA o HEAS: I T s P i LR A 2 v ) LR B I BE AR 5 5l
AREE, KEIEAGIRAF . N T R JIZ L o] AT AT DRI 28 i, i, >RHL LC-MS/MS S5 HER Y
R, SR R AL RS KA AR AT ™ M R ZOR, A bl e R A7 T—80°C UKAE S5 [20] -

32 EEEM. BEERMEE

e o e BRI S i R R A 9 LR B A PRV T h HRME A e E 3 O 28, i T HRRE R, HRIERR
iR AERs A PPGL 3 i AR 3 72 N H . K2 PPGL P AEARX /D &2 e, (HRELuAEI
KGR, JCHRIGIR BT E 2 A2 O, ROl E EIRERMERYE LRR. SEER
AN 5 i Bk TR e 2 B IR A A 12 W (0 2 LAY, AE w2 BR A IS8 (neuroblastoma, NBL)#Z Wi,
BRI S m A IR EE AN T 0.5 SR MA RFUSHR. HETE & 5 R IR 5 a IR s
PARZ, Herh, WM Gl A IR PTG R L v R L R RN 2 I H TS A T LR W
Lo HARHID I8 G 70 W T BB RIBR 22 (14 53 S Wt FE[21] o

33 AEEELRR. REEEAE LRER, FEERE

BT LR AREHA R IR N, B ERRFE A R R AR R (AR e AR R R
AL H S EAR R, RIS E ERR R SR (MNs) %) 2 AN 12 W PPGL S UK ) LS B A Qs o
NATTRE 3 A 35 25 MNs A T-454 MNs, LSRRI PPGL L JRBR I PPGL LA B my i R 5 Ak
FebE[22]. SR, BRI 2B, TEIRPA IR MNs R LRI e AR A b2 — Ak 23], A
£ MNs [kl e, BBAPEILRIRZ o A R EF RS R 0 AT BT RAE PR f 0, 3 2 % 2 2% [X ) AN S gt )l
TR, ARECRIEAER A4S SR . BUMEMY . 8. 24 h WAIZ & LB IS (L3402 2 B I B P ek
ZIPRAE R UER T I OGREE . S0k, SRS BB B AE UM EML, RIBR 25 R R Tk AR A
BEAE RS IR, PEIR AR L IR R T R, 1 5 M ) AR R SR R AR i K P
fa T Lot DRI, g7 AR AAUER W R 2R M 0 22 X[ R AU 25 VB R IR R IR AR 8 2 IX ) 4 3 B2 [24]
AN R sl e R SRR A — RO 2 E AT LS, RO B - PSR
(HPLC-MS/MS)# A A /2Rl 41E 4 H MINs F fef3: 777

3- WA Ay 2 L ) 3-O- AL AR ™4, FE#0 2 KR40 g8 (Neuroblastoma, NBL) ! PPGL )4
Mrhes mEEH . 3-FF s IE S5 el 2 BEGE MR R I (4 T LT BT AE = MR IR S 3OCR O6, RS, &
W ER RS2 PSR 3 K[25] 0 3-F AR i & — b R AP MO TS AR b 64, B 45 1 48 REA
Jo R ) R AN R 45 [26]0 55— THl,  3-H AR B it 2 12 R F k2R 8 PPGL 1 — AN EZEFR &
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TERZ 4 PPGL H3n] K I MNs 30, AHAG 5 Mo =4 2 Bk, X 53R EF B (SDHB)
BRI RAR BRI G, BERe R B Mk 2 UK P S TR R e g 2 3, A 3- R 4R
J&H Bh T2 WX SR . (EAERNE, SR, RIS A 1 3-F Ak Fi2
W= A4: 2 LY PPGL 2 i E FHAFR[27]. 5 %% /3 iz Lt, HPLC-MS/MS ] LAAERf kI 3-H
ARG, DRHAE J LI AR ) 23 i Bk R bk S2 0t

4. )LEBEREEERBIRERMIF L SHWIE

BaE RHF AR RS, R ORI RE AR AN W o 5 R, H a7 O i) H S 1) B8 R 4 4 1
BRI I [ o A D KR ¥ X S S A [28] o )\ ) LS B B AR U A BB 5 AR mT LASRE 4 2 B 4H
fiJe A PPGL 2 W (¥ fBUME A M . Dubois YCAIBEE I AT LA HTAN 77 A 2 LR 1) PPGLs, B L%
oUW TS AR AN IR [29] . — SLHIF TR WG R W AT AR LR A 28 BEAN BRSBTS T (1 B (R R BUE, el xd T3
e DA2 W 92 7R, 451 o TR RS G A 212 kg FB 2 R I e 7 R A 2 o K R T v 6 FE [30] T ELX T
PPGL, BXGRILE S AR AR e EEMIER, A RIRALRBILE ) LA LA & = A &
AR ZE R o HE DRI A MR R AR R, SECFIAREN&AE, M A AN A (1) L2 T e A= A Y [31]
DU i B FCAR =) BBk AR AR U AT DA DA i B A I e PRI R AR R 248 5 i — 7T, ) LAs i
) A AT, S e T o 8 RE A R R AN [R) R B R 58, AN TR) IR A A 4 SR B e T o 28 R 40 LR 1 A [ I
[32]. BEAh, BRI AT T A ek 2 B JRE (0 A i B, Ik % 4T R -5 40 A R LA A I IR
AUALE, (BTERARFERIEYM S LR, BEA R A T —Fi R 450 775 [33] -

HPLC-MS/MS T V2 R TG IRAEAGRT I, R R PRAG G (A e s, SR T L2 i B AR
AR AR SR, GERIARARL, o VRGHERE [F) R 22 Bl ) LSy B K AR e R B T AR
KIIPRAR . BT R BUE . kBRI 2 W S Re 2L, LC-MS/MS AT AP, AERf H XX LA 64
VAT E A . AFE BRI, EEF R, BFUEES BT LC-MSIMS Ao U RLAE I AR A i
AR T I OREEA B VD R R R 2 A R K

LC-MS/MS JHEMTT R EEASE: 1) FeaabH. 5HAMKIIVEME, LC-MS/MS # 5 il % 757 72:4H
SR T o, PR E E RS [ AHAEHL (solid-phase extration, SPE). & AR ITIE . W - ML (liqui-liquid
extraction, LLE)%. & 4 $2 I VLT DR MR A b 0%, b B8, [E AL (SPE) & SRt AT I
FE IR, B AT DR K PR B b sk /D P8 Y5 I 2 B2 (Ui i« SRANEE I, T AR 5 30 T ) x 2 o
MR . 2) AHETE: ARG S B RE (A pE kB . SR AR EE i fk . S5 He
TR R AL, VRO € B 2 A e A AR RS A A I A 4E &, BT LA SR 4K B A 1 € i 45 1 [34]
3) Fail: PSR EAEA. BT EESERE FIEER. HAr, 5 A (electrospray
ionization, ESI)2 Q4220 s s - 7. ) LRI G S AR =35 il b &4, DUEE F (%)
BB T () T AAFAE T, BRItk ESI 28 R B, 4) THA M mE R 5HA
JrEME, LC-MSIMS 3220t B HRABAT N o VRO €3 F B2 PT LAk S v 2 F40, Bt 3-O-H %
L5 R AT s b B AR, ORI/ B8 . SR, B YRR € By mT A B R A 5 420 )5
RUEntk, st st RN R G UREZIRE N RMES .. ZRENRE . FE2GMEIN TS, XL
FIREFBURIATE . BLAh, PR MR AR B RA B, By P EEY EIREAKPFE T L
PE[24]. M FEIER . PEIEE P LIREM 3-0O- L% R AE RS A AL 3t B2 40 ) L HIAS I 25 SR A 1R

WM. AUFER I, MHTAEJLRI 3 B, MR AR K. HAE LS LIREERM 3-0-HFiZ K
FERRIIE, FUE A& S HIX AR IR =2 1[35]
B RS I 75 2 ] BT AS ) 22 L2 i B AR, RICAE R S hr ) b 75 E IR B et S8, DUMRIET:
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— R ER R HE A I B . TR IR, NAS HEAT TR RAIE, 5T T IRIR . DRI 1 E N A
EFE: RR . &SRR AR WERRTE. TR, MRS, RE AR ONE R I BBAE.
JiFEIAE T BLR A VR AN T T A, W Rz ERI R RE R AR B A, W B RO 1% 5 1
frefdt, EPTEATUNERAE, ERNZITRRITERE RENE T 2 I R R 1 B R

5. /NG5

PPGL MIRIZH W RRZ M, HEFEEGHER. BT LRI LIRS Z, 45
B, EEAR, LC-MSIMS [l BU PR, s 3 oA ) Lo i S LA A e R U0 1) 15 3 5 v
HI T LC-MS/MS — IRIERE AT 2 R ot 58 B R o & LS e S AR A4, AR T IR 2
Wr. BT ATUEA I, HAT, LC-MS/MS Al ) Lo i S JLAH T At - i ) Se e = 45 21 1 ok
R BT ARSI o 5 BRI, BUE AR SR, $RAEE2%, BN PR SC 6 S 78 3 A R 2O S
IR B QR I RAE N SORGERE — MR KPR ASCHER 1) LR B A A KRR,
P8 1 LC-MS/MS B taril Lo i S AUV 0 Bk, B3R 1 e A 7 i30T R S IR UE R S A D R
RS HHERNIEMLE, LC-MSIMS JHERILH BRI Z K. BEEFUE AN, R
FERT B SACTEERI AW i, LC-MSIMS £E Il ARAS I ) LA B3 e K FA 7 T PR 80 P K 2 BBl
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