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A & R AR €3 B IR Rk (UPLC-MS/MS) # Ml B kAR A P U B b A LA = 4. R A B A8 X B 3T &
ok, RGN R RELSERATRA, N Z T ENEMNR EETR AL TR EAERE R
J R AR VAT AR IR AE , AW 100 kA R R R A HF 20 Bl kAt B 24 h Rk AR IE VLB A ) 8 A
WHEEFRTE AL FRERE 24 h ok KR X A R B R AR 7 ok 2 8 A ) U B A H A = 4 6 AR K,
FFEZT RAAD 6 F A SF KN, FER oA GRECE AN EREX R R HET A,
EAHE AR EH<10%,F£BHKE24h 4 CHE24h4CHEI48Sh A S0OCHKE 7TdREIMYEWF, T
<6.2%., BRI 24 h RigAFAR ML R 2 EAE (r=0.93~0.97,P<C0.000 1),6 # >4t A% X 1

VR EMREH 2.6~140.4 pg/g Cr, B LR E 4 0.3~37.2 pg/g Cr, $ © B 43.4~561.8 pg/g Cr,3-F A8

BeFy 18.0~165.7 pg/g Cr, VR A KX FTH EMREH 15.1~241.5 pg/g Cr., PAL K EMRE A 6.8~192.0
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Determination value of catecholamines and their metabolites in
morning urine by ultra high performance liquid chromatography-tandem mass spectrometry
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Abstract: Objective To establish a stable,sensitive and reliable method for the detection of urinary cate-
cholamines and their metabolites. Methods The catecholamines and their metabolites in morning urine sam-
ples were detected by ultra high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/
MS). Solid phase extraction was used as the pretreatment method,and optimized the conditions of liquid chro-
matography and mass spectrometry,and verified the performance of the method.including limit of detection,
limit of quantitation,linearity, precision,accuracy,matrix effect and stability. Morning urine of 100 apparently
healthy subjects and 24 h urine of 20 cases of them were measured. The difference of dilution was normalized
according to the creatinine measured value, The correlation between the results of 6 kinds of analytes detected
by morning urine and 24 h urine were analyzed, then established the reference interval of 6 kinds of analytes
detected by morning urine. Results Within the corresponding concentration range, the linear relationship of
the 6 kinds of analytes was good,the precision,accuracy and matrix effect were all less than 10%. The stability
of the analytes was good when placed at room temperature for 24 h,at 4 °C for 24 h,at 4 C for 48 h and at
—80 °C for 7 d,with the change equal or less than 6. 2%. The results of morning urine and 24 h urine samples
significantly correlated (r=0.93 — 0. 97,P<C0. 000 1). The reference interval of catecholamines were as fol-
lows,noradrenaline 2. 6 —140. 4 pg/g Cr,adrenaline 0. 3—37. 2 png/g Cr,dopamine 43. 4—561. 8 pg/g Cr, 3-
methoxytyramine 18. 0-—165. 7 pg/g Cr,normetanephrine 15. 1-—241. 5 pg/g Cr, matanephrine 6. 8—192.0
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pg/g Cr. Conclusion

A convenient, rapid and sensitive UPLC-MS / MS method for the determination of 6

kinds of catecholamines and their metabolites is established, which is expected to provide a simple,convenient,

accurate and sensitive new method for the routine detection and clinical application of catecholamines.
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RIS B A XY, ARk E N AN ST
T Z AR 5 5B S 7L (LC-MS/MS) H T 7€ it
R0 PR R A LS B e B AR L e g ik
RZBIBUEFH 24 h WIRBGEFTRN AR EZARZ
b bR A 2 R TR I K L R AR Ak B R AR AR
S5 BRI T LS B e Ko JLAR I 7™ 4 A6 D 1 s IR 1o H
PR AR 5 B A T — i PR L AT [ G 0 DR i L
A5 T Mg S AR S 7= 0 114 AR o A € R I TR ik
(UPLC-MS/MS) , 3k I ] . R 57 1) 1o ek R R [ 4 2
B, — YR () A 00 R 94 v 2 ol LS 1 e S HL AR i
PR O ST A A R PR LS I e B AR g
W) 225 X [6] , Ryl DR W 6 200 FRLJEE 12 W 4 (AL 5 By
1 BERE5RH%E
11—k BERETT S KF R B B R K fdk B &
100 B AfF 58 X% % Hod 3B 51 i 4R 4 19~65 %5 &
49 B, ARy 22~52 2 . g ABIFFE 6T G2 35 TR )i AR DA
M (102020 4F 1—7 H KW B K2 s B B {5
TRKEIY 18~65 % M 5 (2) AR KE 4G 2 oK WL 5% 5 (3)
LR PR H R L v A A A I 2 ok DL SR (O 2R
SRR AR IR R LS. A AR g 3 SRR A LU
TAEE TSR (DA 3O il B SRS M
g s BRR L 22 O RN B RS 5 AM R 45 %
AR AT () BR A sk B w8 A 5 BB A B R
PO . ASWEGE RS T 5 R 2= MR Bs B B 2 40 B 2 5L
SHHLE T A R R AR S 5 AR, IF %S
AR .

1.2 4% 5185 Agilent Technologies 1290 Infin-
ity [1 8 & 80 AH RS A (B, 32 D) ; QTRAP
5500 = UM AT B 1% A (AB SCIEX, 3 ) ;5 {5 1% 4
(Agilent Pursuit PFP 2 X 150 mm); PWCX 96 fL [#
RO . U AR e S B ER R (E)#hiedh . LW H
R (NE) $h R ih L 2 1 i (DA Eh AR h /1 3L
AR FE (MND Eh R R A 25 B IR R (NMIND £
FRdh 3-H A (3-MTO#h R4k . & R (HVA) |
T 5 B R (VMAD K ik B 9 17 4 2 N A E-d3.
NE-d6, DA-d4, MN-d3, NMN-d3, 3-MT-d4, HVA-
d3.VMA-d3 (Sigma, % [F), i # £ (dt 52 b T,
E), Z I (4 3% 9, anaqua, 35 EH), H B (@ 1% %,
anaqua, 3 ), SEI F K B 4liK (18. 2 MQ «+ ecm, 25
°C) . BureWATER #8 4l /K S £ . JR JULEF A4S ) 2%

catecholamines;  metanephrine;  3-

FH 57 7180 4 B 8l A= 46 43 A A3, 3 550 & 1 3 b 5t F)
15 &R A R A A .

1.3 ik

1.3.1 TAEWHI & R BEE s RH 0.2 mol/L My#:
R S WL ) 10 g/ mL 19 JL2R 9 e B FLAR S 7= 4 1) i
B 5 I C ) A [ B 1 B o L R Ll 0. 5~
1 000.0 ng/mL,

1.3.2 bRASCREE UG A 050 G e 0 o o B P oS
B SR FH AT AT 6 3 L2 8 e 1 B 0 B ot R il
AT 259, AN AT L2 2l OF O RE B 3 A2 06 77 2 U
HARK AT — KM b 8 MUSEE & MK IR S RIE R
6:00 SRR, IFEEEIL T 20 il B R4 24 h IR
W,k H 6 mmol/L Eh MR BT &, A5 A& F—80 C K4
Az

1.3.3  FRASHTALH OB bR o S T S SR AR A
R icE 2w IFIR S 96 L A 22 HUR 3556
R FIK % 1 mL #EATIG AL RIP . (D) B EbRAS R
FH 0. 22 pm JE o 8 Bk 8 45 31 R 18, B 480 pL, Jim
A 20 pL B TAEW A 1 mL 0.5 mol/L 1Y Z MR %
W ATE 5 so (2) bR iy S 48 i - B 20 pL AN [A] ¥
JE R A S TR 38 A 460 L B 4liK IR AR 4
SAA 20 L JRA WAR TAEWA 1 mL 0.5 mol/L
TRV W IATE 5 so e PRIBBRAS LA i B JoT 4%
Ayl A 96 L E AHZE Bl T, Z 05 43 1 mL 20
mmol/L M &R ER A 1 mL B EEJEAT VR, B )
FH 500 pL B G KW WRGEEAT VR, WCAR VEIL I 70 L
% 96 LB A ZEHUAR Y, ALK

1.3.4 @3t @SRy 40 C LR
600 pL/min, WS AH A 7K (0. 1% H R . Wit s A B
RGO 100 R , A6 BEVE AR ¥ 2 0 min, 5% B;
2.5 min,50%B;3. 0 min, 95%B;3.5 min.5%B;5.0
min,5% B,

1.3.5 FUig A&t Wi & IR (ESD , IE & 1
MRM 48 53 b7 ol AR g m 2 /< B F IR R R
5500 V, B SR E N 500 °C LKA RN 25 psin B
A(GSD Ny 60 psis 5 W MR (GS2) 2y 55 psi, il
3 (CAD) N medium , B 15 8 ALK, 4 vk 1F B
it 15 pL, JOAB A B R I S B 1,
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1.4.1 KHER@COD) LEs FROOQ  HiriE
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M LOQ, AR F, LOD=23 X SD/Slope, LOQ =
10X SD/Slope, H:H SD Jyix 10 ¥ e i e B (1) i) 17
FrifE 2% , Slope A HE M B RER

1.4.2  LVEVEAE AR ERh Zeny g sr (8 HIAS [) v i
() 4 i » B VR BE B R 3 Uk, X 6 Fl A AT W a1
WS 22 00 81 A 5 R pEAT LR M PEA 20 B0 5% 6 APy
B 1) 4t 7 78 FIRE OC R 4

£ IEBBRBRERESWRIESBMGL

Q1 Q3 EMEHE  REEEAELE AR &0

i (Da) (Da) V) (eV) L (V)
E 166 135.1 85 23 9
E-d3 169 135.1 90 23 9
NE 152 106. 9 85 24 9
NE-d6 158 139.2 90 22 9
DA 137 91.1 90 24 8
DA-d4 141 122.2 90 22 8
MN 180 148. 2 80 24 10
MN-d3 183 151.1 85 24 10
NMN 166 134.0 70 23 10
NMN-d3 169 137.0 75 22 10
3-MT 151 119.1 80 23 9
3-MT-d4 155 123.1 80 23 9

1.4.3 ORISR HUS (01 fA Ao i B 35 1) PRV A% 43 B
3 ZEAY A B LR AR 3 AU RE AR o S A
IR R E AT 5 WL ESEAT I 3 d, AR I A AR
S RB(CV)FRRKEHE.

1.4.4 MEGREE A RIS AT IEAL IS B R A
it BRE 5 1) PRBCBR AR 43 1 3 85 0y o A 19 40 A 400 Wk
Jei s A AT A 3 S VR B A A o R A
B v S5 ARV B R A R AE BB (E I =15 %0 LAY
M BE S AEFIE (1 £ 20 % LA, MERR B = JR Wi b
AR AR W b I v B /R IR M AT S
FIA R i e B2 Z

14,5 LRGN BRAE TS I 500 A TR) ) [ A A5
SEUPR P A B, BB 5 ) A AR At 1Y) DR WA AR A B 3 A%
By K H 9 43 B de BE S 3 i m AR IR 3 A
VB T B 9 5 AT A I VR R LR R R

0.85~1.15, RN = CAJE I A bR E 5 B9 H /Y
SIAT IR B AR I R A3 BTk D /% R H i 4y
Briik i .

1.4.6  FREME B 10 B4R f B & 10 RO bR A L 43
A5 Gy, 1 Gy Sn BRI, 1 By IR T E 24 h R
W1 A5 F 4 CORFHARAE 24 h JG R, 1 4 F 4 “Cik
AP RAAE 48 h AR, 1 £ F—80 C KA h - AF 7 d
JEREI . 4 5 A3 B AR AR AE S B 4 °C VKA I I AR
FEME N —80 CRIMMRAF AR M. — I Ry vk i A2
<15 %mt b 2faa . et ) =085
ARG 000 P e — 7 B W0 %) e ) / S IR DU ) R B
1.5 PRI

15,1 JRBRAG I L AS B e B G AR 1 7™ 0 ) A5 3
SINTIRIR S 24 h RIS 33 T oA ] SR A D7 1k =2 (]
0 45 S R DG M L 1R 20 BT SR R &2 L OB LR R
B 24 h R AR A LT A H (R A R 25 S R AT H —
b R N AT 5 WUEF Y e (pg/g Co)

1.5.2 % X[E RSB m 100 68 5%
XoF G2 JRe DR e 45 ol LS e R AR I 7= 9 R R 43 BT 0 1
PRAEE 5 DA ok B 55 LI VR 9 L R, B
pg/g Cr,

1.6 SRil=#abd  Frf S ab 3R & kR AB-
SCIEX 24 ® By Analyst 1. 6. 1 4 40 i 47, fd 1
SPSS26. 0 #AT HABGE 173 B . R K-S IE S PER 5
Xof G 0 45 SRR AT IEASER S . 6 FE M a1y
RAEESSM WS HXBRA P, fl Py 55
YER T BRAE . EFR{E , R FH Pearson HIC AN Logistic £k
PE A0 BriE M 2 PR 5 24 h BR 20 B W B R 1k

2 & R

2.1 LOD.LOQ MIZPEIFAE  LC-MS/MS % il 4
FiOLAS B e B LA 7= # i) LOD Fl LOQ. 78 48 B 11
VYU L O s 45 o AT 0 e R L i N 1) 4
TWRETEEIE L 4 1/ x AU A R ik 2 50 8
IR R PETEAL P E BRI >0, 99, FLAR HE (R 22 15
BN HTA 6 B AT R A 1/ < AL ZaKk 2 550
K EH, FRAFTYE LOD.LOQ FIZMESEULE 2,

xR2 ILEBEERERE AW LOD.LOQ &S

iR LOD(ng/mL) LOQ(ng/mL) R e rt L (ng/mL)
E 0.091 0.303 0.099 3 0.008 7 0.997 6 0.5~400.0
NE 0.313 1.043 0.037 2 0.007 2 0.998 3 2.5~400.0
DA 0. 495 1.650 0. 047 4 0.001 4 0.997 5 2.5~1 000. 0
MN 0.196 0.653 0.021 9 0.004 3 0.996 9 0.5~1 000.0
NMN 0. 468 1.560 0.008 5 0. 005 8 0.999 1 2.5~1 000. 0
3-MT 0.189 0. 630 0.019 7 0.013 6 0.998 4 5. 0~800. 0
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2.2 MR LC-MS/MS % 6 Fh A Hr WIAE 3 ik
R E SR, R E R B E N

L1260 ~8. 50, BIRE N AL I ARSI 255K , WL 3.,

%3 LC-MS/MS # il LB R R E RS~ EEE

i e 2 Pk Bz R e

ST R NREE S FEIME HNREE SR FRIME HNREE D

(ng/mlL) (%) (%) (ng/mL) %) (%) (ng/mL) (%) (%)
E 0.5 2.9 7.5 5.3 2.3 3.8 411.2 1.1 1.7
NE 2.7 3.1 6.4 10. 4 1.5 2.9 399.1 2.4 3.5
DA 2.8 4.6 6.9 26.8 2.4 3.4 992.7 1.8 2.3
MN 0.6 1.6 8.1 26.3 1.9 4.5 1010.0 1.2 1.9
NMN 2.5 3.3 7.8 24.9 1.7 2.7 1009.2 1.4 2.4
3-MT 5.2 6.8 8.5 405.5 3.2 5.3 807.8 2.6 4.1

2.3 UERREEMIZEFAON, 6 b LR B ik B AR e
VI HERGBE N 97. 2% ~108.5% .5 ¥IHE 10% AN, 1
P55 K DB R % AE SRR A 15 Y0 LAY AR o, L6 4,
6 Fh 2B W 110 6 RN R 93,7 %6~ 108. 5% . Bk AL
N CV 2 3. 4% ~7. 3% AF&FEBTEN I CV R/
T 15 % a3 4,

4 LC-MS/MS # il L Z BBz B H R i =911

R EE R
HE PN
IR

ST T cv ks cv

(ng/mL) s s
(¢2)) (¢2)) (C2)) (C2))
E 0.5 106.1 2.8 2.6 102.3 4.7 4.6
5.0 102.6 6.3 6.1 104.5 3.6 3.4
400. 0 103.2 5.0 4.8 99.2 5.1 5.1
NE 2.5 104.8 5.5 5.2 93.7 4.9 5.2
100. 0 98.1 4.9 5.0 94.1 5.3 5.6
400. 0 97.4 2.2 2.3 97.3 3.6 3.7
DA 2.5 105.4 6.4 6.1 107.9 6.8 6.3
25.0 104.8 5.7 5.4 106.3 4.9 4.6
1 000.0 97.2 4.3 4.4 104.8 7.6 7.3
MN 0.5 106.3 5.8 5.9 106.2 6.7 6.3
25.0 102.9 4.5 4.4 105.2 5.3 5.0
1 000.0 98.3 3.1 3.2 102.7 5.9 5.7
NMN 2.5 108.5 7.1 6.5 105.4 5.8 5.5
25.0 102.9 6.4 6.2 107.7 4.2 3.9
1 000.0 101.4 4.3 4.2 108.5 4.5 4.1
3-MT 5.0 107.8 7.6 7.1 108.3 6.7 6.2
400. 0 105.3 5.9 5.6 107.6 4.4 4.1
800. 0 100.9 6.2 6.1 105.1 4.2 4.0

2.4 REME AR BN IRBAR A H LS B SO

TR R E M, L3R 5. FaE IR A H Y
MR B AR <6. 205 .
®5 IIEBERREREFUNEEE(X)

= R ICE 4 CokAE 4 CukEE 80 “CIKAH
SrHTY
24 h JE 24 h JiE 48 h JE 7 d

E —1.5 0.8 1.1 1.4
NE —2.4 —1.6 —1.9 1.8
DA 0.8 2.1 3.3 0.8
MN 1.3 0.4 0.8 0.9
NMN —0.7 —1.1 —1.6 0.7
3-MT 0.2 2.8 6.1 5.4
HVA 5.1 5.5 6.2 4.6
VMA 4.1 5.2 5.5 1.1

2.5 RN

2.5.1  JRIRAGIN LS B e S FLARHE ™ W 9 A S0k
JRIRYE 24 h PRI CEE 3 P R R AR 7 1k 2 (R T 19 43
M A6 I &5 52 1F A 56 (2 = 20, P <C0. 000 1, r:
0.93~0.97,#%.0.52~1.05), RIS 24 h JRILE
W3 e S LA ™= 9 0 AH DG PR 25 S F - NE 2% 17115
ARTRIR N 0.683,7=0. 952, P<C0. 000 1;E ]
TR 0,522, =0. 905, P<C0. 000 1; DA £
PEENF 2B &R 0. 941, 7 =0. 964, P<0.000 1;3-
MT £ 111 )3 43 A &R 2 0. 980, r = 0. 963, P <<
0.000 15 NMN £ 1 [l 19 20 #t & % K 0. 622, r =
0.937,P<C0.000 1; MN £ [al 1953 Hr AF% K 1. 0505
r=0.969,P<C0.000 1,

2.5.2 ZHIXEL LA e Ko AR P A i 2
FIEEILE 1B P, 5 Fl Py, @ 2% X [H], 5% X [H]
NE 4 2.6~140. 4 pg/g Cr,E  0.3~37.2 pg/g Cr,
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DA H 43. 4~561. 8 pg/g Cr.3-MT ¥ 18. 0~ 165. 7
pg/g Cro NMN f 15, 1~ 241. 5 pg/g Cr, MN 2}
6.8~192.0 png/g Cr,

800
7
S 600
o)
S
=
Z 400 z
I
E 27 27
I 200 -
A's 29
N & é 5
95 471
0 £

NE E DA 3MT NN WN
B1 100 flfgmRdREILEBERERE ™D
BmNEREXE
3 i e

1R 8% 21 B 9B — o 2 DAL ) A 28 PN 43 0 T 98 S TR
FB EREERANME . KRR AN 0.05% ", WA
Jo8 T R RO L 2% 19 i » DS U R T R4S e T Y
IERAE MR A GER B2 Wi JiR T . & S 88w 1 )G
SR LA W i B AR B0 A A T T B g
I 5% A B R 12 T A SR T 3 B L Tl B2 W S
W DA R REIR S R I 5% 40 LT, X AN W) A= Ak 3% 20 g 4%
240 B R A S ) Ak e A T LA T L e PR Y
T ARG I PR Y S v i LS I B X B L R A AN i R
BEIEATORAT . BRI, T L2 B B 76 A8 T K OF
% B P A L v A I - A IR S 55— T I
HILAS B Wi /K ARG o 52 38 3 2R 6 bm A B 1) 348 0 46
235 555 ) AR A, o A 0 SR 4 4% 1R R L WK g
FEAM I HE SR B A% PR DA fi 2 S I ARG D00 1 i 2ok
24 h JRVCRAEZ B, W B AEw AR B2 5 4.
5L, R R 0 RO i g7 L 3F BRI T 5 0
ENZ RN SN B = B R o MR e i
B2 JE I 1 S IO B R GRS L rT DL 12
Witk e

H AT F T LA M e B FC AR ™= o 68 i 85 FH
A T G B A I BOHR 5 3 H fk 2 A BT ik L LC-MS/
MS. LC-MS/MS # i #% B A & 2 # . 5 0 f
75 AR L LC-MS/MS ) 28 0B AR 53 B O 5, i
Ao 3 s ) B R, S EL A 08 v A G N AT G AR I £ 3-
MT; 5 WA 0535 FL Ak 2 53 B A8 L, LC-MS/MS %
FETEEEE b3 A 17 A 34 T8 SR, I HGE 0% ik S A A AE
Gy AT B TG 3k e TP . AR SE L T ORI R R L
2 e K AR = M0 ) UPLC-MS/MS, 1% 7 ¥k B
i B PR RO R L R R R A S R IR AR AR
FRAF 24 h PRIBOSCHE PEA TR, i A AR SR 48 58 Jon ] By

il Ak T pH {E I8 1 B, HF AT T HE Y A HUAL
S RAL T R0 B Uk AR T AE B 19 32 AT B ) PN R v
FE T Ve R 2 5 A% I AR ARAS B4 1 4 B RURE .

ABFGE ST T — Bl fRT B M, [ B A T R L 2
15 e K HCAR 35 72 0 19 UPLS-MS/MS, 3 Hi#t 47 T 7
B . XTI R R IRFR AR B AR 24 h IR ICAE
PRAS R AL TN AT B 7 AL R 1 58 E A5l R X S B
PRFEAS I 19 55 By 07 FH 26 B L 3% 5 T R R S AT &
AT LS 13 e B AR 538 7™ 0 it St Ay 0 0 R v g
20 96 1) 5 ) Bl B2 W

S % ik
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