2021 4E 5 1 & 1% Vol.39 No.5
May 2021 Chinese Journal of Chromatography 518~525

FHARLE A DOI. 10.3724/SP.J.1123.2020.06022

FEE LT SO (- B T (UPLC-MS/MS) 857 % it 4 #7 (6. % % ( Trp ) AR ™4 3-OH- R JR & B2 ( 3-
OH-Kyn) 3-OH-4F Z ZE 7% H R (3-OH-AA) |5 JRFR (XA) (R IRZMR (Kyn) \5-F2 M| W LR (5-HIAA ) | K JR M5 MR iR
(KA) F1 5-52 @ (5-HT) 0771, 0 FHZ 7 6 40 BT A JRAE v i & & IR HE R AL, K PREERR B (B0 5, A
PHE LS ( DNS-CD) £ 4 , 22 Thermo C,, (5354 (50 mmx3 mm, 2.7 pm) 2302550 0. 1% FF R I Bl BE VR AR S, %
FH BT 25 H B (EST) Y8, 76 1E 85 4R 22 507 W i) ( MRM) #8520 ASI . LABMMERR (CA) IR, E fE 20, 453
TR, 8 F HFRME G X R R AR B(RY) =0.974 0, K R (LOD 4 0. 005~0. 5 ng/mL) , A % &5
(93.24% ~107. 65%) , R FHARTT A 4347 T8RS R 70 N IRIEARAS , 26 JREE PRGN 2] Trp JERI R 7 FhRt
TR, SRR Trp S5 i R AR R O sHEHE . Tep JRAI & /08 5. 22~ 20. 88 pg/mL; JRIE 14
ARG HEME Y Trp R JFRAT 124% ~268% , RMAN Y Trp EZEAAR G HEL RS, ik FBHR T Trp-5-HT Al
Trp-Kyn Wi 453842 AR =4 & &, Trp 4 Kyn FEf# A5 A9 3-OH-AA il 3-OH-Kyn & % 2, B Trp-Kyn J&{&
Trp M FZRBEE, HikiE i UPLC-MS/MS SE3 1 /R H Tep e HAR =4 & 2 (A , R Ay RAG 25 B2 it
ARFBIE ST HE

SRR . OB (03 - H I TR 5 A AT A 5 (0 SR RIR &R AR 48 IR

hESES.0658 XRKFRIAAD A X E S 1000-8713(2021)05-0518-08

Abstract: Tryptophan (Trp), also known as a-amino B-indolepropionic acid, is an essential

amino acid, which is involved in various physiological processes. Studies have shown that
tumors, infectious diseases, and neurological diseases are accompanied by Trp-related meta-
bolic disorders. Understanding the excretion of Trp and its metabolites in normal individuals is
of great significance for treating Trp-related diseases and monitoring the health. A rapid quanti-
tative method was developed based on ultra performance liquid chromatography-tandem mass
spectrometry ( UPLC-MS/MS). Further, this method was applied to the simultaneous determi-
nation of Trp and its metabolites, including kynurenine ( Kyn), kynurenic acid ( KA), 3-
hydroxykynurenine ( 3-OH-Kyn ), 3-hydroxyanthranilic acid ( 3-OH-AA ), xanthurenic acid
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(XA), 5-hydroxytryptamine (5-HT), and 5-hydroxyindoleacetic acid (5-HIAA). The excretion
and amount of target compounds in random urine samples collected from healthy participants
were studied using this method. Urine samples were collected from healthy male volunteers
(between 20-22 years old) without any diet and exercise restrictions. Urine samples were col-
lected between 11:00-13:00 daily for 10 d. Thereafter, the urine samples were diluted, centri-
fuged, and subjected to pre-column derivatization with dansyl chloride ( DNS-Cl1). Caffeic acid
(CA) was used as the internal control. Later, the derivatives were detected using triple quadru-
pole mass spectrometry with electron pray ionization ( ESI) in positive and multi reaction moni-
toring (MRM) modes. The samples were separated using a Thermo C; column (50 mmx3 mm,
2.7 pm) with 0. 1% aqueous formic acid aqueous solution and methanol as mobile phases at a
flow rate of 0.2 mL/min. The three most abundant ions for each derivative were selected for
downstream analysis, and the internal control was used for quantification. The polarity and
molecular weight of the compounds were found to be altered effectively after DNS-CI derivatiza-
tion treatment. The dansyl group effectively altered the polarities of the derivatives, such that
their retention behaviors in the reverse elution system were similar and they were well separa-
ted. The interference due to impurities was effectively eliminated using the MRM mode. The
results showed significant linear correlation, since the correlation coefficients were greater than
0.974 0. The recoveries were between 93. 24%-107. 65%, and the LODs were 0. 005-0. 5 ng/mL
for the eight compounds. Trp prototype and the seven target metabolites, including 3-OH-Kyn,
3-OH-AA, XA, Kyn, KA, 5-HIAA, and 5-HT generated through Trp-5-HT and Trp-Kyn pathways
were detected in the urine samples. These results indicated that Trp was excreted in a prototypic
form or after being metabolized. The level of the target compounds in random urine samples of
individuals were 0.99-3.72 (3-OH-Kyn), 2.51-21.11 (3-OH-AA), 0.25-1.12 (XA), 0.15-1.53
(Kyn), 0.24-2.58 (KA), 0-0.31 (5-HT), and 2.2-17.94 (5-HIAA) pg/mL. For the same indi-
vidual, in the state of physical health, the fluctuations of Trp and its metabolites in urine were
large. Due to these large fluctuations in the absolute content, the difference between individuals
was not significant. The data generated using 70 urine samples revealed that the amount of excre-
ted Trp being metabolized was 124%-268% of prototype, which further indicated that the excre-
tion after metabolism was the major underlying mechanism. Upon comparing the levels of metab-
olites in the Trp-5-HT and Trp-Kyn pathways, the results indicated that the levels of 3-OH-AA and
3-OH-Kyn generated upon Trp degradation through the Kyn pathway was higher than those of the
other products. Trp was degraded via Kyn pathway to produce 3-OH-AA, which was the main
metabolite of Trp found to be present in the body. This manuscript detected the levels of Trp
and its metabolites, as well as summarized the characteristics of excretion using random urine
samples, which could provide valuable information for clinical practice.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) ; pre-column derivation; tryptophan-kynurenine pathway; urine

SR (Trp) AR a-20HE B-WINENTR A
LTI AIER 2 — . N K E K Trp ok
FI RIS 5 B8 2 A R A T AR i, X 46 Trp
BRI T E BB A L, FEAE A2
T AR Trp 22 75 W -2, 3- XU 4K

it | B e S AL T K PR R R e I 4 0 0 R 8 A
Trp-5-32 (6l (5-HT) F1 Trp- K JR &2 (Kyn) Wi % &
FURAR A I HE B ARSN S Z AR KR s
DL ALAARZS B 52w, B KA R Trp LS 51K
A2 2 A AR AL 33X S A1 /)N Y A8 A A 52 1 R 2R



- 520 - Ll

i 539 &

R, k2 LA PIR S A 22 57, e X S 8050w
M RAE . TSR, Ibg SR PR |l 28 P
ER PR & A Trp BACIERELTY , T/ Trp KXH:
TR =P 7E IE A H 8RS A HEEHL A Trp
FRASEBT B A DR S AW | DA B2 A -3
B EA EEE X,

Trp K AR =P 7E A P9 2 B A, G000
K., EAER, M Tep BILACH =584 58
HL Ak 2P T, AT AR FH ARSI 5 A 8 R AH 3%
¥ (HPLC) ™ B2 B 4045 fa ik ¥k (HPCE) 1" Fil
BOM A €6 BE- % AT (HPLC-MS) 4%, Ho
HPLC-MS FH o5 B4 5 Pk B v 1k o S i 1)
WFFTIGE T BRI, B SCHR G T Tep B AR
P53 438 22 45 v e B 00 S 1R R IE B AN AR 1 X
4%, 1 Cheng %' & B DhAEA 4 34 1. 2% Trp A
HLARIE P 1 % 555 s Heilman 55 & i
Trp K AR =4 &8 0] LU T3P0 00 4 2F e
15 3 SRR L IR s R DR Kyn 5 Trp
(EANT HR 2 e, X AR GE I 9T 22 2R Z i ]
S5 B PR ARG 0 A EL AT, A i s e B — i)
[ AR = i & 5 O, Tep 9 IR G AT HE ik
JEIEHHUARE KBTS Bt AT R i R, 2 B iR
TS S AR Ak B 5 A K T i f B AR R
BEHLIRFEH Trp K AR = 7K P02 Trp ZHHE
AR TR 12 W A ST, A6 3L TR sk
TR (5,33 - £ X 3% 92 ( UPLC-MS/MS) |, 5% J 1 it
fi% 58 ( DNS-C1) #: w77 A4 AL AR X H bRk & 9 4 7
fiide  EES7 T Trp RHAC =90 2 oMo 2, OF
N FIZ T ST T Rl R R BEALR AR Trp S
PR =i o i SRR AR PR HEE LA Ryl
PREER IS W B BE B0 S0 HF

1 SCIEEy

1.1 XSGR F 54

Ultimate 3000 Y = 808 AH 235 R 48 . TSQ En-
dura = PUMFT BT 3% {L ( Thermo Fisher Scientific
ol JEED ; AG 22331 G = 8 2.0 HL ( Eppendorf
5] ) ; MTN-2800D %0 WC ik 46 255 B (R B
T AIRA T, ) 5 SQP LT IrHr R (bt
TR A R A F, ) 5 RCT-3200 #8246
HKPLCGR MR R & A IR AR, T E) .

3-OH-K JR & 2 ( 3-OH-Kyn, 40 FF 98% ) ( 3£ [
Sigma A ) . Trp ( 4§ £ > 98.0%) . 5-HT ( & i >

98.0%) ; 3-OH-%f 2 3 7% W iR (3-OH-AA, 4l [
98% , 1164 e AR A PR A F] ) 3 BERER (XA,
4lifE>96. 0% , B 7 & LI Tk & RAFRAF) 5
K PRWEIRIR (KA, 20 FF >98. 0% , | 5 A= W Rl
HIRAT) ; Kyn( 455 >98. 0%, Bl f7 T35 ( i)
HIRAFE]) 3 5-F8m| bk R (5-HIAA, 4 >98. 0%,
£ [E Alfa Aesar 2\ 5)) ; WLEF( Cr, 21 >98. 0%, |-
IR A IR R A ) 5 NBRIMMERR (CA, 2
99. 9%, HA TCI /2] ) ; DNS-CI 4lJF 99% , b 5
REBBHEARRAFE)  HEE W R O (A2, 58
Tedia A A])

PRIGIFEA SRR G B KBTI 7 £ 1
FES L AR R 20~22 % T 2 5 F 1R A
FTEA B LI 28 TS R,
1.2 XEFHE
1.2.1 &35 R i &

%A Thermo C,q 1%+ (50 mmx3 mm,
2.7 pm) ;HE .35 CiHEMERE 4 C;ish: A
0. 1% HRZKIAEW , B o8 S i, 0. 2 mL/min,,
FEEVEN LR :0~3. 0 min, 30% B; 3.0~9.0 min,
30%B~95%B; 9.0~12.0 min, 95% B; 12.0~12.5
min, 95% B ~30% B; 12.5~17.0 min, 30% B, it
ﬁé%:z lJ»Lo

KR 55 8 0 S T B A IE 1 2R
N W (MRM) A 4T3, AL m/z 100 ~
1 000; 1555 H i .4 000 V; 85K 7 ;6. 125 MPa; 4l
BSH 7 :0. 875 MPa; % i & 4045 i & . 350 C ;%%
B8 B . 300 T & M, %45 R | Thermo
Xcalibar #3478, FrllY) B R RE & (CE) |
RF %551 )% (RF lens) FIHAB RIS AL 1,
122 FHEB R ES & E

TR 11:00~ 13 :00 7E 35 15 75 7% Hlse s v B
PR 10 mL, B 1 mL, A 100 pL 1% H R K E W,
RA A, VL5000 r/min &0 10 min, B _EE 200
pL, T-80 CHEGYE R, 25 H, 40 if, IRAE T 4 C
TAETR

] JRIGRE S A 50 L 100 wg/mL fit CA Fil
7 8 mg/L DNS-CI ) ZJE W 200 pL, 185, A
400 wL 0.1 mol/L Na,CO,-NaHCO, Z& %, i
JiE, T 60 T4/ 20 min, PRI ) 52K £
FIA 16 wL 0. 5 mol/L = Z WA . W 30 min
JENNA 15% HBR K 16 pL, &1k, i 0. 22
o TAFLUEIE, 2 AR Oy i s A m = L 1



555 1 2B OB R AR G- ER IR BT 1 E B R R B A - 521 -
*x1 BHRLEUHRIESE
Table 1 MS parameters of the target compounds
Compound  IR/min M, Number of dansyl group Precursor ion (m/z) Product ion (m/z) Collision energy/eV RF lens
3-OH-Kyn 3.86 224.08 2 691.14 171.14* 37.54 98.31
456.15 27.48
349.37 14.98
3-OH-AA 4.25 153.04 1 387.09 171.15* 17.59 85.73
216.19 15.36
341.50 15.21
XA 4.78 205.04 1 439.06 170.25* 19.81 154.31
268.16 9.89
393.14 12.37
Kyn 5.30 208.08 1 442.12 170.15* 22.21 80.25
251.14 11.32
271.04 9.22
Trp 5.38 203.80 1 438.18 170.89 " 23.33 122.21
200.02 17.63
283.56 16.51
5-HIAA 6.22 191.06 1 425.11 171.15* 22.39 240.83
205.89 19.33
380.35 12.54
KA 6.51 189.04 1 423.51 170.44* 18.72 120.39
252.10 11.65
378.22 12.25
5-HT 7.75 179.06 2 643.34 171.13* 37.95 88.75
380.10 15.66
393.02 28.77
CA (IS) 7.78 182.06 2 647.09 171.11" 27.39 145.28
234.57 20.72
413.07 18.70

RF': radio frequency; * Quantitative ion.
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Fig. 1 Derivatization reaction of dansyl chloride (DNS-Cl)
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Fig. 2 Tandem mass spectra of derivative products
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Fig. 3 TIC chromatograms of the derivative products
a. blank artificial urine sample; b. real urine sample; c. artificial urine spiked with standard solutions.
Peak identifications: 1. Cr; 2. 3-OH-Kyn; 3. 3-OH-AA; 4. XA; 5. Kyn; 6. Trp; 7. 5-HIAA; 8. KA; 9. 5-HT; 10. CA (IS).
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Table 2 Linear equations, correlation coefficients (R?), linear ranges, LODs,
recoveries and precisions of the target compounds
Compound Linear equation R? Linear range/ Lop/ Spiked content/ Recovery/% RSDs (n=6)/%
(pg/mL) (ng/mL) (png/mL) Intra-day Inter-day
3-OH-Kyn Y=0.0082X-0.046  0.9764 0.1-5.0 0.01 0.1 105.41 1.31 0.61
2.5 106.22 2.54 1.23
5 98.47 3.11 3.26
3-OH-AA Y=0.0009X-0.0310 0.9873 0.5-25 0.1 0.5 93.24 0.78 0.78
10 106.24 3.11 3.11
20 102.61 2.21 2.21
XA Y=0.0645X -0.0683 0.9740 0.1-5.0 0.05 0.1 102.92 0.51 0.51
2.5 104.23 2.14 2.14
5 96.97 1.16 1.16
Kyn Y=2.9064X-0.1972  0.9941 0.5-25 0.1 1 95.96 1.23 1.23
12 105.44 2.11 2.11
25 103.12 1.11 1.11
Trp Y=0.5550X+0.1972  0.9954 1-50 0.5 2 107.65 2.14 3.59
20 105.94 3.12 3.12
40 102.21 1.45 1.45
5-HIAA Y=4.5184X+0.8491 0.9797 0.2-10 0.01 0.2 96.77 0.85 0.85
104.33 2.33 2.33
8 107.25 2.54 2.54
KA Y=0.0677X-0.0153  0.9908 0.1-5.0 0.05 0.1 96.77 0.75 0.75
2 98.99 2.69 2.69
4 102.21 1.78 1.78
5-HT Y=0.0105X+0.0457  0.9998 0.01-0.5 0.005 0.02 97.47 0.99 0.99
0.25 104.43 1.23 1.23
0.5 103.32 1.25 1.25

Y. peak area ratio of analyte to internal standard; X; mass concentration, wg/mL.
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Fig. 4 Contents of the target compounds from seven volunteers (average+SD, n=10)
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