45 G2 i3 o 4R Vol.45 No.2
202443 H Journal of Chinese Mass Spectrometry Society Mar. 2024

£ F UFLC-QTrap-MS/MS & & & T4t it
SRR FH A EFR LS 2
ZEMIERER D 5

T o@an!, R ML B R 4R
R B!, AT T R 4!

(LWL 25 BHBY R 27 Fp 2524 g T VL T 31510052, JHAR T AR EEBE25 IR VL5 BB 226299)

W E AR ST N T — R PR OB €% = DUAR AT /4R M S B AR I BT (UFLC-QTrap-MS/MS) [
I 5 S 2 11 R A% 28 14 Fh 20 B IR 28 4 1 23 A 5 vk R 45 & 2 0 e T3 A LU B [ 77 i A )
ERAL B2y Bl . SR Waters XBridge Amide &34 (2. 1 mm X100 mmX 3.5 pm), LA 0. 2% H BR /K IF
W CAD-0. 2% B R RV W (B Sy It Sl A 2E 47 o 58 0 JBE 5 76 W 188 25 1E B F A X L L 22 OB W I (MIRMD
Eﬁ)ﬁﬁ%*ﬁiﬂﬂ;%?%E&z%ﬂmﬁg/&f;ﬁﬁﬁ%*ﬁ(A\H)VA) F A4 M (PCA) L IE SR e /D — T i
FI5 43 M COPLS-DA) | 2 ¥ 38 26 4 M (HCA) | 38 3T #L 48 f#f HE 7 35 (TOPSIS) DL K& Ik 8 56 Bk & 4 #r
(GRA) XA 7] iy AN BB AL 5 250 AT S5 5 R . S5 R R T B — MR R N 2 A R
PR S R AR R K F0.992 45 RS % B I & M L RUE M BT ST 38 B IR 94. 86 %0 ~
106. 47 %o o AR A7 i fit 22 (RSDY B4/ F 4. 5596, R F= b AN ) 8 407 12 24 1 i [) A7 76 — 8 19 25 5, HCA
I PCA 2 FhJ7 e 306 FE R 432 3 28, OPLS-DA BRIy frilad VIP (LM 5 6 ~ 2R &9,
G390 Ry PR TN R M5 N | B MRS RIS L B NS ik R E M T T S 2
A% I B R 2 B 43 1 ) B ,t»jv%’ﬁﬁﬁgﬁmw/rnﬂﬁﬁw Hk5%E,

SR DR A - = T DUAR AT/ R P S B B BT (UFLC-QTrap-MS/MS) 5 & 24 2 3L 8 s #%
A A TR 5 S [ B A3

FE S S:0657.63 XERIRERD A X EHS :1004-2997(2024)02-0269-12

doi:10. 7538/zpxb. 2023. 0049

Analysis of Nucleosides and Amino Acids in Different Parts
of Lindera aggregata (Sims) Kosterm. from Different Habitats
by UFLC-QTrap-MS/MS Combined with Multivariate Statistical Analysis

LUO Yi-yuan', GU Hai-yan®*, XIE Ye-fei', JIANG Xin-miao',
WANG Juan', CAI Hong-die' , MA Shu-wei' , CHEN Hong-jiang'
(1. College of Chinese Medicine » Zhejiang Pharmaceutical College , Ningbo 315100, Chinas
2. Pharmacy Department s Qidong People’s Hospital s Nantong 226299, China)

WITTAE A 26 FE R BF 8 390 H (LTGN23H280002) 5 Wi Y145 24 i Wi 7B 48 315 B 4+ R 551 H (2022009,2023014) 5 ¥ 1145 5 25 TL A4 B
BRI B (2023KY298) 5 7 11 H AR BL 24 F 4 (20231306) 5 7 I 1l 24 25 MR 1T R B H (2021S144) Wil A B E T — B H
(Y202250217) ; Wi YL 25 BHIR Y K24 B R 8 (2022128.,2022134)

2% CTE A AR A O G R % B



270

=)

L I

Abstract: A method of ultra-fast liquid chromatography-triple quadrupole/linear ion
trap tandem mass spectrometry (UFLC-QTrap-MS/MS) was established for simultane-
ous determination of 11 nucleosides and 14 amino acids in Lindera aggregata (Sims)
Kosterm., which combined with multivariate statistical analysis to evaluate the quality of
different medication parts of Lindera aggregata (Sims) Kosterm. from different
habitats. The gradient separation was performed on a Waters XBridge Amide column
(2.1 mm>x100 mm X 3.5 ym) with 0.2% formic acid in water (A) and 0.2% formic
acid in acetonitrile (B) as the mobile phase, and the mass spectrometric detection was
carried out in electrospray positive ion mode under multiple reaction monitoring (MRM)
mode. The samples of different habitats and medication parts were comprehensively
evaluated by entropy weight ANOVA, PCA, OPLS-DA, HCA, TOPSIS and GRA
according to the contents of 25 target constituents. All of the analytes had good linearity
in the range of tested concentration with the correlation coefficient not less than
0.992 4. The average recoveries were between 94. 86 % and 106. 47 % , with the relative
standard deviation (RSD) less than 4. 55%. The analysis results showed that there were
significant variations among the different medication parts of Lindera aggregata (Sims)
Kosterm. samples. The contents of nucleosides and amino acids in tuber were signifi-
cantly higher than those in taproot and leaf (p<C0.05). In terms of nucleoside, tuber
had the highest content with an average content of 74. 786 pg/g, followed by leal of
55.401 pg/g and taproot of 36. 290 pg/g. The highest content of amino acid was found
in tuber with an average content of 50. 850 pg/g, followed by the taproot and leaf with
an average contents of 43. 213 pg/g and 35. 676 ng/g, respectively. The samples collect-
ed from different parts of Lindera aggregata (Sims) Kosterm. in different regions were
classified into three clusters by HCA and PCA according to the contents of nucleotides
and amino acids detected. The classification results were satisfactory, indicating that
there were obvious differences in the content of nucleosides and amino acids in different
parts of the samples. Six different chemicals, namely uridine, alanine, cytosine,
xanthine, adenine and guanine, were obtained by VIP co-screening in OPLS-DA model
analysis. Comparing the maximum difference values of TOPSIS and GRA, it was found
that the maximum difference value of r, in GRA was 12. 08% . while C, in TOPSIS was
53.23%. This method is simple, sensitive and accurate, which provides a reliable and
effective technique for the quality control of Lindera aggregata (Sims) Kosterm..

Key words: ultra-fast liquid chromatography-triple quadrupole/linear ion trap mass
spectrometry (UFLC-QTrap-MS/MS); Lindera aggregata (Sims) Kosterm.; amino

acid; nucleoside; different habitats; different parts
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25. 00 mg/L Ji flt 15 g . 25. 00 mg/L 54 25. 00
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Table 1 Information of samples
%= [ HRAL %= ) AR AL %i = [ AL
No. Origin Part No. Origin Part No. Origin Part
Tu-1 PNERAE Y et Ta-1 WAL T HR L-1 WL s i
Tu-2 VLY b g et Ta-2 VL PG A HR L-2 AN i
Tu-3 WL B AR Ta-3 e £ PH AR L-3 IR NP iy
Tu-4 K E & HeA Ta-4 JUARH R HAR L4 i 7K 3% B I
Tu-5 7 KN el Ta-5 W L HAR L-5 TLVH R It
Tu-6 Et B Ta-6 KE AR HR L-6 a=u i
Tu-7 JUARER R et Ta-7 WL HR L-7 W K N -
Tu-8 TL VYRR PR Ta-8 iK% & HR L-8 WAL T i
Tu-9 W) R 7 B AR Ta-9 K& = HAR L-9 KEAR s
L-10 K&k I

18.535 mg/L H & . 5. 221 mg/L 2 % K. 8. 636
mg/L i Z 8. 7. 251 mg/L i & #R.7. 715 mg/L
MR 7. 173 mg/L 47 2 R B % B At 45 W
53 A 5 i JBOE 5 1Y b R X IR i A TR S
I B M B R B A [6) ok B2 1 TR 6 % BRI
W4 CURFRDRAT . & .

1.4 #Hilmamns &

KM E 1.0 g KRR K. BT 100 mL
HIEHEIE IR A 25 mL 7K Bk ot &, 88 75
A5 min, ZKHME KB 3557 0 U8 BUSE R
0.22 pm PSR, BPASHEE S I .

1.5 ZIW&EH

L.5.1 %5 @54 Waters XBridge
Amide £ (2. 1 mm>< 100 mmX3. 5 pm) ; i g4 :
0. 2% H R K ¥ W (A H1D-0. 2% W R £ i %5 T
(B D BB VR :0~2.5 min(15%A), 2.5~
5 min(15%~50%A).5~7 min(50%A),7~8
min(50 % ~15%A),8~11 min(15% A) ; ¥ I
30 Csyi## 0. 6 mL/min; FFFEE 1 pL,

1.5.2  JRi%scfF  smiss B IR IE B (ESTH)
R, £ W (MRMD RS X, B4 LR 4.5
KV, B U EE 150 “C , ¥ 0] 00 2 A il 32 53
#2451 000 L/h #1550 °C L 4Lt 50 L/h,

2 HREITiE
2.1 BEKHRL

H T AR AR 38 S5 1 LA T Waters
XBridge Amide ## (2.1 mm X 100 mm X 3.5
pm) fil Waters Acquity BEH Shield RP C18 #

(100 mm X 2. 1 mmX 1.7 pm) (48 B Ra . 45
RBEIALAT IR LRI o 7E C18 A b EfR
WL o B ROR B 2 I I % Waters XDBridge
Amide ., AL HEZ R T LB (A-0.2%
R K 3 T (B L 0. 2 20 B R /K 5 L (A)-0. 2%
IR IEVE W (B) 0. 2% W R K I W (A (5
5 mmol/ LH iR %A1 5 mmol/ L Z,fR#)-0. 2% H iR
GG (B) (4 1 mmol/L H 2 %% 1 1 mmol/L
SR VR N ik 8 AH 1 £ 3 oy B AR L [ B
XA BEVE LR T AT R Ak . AR ER W],
MR 0. 200 W R K I W-0. 2% H R G I
WAE i B AR B 25 B AR R A B TR RRE
L DA (£ 1= Nl 3 I O o A T Y 1 B S
1.5.1 7,
2.2 JRIESZHMRK

ARSI 43 AR AE BB TR 6 25 A H
PR AT . SR EM, BB FERAT
A AT . R . VR OE B TR X R AT
E AL B P U S50 Tk 2,
2.3 AREER
2.3.1  FRUEIIZE A PR A R OB L3
B B AS R e BE TR A X BB R T T (R 6 1)
Fie BROL 5 9T ZR A E A 0 A LK IR R BE (o)
Ry A A A TETRR () S A A b 2 1 A o i 2
FEATRE R . 4350 2L 3 F5F0 10 545 e tb
2 A R (LOD) Rl E 5 FR(LOQ) 11 FpA% 1
14 Fofr 520 35 19 76 AH L 1) 2k 1 915 Bl PN 22 B R A
HRPER R AR ()=0.999 4, H HH &
1o I AR L PR AR B TR 3.
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MRM chromatograms of 11 nucleosides and 14 amino acids in reference substances
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Table 2 MS/MS parameters of 11 nucleosides and 14 amino acids in Lindera aggregata (Sims) Kosterm.

o e ST R BET FET O e mmu
No. Component Formula tr/min Precursor ion Product fon DP/V CE/eV
(m/2) (m/z)
1 W CoH13N; 05 0. 74 243.2 127.0 64 17
2 PR W5 g CyH,N, O 0.79 113.2 96. 0 82 25
3 2" SR A CoH12N, O5 0. 81 229. 2 113.1 64 24
4 PR CoH12 N, O 0.95 244. 3 226. 3 60 14
5 B E AR Cs Hi3NO, 1.31 132.1 86. 1 60 15
6 =R Cs Hi3NO: 1.31 132.0 86. 1 56 15
7 2"t SR Cio Hi3 N5 05 1. 40 252. 2 136. 1 173 19
8 AR CyHyNO; 1.41 120.3 77.1 129 36
9 iR CoH1i NO: 1.41 166. 0 120. 2 63 20
10 ETERN Cs Hi1 NO, 1. 67 118. 1 72.0 52 16
11 i e Cs HsN; 1.75 136.0 119.0 137 30
12 WLt CioH12 N, Os5 1.75 269. 1 137.1 54 24
13 il & 1 Cs HyNO, 2.05 116. 1 70. 0 62 22
14 it % R CoH 11 NO; 2.18 182.0 136.1 64 20
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K et BT (R ) HHET TET  mam mwE
No. Component Formula tr/min Precursor ion Product ion DP/V CE/eV
(m/z) (m/2)

15 WEm C3 H,NO, 2.27 90.0 44.1 50 20

16 HEm C, H; NO, 2.47 75.9 30. 1 50 21

17 I Cs HiN, O, 2. 60 151.9 134.9 116 28

18 W i s Cs Hs N, O, 2. 89 126.0 79.0 72 18

19 i, 4F CioHyisN; O; 3.08 283.8 152.0 54 24

20 Ji28E Co H13N;5 05 1.10 244.1 112. 1 60 24

21 22 AR C3 HyNO; 5.55 105. 8 60. 0 53 18

22 K AR Ce H1yN, Oy 7.38 175.0 69.9 94 33

23 A R CsHiuN, O, 7.43 147.0 84.0 60 23

24 HA R Cs Hy N5 O, 7. 44 156. 1 110. 1 76 20

25 KRR C;s HyNO, 7.47 147.1 84. 1 67 23

®3 SBHP N HZREN 4FHEEBRNEEXR

Table 3 Linear relationships of 11 nucleosides and 14 amino acids in Lindera aggregata (Sims) Kosterm.

AH 2 2B M Kt BR E i BR
(At} myEx . i ]
Correlation Linear LOD/ LOQ/
Component Regressive equation
coefficient (r) range/ (pg/1) (pg/L) (pg/L)
loRs y=6.38731X10*x+4. 83063 10° 0. 9994 10~5000 1. 66 5.02
SR I y=2805. 049152 —5208. 39062 0. 9999 10~5000 1.30 3.92
2" A R y=2804. 86412x+4. 94687 X 10* 0.9996 10~5000 2.38 7.19
PRAF y=121.173352+8. 04379 X 10° 0. 9999 10~5000 1.56 1.72
S22 R y=06.40792X10° 2+ 1. 92816 X107 0.9993 2.61~1306 0.48 1.51
25 R y=5.88015X10°2+2. 87217 X107 0.9978 2.60~1299 0.51 1.50
2" I A I y=470.707212+7. 76828 X 10* 0. 9986 10~5000 2.22 6.71
HE R y=1.44291 X 10° z+4. 40495 X 10° 0. 9989 2.36~1182 0. 45 1.36
AR y=44.017942x+1617. 73183 0.9924 3.28~1639 0.63 1.89
ETERN y=2.95680X10°x+1. 52944 X 107 0.9963 2.33~1163 0. 45 1. 34
i 1 y=6.95464 X 10" 2+ 1. 58616 X107 0.9963 10~5000 0. 96 2. 90
WL y=3.07577 X102+ 2. 11759 X 10° 0. 9998 10~5000 1.15 3.47
I 42 1R y=2.77422X10° 2+ 6. 90485 X 10° 0. 9994 2.29~1145 0. 44 1.32
% 42 iR y=2.07174X10°2+1. 16889 X 10° 0. 9984 3.60~1801 0. 69 2.08
R y=1.11395X10%2+3. 47355 X 10° 0. 9997 1.77~884 0. 34 1.02
A y=2376. 85253x—4. 88270 X 10* 0.9937 7.41~3707 1.43 4. 28
i I 14 y=15059. 89951x+4388. 42114 0.9918 10~5000 2.04 6.16
) it 5 y=3.66962x 52. 4034 0. 9990 0~5000 .20 3. 64
it i e 66962x+1152 6 1 1.2 6
B y=3.70031 X 10* 2+ 2. 08500 X 10 0. 999 0~5000 .0 3.
94 ‘x42 6 7 1 1. 06 21
i 4 y=6.38731X10*x+4. 83063 10° 0. 9994 10~5000 2. 86 8.63
2 7R y=4.89514X10* x+4. 79574 X 105 0.9998 2.09~1044 0. 40 1.21
bk y=5. 03508 X 10" x4 1. 35745 X108 0.9996 3.45~1727 0. 66 1.99
W R y=5.88650X 10" z+1. 19598 X 108 0.9993 2.90~1450 0.56 1.67
HAER y=1.85702X10%x+5. 14372 X105 0.9991 3.09~1543 0.59 1.78
BAW y=7.36229X 102+ 1. 42159 X108 0. 9994 2.87~1435 0.55 1. 66
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S B TR A RS R 1.5 W &
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VW, 4% 1.5 AR RE A3 BT L 25 ROy B
[ RSD A /N T 4. 84 % (n=16) , KW )7 =1
PR o B — i o A T R A
0.2.4.8.12,24 h 22 A AL 5 7 W A 25 Fb
B4 B 0 i A RSD {9 /N F 4. 95% (n=6),
T 24 h NmREE R, B6 iy M & &

By — 25 8L 0 (Tu-7) . B4y 0.5 g, K%
FRE - ML FE A A R I 8 40 5 10 A Y
TR A X B VW 25 BRI B A3 19 - 2 [l e 32
T 94. 86 % ~106. 47 % 2 [a] JRSD { 1. 65% ~
4.55 % 27 1 1 DR A 4y, HL R &5 L 5
TR 4.

2.4 HREENERDH

2,401 MEmEEWE B2 WS IR
L4 5 25 2 R A P W, 1. 5 5 AR PRI E
R LR G RT3, & 8 e 45 2R 9 T HE k1
CGHEBFCRIE ) W 5 https: / zpxb. xml-
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Table 4 Results of precision, repeatability, stability and recovery

ftr e ot et THMERGE AR
Component Precision Repeatability Stability Mean recovers/ % RSD/ %
RSD/ % RSD/ % RSD/ %

fg 1.38 2.95 1.74 99. 20 3. 40
FR W 2.07 3. 80 2.99 104. 89 3.05
2" SR 3.41 3. 62 1.88 94. 86 1. 65
Ir§:3 1.57 2.52 2.91 103. 44 3.79
=R -¥ N0 2.92 1. 64 4.55 98. 08 2.95
A 3.01 3.23 3.18 95. 52 3.57
2" AR 1.25 2. 96 2. 80 97. 85 3.09
PN 0. 81 1.43 1. 86 99. 42 2.48
N7 3.10 3.95 2. 38 95. 28 1.77
ETERNIT 3. 50 4.35 4.95 96.51 2. 40
Ji e 1y 3.89 4.02 3.47 104. 36 2.73
[N 4.51 2.73 1.98 98.76 2.03
i S R 2. 87 2.43 2.31 106. 47 3.06
W% 54 R 3.02 3. 45 4.17 95. 02 1. 80
WA 2.99 3.07 3.43 100. 91 1. 68
Ham 1.42 2.96 4.05 95. 24 4.16
EALlS 1.28 2. 89 3.33 106. 22 3.99
Pt v e 3.03 3.16 2.81 99. 46 4.55
A 3. 80 4. 84 3.33 98.15 2.13
[iiR:3 3.34 3.07 3.07 104. 54 3.05
2% 5 2.25 3. 44 2.82 96. 65 2.47
KA m 4.08 3.17 1. 85 98. 04 3.52
i R 2. 47 3.08 3.71 103. 33 3.51
HAR 1.58 2.78 3.93 102. 42 2.31
BREAM 1.61 3.96 2.18 97. 30 3.67
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2.4.2 ZOUIEMERN S B ES T A THE
B 1l B AEAS (] 777 b A [ 67 55 24w B N 2 O
BRIE LT 1 22 5 o ] SPSS B xof 1 24 R A7 Kk
T 225381 CANOVA) B9 XB 5 6 36 (Duncan) , 7~
T 2, Z5H WA R R L 2 v A R

BRI 1 & i 22 S Wl . HOAR v B
100
80
3
Z 60 E
E a
2 40
3 e
20
O lll : T
Ta L

MR 5 AR R S 25 25 S (p<<0. 05) 5 4k
WP R & B I A R 74,786 pe/g.
HRJE M (55. 401 pg/ @) AR (36. 290 pg/g) s
SRR ARER T ERm. FHTEN
50. 850 pg/ g, HUR 15 25 ) B AN, 735 35 4
43R 43.213.35. 676 pg/g.

60
ab
2 40 e —1
o e
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Table 5 Quality ranking of different Lindera aggregata (Sims) Kosterm. samples
T& T BEAR A 1Y 1 TOPSIS JRAASKRIR BE 23 BT GRA
i R X 42 30 R (L IR K 2% 5 {E AT IR IR 2% S {E
< iy . 4 Iy ‘
Sample Comparative Difference Relative degree Difference
Rank Rank
closeness (C;) of Ci/% () of ri/ %
Tu-1 0. 2969 9 50. 20 0. 4957 6 6.02
Tu-2 0. 3498 8 41. 31 0. 4655 9 11.76
Tu-3 0.4636 4 22.23 0. 4899 7 7.12
Tu4 0.4620 5 22.49 0. 5005 5 5.12
Tu-5 0.4727 3 20.71 0.5179 3 1. 83
Tu-6 0. 4795 2 19. 56 0.5275 1 0. 00
Tu-7 0. 5961 1 0. 00 0. 5244 2 0.58
Tu-8 0. 3910 7 34. 40 0. 4852 8 8.02
Tu-9 0. 3944 6 33.83 0.5085 4 3. 60
Ta-1 0.4917 1 0. 00 0.5337 1 0. 00
Ta-2 0. 4015 4 18. 35 0.5316 2 0. 38
Ta-3 0.4319 3 12.18 0.5281 3 1. 05
Ta-4 0. 4649 2 5. 46 0.5164 4 3. 24
Ta-5 0. 3582 5 27.17 0. 5087 6 4. 68
Ta-6 0.2684 8 45.41 0. 4975 8 6. 77
Ta-7 0. 3334 6 32. 20 0.5103 5 4. 37
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Sample Comparative Difference Relative degree Difference
closeness (C)) Rank of /% (o Ranlk of ri/ %
Ta-8 0.2893 7 41.18 0. 4989 7 6.51
Ta-9 0. 2300 9 53.23 0. 4881 9 8.54
L-1 0. 2982 10 44.29 0.4942 7 9.17
1-2 0.3711 4 30. 65 0.5258 3 3.38
1-3 0.3392 7 36.61 0. 4849 8 10. 89
L4 0.5352 1 0. 00 0.5281 2 2.96
1L-5 0.3332 8 37.74 0. 4982 6 8. 44
1.-6 0. 4385 3 18. 07 0.5441 1 0. 00
1-7 0. 3708 5 30.72 0. 4833 9 11.18
L-8 0. 4413 2 17. 54 0.5168 4 5.02
L-9 0. 3453 6 35.48 0.4784 10 12. 08
1L-10 0. 3254 9 39. 20 0. 4989 5 8. 31
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