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Component Analysis of Elaeagnus Angustifolia L. Flowers on Differ-
ent Flowering Stages Based on UPLC - Q - TOF MS Technology
Combined with Chemometric Data Analysis Strategy

ZHANG Jia-ni', DU Qing-yu'; WANG Xing-cai®’, LIU Jia-nan'; MA Meng-han', MA Xing-ling',
ZHAO Juan-juan', GUO Xiao-meng', ZHANG Yang', YU Yong-jie"”
(1. College of Pharmacy, Ningxia Medical University, Yinchuan 750004, China; 2. College of Chemical
Engineering, Zhejiang University of Technology, Hangzhou 310032, China)

Abstract: In this work, an ultrahigh performance liquid chromatography tandem time-of-flight mass
spectrometry (UPLC — Q — TOF MS) with chemometric method of automatic untargeted data analysis
software (AntDAS) was developed to analyze the flower samples of Elaeagnus angustifolia 1... Flow-
ers from four periods, i.e. initial bloom stage(25% of flowers), pre-full bloom stage (70% — 80% of
flowers) , full bloom stage (100% of flowers) and the ending of the bloom stage (flowers began to with-
er) were collected at the location of Yinchuan, China. All samples were immediately placed into liq-
uid nitrogen after collection, and transformed into the laboratory. Then, each flower sample was
grounded to powder with a grinder. About 20 mg samples were weighted and put into a 2 mL tube,
then added with 1.5 mL extraction solution (a mixture of methanol and water with volume ratio of
7:3) to perform the metabolite extraction. A 30 min ultrasonic extraction was utilized, followed by a
15 min centrifugation at 13 000 r/min. Eventually, about 3 pl was injected into an AB SCIEX Tri-
ple TOF 5600 + MS instrument, which was connected with a Waters ACQUITY UPLC I - Class
PLUS UPLC. Metabolites were separated with a chromatographic column of Waters ACQUITY UPLC
BEH C,,(2. 1 mm X 100 mm, 1.7 pwm). The mobile phase consisted of water and acetonitrile, both
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of which were added with 0. 1% formic acid. The acquired data files were directly imported into Ant-
DAS for automatically performing extracted ion chromatogram (EIC) construction, EIC peak detec-
tion, and peak registration to screen features that show significant differences among various flower-
ing stages. At last, compound identification was performed by the AntDAS on the basis of the
screened features. A total of 19 metabolites were identified based on the above-mentioned data analy-
sis workflow, among which 12 metabolites were further confirmed by standards, including L-lysine,
L-histidine, glutamine, L-methionine, L-tyrosine, phenylalanine, L-tryptophan, N-methyl-L-pro-
line, trans-4-coumaric acid, isorhamnetin-3-O-rutinoside, trans-ferulic acid and ormosanine. Re-
sults from both principal component analysis and hierarchical cluster analysis indicated that flowers of
Elaeagnus angustifolia 1.. from different flowering stages can be clearly separated. The heatmap
analysis suggested that compounds from various flowering stages show significantly different expres-
sion levels. For example, majority of amino acids (L-tryptophan, L-lysine, L-histidine, L-tyrosine
and L-methionine) were expressed at higher levels during the full bloom and the ending of the bloom
stages when compared with the initial bloom and the pre-full bloom stages. The study may be helpful
for the quality evaluation of flowers of Elaeagnus angustifolia L. . Additionally, the developed strate-
gy provides a new solution for current plant-related research works.

Key words: Elaeagnus angustifolia L. flowers; AntDAS software; metabolics; chemometrics; ul-
trahigh performance liquid chromatography tandem time-of-flight mass spectrometry (UPLC — Q —

TOF MS); component analysis

VAR R AT RHA R B A YA ( Elaeagnus angustifolia L. )IAES, FE /A F Fe & Fa b IX.
s, . Fil. PreEsEH, WHERIEE . Baa ., ANmE", AR Ta)FEA ] X R
BEMA A EmMART 2R, H2EP TS5 ~6 Ay, ML 20RK., WRIENE 25 & FRIIEN Y,
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o TR XD AL E L M T T A IS - Fi% (GC - MS) 28T, frEth 64 N HEE T
545y, Hp SR EMb S A RKAEIRR O . T 55 5 Bl KRR, . BRI |
TiZs kgL | BRI 4 FhJ7 A AL A W38 K oy AT HRHL, SRH GC — MS BEAT R4 %5 5E
RIAFITIES S EU R A EEIR S ERANAT S R —Z R, Torbati %)% GC — MS HIAH {43 —
KIGE TR E (GC - FID)ERHEIAR, AR SR BUAE & M T 22 o AT, e th 53
AT, SRS R 96. 59%.
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SE ARSI o AH Y517 55 70 W TS (5 B AR AT TEAE 2 RIS, b A e BRI ME | A5 55 B R A LA i
LSRG . ARIEX— ), ASERSIZHE T8 SRR A — &2 RS (UPLC — HRMS )%
i B B T AR FRERAT AntDAS” ™", AR S T A AL, SRS T B R 2R VA SE B h e X
BT (EICO)WERMA R, BERS R HBIASE D0 R SR B 2l R SCBL EIC IR S E, FFhrid
K& m/ A8, TSRS EICIEREUS , MR BIC WA R B m/ AR, IRBI[M + H]", [M+ Nal*,
[M-H,0 +HJ% ., AntDASTEZHEA M HTI RESSARYE (iU OR BRI TR BEA TR, TR0 M s 22507
(ANOVA) . AZEit 507 E 853 4081 (PCA) | ks N3R5 53 87 (PLS - DA) | J2IREEZR 541 (HCA)
5, IR IR ZE R S BE T, A RIAEIRV ARG b S 1 P AR R R R R Y 2T TR
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ACQUITY UPLC I - Class PLUS 8 i R0 AH 4354 (32 8] Waters 237 ) 5 Triple TOF 5600 + FTHE{X (35
AB SCIEX 22 ] ) ; ACQUITY UPLC BEH C, {4 3% 45 (2. 1 mm x 100 mm, 1.7 pm, F2[E Waters 24 H] ) ;
RAKRAEMEE PEAK A7) ; B2 HE (] Leybold A ]) 5 KQ — 2508 B 78 i i e 2% (R L i 8 754X
AMRATD) ; WA (BTG PHEA IR AT s B0, 40 “CUKF (FEk it /RBHE (b ED A
BT s LR (R — FE R 2 ( Rl AR A ) 3 BB TR R R A
a)); EE TR LR T BRI A ) o

HEE, . SoRE(aaal, ek it /RBHL O ED AR AR 5 BHR (TEE Merck A1) 5 7810
KO HE R R E SRR 2 0] ) 5 AR ORNEIR . 2B . LR . LB . LR
LS5 . L-HERI A EE Sigma 24 7], N-HIIE-L-JHERR . SHREERAEERE . A0 . RXPTRRE: |
T B R A R A TR F
1.2 HFmRE

WARAEFEACREE T T 2 ik B G RN 17 24 R X /N 55 (b4 38724407, ARZ:106°1624") . R
e A 2021 4E5 H16 HE6 H2 H, “FXMBE4 ~ 5 d R4 1R, BIFWEN 1 (DB E LM
25% LTI  BEAELGH G2 (A 70% ~ 80% AEIRFFTH) « HEAEHH G3 (100% AEHFFTB) LL I REAE A A G4
(TEMEZNIR ) IR . FAAEI R SAPATHEAS, HOREE 2P AAEREAS . FEARIN G I TR A
R, 40 CUKFIS AT, BEFAIH .

1.3 WDEREHRUEWRIREL

BVAAEHE AR T HA B R TR R T 24 h G BUER . FREGDEIEFE S 20 mg T 2 mL 30
Hr, BN 1.5 mL 70% HIE — AKERBUAR], 072 min, AAEE30 min, 13 000 t/min F &0 15 min f7 ,
B b i SNSRI AT

JedE QORI A W RAE R T RS EIR S, HALSYHIRE Lk PR
1.4 UPLC-Q-TOF MS {25514

WA S PERER: 3 pl; JE: 0.2 mL/min; FEL: 35°C; WisAHA H0. 1%HE - /K, B
K0 1% R — Z . BREEBEMGFEFE: 0~ 1 min, 95% ~85% A; 1 ~7 min, 85% ~ 80% A; 7 ~ 13 min,
80% ~ 75% A; 13 ~ 19 min, 75% ~ 65% A; 19 ~ 27 min, 65% ~ 42% A; 27 ~ 32 min, 42% ~ 25% A;
32 ~35 min, 25% ~ 15% A; 35 ~36 min, 15% ~0% A; 36 ~39 min, 0% A; 39 ~ 40 min, 0% ~ 95% A,
JG1247 5 min,

JRG Sk il A R AEAAE (Analyst TF 1. 8 Software ) 1% B 1E15 BT RAE (IDA) BT RS
BV o PR B . B VR SR It R B B R (EST) , IR B T R, ZALR(GS1): 344 750 Pa
(50 psi); SHBIIIIA(GS2) 2 344 750 Pa(50 psi); KAV (CUR): 117 215 Pa(17 psi) 5 &5 F-URTEE
500 °C; FALHE(ISVF): 5500 V; EFEHE(DP): 80V,

TE BT T i — 2 Btk B 3 U 4 100 ~ 1000 Da, REA%RER (CE) A 10 eV, —ZREM R
(Accumulation time) A70. 2 s, IDAES T B SRR T REZHTOEGEE, il a4 50 ~
1000 Da, fffEREEDY RE(CES): 156V, ik .7 (Mass tolerance) A 100 mDa, REWHZK0.03s, B
PERRE I A 25 i e 3 5 MRS THRM UG B, ZhZSHEBRIEIR 5 50
1.5 EHEIE

HH oA RBIZA A 4 1) AntDAS BUE AL FHAR AR SE 0 . IRERATRE ELHE XSG RS SR IR 4 364 74>
B, BUHEHBSE EICIEM . EICUEHRI ., R . FEARITaEMACIE | WM R e 45, RS
FEZR x EIC UMb S5 RPN . BT IRPNRIITF T &% 00, W7 200 . JBIREER S AE
WS AT, EZN A A A B i B 5 5 =07 BE ) (htp: //prime. psc. riken. jp/compms/msdial/
main. htmL) #E{ US4 %E
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Fig. 2 EIC peak extraction with AntDAS(A) and its detail diagram(B, C)

TFFEASH 74 QC FEA AT DA, 115545 EIC W 1 ALY
AHXS PRUE (R 22 (RSD) , £ R 3 B, B E %I, RSD <
20% () 6,385 0 K 8 ok 11 267 A, b IR E Y 57. 8%,
RSD < 30% a5 8ok 12 9984, o MR 66. 7%,
R 7E RSD < 10% (7K F, i 450 2 473 3 31 R e 45 =22 1)
33.1%, W FIATERCE RS R b AR, P REER AR
Rl EE, L TR
2.2 AEBDERERSH

F F ANOVA XM 4L & 4 E1C Wk 4750 0T, 76 PAEL
70.01 BAGKET, Tk 13 664 NTEA ) 2H 5 18) fEAE %
SHIEICIE , Bl 5 3L T 25 51 EIC 0084 PCA R HCA 4347,
SESRANE AA FIE 4B iR . PCA ZMAT4E S0, iAok
GYRFE T REAR TR 27 60% MG B (I 4A) o FEARTERTINA T 3 5T QC R (o it i 5 RSD 49437 4]
ﬁiﬂ@ﬁ}#ﬁ{% Hﬁf&ﬁﬁ—\- tﬂ]: ﬁ];ﬁa/ﬁ)}j E/*J @?@jﬁ*iz]gﬁ%ugéﬂz Fig. 3 RSD distribution map of chromatographic
3, RTINS TR 5 b 53 A B B 1 peal arca based on QG samples

RSD < 30%, 12 998(66.7%)
RSD < 25%, 12 377(63.5%)
RSD =< 20%, 11 267(57.8%)
RSD < 15%, 9 564(49.1%)

RSD < 10%, 6 448(33.1%)
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Fig.4 PCA(A) and HCA(B) analysis results of flower samples of Elaeagnus angustifolia L. in different flowering stages
G1: initial bloom stage(FIFEMH); G2: pre-full bloom stage (ZAELAEI) ; G3: full bloom stage (BAEIA)
G4: ending of the bloom stage (ALK ])

2.3 UEWMEE

AntDAS BERS H SR YE EIC WEAIETE I MS/MS Z5 545 [m]— AL S i 73 3] e, B3 2R
W5 A AL A W 5 1 TR N SRR TE i MS T2 MSIMS 1518, HTFALS iR, LI -3, 4'-—-0-
B-HENET ), B 5 R THT AntDAS b SR fE . 16 5A J AntDAS #EAb &4 MS i 14
B Ak A 1 R P AR R B B8 AR . T SB Rt B 45 14 B - EIC &L, 3 S Hh 2R TR e —
2, B5CHmlz627. 15 MSIMS S IE], 1% iR G E 2P B m/z 465. 112 5F1303. 048 9 % Fr &+,
L& SAh MS )& —20, W AntDAS GEME NG 2% i i AL S0 MS Rl MS/MS & & . 815D
A YR SR AR, % ) MS A MS/MS 3% [ DU EC A I o A AntDAS #4221 MS A MS/MS i
B S TR, e U RAE T 19 MBS (AR 1) o [RIHe S8 W4k & Py k4 1ok S 3
IE, HAREIIR 12 ML B,

oA B
1.5 s
° 303.050 0
=
:: 1.0 A § 1.0
Z 054 — 627.154 9 E 05
304.052 8 466'1044 628.158 2 -
0 | 466- 0 Z i\
300 400 500 600 3.6 3.8 4.0
mlz t/min
C D
e — 627.158 9
=
Z 051 303.048 9 465.1125
£ |
L ; T .
= 054 Library 304.056 1 466.107 1 627.1453
303.050 3 465.103 9
Is Name:Quercetin-3,4'-0O-di-beta-glucoside

100 300 500

mlz Compound: Quercetin-3,4'-O-di-beta-glucoside

Bl5  AnDAS Bk e i Rl
Fig. 5 An example of the compound identification process by AntDAS
A: MS spectrum of compound constructed by AntDAS; B: EICs corresponding to each fragment ions; C: MS/MS spectrum of m/z 627. 15;

D: final result of compound identification
Eozih 7 19/ M SR e R e RIS, AFEFEBVAIE S & B0 Aia W
ZEse, WAEHIFPEORM G . XRFE AR . RVEIR . 4R B EERE ) S AR . BRI
ZORME . 5-RAEANE . BREBNE . ILARE-3-0- B a i -6"-p- T EBE . L-EER . L-BEER 6 MLs
Yt S A o BRI, N-HOE-L-ER . KA SOGXPTRERR | S-RaR ol . AR EBtiE . L-EHE
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R, LR, L-HERR . L-HER . L& RELSYNS EREGE  BARM, fkE-3, 4'-
T-O-B-FEBEL . S-RAL AN . BAESE-3-0-6-FE M. L-EAR . L-MER . L-HER . L
2. L-oE0R . FHEEIMESYH &85,

F 1 FIH AntDAS H R MS FIMS/MS AL &1 U 45
Table 1  The results of compound identified through MS and MS/MS constructed by AntDAS

No. Experimental . . o Confirmed by ref-
nass R;I/‘J/mlr} MF(MS + i()rmula Compound(’ﬂ’,%%) MS/I‘ﬁS (:()mgzujr:u/i frigments erence substance
() (BB MS?, VU ) (43 1ab) B RAERE ) (S B B )
1 147.1120 1.034 1.0447  CH,N,0, L-Lysine(L-Bi% M) 147.113 1, 130. 084 2, 84. 080 7 Yes
2 156.0762 1. 041 1.7068  CH,N,0, L-Histidine 156.077 4, 110.073 5 Yes
(L-ZHZE R )
3 147.0758 1.120 1.7248  CH N,0, Clutamine(#ZBENE) 147.0755, 130.0500, 101. 0718, Yes
84.044 2
4 130.0856 1.189 1.5106  CH,NO,  N-Methyl-L-proline 130. 085 8, 84.079 8, 56. 050 2 Yes
(N-F - L- B =R )
5 150.0576 1.575 1.7711  CH,NOS L-Methionine 150. 059 5, 133.029 8, 104. 050 4 Yes
(L-FEHAIR)
6 182.0812 1. 599 1.5103 C,H,NO,  L-Tyrosine(L-F§%a%) 182.0819, 165.056 5, 136.074 2 Yes
7 177.1017 2.061 1.5113 €, H,N,0 Serotonin(5-%#&(E) 177.102 1, 160.075 1, 159.577 4, No
132.074 7, 115.054 7
8  166.0860 2.292 1.5751 C,H, NO, Phenylalanine 166. 0852, 149.059 6, 131. 047 2, Yes
ORI ) 120. 080 2, 103.051 4
9 205.0969 2.771 1.1956  C,H,N,0, L-Tryptophan 205.096 8, 188. 069 4, 170. 055 5, Yes
(L-t 518 ) 159.094 4, 146.060 0, 132.079 1,
118.065 8
10 299.1122 2.825 1.5730  C,H,N,0, Amlexanox(ZRN5HT) 299. 1115, 281.098 9 No
11 165.054 1 3.089 1.4406 C,H 0, trans-4-Coumaric acid 165.056 7, 147.042 0 Yes
(X RE R AERR)
12 627.1553 3.849 0.995 1 C,H,,0,, Quercetin-3, 4'-O-di-be- 627. 1589, 627. 1270, 465. 112 5, No
ta-glu(:{)side(ﬁiﬁ%-’j s 303. 063 6, 303.048 9
4'-Z-0-B-HHIHETT)
13 289.0705 3.825 1.5351 C,H,,0, Dihydrokaempferol ~ 289.068 5, 271. 057 5, 243. 063 1 No
(FHHR)
14 625.1763 5. 305 1.304 5 C,H,,0,¢ Isorhamnetin-3-O-rutino- 625. 198 7, 625. 173 3, 479. 152 1, Yes
side (ZKAIlIF) 479.118 1, 479.101 2, 463. 111 5,
317.083 6, 317. 065 3
15 195.064 8 5.882 1.3516 C,,H,,0, trans-Ferulic acid 195.079 0, 195.063 7, 177. 047 6 Yes
(5 BTER R )
16 479.117 8 7.455 1.6340  C,H,0,, Petunidin-3-O-beta-glu- 479.127 1, 317.058 1 No
coside (JE7E 2 £ -3-0-6-
ki ne )
17 595.144 6 14. 094 1.474 8 CyH,0,,  Kaempferol-3-O-gluco-  595. 142 6, 309. 115 6, 309. 095 8, No
side-6"-p-coumaroyl ~ 291. 083 6, 287.055 4, 165.0555,
(LI ZS 8 -3-0-H 2 BE 1T - 147.041 2
6"-p-77 L)
18 149.0592 25.726 1.324 1 C,H,0, p-Coumaraldehyde  149.060 4, 131.048 9, 121. 0309, No
(4-FRSL PR ) 103.053 8
19 318.2903 26. 434 0.6196 C, H.N.,  Ormosanine(#% T.5%) 318.303 8, 318.278 6 Yes

200 35" 3

PET AR R, WA 2R RS RAE AW A RS P S B . BUAWEIORY], &2k
MR ST SR L BOWIE | AT A RAT G RN R R T R AR i ) B 2
bR, A RS BRI RS2y, BRI v ) SRR PR AR SORNZEIR ™, M R ) SRR
XHASAELETR, STt E R R R IR S AR R E R A R . It
Sh, PAAEHEE ML TALEY), AR BATERAE b2k URESFER; RGBTSR R AT
2. 1k LR . PUA BB R RESEAE N A DTUMOR . SRR SEE N KAl
HRHADIRMAREEM", HAERAEMH VA e S RS . AIAE RS AL A YA E P
RS BRSSP AR LTI T . Ik SRR R L B, X S
FERIDIREEIRARML,  $27R F T 1P 64 P ACAE B AEAE S A X S AT 1) SR A
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Fig. 6 The heatmap analysis results of compounds in Elaeagnus angustifolia L. flowers identified by AntDAS

compound numbers were the same as those in Table 1
DL EA TR, FET ARSI Q EFF &0 AntDAS 254 UPLC — Q — TOF MS AR GESEHA [E AL/ >
AP Z RIS PR TS E , ol T U ARAETFAE R e 500 5 B AR . AW REAO T
TAC s TR E PEVPAS DL S5 IR R 0 S48 1 e S H% ()i S B A P A 5 a0 o A b At 1R
HIRARTFEL.

3 & it

RS TS AntDAS 5 UPLC — Q — TOF MS JE#E i) AR 2H AR ARAHSE A5 10 SR uE TR AN AL T
A SRR AR b, B BZ RS 19 MEuSY, Hb 2 MU AEE SERIE 3, £
B FERAEV AR BAC S AR I P S R s, Wb -3, 4-Z-0p-MAnE L . AR 35 w2
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VLK FER B A, ] FHH AntD AS v] A HARAE Y (A R A R RIS AR AR PG SR AT B
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