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Comparative study on secondary metabolites of Eucommia ulmoides leaves
between arboreal forest and leaf forest based on UPLC-Q-Orbitrap HRMS
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Abstract : In this study, UPLC-Q-Orbitrap HRMS was used to analyze the secondary metabolites of E. ulmoides leaves between
arboreal forest and leaf forest. The differences of them were analyzed and compared. Accurate qualitative analysis was carried
out by combining multi-level ion fragment information with mzCloud network database , high resolution mass spectrometry data-
base of traditional Chinese medicine,comparison of reference materials and literature database. A total of 62 species of sec-
ondary metabolites were identified, including 9 flavonoids,9 phenylpropanoids,?2 iridoids,21 organic acids,5 coumarins and
16 other components, among which coumarins were first discovered in E. ulmoides leaves. Principal component analysis( PCA)
and orthogonal partial least squares discriminant analysis ( OPLS-DA ) were used to process the sample data. The results
showed that E. ulmoides leaves of arboreal forest could be distinguished from E. ulmoides leaves of leaf. According to VIP val-
ue >1,10 components with different relative contents were screened from E. ulmoides leaves. The components with significant
differences (P <0.05) were D-(-)-quinic acid,citric acid,4-methylumbellione ,4 ,5-dicaffeylquinic acid,3’,4" -dihydroxy-
phenylacetone by independent sample ¢-test. This method can accurately and efficiently determine the chemical constituents in

eucommia ulmoides leaves and analyze the changes of their relative content, which provides a theoretical basis for quality eval-
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uation of eucommia ulmoides leaves.

Key words : Eucommia ulmoides leaves of arboreal forest; E. ulmoides leaves of leaf forest;secondary metabolites ; UPLC-Q-Or-

bitrap HRMS ; chemical pattern recognition
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Table 1  Collection information of E. ulmoides leaves

G FEHL Feior = SR ]
No. Origin Cultivation mode Collecting time
wQI PO RETS £ Tk Arboreal forest 2021.05. 04
wQ2 Wangeang County, Sichuan Province FEhk Arboreal forest 2021.05.04
wQ3 FeAK Arboreal forest 2021.05.04
WAI AR Leaf forest 2021.05.04
WA2 AR Leaf forest 2021.05.04
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2:5% 1( Continued Tab. 1)

ERes g R VN SR Wit ]
No. Origin Cultivation mode Collecting time
WA3 MK Leaf forest 2021.05.04
ot Tongjiang Elyjulrllj Eiiﬂ Province T Arboreal forest 2021.05.09
TQ2 T Arboreal forest 2021.05.09
TQ3 FeAK Arboreal forest 2021.05.09
TA1 MK Leaf forest 2021.05.09
TA2 I}#K Leaf forest 2021.05.09
TA3 MK Leaf forest 2021.05.09

1.1 &i&EH
11,1 BhKeeizi&

KBRS S AR R 1 g(2 3 5
2y 8L ) T R SRR D, RS # i 50% W BT 20
mL, AL 1.5 h(500 W ,40 kHz) J5 , it ie, #b 2
S JET, B0 (10 000 t/min, 10 min,4 °C) , HUjg
Wit 0.22 wm FhALUERE , RIAS A A R -

1.1.2 xfRB&®IER

S ERER IR T e R LR R LA
Witz R (BT ARAR | 42 S IR o) B A A, )
B 1 mL 28T, I 50% W B 25, s i
W45k 1.09.0.57.1.18.0.72.0.38.0. 49,
0.66.1.24 mg/mL, & T 4 CHIKFH TR HIRAE
1.2 #&i&E
1.2.1 &#50%

Vanquish 8 SRR (L35 5 Q-Exactive 7
DU AT HL 37 038 B v o3 BE B S A, Agilent Ex-
tend-C g {0,354 (3. 0 mm x 100 mm, 1.8 wm) , i3l
FH 0. 1% HIRKE I (A) -6 (B) B EEVEL (0 ~ 15
min,7% —18% B ;15 ~35 min,18% —25% B ;35 ~
45 min,25% —35% B ;45 ~50 min,35% —45% B) ,
Tk 0.8 mL/min, 3 35 °C, FhRER 3 WL, Kk
K 254 nm,

1.2.2  JRig&tr

SR HTHLIE 55 B U5 (ESI) |, 1E 43 8 Ul 4 s =X
FH, FHEIE 100 ~ 1 500 m/z, Full MS —%% /3 9%
#2835 000, 2P 17 500 1E 57 25 [R] i 494,
W5 HL R R 3.5 KV B F IR IR 350 C, ¥y
35 arb , FEB K 10 arb, 2L R AR EE 320 °C
S MR % 85 HL I (S-Lens ) 50 'V, filf i A £ 46 & hy 20,
40 60 eV,

1.2.3 HHELAE

FIH Compound Discoverer 3. 0 % f4-# UPLC-Q-
Orbitrap HRMS Jir SR 4 1% Ji b3 50408 48 HCHL 5 1 40+
ORI — BT BAE B A X o it M AR A R S
mzCloud , mz Vault, ChemSpider {4 JZE N 7~ #h o 25 1%,
I3 o3 BRI B R OTCML gEAT LT, X DT Bic 25
R E ISR T AR RE 8 1, — e T F
Lo G R R B 22 S ppm (1 ppm =1 x
107°)  DERECEE 43E > 80, #4338 /5 19 BArfk &9
R B 115 8 5 0T B SAE S 2% SOk BT L
XF RHLE PR E
2 FRESR

FAf it UPLC-Q-Orbitrap HRMS 14 5 55 - i (&
(total ion chromatograms, TIC) {E 1 FE 2 fiR,
Teb g mEARAL P i A7 S T B A2 R —
FnE 3 fron . Hoh I oA 62 Fh, B 9
FiL RN RS 9 Fh, AR EME 28 2 Fh, A HLIRSE 21
i, B ERIES B, HABSE 16 B, 455303k 2, Hrp
8 ko350 B XTI A, AR S 45 & %
i e e 275 SCHR Y% E o

124671011 36

30
7 40

2
13 16 5.
25 i
14 /21260 38 46 5153 56 62
s a3
PRTARY N T L\
T T T T T R T T )
25 30 35 40 45 s(

T
0 -] 10 15 20 25
15} 7] Time(min)

B 1 £ UPLC-Q-Orbitrap HRMS 1 B F#&E R &L
Bt aEFRE
Fig. 1 TIC of E. ulmoides leaves of arboreal forest in Tongjiang

County under UPLC-Q-Orbitrap HRMS in negative ion mode
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Fig. 3 Cascade diagram of E. ulmoides leaves between arboreal
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Fig. 2 TIC of E. ulmoides leaves of arboreal forest in Tongjiang
County under UPLC-Q-Orbitrap HRMS in positive ion mode

frest and leaf forest in Tongjiang County under negative ion mode
T a HFRMEARH s b S HARAE 1, Note:a: E. ulmoides leaves

of arboreal forest;b:E. ulmoides leaves of leaf forest.
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Table 2 Chemical constituents of E. ulmoides leaves by mass spectrometry
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425.089 1[ M-H-C4Hg0, ],
JEAEE 2 B2 407.077 3 [ M-H-C4Hg0,-H,0 ", o
40 10.998  Procyanidin CyHyO1, [M-H]™ 577.1376577.1351 4.33  289.072 2[ M-H-C,5H,, 047", 6;[?;
B2 125. 023 7 [ M-H-Cy5 Hy, 04-CO,- i
CgHg0]
4'%5@ +
147.044 1[ M + H-H,0] * | e T 2 g
41 12.031  4-Coumaric CoHgOy [M +H] *165.054 7165.054 6 0.6l [ 2 J‘ X HRNFEL
acid!30! 119.049 4[ M + H-H, 0-CO ] Phenylpropanoids
. 121.028 7[ M + H-H,0] * |
0 1235 F{L’*t%h . GO M H° 139,039 01390389 072 1104 AIMH-CO]" 93.0339 ik
. T catec. 1c . . .
1; r})lt‘al Elzl]l ¢ 7He0s [M+H] [M+H-CO-H,0] * 65.039 2 Phenylpropanoids
aldehyde
[M + H-CO-H,0-CO] *
. 179. 070 3[ M + H-C,0,-C0O, ] * . -
4312358 R CUHL0, [M+H]C291.086 52910863 0.69  123. 044 4 [ M + H-C,0,-C0,- HPUAE
Catechin Organic acids
C,Hg "
40| Y 118.065 4[ M + H-CO] * 117. 057 -
44 13.731  4-Indolecarbal-  CoH;NO [M+H]*146.060 1 146.06  0.69  6[ M+ H-CO-H]* .100.048 O[ M + (/ber
€
dehyde! ' H-CO-H-NH, ] *
45 15.095 fﬁl% 1d CeHgO [M+H]* 121.065 121.0647 2.48 93.070 4[ M + H-CO] ™ 79. 054 7 i
: en,y];“td e sHsO [M+H] : : : [M +H-CO-CH, ] * Other
hyde!'7]
Y g £ 3-06-
D-f 1, i 1R
H . . . B
46 15767\ deig0. O HyO;; [M-H]- 479.083 479.0831 -0.21  316.022 6[ M-H-C4H,,O5-H ] Flavonaids
beta-D-galacto-
pyranoside! '*]
135.044 2[ M + H-CO] * 107. 049
TRREGE 5[M+H2C0]* 117.033 8[ M + i~
47 16.267  7-Hydroxycou- CoHgO3 [M+H]*163.0391163.0389 0.61  H-CO-H,0]* .145.028 5[ M + H- iuﬂmfmi
marin! ' H,0]*.89.039 2[ M + H2CO-
H,0] *
287.054 8[ M + H-H,0] *
— S 2 149.023 4[ M + H-H,0-C,Hg O, + A2k
48 16.358 ?M{jﬂ CisHpO; [M+H] *305.064 2305.0655 1.31 [ 20707 Hg U R
Taxifolin H+ HJ]* 185059 4[ M + H- Flavonoids
CyHgO] "
178.026 7[ M-H-CH, ]~ .134.036 6
P20 e : -
M-H-CH,-COOH ]~ 121.028 6 T 2R
49 17.246  Ferulic CioHypO; [M-H]™ 193.050 3193.050 6 -1.55 [ 2 ] HHEL
acid[15-211 # [ M-H-2CH,-CO, ] .106.041 5 Phenylpropanoids
[ M-H-2CH,-C0,-CH, ]~
3-F & LR
s 122.036 4[ M + H-CH, ] * 94. 041 HoA
. CgHg O +137. . . 3 H
50 17.696 3-Methoxybenz- ¢HgO, [M+H]*137.059 8 137.059 7 0.73 8 M + H.CH,CO] * Other
aldehyde[ 12]
300. 027 8[ M-H-C,, H,, 0, ]~ .271.
025 1 [ M-H-C,, H,, 0,-CO ]~ 255.
. 030 0[ M-H-C,, H,, 0,-C0O, ]~ .243. ]
stoasa04 D CyHy 0 [M-H]- 609.146 7609.146 1  0.98 030 0 [ M-H-C,, Hy, 0y-CO-CO - B
Rutin! %3] #* - 127722 79 * Flavonoids

151. 003 1 [ M-H-C,, H,, 0,-CO-
C,H,0,]".107.012 9] M-H-C,, H,,
0,-C0-C,H;0,-CO, ]
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%23 2 ( Continued Tab. 2)
: SCOUE ENeE . YR T
57 i S (o) =1
Y5 PREARTIED &Y TR BT Measured Observed Lﬁ% Secondary Ik
Iy Deviation . . .
No. . Compound Molecular Ion mode  value value ( ) fragment ion Classification
(min) (m/z) (m/z) ppm (m/z)
425.089 1[ M-H-C4Hg0, ",
JFHiETFE Bl 407. 077 3 [ M-H-CgHz05-H,0 ], T
52 18.986  Procyanidin CyHyO1, [M-H]" 577.136 577.1351 1.56  289.072 2[ M-H-C,5H,, 047", &h‘:r
[15] >
BI 125. 023 7 [ M-H-Cy5 Hy, 04-CO,-
CgHgO]"
300.027 7[ M-H-C4H,, 05" .
i 52 3-3-0-8- 271.025 0[ M-H-C4H,, 05-CHO ",
53 19.197 g_%ﬁﬁ?o Cy; HyyO 463.088 6463.088 1 1,07 > 0% 9 [ MHCHy 05 g
. rcetin-5-uU- - - . . .
e 2O [M-H] HCO, ], 178. 998 1 [ M-H-CH,,  Flavonoids
B-D-gluco-
idol27] * 05-C,H;0, 1", 151. 003 0 [ M-H-
) CoHyy 05-C,H;0,-CO 1
Kk 93.033 7[ M-H-CO, ]".65. 038 8  #HLfk
54 21.72 Salicylic C;Hg 05 [M-H]- 137.023 8137.024 4 4.38 . . )
acidl15-16] [ M-H-CO,-CO] Organic acids
=R 287.055 0[ M + H-Glu] * .153.018 &
C,, Hy O + _ B
55 22.801 Trifolin[lz] 21 oY1 [M + HJ 449.107 1449.107 8 1.56 5 [ M + H—Clu—Cx H(,Oz] + Flavonoids
4 5-7 i W ik 353.087 9[ M-H-caffeoyl ]~ ,
45 TR 191.055 6[ quinic acid-H] ", HNER
. . CpsHy O -H]" . .
56 2814 S-Dicaffeoyl 12400 [M-H]- 515.1194515.1194 0 179. 034 4[ caffeic acid-H]- Phenylpropanoids
quinic acid'?1* 135. 044 4[ caffeic acid-H-CO, ]~
301.072 0[ M-H-C,, H,, 0, ]~ .286.
Bk A 048 6[ M-H-C,, H,,0,-CH; ]~ ,242. .
57 24.332  Neohesperi- CysHy 015 [M-H]™ 609.183 6609.1824 1.97 058 6[ M-H-C,, H,, 0,-CH;-CO, ] Ffiﬁf&q
din"?! 151.001 O [ M-H-C,, Hyy Oy-CoHy )
0,]
[=4 7
sHITEL 178.026 7[ M-H-CH; ]~ 134.036 6 Rz
58 24.633  Isoferulic CiH,p0, [M-H]™ 193.050 4193.050 6 -1.04 ) Pheim s
acid[24] [ M-H-CH,-COOH + H ] enylpropanoids
X 271.059 4[M + H-H,0] * | R
59 25.145 - r CisH,,0 +289.070 6 289.070 6 0 S
Eriodictyol [24] isH20s [M+H) 153.018 2[ M + H-C4Hg 0, ] * Flavonoids
) 177.018 4] M-H-CH 0]~ .
Hili 2 . 151.003 1[ M-H-C4H,0]" R
60  42.421  Naringe- CisH;,05 [M-H]™ 271.0614271.061 1 1.11 ) FLERZ
ninl19:22] 119.049 5[ M-H-C,H,0,]" Flavonoids
93.033 7] M-H-C,H,0, ]
309.207 2[ M-H-H,0 ]~ ,183.138 3
61 4s3sa N CigHy, 05 [M-H]™ 327.2179327.2176  0.92 [ 20 _ A
Unknow [ M-H-H,0-C,H,,0,-H,0 + H] Unknown
(152)9, 12,
13-Trihyd - H
62 47.626 PO 0 Hy, 05 [M-H] 329.2335329.2333  0.61  311.221 5[ M-H-H,0]" i
15-octadecenoic Other
acid %%
9S,13R-12-Oxo0-
’ 275.201 O[ M +H-H,0] * | Ve
63 49.249 phytodienoic CigHyO3 [M+H]*293.211 6293.211 1 1.71 [ 20 ﬁﬁ[@l?@
acid! 6] 203.143 9[ M + H2COOH | * Organic acids

TE: TR IEAREL e AR AR 22 5 IR A A s X B LR S IR 2R

Note: * Chemical constituents with differences in relative content in E. ulmoides leaves of arboreal forest and leaf forest;* After comparison with the refer-

ence substance.
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Fig. 4 Secondary mass spectrum of rutin
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Fig. 8 Secondary mass spectrum of geniposide acid
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Fig. 12 Secondary mass spectrum of 7-hydroxycoumarin
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