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Chemical variance in different parts of Eucommia ulmoides by HPTLC, TLC/MS
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Abstract: Objective To establish the high performance thin layer chromatography (HPTLC), thin layer chromatography-mass
spectrometry (TLC/MS) and high performance liquid chromatography (HPLC) fingerprint for the identification of bark, leaf, flower and
seed of Duzhong (Eucommia ulmoides Oliv,) and differential components were filtrated and verified for the quality control of E.
ulmoides. Methods HPTLC method was established by optimizing the sample preparation, mobile phase and derivatization reagent
and applied to identify the bark, leaf, male flower, seed of E. ulmoides based on the specific spots and/or peaks. HPTLC spots in four
parts were then identified through quadrupole time of flight mass spectrometry (QTOF/MS) to find the differential components. HPLC
was used to establish the fingerprints of bark, leaf, flower and seed of E. ulmoides. Partial least squares discriminant analysis (PLS-DA)
was used to screen the chemical markers that contributed greatly to the differentiation of the 4 parts based on multiple batches of data and
the results were verified with TLC and TLC/MS. Results HPTLC identification method is the best compared to the method reported in
pharmacopoeia from other countries, and can clearly distinguish the four parts. Additionally, the main spots were analyzed by
QTOF/MS, and a total of 27 components were identified, 10 of which were confirmed by reference substances. Fourteen differential
components (VIP > 1) were screened out by PLS-DA based on HPLC. According to the results obtained by HPTLC, TLC/MS and
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HPLC, pinoresinol diglucoside were selected as the characteristic component of bark, ulmoidoside A, ulmoidoside B, ulmoidoside C,
ulmoidoside D as the robust markers in seed. The differential markers obtained by these three methods varied widely, with seven markers
in leaf, nine markers in flower in total. Conclusion HPTLC, TLC/MS, HPLC methods established could be used to effectively

distinguish bark, leaf, flower and seed of E. ulmoides, and the screened differential components lay a solid foundation for the selection of

quality control indexes of E. ulmoides and its related Chinese patent medicines.

Key words: Eucommia ulmoides Oliv.; different parts; HPTLC; TLC/MS; HPLC fingerprint; multivariate statistical analysis; pinoresinol diglucoside
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Table 1 Sample information of bark, leaf, male flower and
seed of E. ulmoides
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AL SR E ST B p, R D A3 4% E v 4
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W OGRS . RSV S 10 pL, PAERAR RT3
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Table 2 Preparation methods of test sample
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A-mobile phase: methylene chloride-methanol-ormic acid (30 : 10

. 1), derivatization reagent: sulfuric acid-water (2 : 8)

B-mobile phase:

chloroform-methanol-water (10 : 5 : 1), derivatization reagent: dilute sulfuric acid C-mobile phase: Toluene-ethyl acetate-formic acid (65 - 35 : 1), Derivatization
reagent: anisaldehyde solution D-mobile phase: Methylene chloride-methanol-glacial acetic acid-water (15 : 2 : 6 . 2), Derivatization reagent: 10% sulfuric acid in
96% ethanol solution. The preparation methods of strips 1, 2, 3, 4, 5, 6, 7 were in accordance with the Hong Kong Standard of Chinese medicinal materials, the Korean
Pharmacopoeia, the European Pharmacopoeia and the four self-established methods

1 TEREHE. BN, EEATHARAEREIEE
Fig. 1 HPTLC chromatogram of E. ulmoides bark under different sample preparation, developing solvent and chromogenic agent
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O-FL AL 10-FEfFFPT
1-syringaresinol diglucoside 2-pinoresinol 4-O-glucoside 3-pinoresinol diglucoside 4-geniposidic acid 5-aucubin 6-asperulosidic acid 7-E.
ulmoides bark 8-E. ulmoides leaf 9-E. ulmoides male flower 10-E. ulmoides seed

B2 #E. it . TR 6 MXRBRET A THER AILE
Fig. 2 HPTLC chromatogram of bark, leaf, male flower, seed of E. ulmoides and six reference standards under visible light
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T I o o) v € A B 1Y) 32 BB SR 22
BE AT S e, DR R L HEFEL b
TS ZES . B “2.0.37 T FHI4H 4 AN E8
LBt s AL SR, 64T UPLC-QTOF/MS 4317,
SERTIE] 31 ANy, AT R I EBE AR IR 7
M (B 3), FERAMERI At HEm
HZBE R SRR 17 N Esr (Bl 4, 5), FERH

M2 5 AL AR FR T IZ BE A I E] 9 s (6D,
FEEINABE BG4 SRS B T 27 AN
25U LR S i e BE S p4 (RF=0.32), — 2%
JRRE B R LA R miz 727.242 0 ((M—H+
HCOOH] ) Fl#E 4y ¥ &1 I% m/z 681.240 8 ([M—
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Table 3 MS information of bands in different parts of E. ulmoides

i REAAT mh EYEY R (X109 A HEf Hie B A F
il 05IML™ 5191855 [M—H]" 21 CuhnOu 357.1342,342.1009, 1510390 VR EE t- - -
pol  045M2° 4331345 [M—H+HCOOH]  -02  CuHuOw 387.1286,2250759, 2070649, 123.0444,100.0237 HETH t- 1+ -
P 036M3"  787.2673 [M—H+HCOOH] 15 CuHiOu 5792068, 417.154 4, 4021340, 181049 7 TEWFROAERT +- - -
p3ly3h3lz1 036 4™ 3731141 M—H] 16 CisHyOn 211.0607,1930496,167.0705,149.0598, 123,044 7,119.0349  5/E-FHH +++ 4
p3y3h3  036M5 5201794 [M—H] 48 CasHyuNOw 358.128 3, 340.1175, 2340765, 190.049 9, 164.070 0 eucomoside B +++ -
p 032Mg" 7272420 [M—H+HCOOH]” 40  CyHuOs 5191863 3571336, 3111266, 1510387 HoR e~ R B t- - -
5 017M7  TA32426 [M—H+HCOOH] 36 CuHeOy 697.2379,535.1831 3731285 343.1129, 2110609, 1930522, L-RALMREN AL +- - -

181.048 7,163.039 5

yihi  045Mg"  459.1145 [M—H-+HCOOH]" 13 CuHpOu 4131068, 2510548, 1910338, 147.044 3 I EA -+ + -
y2 0.40 M9 447.0940 [M—H]" 29 CauHOu 284.0315,255.0352, 178,952, 151.001 0 285-0-Gle i
y4 0.32M10 4630877 [M—H]" 00  CauHpOp 300.0259,271.023 2, 255.027 8, 178.997 7, 151.004 0 301-0-Gle i
0.32M11 5931487 [M—H] =32 CyHOps 285.038 6, 255.026 5, 151.004 3 285-0-Glc-Rha i
ysihgz3  024M12° 3911219 [M—H+HCOOH] 54  CisHpOy 345.1182,183.0659, 165.0555, 139.039 7 Bl S -ttt
yohha  0.24M13 7051619 [M—H] 65  CxuHas0z 513.1029,339.0502, 321,036 7,229.014 1, 191,055 3 - -+ 4+ -
yoiha  0.24M14"  353.0880 [M—H]|" 20 CiHiOy 1910562, 179.0337,173.0453, 1610227 ER -+ + -
0.24M15"  609.1472 [(M—H] 26 CoHyOy 301.0335,271.0276, 178,997 3, 151.001 6 BT -+ + -
¥5 0.24M16  549.0842 [M—H] 6.9 CuHpOp 505.097 3,463,089 4,300.025 8,271,022 6,178.9957,151.003 1 301-O-Glc-Mal i
y6/h5 0.20M17  595.1293 [M—H] -1.0  CosH01s 300.0267,271.023 4,255,028 5, 178.997 7, 151.001 4 301-0-Gle-Xyl -t 1+ -
y 014m18  695.1478 [M—H]" 26 CuHuOw 651.1559,489.103 3, 446,086 9, 285.041 0 285-0-Gle-Gle-Mal -+ - -
yite/z5  0.14M19 1910548 [M—H] -42  CiHypOs 173.0478,171.0278,127.038 8,111,044 9,109.0280,93.0334, - -+ 4+ 4+
87.008 0, 85.0290
yoh7  010M20 6251387 [M—H] 29  CyHxOn 4630847 3010339, 1510039 301-0-Gle-Gle -+ + -
010M21  TIL1426 [M—H] 24 CyHyOxn 667.148 4,505.097 4, 462.079 7, 301.036 3 301-0-Gle-Gle-Mal -t 4+ -
y8i7iz6  010M22  387.1125 [M—H+HCOOH]” -36  CiHpOu 341.1073,179.0553, 161.044 4, 143034 2, 119.034 1, 101.0246, - -+ 4+ +
89.0240
h 038M23"  MBLUTT M—H] =30 CigHauOn 269.0654,251.054 8, 165.054 4, 147,044 8, 121.028 8, MR -- 4 -
119.038 2, 89.024 2
h4 024M24  593.1536 [M—H]" 51  CyHxOws 285.0386,255.026 5, 151.004 3 285-0-Rha-Gle -- 4+ -
h5 020M25 6251387 [M—H]" 29  CaHxOn 4450832 300.0260, 1510034 301-0-Gle-Gle -- 4 -
020m26  609.1472 [M—H]" 26 CxHa0i 300.0269,271.0232,178.994 3 301-0-Gle-Rha -- 4 -
2 0.27M27  1127.3500 [M—H]" 40  CsHeeOp 965.2900, 7712352, 7112156, 549.161 5, 443.119 4, ulmoidoside B -- -+
373112 8, 193.050 3, 149.060 0
IA] 0.24M28  729.2250 [M—H] 11 CaHuOw 567.1678, 443118 3,373.114 2,211,058 0, 193.050 5, - -- -+
1750372, 167.070 8, 149.060 6
b 0.19m29 14834554 [M—H]" -05  CeHeOp 13213911, 1067.330 3, 771.237 1, 711,215 1, 549.160 5, ulmoidoside D -- -+
373.1119,149.060 1
5 014M30 1085.3389 [M—H]" 37 CuHsOs 923.2833,799.2302,729.2245, 711,214 3,549.161 6,443,118 8,  ulmoidoside A -- - 4
373.1132,193.050 0, 149.059 9
16 0.10M31 14414464 [(M—H] 05  CeHeOy 1279.4084,1155.3438, 373.112 6, 149.059 5 ulmoidoside C -- -+
TR SRR LIA A-RIE R

“*” refers to the compound identified by comparing with reference standard

“+7- detected

“-’-not detected
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250 500 750 1000 1250 p 250 500 750 1000 1250
m/z m/z
3 Ry TLC/MS Bt
Fig. 3 TLC/MS chromatogram of E. ulmoides bark
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N S
705.161 9 M13 447.094 0 M9
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243.897 8,5 1 4 §706.167 8 - — 48.004 3
oy 707.174 4 ly st
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M14 747.2377 M4
3510717, 707.1799 -
54.088 7 — 741190 (748.239 6
| [708.187 3 .
600,147 2 s |\)|15 775201794 Ms
243.897 8 -« 243.897 8
521.183 6
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Fig. 4 TLC/MS chromatogram of E. ulmoides leaf
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Fig.5 TLC/MS chromatogram of E. ulmoides male flower
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Fig. 6 TLC/MS chromatogram of E. ulmoides seed
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AEAE T Ao 7 o 3 22 53 P ol 2 o) 92 1) 9 2 B
FARELE A AR 2 pl(RF=0.51), p3(Rf=0.36),
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z3: (Rf=0.24), z4: (Rf=0.19), z5: (Rf=0.14),
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bark: 1-geniposidic acid 5-geniposide 7-pinoresinol diglucoside 10-medioresinol diglucoside 11-syringaresinol diglucoside 13-pinoresinol
4-O-glucoside; leaf: 2-geniposidic acid 5-chlorogenic acid  10-rutin; male flower: 3-geniposidic acid 4-chlorogenic acid 6-geniposide  9-rutin
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Fig. 7 Fingerprints of bark, leaf, male flower and seed of E. ulmoides (A), PLS-DA (B), sequencing test (C) and VIP values (D)
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I 12 (tr=45.667 min); HEfE: 1§ 3 (GUBTFHTR,
tr=11.768 min), &8 (tr=36.423 min), &6 (F{/E
S, tr=27.728 min), W9 (7T, ,=39.801 min),
I 13 (tr=51.988 min); F-: & 10 (ulmoidoside A,
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I ZE RSy, KR i 7 CRA R — i & i)
VEN B BREE ;. A& 6 (1r=24.588 min) 1A
MIRFIEVE; HEfEHRIE 8 (1r=36.423 min) {ENHETEIT)
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Table 4 Differential components detected by HPTLC, TLC/MS and HPLC fingerprint
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HPLC
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(Rf=0.32). THMIGRENEZRETT (RF=0.34). FANERE

FUE P (Rf=0.51)

H Rf=0.85 (ZL46 1) 301-0-Gle-Mal  (m/z

549.084 2,

Rf = 0.14);ts=24.588 min

285-0-Glc-Glc-Mal (m/z 695.147 8, Rf=0.14), 301-0-Glc
(m/z 463.087 7, Rf=0.32), 285-O-Glc-Rha (m/z 593.148 7,
Rf=0.32), 285-0-Glc (m/z 447.094 0, Rf=0.40)
% Rf=038 (LM ETFER). RF=0.45 (40 518 (Rf=0.38). 301-0-Glc-Glc (m/z 625.1387,t:=36.423 min
fa), Rf=063 (%f4). Rf=067 (% Rf=0.20). 301-0-Glc-Rha (m/z609.1472, Rf=0.20).

1), Rf=0.71 (%)

285-0-Rha-Glc (m/z 593.1536, Rf=0.24)

MF  Rf=0.10 (A#f). Rf=0.14 (Z#Eulmoidoside C (Rf=0.10). ulmoidoside A (Rf=0.14). tr=50.433 min (ulmoidoside A). tr=
fa). Rf=0.19 (Z#if). Rf=0.27 ulmoidoside D (Rf=0.19). m/z 729.225 0 (C32H42010. 55.286 min (ulmoidoside C). tr=

(A t)

Rf=0. 24). ulmoidoside B (Rf=0.27)

56.351 min (ulmoidoside D). tr=
57.781 min (ulmoidoside B)
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