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ETHRUEREMUEEIVRAIEN AL R E

BoZR, EARLA, gfhal, BEEC, BFY, WAE LY
1 E R T TR 4 s, iR kR 427000

2. AP AR AR AR E M T B TRESLIGE, Wi &1 416000

3. HERFEM GRS IR E 2R, WIF HE 416000

4. ZRIEITER M, W KK 427000

W OE. BR @A Eucommia ulmoides MERRANEIE (HPLC) fR4UMil, #iaibAsRaiErmitmE. 7% XA
Ultimate XB-Cis i (250 mmX4.6 mm, 5 pm) , PLZJE-0.1% BRI SIARRR LM, AR E 1.0 mL/min, #3530 C,
HEFER 20 uL, KN 207, 240, 277, 350 nm, KA 12 g SR SR RS R RE, M SPSS 25.0 Al SIMCA 14.1
AT RIS (clustering analysis, CA) « 5347 (principal component analysis, PCA) Ffitse /N —3id-HI51 4347 (partial
least squares discrimination analysis, PLS-DA) , XIANEIF=HuALM AT I, G558 AEF= AL pk i e e
B FULZRR. SRR JLAAR. EMEtr. MM, e . IR AR, 2T SR EaEEREE, R
AT B4 0.053%~4.563%- 0.078%~0.977%- 0.018%~0.084%. 2.634%~6.183%- 0.010%~0.088%- 0.124%~0.582%-
0.001%~0.242%- 0.033%~0.163%. 0.065%~0.215%- 0.045%~0.865%- 0.199%~0.910%. 0.020%~0.221%; 20 HttkfHH HPLC
BOUEIRERE T 25 ML, ZXBETEIA 11 i, AALUE 0.905~0.996; @I RIS R R~ 2 K2,

HRE I AR RS . BRI . R, AT MR AR R SECR R B E R IR A A Y. e Erm
TRoUEE TR WA, BN, SR T AT AL R RN
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Quality evaluation of Eucommia ulmoides leaves based on HPLC fingerprint and
chemical pattern recognition analysis
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Abstract: Objective To establish the HPLC fingerprint of Eucommia ulmoides leaves, and to evaluate its quality by chemical pattern
recognition. Methods The chromatographic column was an Ultimate XB-Cis column (250 mm % 4.6 mm, 5 pm) with gradient elution
using acetonitrile-0.1% phosphate solution as the mobile phase at a flow rate of 0.1 mL/min and a column temperature of 30 C with an
injection volume of 20 pL. The sample was detected at 207 nm, 240 nm, 277 nm and 350 nm, respectively. The contents of 12 active
ingredients in E. ulmoides leaves were detected and fingerprints were established. SPSS25.0 and SIMCA 14.1 software were applied to
perform clustering analysis, principal component analysis and partial least squares-discriminant analysis to evaluate the quality of Eucommia
leaves from different origins. Results Significant differences were found between different origins of E. ulmoides leaves aucubin,

geniposidic acid, protocatechin, chlorogenic acid, catechin, asperuloside, caffeic acid, geniposide, pinoresinol diglucoside, rutin, isoquercetin
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and astragalin, with contents ranging from 0.053% to 4.563%, 0.078% to 0.977%, 0.018% to 0.084%, 2.634% to 6.183%, 0.010% to
0.088%, 0.124% to 0.582%, 0.001% to 0.242%, 0.033% to 0.163%, 0.065% to 0.215%, 0.045% to 0.865%, 0.199% to 0.910%, and 0.020%
to 0.221%; The HPLC fingerprinting of 20 batches of E. ulmoides leaves identified 25 common peaks and 11 peaks identified by the control,

with similarities ranging from 0.905 to 0.996; the samples were divided into two major categories according to different origins by cluster

analysis. Chlorogenic acid, aucubin, asperuloside, rutin and pinoresinol diglucoside being the signature compounds that caused the

differences. Conclusion The established fingerprinting method is reliable and reproducible and shows a potential improvement in the

quality evaluation of E. ulmoides leaves in combination with chemical pattern recognition.

Key words: Eucommia ulmoides leaves; fingerprint; chemical pattern recognition; aucubin, geniposidic acid; protocatechin;

chlorogenic acid; catechin; asperuloside; caffeic acid; geniposide; pinoresinol diglucoside; rutin; isoquercetin; astragalin
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Table 1 Sample information of E. ulmoides leaves

W5 P2 W5 A

S1 M EREA S11 SUMIC N8
S2 e BRI S12 BME)I+74
S3 IR AR S13 SEHNC 4248
S4  WiE RN S14 BRGNS BH &5
S5 ARV S15  BEVENERH 45K
S6  iiEE ZAFITEIR S16  PRPEHERH 45
S7 I ERIIR S17  WifEEERRE
S8 WIEGkE B R S18 i EIRE
S9  AFEAKERITIL S19  ILVEEE KA
S10  AFEHRIE AT S20  ILVEMEEEK L
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20 KA BRI S e AL R A B A A
AR E. ulmoides Oliv. i Fr, BiAE 4% (FhE
2L 2020 FFERRITEARRME T, W EEE 40 B,
AEEH
2 FAEEHER
2.1 BEIEEH

Ultimate XB-Cis (41 (250 mm X 4.6 mm, 5
um) ; WMBENFAZHE (A) -0.1%BRER (B) ;
BEEEVEML (0~12 min. 96%~92% A, 12~22 min.
92%~90% A, 22~30min. 90%~76% A, 30~35
min. 76%~70% A, 35~50 min. 70% A) ; FiE
30 'C, #FEE 20 pL, AFUAE 1.0 mL/min, A3
# K 0~12 min. 207 nm, 12~30 min. 240 nm, 30~
32 min. 277 nm, 32~45 min. 350 nm.
22 MERGAREE

R BUE B Rk . e EER . 5
LR SRR, LRER. T, InHER. 5
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237.2. 256.4. 243.6 ug/mL [FIEE X BT, 4 C
A& . 1% “2.17 TS KR A X I A
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FO6-ZEMEE 7-UnMERR  8-RUBTF O-FAMREE TR AT T
10-7] T1-RME R 12-8 A5

l-aucubin  2-geniposidic acid 3-protocatechin  4-chlorogenic acid
S-catechin  6-asperuloside 7-caffeic acid 8-geniposide 9-pinoresinol

diglucoside 10-rutin 11-isoquercetin  12- astragalin
1 REXERME (A) FstfprtiEsR (B) HPLC BiEE
Fig. 1 HPLC of mixed reference substance (A) and E.

ulmoides leaves sample (B)
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Table 2 Regression equations and correlation coefficients of 12 active ingredients

% EYERpE R? 25 YU/ (ug-mL ™)

P iR Y=3003.3 X+6.270 8 0.999 1 13.25~1 140.75
B FHR Y=9140.4 X—79.767 0.999 3 19.50~244.25
JRILA R Y=156 991 X+849.56 0.999 0 4.50~21.00
SRR Y=12977 X+13.814 0.999 9 658.50~1 545.75
LA E Y=14 778 X—17.062 0.999 5 2.50~22.00
ZE N B Y=20051 X—34.7 0.999 2 31.00~145.50
(R Y=33 489 X+10.283 0.999 4 0.25~60.50
e Y=15248 X+17.847 0.999 2 8.25~40.75

Ko PG T 7 0 W Y=13 208 X—40.85 0.999 6 16.25~53.75
T Y=14417 X+101.89 0.999 6 11.25~216.25
SEM I Y=15211 X+782.39 0.999 3 49.75~227.50
E P E] Y=28 379 X+30.308 0.999 3 5.00~55.25
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25 FAEFER

251 FEEEIRE HUREFHRmEK 05 g, % €237
TR G RE R BOR, Fid% “2.17 TR (il 2%
PRIEBEHERE 6 VK, M8 H1 55 i g g TR AR RSD,
BEH-IEE . B R JRILAEER. SER. L
&R EHEAR. IR, SUBTE. FAMEEE A
BN T MR R R RSD 40 HN
0.17%- 0.91%- 1.37%- 0.04%- 1.44%.0.52%- 1.98%
0.23%- 0.52%-. 0.04%. 0.10%. 0.15%, RSD<2%.
252 foEtEilse B oR 05 g, 1% 237
TR IS SRR IR IGR, =EAME 0. 2. 4. 64
8. 10+ 12h, % “2.17 Tl F G FK AR, 3%
(I I T AR 3T 1155 RSD. BRI . 58P
. RILAE R SRR LR R, o
R, FJe P, FIREE AL AT
BP0 RSD 05108 1.39% 1.71%- 4.23%-
0.12%- 1.56%- 1.10% 3.25%- 2.86%- 3.03%- 0.94%
0.82%-. 3.76%, RSD<4.5%.

253 EEMWRE REUR—FR SRR 0.5
g 3L 61, % “2.37 Wik A e SR BGR

F 2.1 TUN RS RE, i0 s il I g T AR

THH RSD. 4iREIR, BEHIEIE . HEFH .
JRILF R ERR. ILFRR EMEE. R .

HBFH . PalREE RIEINEE . AT SRR

HRIH RSD 45N 0.24%. 0.41%- 0.68%-

0.04%- 0.75%- 0.05%- 0.82%- 1.27%- 0.06%- 0.12%
0.14%. 1.35%, RSD<2%. FUEREMN R
254 FEREEREE  REICC AT & 2 AL
RESL 3 0, F% “2.37 T J7 v & R S SR HG
I3 AN [R) AR 2 Ao BRI, % “2.17 TR
TEARAFRERE, THERE SRR R D RSD. 45
FW: INFEIEISCR N 99.82%~103.02%, BBk H -3
M (99.82%)  HJEPFHER (100.13%)  JiJL
HE (100.78%)  ZJEIR (100.29%) .« JLEER
(100.75%) ZEMFEH (99.87%)  MIMERZ (101.38%)
2B (100.92% )« iR BE O 4 N A
(101.13%) + 1 T (102.91%) - T4t 2 (101.43%) -
AT (103.02%) s RSD 1H 73518 0.23%- 0.25%-
0.09%- 0.02%- 0.36%- 1.63%- 0.55%- 1.90%- 1.40%.
1.10%-+ 0.19%- 0.64%, ¥J/NT 2%.
2.6 AR EZIRMER TR E S A

R BRI F = A AT A G 0.5 g, % “2.37
TR RS AR, 4% “2.17 TN il &k,
TOSRIETAR, ZIMRETH RS S &8, RN 3.
2.6.1  FRATF R 4 FhIAETER S R 1 2 AT
Wi 2 Frow, 4 PRgamkng 2R o & mmK iy A
B I > 5 J8 - 1R > 3 Je V5 > ZE B
3 BoR, BRI R 54 0.053%~4.563%,
S10 #f5 4.563%, S20 FAK 0.053%; HJE-T-H IRk
8 0.078%~0.977%, S1 ficiE 0.977%, S16

=3 M 12 MRS EENESR

Table 3 Determination results of 12 components in E. ulmoides leaves

2 o RN %

s BRI RUETHR )RR SRR )RR FHEE WHR RUETH  RERCEERET M T RBEE RTRHE
S1 0.799 0.977 0.049 4519 0.013 0.157 0.011 0.113 0.082 0.191 0333 0.057
S2 1.302 0.540 0.043 3412 0011 0.211 0.005 0.143 0.082 0.165  0.466 0.081
S3 0.275 0.379 0.021 4411 0.042 0.177 0.001 0.074 0.112 0.377  0.624 0.106
S4 1.287 0.233 0.037 4766 0.018 0.244 0.011 0.134 0.083 0121 0.482 0.060
S5 4.060 0.632 0.084 6.032  0.014 0.582 0.013 0.156 0.071 0.865  0.778 0.101
S6 1.851 0.491 0.041 6.183  0.030 0.163 0.206 0.163 0.142 0.141  0.640 0.101
S7 0.869 0.112 0.025 6.140  0.041 0.145 0.196 0.033 0.215 0.436 0910 0.221
S8 1.370 0.261 0.018 4.086  0.047 0.369 0.001 0.124 0.116 0.170  0.492 0.057
S9 1.080 0.8834 0.028 4553 0.088 0.283 0.011 0.136 0.073 0.182  0.786 0.101
S10 4.563 0.237 0.053 4.084  0.013 0.128 0.242 0.112 0.074 0.045  0.285 0.080
Si1 1.546 0.155 0.071 5486 0.020 0.290 0.017 0.133 0.134 0.157  0.504 0.073
S12 1.445 0.358 0.040 379  0.018 0.334 0.007 0.080 0.097 0.154  0.366 0.071
S13 0.294 0.109 0.061 3542 0.024 0.239 0.014 0.080 0.090 0152 0.488 0.087
S14 2559 0.113 0.048 3.809  0.021 0.321 0.009 0.137 0.065 0.146  0.248 0.027
S15 0.532 0.154 0.054 3.084  0.015 0.196 0.012 0.123 0.087 0.131  0.223 0.020
S16 3.087 0.078 0.026 2634 0.021 0.188 0.003 0.115 0.065 0.120  0.199 0.046
S17 1.403 0.185 0.028 3722 0.010 0.203 0.002 0.155 0.114 0.363  0.664 0.122
S18 3213 0.261 0.018 3247 0014 0.124 0.005 0.123 0.070 0.194  0.533 0.027
S19 3.339 0.515 0.027 3523 0014 0.177 0.002 0.145 0.085 0.181  0.335 0.071
S20 0.053 0.354 0.039 2690  0.011 0.130 0.005 0.074 0.084 0.135  0.220 0.035
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Fig. 2 Comparison contents of four iridoids in E. ulmoides
leaves
i 0.078%; ZEMEFFHE 2 EL 0.124%~0.582%,
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NIFE LB R H 0.018%~0.084%, S5 Hxid
0.084%, S8 H Ik 0.084%; JLA & i &= o 3
0.010% ~0.088%, S9 #H = 0.088%, S17 1K
0.010%; WMHERR 5 & 4347 0.001%~0.242%, S6 i
= 0.242%, S3 5 S8 Ak 0.001%; 20 HtAL R4
JRPR & & 35iE 3 (P EZ M) 2020 FhRE K
0.080%, S6 /= 6.183%, S16 FAK 2.634%, ZH
F (REZGH) 2020 FEAER

2.6.3  FLAP I R T e ) R R S R S A
TR B4 MR 3 EWEIR, 20 AR R NEEE
TR REE R R BUE 0.065%~0.215%, ST B
0.215%, S16 #fi% 0.065%; S3(0.112%)S17(0.114%)
S8 (0.116%) - SI1 (0.134%)  S6 (0.142%)  S7
(0.215%) ¥JiaE| (HREZGH) 2020 FhRFL iR
0.10%I K s 3 PR R o1 & 7 Hos oA e
B> >RAEE, R ERRESE 0.199%~
0.910%, S7 #fF 0.910%, S16 FAK 0.199%; 771 i
4 0.045%~0.865%, S5 1 iH 0.865%, S10 HAK
0.045%; K HEHES41 0.020%~0.221%, S7 i
5 0.221%, S15 51K 0.020%.
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Fig. 3 Comparison content of four phenolic in E. ulmoides

leaves
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Fig. 4 Comparison contents of pinoresinol diglucoside and

flavonoids in E. ulmoides leaves
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Fig. 5 HPLC fingerprint of 20 batches of E. ulmoides

leaves
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Fig. 6 Comparison of fingerprint of E. ulmoides leaves
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Fig. 7 Pedigree of cluster analysis of 20 batches of E.

ulmoides leaves

2.82 PCA R SPSS25.0 #Atxf Fifg # i PCA,
B I TR AR AELL, THR T ZE DTk, DURFIE
BH>1.0 $2HM 8 A s 2 STk AR KN
24293%. 15.576%. 11.744%. 9.418%. 7.020%-

5.831%- 4.830%- 4.336%, ZINTIHRZ 83.048%, 1J
RSO B 25 MEFIERIGTMEE. B
SHE R AMEIL ST o E R IRORRR RS, 3R 4
AIAN, B 1 TR F O T i 2~3.7~9.12~
157 19, 24 B, 28 2 B BB 1 il 1.
164 21~22, 25 PE R, 2B 3 Elir EE R | Ak
g 5. 20 MBS, 2 4 B RERML T Akl 18,
23 MER, 355 B FE R T (i 4, 11 (15
B, 56 B FE LT Aikig 10 FIERE, 7
FRH E B T i 17 ISR, 58 FaE



F8 B 2023F5H $£54% B Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 9 = 2937 »
*4 ERDIER
Table 4 Principal component matrix
I 2 ES YA
1 2 3 4 5 6 7 8
1 —0.184 0.536 0.405 0.364 -0.317 0.220 0.360 0.013
2 0.539 —-0.285 -0.121 0.366 0.481 -0.310 -0.239 —-0.185
3 —-0.696 0.384 0.369 —-0.011 —0.244 -0.162 0.001 0.029
4 —0.482 0.139 0419 0.363 0.469 0.334 -0.019 -0.115
5 -0.503 0.145 0.445 0.438 0316 0.394 -0.025 —-0.042
6 0.234 0.369 0.238 —-0.405 -0.311 -0.075 0.040 —-0.633
7 0.567 0.532 0.364 —-0.035 0.251 0.013 0.005 —-0.060
8 0.680 0.222 0.261 -0.174 -0.014 0.220 -0.222 0.133
9 0.603 0.353 0.301 —-0.386 0310 -0.099 —-0.045 -0.076
10 —-0.096 0.606 0.152 0.167 -0.114 —0.626 -0.172 0.097
11 0.172 —-0.033 0.483 0.074 -0.667 0.044 —-0.348 0.036
12 0.673 0.018 0.337 0.144 0.021 0.340 0.049 0.160
13 0.637 0.234 0.288 -0.270 —-0.006 0.193 —-0.255 —-0.071
14 0.747 0.157 —-0.400 0.081 0.056 0.003 —-0.200 0.240
15 0.623 0.404 —-0.237 0.245 -0.277 0.107 —-0.006 0.015
16 0.271 0.646 —0.446 -0.122 —-0.003 0.330 0.004 0.229
17 —-0.035 0.440 —-0.032 —-0.486 0.258 —-0.110 0.466 —-0.083
18 0.558 -0.012 0.282 0.600 0.126 -0.254 -0.102 —-0.190
19 0.725 -0.270 0.092 0.192 -0.069 —-0.111 0.359 -0.159
20 -0.104 0.454 -0.635 0.400 -0.218 0.139 —-0.005 —0.243
21 0.157 0.681 -0.597 0.107 0.148 0.050 0.086 —-0.051
22 0.465 -0.574 —-0.054 0.157 —-0.255 0.078 0.149 0.144
23 0.260 0.280 0.044 0.593 —-0.096 -0.274 0.318 0.106
24 0.536 -0.225 0.371 -0.172 0.041 —-0.136 0.438 0.332
25 —-0.463 0.567 0.200 —-0.043 0.132 —-0.280 -0.168 0.427
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Fig. 8 PCA scores plot of 20 batches of E. ulmoides leaves
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