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[Abstract] Objective To explore the chemical constituents and anti-aging mechanisms of action of Eucommia ulmoides Oliv.
male flowers using ultra-high performance liquid chromatography—orbitrap mass spectrometry (UHPLC-Orbitrap—MS) and network
pharmacology. Methods The major chemical constituents of E. ulmoides male flowers were identified by UHPLC-Orbitrap-MS, and

their related targets were predicted using the SwissTargetPrediction database. Aging —related targets were retrieved from the
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GeneCards and OMIM databases and intersected with the targets of the identified constituents of E. ulmoides male flowers to
identify the common targets. A protein—protein interaction (PPI) network was constructed, and GO and KEGG enrichment analyses
were performed to identify key signaling pathways involved in the anti—aging effects of E. ulmoides male flowers. The antioxidant
activity of E. ulmoides male flowers was evaluated by 22'-azino-bis (3—ethylbenzothiazoline—6—sulfonic acid) (ABTS) and 22—
diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assays. Results A total of 40 chemical constituents were identified from
E. ulmoides male flowers, and 187 common targets were obtained between the chemical constituent-related targets and aging-related
targets. The PPI network comprised 159 nodes. The core constituents were quercetin and naringenin, among which quercetin showed
strong in vitro scavenging activity against ABTS and DPPH free radicals. The core targets included tumor protein p53 (TP53), signal
transducer and activator of transcription 3 (STAT3), heat shock protein 90 alpha family class A member 1 (HSP90OAAT), SRC proto—
oncogene, non-receptor tyrosine kinase (SRC), and Akt serine/threonine kinase 1 (Aktl). GO and KEGG enrichment analyses indicated
that the anti-aging effects of E. ulmoides male flowers were associated with the phosphatidylinositol 3—kinase/protein kinase B (PI3K-
Akt) signaling pathway. Conclusion The chemical constituents in E. ulmoides male flowers may exert anti-aging effects by
coordinately regulating the cell cycle through multiple pathways and targets, alleviating oxidative stress, inhibiting chronic

inflammation, and maintaining cellular homeostasis, thereby delaying cellular senescence and ameliorating aging—related pathophysi-

ological processes.

(Keywords] ultra-high performance liquid chromatography —Orbitrap mass spectrometry; Eucommia ulmoides Oliv. male

flowers; anti—aging; network pharmacology; phosphatidylinositol 3—kinase/protein kinase B
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F1 HMEEPUEESETERER
Table 1 Identified chemical constituents in E. ulmoides male flowers

P GREEEmin AFR BEFEE BT/ (m/z) 1% /ppm FEF SEgER

1 1216 CHOs [M-HJ 133.013 8 -326  115.003 4,89.024 2,72.992 9 L(-)-51 R

2 1.219 CHO, [M-HJ 115.003 3 -2.93  87.008 8,71.013 7,47.002 2 WD

3 1.251 CoHoNOs  [M-HJ 243.061 2 -424  200.055 7,153.029 9,94.029 8,66.034 9  JRFF

4 1.253 CoHiOg [M-HJ 173.008 5 -372  111.008 4,85.029 3,67.018 8 FE:MEPN ]

5 1.348 CoHpNOs  [M-HJ 282.083 3 -472  164.058 4,150.041 6,133.015 2,107.036 2 5f

6 1.423 CH.0, [M-HT 115.003 4 -2.63  96.102 7,71.013 7,59.013 5 DR R

7 1.428 CHO, [M-HJ 117.019 0 -277  100.012 1,74.032 7,54.476 3 FE — iR

8 1.455 CHO;,  [M-HJ 133.050 2 -321  115.003 4,89.024 2,43.018 7 TRIERRTR

9 2.085 CsHyNO;,  [M+H]' 328.137 4 -499  292.116 6,246.112 1,166.085 5,97.028 9  N-SRMHINE MR

10 2.501 CioH 00, [M+H]* 195.064 0 -597  177.053 7,149.059 0,121.064 2,79.053 9  4-FILWe K

11 2.502 CieHz0  [M-HJ 373.111 7 -5.88  211.060 1,167.070 8,123.044 8,89.024 2  HJEF-HM

12 2.728 CHO, [M-HT 153.018 8 -336  110.032 7,108.021 3,76.929 9 LR

13 3.042 CGHpO,  [M-HJ 191.055 2 -463  171.030 0,127.039 8,93.034 1,59.013 7 D-(-)-Z TR

14 3.067 CsH105  [M-HJ 325.091 6 -422 243740 4,164.042 7,119.049 8,73.056 5  HH:PAMEE

15 3.277 CHy0y,  [M-HJ 625.138 4 -4.67  464.086 2,302.037 0,178.997 9,152.000 2 Hfit}z £ -3,4-0-—-B- A M
16 3.409 CHy0,  [M-HJ 609.143 5 -4.83  343.043 3,285.039 9,178.997 8 BT

17 3.436 CiH0s  [M-HI 337.091 6 -4.11  219.198 8,191.055 4,93.034 2 B TR

18 3.483 CoHyOs  [M-HJ 593.148 8 —438  473.105 1,327.049 5,284.031 4,152.010 8 IIZSHE -7 445 B2 M
19 3.555 CaHzOu  [M-HJ 449.106 9 -442  287.055 2,151.003 2,107.013 5,85.029 |  HiE-7-O-#iZiHts
20 3.591 CHLO0,  [M-HJ 173.081 2 -443  129.091 8,111.081 2,83.049 9,57.034 2 ¥

21 3.748 CisHp0,  [M-HJ 303.049 8 -444  285.039 4,199.039 1,125.024 0,83.013 6 — Sl E

22 3.776 CyHnOp  [M=HJ 433.112 0 -4.53  343.084 3,271.060 2,177.018 1,119.048 9 HEBEHF (il i Z-7-0-F &MY
23 3.801 CyHpOy  [M-HJ 449.106 8 -4.65  287.055 0,269.043 8,151.003 1,125.024 1 &I

24 3.898 CiHi0;  [M+HJ 197.116 2 -4.89  179.105 7,135.116 2,79.054 4,57.069 5 MR HEANg

25 3.929 CoHiOs  [M-HJ 187.096 9 -374  169.086 6,143.107 3,125.096 8,97.065 5 T i

26 4.026 CsHpO,  [M-HJ| 287.055 0 -3.99  259.060 1,180.005 7,125.024 0,65.003 0  —SILZH

27 4.041 CaHiOp  [M+FA-H] 493227 1 -431 447221 3,315.179 5,233.066 8,131.034 6 “AIF A

28 4.258 CsHpO,  [M-HJ| 287.055 1 -4.16  269.043 8,177.019 4,151.003 1,83.013 8  XEiff}

29 4263 CisHiO,  [M-HJ 301.034 2 -432  273.039 3,178.997 9,107.013 6,83.014 1 Ml &

30 4.543 CisHp0s  [M-HJ 271.060 0 -475  227.071 0,165.018 6,107.013 5,83.013 5 fh&Z

31 4.561 CiHx0s  [M-HJ 329232 0 -4.19 311222 3,229.143 7,127.112 3,99.081 1 (152)-9,12,13- = H-15-F/\

Wsmme

32 4.572 CieHuOs  [M-HT 301.070 5 -429  286.048 3,199.040 0,151.003 1,125.024 1 5%

33 4921 CoHWO0,  [M-HT 221.081 1 -3.81  177.091 5,149.096 8,121.029 1,71.050 1  AF# —HIERH Tk

34 5.239 CpHyO,  [M-H| 293.174 17 -3.92  237.108 5,192.115 6,127.076 5,71.200 6  6-%B)

35 5.367 CyHiOs  [M+H] 455349 6 -5.08  409.345 4,321.253 3,215.179 2,95.084 9  FrEULER

36 5.812 CisHx05 [M-HJ 293211 1 -394 275200 7,224.140 1,109.065 3,59.013 5  13(S)-32H1/\k =Mk
37 6.098 CisHyO,  [M+HJ 279.230 3 -546  223.169 1,187.147 9,123.116 1,81.069 5  a—filfik

38 6.744 CoHgOs  [M+H] 513.354 9 -477  467.349 5,407.329 5,271.204 1,189.162 9 3-ZMt-11-AR-B-AEMR
39 7.004 CisHyx0,  [M+HJ 279.230 4 =510 243210 0,187.147 3,109.100 6,81.069 5  o-TF iR

40 7.583 CsHNOs  [M+HT 593273 1 -4.59 533251 9,460.222 4,180.489 0,114.451 4 JHEEN LR A

HE 5 E A Venny 2.1 7R T Ht
3T, BRZGRAGIL R SR £ 187 A, RIS AL A
FEE e LA, s 2 FR
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Fig.2 Venn diagram of constituent targets of E.

ulmoides male flowers and aging-related targets
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Fig.3 Constituents—therapeutic target network diagram of E. ulmoides male flowers
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