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Study on therapeutic mechanism of volatile components from
Ephedra saxatilis in treating bronchitis based on
network pharmacology and molecular docking

CHANG Zi-hui"* ,HE Wen-jia®* ,DUO Jie-renqing’ , CUI Xiao-mei' , WEI Bo-ning' ,DE Ji'*

'School of Science , Tibet University;” Institute of Agriculture , Tibet Academy of Agricultural Sciences
3 University of Tibetan Medicine , Lhasa 850000, China

Abstract : Ephedrae Herba can disperse cold, relieve asthma and reduce swelling. Ephedrae Herba has been used in herbal
medicine to cure bronchial asthma. Ephedra saxatilis is one of the species of the Ephedra genus endemic to Tibet. Its roots and
stems have a special aroma,but its volatile components have not been well studied. To reveal its volatile chemical constituents
and its therapeutic mechanism for treating bronchitis, the volatile components in roots and stems of Ephedra saxatilis were
studied using gas chromatography-mass spectrometry. The key targets of volatile components in the treatment of bronchitis
were analyzed by network pharmacology and molecular docking. A total of 67 volatile compounds were identified by GC-MS.
The main volatile components in stems were 2,3,5,6-tetramethyl-1 ,4-pyrazine (10.92% ) , pentadecenol (9.15% ) ,2,2-di-
hydroxy-1-phenyl-ethanon(7.92% ) ,and in roots were octadecadienoic acid (7.81% ) ,bisabolone (7.1% ) ,and pentade-
cenol (5.98% ). A total of 34 volatile compounds acted on 32 targets associated with bronchitis. The target network analysis
showed that IL6, TNF,PTGS2 and CXCLS8 have high degrees of interaction,and so might be key targets of volatile components

of E. saxatilis in the treatment of bronchitis. Six compounds, namely dodecanoic acid, trans-farnesol , a-terpineol , elemol , and
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hexadecanoic acid, were predicted to be potential binding compounds for treating bronchitis. Docking analysis showed that the

six compounds have high binding interactions with IL6,TNF,PTGS2 and CXCL8. We predict the therapeutic mechanism of

volatile components of E. saxatilis on bronchitis might be through the inflammatory response involving bacteriostasis and inhi-

bition of the expression of IL6,TNF ,PTGS2 and CXCLS targets in inflammatory and immune signaling pathways such as TNF,IL-17

and Toll-like receptors. The research may provide important clues for finding molecular targets in treating bronchitis.

Key words: Ephedra saxatilis ;volatile components ; bronchitis ; network pharmacology ; molecular docking
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x1 FHRERZERZELERS

Table 1 The volatile chemical constituents in roots and stems of E. saxatilis

[Epi s
MOLID B2 43 F FATEAL CAS Percentage content (% )
Compound name Molecular formula RI
ZX Stem #2 Root
- H K Styrene CgHg 893 10042-5 - 0.12
MOL004714 a-/NE F M a-Fenchene CioHyg 951 471-84-1 0.27 -
MOLO00708 JHIE Benzaldehyde * C,Hg0 961 100-52-7 1.42 0.68
- PR BEER 2,2 ,6-Trimethyl-6-vinyltetrahydropyran CioH50 972 7392-19-0 0.12 -
- 2-H 31224753 -k 2-Methyl-1-octen-3-yne CoHy, 981 17603-76-8 2.26 -
MOLO000668 2-1F JRHELIF 2-n-Pentylfuran CoH,,0 996 3777-69-3 - 0.3
MOLO000712 LB K o-Isopropyltoluene CioHyy 1021 527-844 - 0.16
- 4-fATIFE 4-Thujanol CioH50 1 067 15537-550 0.74 -
MOL012155 S LI R Linalool oxide * CioHy50, 1076 34995772 1.91 0.53
MOL002202 2,3,5,6-PUH JENETE Tetramethylpyrazine * CgHj, N, 1087 1124-114 10. 92 2.52
MOL001604 F5 A Linalool CioHs0 1104 78-70-6 0.93 -
- 3,6-T- —J%-1-f% 3 ,6-Nonadien-1-ol CyH,s0 1156 56805-23-3 0.93 -
- Xt H R 20 p-Methoxystyrene CoH,,0 1157 637694 1. 41 -
- 2-JRZETNER 2-Bromo-1-phenyl-1-propanone CyHyBrO 1 160 2114-00-3 _ 0.89
- T ¥AFEH 2 2 ,2-Dihydroxy-1-phenylethanone CgHg O 1163 1075-06-5 7.98 -
MOLO00118 a-FAIHEE a-Terpineol CioHs0 1187 10482-56-1 1.67 -
MOL000719 KGR H R Methyl salicylate CgHg 04 1197 119-36-8 - 2.12
MOLO04483  p-A i p-Creosol CgH,00, 1198 93516 - 3.16
MOL000232 ol i a-Terpineol * CioHyy 1200 98-55-5 3. 64 0.52
MOL000267 T3 Citronellol CioHyO 1 245 106-22-9 0.77 -
MOL011089 3,4- "4 H T4 3, 4-Dimethoxytoluene CoH;,0, 1247 494-99-5 - 0. 09
MOL000123 Z M Geraniol * CioH30 1258 106-24-1 4.19 0.99
MOLO12880 SR Tsopulegol CioHs0 1 260 7786-67-6 0.36 -
- B G REEE Neoisopulegol CioH;30 1267 29141-104 0.12 -
MOL002042 H B Thymol * CyH0 1297 89-83-8 1.55 1.06
MOL000254 T F# Eugenol CioH 0, 1359 97530 - 1.07
MOL001640 241i% Decanoic acid C1oHy 0, 1377 33448-5 0.16 -
- 1,2,3-=F H-1H-8fi 1,2,3-Trimethylindene C,H,, 1394 4773-83-5 - 0.13
- oa-FF B a-Bergamotene * CisHyy 1415 18252-46-5 1.59 0. 42
- 1,3-—F1 2% 1,3-Dimethyl-naphthalene C,Hyp, 1 421 575417 0.55 -
- 3L Geranylacetone Ci;3HyO0 1 445 3879-26-3 0. 42 -
MOLO004715 a- L8 a-Himachalene C,sHy, 1 449 3853-83-6 - 0. 08
- B-4% il B-lonone Ci3Hy O 1 488 14901-07-6 1.01 -
MOL006297  B-FUAIAM B-Guaiene CysHyy 1491 88-84-6 - 0.61
- EEVEFHEE Cubebol CysHyO 1515 23445-02-5 - 0.51
MOLO00034 W75 Elemol * Ci5Hy O 1537 639-99-6 0.31 0.43
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2:5% 1( Continued Tab. 1)

"SR
MOLID LasR/Edi ¥l PRI R CAS Percentage content( % )
Compound name Molecular formula ~ RI
Z£ Stem #R Root

MOL003573 a-FHIAT T a-Calacorene Cy5Hy 1 542 21391-99-1 - 0.12
MOLO000615 KA Cadinene CysH,, 1562 483-76-1 - 1.73
MOL000305 HEERR Dodecanoic acid Ci2H,,0, 1580 143-07-7 - 1.96

- 0% Longifolenaldehyde CysH,, 0 1597 19890-84-7 1.26 -

- I/ N 7 B D-Epi-1, 10-cubenol CysHygO 1623 73365-77-2 - 0.85

- &AL T H-1-2 468 Diepicedrene-1-oxide CysH,, 0 1627  1000156-11-0 - 1.28

- a- BB a-Acorenol C1sHy O 1636  1000374-18-0 - 2.55

- y-FE I y-Eudesmol CysHyO 1639 1209-71-8 - 1.18

- a-tE M- a-Eudesmol C1sHy 0 1 649 79254469 - 3.41
MOL000032  B-Fiif B-Eudesmol CisHysO 1 650 473-154 0.97 -

-AH 8 -3 8- -
|- B[ 2. 5] 48,5, 5- T B Sk 4-(3-H1 k-1, 3-
- I&fpﬁ)[-z. 5] octane, 5 , 5-dimethyl4-( 3-methyl- €14l 0 1662 1000195-92-1 N .35
1,3-butadienyl ) -

- P 2% % F S Methyl myristoleate CisHy3 0, 1 666 56219-06-8 0. 42 -

- 1-P i HE3H A 1-Heptatriacotanol Cy;Hy60 1670 105794-58-9 0.25 -
MOL000252 R JEEE trans-Farnesol CisHyO 1675 4602-84-0 1.76 -

- Z9-+ 1M Z-9-Pentadecenol * CysHy0 1688  1000130-76-9 9.15 5.98

- S e AR Tsolongifolol C5Hy O 1 695 1139-179 0.15 -

CMRSIELE, ame e weas o

- LT 248 Bisabolone CysH,, 0 1746 72441715 - 7.1
MOL001393 P 25 % Tetradecanoic acid C1,Hy5 0, 1765 544-63-8 - 1.21
MOLO12766 1-Z£H1 i 1-Naphthalenemethanol CisHyO 1779 19078-37-6 - 0.68

- i 6,10 ,14-Trimethylpentadecan-2-one CgHs0 1 849 502-69-2 0.8 -
MOL000057 454 — I RME Diisobutyl phthalate CisHy 04 1 860 84-69-5 - 0. 46
MOL001739 FERRHIR Palmitoleic acid * CiH30, 1957 373499 0. 55 1.64
MOLO000069 ¥EHE: Hexadecanoic acid * CieH3 0, 1977 1957/10/3 3.01 5.23

- IR Z9-Octadecen-1-ol CigH30 2059 143282 - 0.32

- FLAEF Emulphor C0Hy0, 2 067 5353253 0.13 -

- 1L— R it 15

MOLO001745 Ilwlet;ryf Eﬁfﬁfiffiww CioH30, 2071 52380-33-3 0.27 -
MOL000432  WEyiR Octadecadienoic acid * CigH3 0, 2145 60-33-3 2.78 7.81
MOLO0057033  F-H:F M- trans-Geranylgeraniol CyoH3, 0 2157 24034-73-9 0.51 -

TE: o "SRR BURR AR 53 T s - SRR AR A

¢

Note:“ # ” indicates common chemical compounds in roots and stems of E. saxatilis;“ -

means not be detected.
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Fig. 7 The network of compounds interaction with targets and pathway
AL SRR A, Y SR S W A SRR AEFE R . Note: The red color nodes represent compounds, the yellow nodes

represent targets,and the blue nodes represent pathways.
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Table 2 Docking values of core targets and compounds

2y 251854 /I s Center /N Size

Pf:eii‘n PDB 1D MOLID V;i;ﬁfre (?;\}ji&;)fj(si/ie X y ’ < y ’
1L6 4cni MOL000254 5.5 1259 100 2 31 28 18 35
4cni MOLO000305 4.8 688 98 42 -13 23 23 30

4cni MOL000252 6.4 8 832 111 22 -17 34 34 35

4cni MOLO000069 5.6 688 98 42 -13 25 25 25

4cni MOL000232 5.8 8 832 111 22 -17 34 34 35

4cni MOL000034 6.6 8 832 111 22 -17 34 34 35

TNF 2eTa MOL000254 5.6 1023 -1 -7 3 18 18 18
2eTa MOLO000305 5.6 391 20 -8 24 23 23 23

2eTa MOL000252 5.6 391 20 -8 24 23 23 23

2eTa MOLO000069 S 1023 -1 -7 3 25 25 25

2eTa MOL000232 5.4 1023 -1 -7 3 17 17 17
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; Y P 1> Center K/ Size
ﬁE PDB ID MOLID TE’ME *F.Ej(fj\
Protein Vina score Cavity size X y ’ X y ’
2e7a MOL000034 6.2 1023 -1 -7 3 19 19 19
PTGS2 5f19 MOL000254 6.7 4392 14 49 65 26 30 29
519 MOL000305 -6 4392 14 49 65 23 30 29
519 MOL000252 1.7 5179 12 53 17 33 23 29
519 MOL000069 6.9 5179 12 53 17 33 25 25
519 MOL000232 6.5 4392 14 49 65 26 30 29
519 MOL000034 1.4 5179 12 53 17 33 26 29
CXCL8 3il8 MOL000254 5.7 129 3 24 14 18 18 18
3il8 MOL000305 4.9 129 3 24 14 23 23 23
3il8 MOL000252 5.6 129 3 24 14 23 23 23
3il8 MOL000069 4.8 129 3 24 14 25 25 25
3il8 MOL000232 S 129 3 24 14 17 17 17
3il8 MOL000034 5.9 129 3 24 14 19 19 19
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Fig. 8 The structure of trans-farnesol (A) ,elemol (B) ,hexadecanoic acid (C) and eugenol (D) docking to PTGS2
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