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Anti-inflammatory effects of volatile oils of Desmodium styracifolium via
regulation of TRP channels
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Abstract: Objective To screen out the key chemical constituents and target protein of essential oil of Desmodium styracifolium for
its anti-inflammatory effect. Methods Steam distillation method was used to extract the volatile oils from D. styraci folium, and its
chemical constituents were identified by GC-MS, and the relative content of chemical constituents was determined by peak area
normalization. The small molecule ligand library was established based on Traditional Chinese Medicine Systems Pharmacology
(TCMSP). Reverse target prediction was conducted online using Swiss Target Prediction, the anti-inflammatory pathways were screened
by KOBAX 3.0, conducting energy match between the key small molecular and the target protein in the TRP channels by molecular
docking (SYBYL2.1). Construction of chemical constituents-targets network model was based on Cytoscape 3.5.1. Results Atotal of 48
chromatographic peaks were detected from D. styracifolium volatile oils, and 33 kinds of compound structure were determined by
searching in mass spectral database and document retrieval, which account for 90.1% of total volatile oils. There were 17 key chemical
constituents, and 88 target proteins were selected. TRP channels included 11 potential targets. Through molecular docking, we found
that the phytol, hentriacontane, farnesyl acetone, and squalene were the key anti-inflammatory chemical constituents of D. styraci
folium volatile oils. TPRV1 (transient receptor potential cation channel, subfamily V, member 1), PRKCB (protein kinase C, beta), and
PRKCD (protein kinase C, delta) (degree > 10) are the key anti-inflammatory target protein. Conclusion We preliminarily select the
key anti-inflammatory target and active constituents of D. styraci folium volatile oils from this study, and this research provides the
theoretical basis for the development and application of its products.
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VIRAELRIVE AL, BON 25RO A SR A ATk
=34y Bl RIS Bh 2P0 F & vT DAVPAR 45
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PEPR R AR A AR SCHE

] 4% Desmodium styracifolium (Osb.) Merr.
FImARHE 28, NAAEEE. D, D
S, DL R 08T (WRRREAR), NG ERHME
VI &R T 3, AT BLZGH,
ALEH. TR MERETR T,
FEEEAEHL, FEEREE . gufr. EPRESEE KA .
HABMERG IR Prade. RIFFIEEE, R
ZHTRITH B BEA, WK EFEERTET
WIRRGE A . | B B B N A
o WL WEZE. R EERED, G
SRR R PR A FH K4 T HLRIRT 50 e, R
IEAHIF TR K 28 AR TE IR S 3 R
L, BN EIE- RS (GC-MS) B HEAR %
HAG RSy, P TR A — A0 8 HA 27 B O3 1)
FHXT T &5 8o AE BIAE SRR TN T 4 AR B 44 UM
W B RAERR B, NHEAR SR F AT S
FEAER T, R RHEEORK H Ny FigE
N2 kAL (TRP) #IESEAR AT REE UL,
R A R R T R R S P 8 A B AH
1 #RIEEE

JTEARECR AT VERE T, ATt R B2 A
Bt J & 2% 298 N S RMEY T 48k E Desmodium
styracifolium (Osb.) Merr. [)JF-J&Hh 45y, %=
IRBCE TR, %58 201811005, #Hi.

KDM-2000 HL#E (TLIFARHi /R HEEARA

"] ); Agilent 6890/5975C i (GC-MS) BXFHAX (3£
Agilent A 7]); UX2200H H 7 K-F CK§E 0.01 g,
HABE AT ; R (E TR RHA IR
AF]D; LK-400A FEFEA Pl (i REH
AR AFD; IECKE. Jo7K NaSO4 35 4 /=
DAL
2 HE
21 T EHREELMERE

S8 (H E 281 ) 2015 FERRK 28 SRR SR AL,
T80 48805 100 g, FresE, o 3 5 (50 H),
FHRAEHAM, BT 2 L FREIEH, A 1L 24038
KRR, IHIECH 1 mL, ELSHEE S5 h, HE
e RARIWOE Ok, 133 75 & 0K I3 W
RBAE 2.2 mL, ATREE A EIECH, GC-MS
K e LA 2N, 4T /K NapSOg T4, K7 ¥WE T
4 “C IR VKA 72 s 25 F o
2.2 GC-MS &f+

7 A AREE R R GC-MS B FAGHEAT
3T, t iRy FB-5MSI(30 mX 0.25 mm, 0.25 um)
A S B, VIGHIREE 48 C (fREE 2 min),
PL4 C/min JHEZ 220 C, FLL 15 C/min JHE =
310 C, &% 5 min, IZ{THI[H 56 min; ALE R
fE 250 ‘C; FERGIE 52 kPa, #/<ifiE 1.0 mL/min,
Iy, APV 20 D1, VEFIIEIR S [H] 5.0 min. B
U5 CED IRFEZ 230 C; VUMRAHREZ 150 C; MfiH
It 34.6 pA; L THEE 70 eV K5I 3 K 1659
V: BERE 280 C; FiEVEH m/z 29~450.
2.3 INFFRIMRAALEE

2 R G 2 B E R Ay A &
(Traditional Chinese Medicine Systems Pharmacology,
TCMSP) T~ E&EE /N T mol2 45k, HT
SYBYL 2.1 (Tripos) Xt~ &8 H /N> T IS A
Hi 8, AN 4> F-3E4T Minimize fe &AL K I AL 3,
TALSHON: ALK E 10 000, figEUSSRIE 0.000 5
kcal/(mol-nm), & Tripos ArdE% F S35 AN
Gasteiger-Hickel Hifi7, T Powell REEHLEEE
WARR R EM SR, TR B 12K
e A4 7 B S IS e B A R DAL B AR A R h 4
FREMSR, RAEHN SLN %,
2.4 ERFRERFIE

SwissADME Chttp://www.swissadme) F.f5 £
Wb, ABFFCRH Swiss Target Prediction Chttp://
www.swisstargetprediction.ch/) PUEHe, %R AER
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P 2 53 1) 2D 1 3D S5 AL ARG B TN A= 1035 A 53
#5383 Swiss Target Prediction 34T S8 AR T,
BN AL S B 1 TR A 2 T AR e N R T
(simplified molecular input line entry specification,
SMILES), Organism i%#¢ Homo Sapiens, &Mt
B4 i ChemAxon molconvert T B AE f§ 20 FhAS ]
%, HMIRA 18 4ERMEA &, R S nsiih ey
Al logistic [a] HFE R BEAT PRIy « REGEERINEE ML K
st 15 MR EE, BREEAAR. EELTR.
Uniprot ID 25{5 B..
2.5 RIS

HFRIEE /> M 3T KOBAS (KEGG orthology
based annotation system) 7EZE 54T Chttp://kobas.cbi.
pku.edu.cn/) B0, j#id KOBAS %A ID Wi (1D
Mapping) DjRefEde, Ktuz AR 1D @il Blast
B L PR SR S AH N ) DR A4 R, X 4 35 PR e o 4
JE & 4E B A B A % (pathway ) . GO ( Gene
Ontology) Zhfit. s (disease). 7E3E[H 1% i
ANFER 1D, ¥pfpik$e. AJ5 (homo sapiens), iE#%
KEGG pathway, 7EZL/MHToehe, fthighiR. 13315
WEANZ 50 A®E, ffthEnEaSES
&R (P<0.01), @it Rstudio Hf# ggplot2 £
HiIAT 10 ZkilEE, WM, EEET. BES
Pt PAEAT Q 5%, HAER RS, B
RN & AR HOR
26 HFIIE

K Z 7> T WAL SYBYL 2.1 B A
Surflex-Dock #5558 B o3 %f Hehf 7M. KT RCSB
Protein Data Bank Chttp://www.rcsb.org/pdb) [12-16]
T #& transient receptor potential cation channel
subfamily V member 1 (TPRV1, PDBID: 2PNN).
Transient receptor potential cation channel subfamily
V member 4 (TPRV4, PDBID: 4DX1). transient
receptor potential cation channel subfamily V member
2 (TPRV2, PDBID: 2F37). protein kinase C gamma
(PRKCG, PDBID: 2E73). protein kinase C beta
(PRKCB, PDBID: 1A25). protein kinase C alpha
(PRKCA, PDBID: 4DNL). protein kinase C theta
(PRKCQ), PDBID: 2ENJ). protein kinase C delta type
regulatory subunit (PRKCD, PDBID: 1YRK). protein
kinase C eta (PRKCH, PDBID: 3THO) #/ protein
kinase C epsilon (PRKCE, PDBID: 1GMI) ik
ght). 1%EFH AMBERT7 FF99 /137t (TR iitl; &

¥ Automatic B ATEVE AR, Dk 5e B ORAT
N SEXC SUHAE Ayt et HAh i 2505k H
Sybyl BRiME . FIH Surflex-Dock 43§ %A He 1)
Total-Score FT 43 bR UM /N1 5 ¥EARAH BLAE FH EAT
W, SREHE T IRIEER . BUKMER . RS
WERER, ZEBRK, RUNEEEWBEEE,
T HEWS K1 EE ML S & F BT .
Total-Score KT 5.0 I/ 588 fUH B 1 45
HiEtE, KT 7.0 BT S5 ANS SR RA
SEZ I .
2.7 HEERSH

Ligplot 1A% #i i iA LS & 4 AH BAE H
ER A, BBz, S8 e K ERH T
HBPLUS 271t 5, LA 2D B jgRait, Jifd
MEL ., AWFFIET Ligplot 1.4.5 A, 1% K>
ALy SHEFREE E merg LA PDB R R AR, &
A Ligplot %A, HBhiHE IR S8 BiKA1EH
MIZERIEERT o
3 H#R
31 EERMUERS

I GC-MS I FH O e B8 7 B H 1 A5 Ve 48
Joi B v E LR R SR KR Wiley275 il
Nist2005 FrfEiT il B, %5 thH P AR 4y, B
AR A — T B S B B T 5 20 7 B A X &
B, SAHLAEFRE (B D, #ET 33 FiEk
YA RSy (R D)o ARSCES T AR T s S A
(ks i), FECE sehim, SR B
RE, BERAMTRRN EEMBIES SR, LR
DRI €708 A - SUIE 2 w78

7R ELAE R T L ST Y 33 ML A,
RIMEE 90.1%, TR HUE R /N EIE R BTN
L] i 7N i ¢ 111] 7 N T 57 N—
7Nk —AEkESE 17 MU URE S H>1%),
SRS R 86.436%, 1F A X RIFLAAE
3.2 BRSO

fi B Swiss Target Prediction ik 4ARBHIE &
T EAL A R A AR B (4 . Swiss Target Prediction
RGN i 15 MERREE, 17 4
TR Ay L0 Y 255 A, ZBREL S H I AR A
H, Lk ) 88 MENREH, 25 110 % AHiE7T.
K FH Rstudio 11 ggplot2 #ith /i 10 2% . & m % (&
2). 10 %@ A FE inflammatory mediator
regulation of TRP channels (P {5 =1.26X1071%),
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Fig. 1 Total ion current chromatogram of component of volatile oils

33 SFXE

TRP @A 11 MEESER, Horh Bradykinin
receptor B1 (BDKRBL1) & ALK, HARNWT
7, AT 5 TRP IEEEHE 10 ANMFEARE FEAT
e VLM, fMidEENPIREIRED (K 2),
Surflex-Dock HE A, HEmfitEm, XHz45 R 0L
Total Score. C-Score. D-Score. Crash fll Polar %%
ik, M52k & f20E L Total-Score fE
RN, LA Total-Score %58k T 5 N ERITH,
ikt RO b &
34 EMT-EEARE IR BN E

A 57 B - BE A D) 5 A 2R B T R VR 1R 55 2 DY %
S HT 5L F & Cytoscape 3.5.1 4T 4107, 4]
P E (degree) [ K /INGT % DB £ S AL 22 B4
B Y 28 AL FE A A A AR 2 28795 53 (node), 4>
ATH L IR 2B SR, BN X2 rh s U R D
WA ERIEL, RIS SAHEN L Z,
FEHOR, 1 m ok, A RER SR, =+ —
Yt VEJEREAR . Ak 2-tEEER S H R AT 1-
PR IR B H R A ) e B R R T R 0 2% R O
2By, o3 F R 53 KT 50, TPRVL (transient
receptor potential cation channel, subfamily V,

member 1). PKCB (protein kinase C, beta) 1 PKCD
(protein kinase C, delta) JyJ" 48k B4 i H R 15 11
KPR (degree>10), 7 X KT 90
(K3,
35 MEERSH

BT Ligplot 1.4.5 FRAFRE G B B4 i G
th 224y (Total-Score>50) il TPRV1. PRKCD ff]
FHEAE AT b, 25 ROV BiKA1E A Zs 1)
X e, Ik R I U BERR A A S A b &5
W 3. 4, WME4REE. —+—ki. LRENE. ik
Wi 2-TE R R B H I EE R 1-BR AE R e H R S
TPRVL A HAE AR KIIARIE, 504 Hoxt ] DL
A Lys155. Tyrl94. Leul63. Tyrl199 S FERghkrt
A AR, SRR (R 3); FIFFIXLELiy,
HH)5 PRKCD HIAH EAE AR RIARALE, S5#4 L
XA LA H Ala6l. Asp60. Try64. Glu23. GIn8
LGSR TR LA Or BARR], SRR AR (R D).
A PAHENX 265562 TPRVL F1 PRKCD [ Zih%
B, HAEYUERG AR PR | HEER
4 g

RAETEZ PP R Iy E B, EEIRILA
S 251 S SR AR BRI PR A SR A RS, SRS
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Table 1 Chemical composition in volatile oils of D. styracifolium
T t/min WwEM FFR X FHE HES

1 6.75  1-C\E¥ (1-hexanol) CeH140 102 0.098

2 7.62 T%E (nonane) CoH20 128 0.062

3 9.20 — — — 0.053

4 10.30  1-3/#-3-BH (1-octen-3-one) CeH10 126 0.068

5 1040  1-3F)%-3-BF (1-octen-3-ol) CgH160 128 0.038

6 10.60 6-H 3-5-PEJf-2-li  (6-methyl-5-hepten-2-one) CgH140 126 0.063

7 10.71  2,2,4,6,6-TLHFEPEE (2,2,4,6,6-pentamethylheptane)  CioHoe 170 0.054

8 11.18 M (octanal) CeH160 128 0.050

9 13.18 — — — 0.041
10 13.23  y-BE& M (y-terpinene) CioH16 136 0.035
11 13.73 1E3E1% (1-octanol) CsH180 130 0.071
12 14.73 — — — 0.016
13 14.80 — — — 0.034
14 14.88 L% (nonanal) CoH180 142 0.485
15 15.06 — — — 0.039
16 17.61  A-iEMiEE (4-terpineol) C10H180 154 0.094
17 18.55  ZJ% (decanal) C10H200 156 0.130
18 24.66  KI M (B-damascenone) Ci3H1s0 190 0.097
19 25.29 — — — 0.076
20 26.80  FHMIEPIHEE (geranyl acetone) Ci13H20 194 0.458
21 37.87  ANEIEBHEFE (hexahydrofarnesylacetone) CisH360 268 6.524
22 38.01 — — — 0.684
23 39.00 — — — 0.319
24 39.72  ykJEFEENMER (farnesyl acetone) Ci8H300 262 2.104
25 41.66 —+J% (eicosane) CooHa2 282 0.834
26 44.00  —=+—#%¢ (heneicosane) Ca1Has 296 2.462
27 44.13 — — — 1.092
28 4435  W-£EEE (phytol) CaoH400 296 1.379
29 44.85 — — — 1.038
30 44,99 — — — 0.873
31 46.06 —+—J% (docosane) CaoHae 310 6.228
32 4743  —+=J% (tricosane) Ca23Has 324 12.835
33 48.04  4,8,12,16-V4FE+-tki-4- s (4,8,12,16- C21H4002 324 0.937

tetramethylheptadecan-4-olide)

34 48.46  —+PUfx (tetracosane) C24Hso 338 15.035
35 48.99 — — — 0.785
36 49.30 -+ Fkt (pentacosane) CasHsz 352 11.648
37 49.42  1-KFAHER HH R (1-monopalmitin) C19H3804 330 1.395
38 49.75 — — — 1.475
39 49.82 — — — 0.693
40 50.01 =75kt (hexacosane) CaeHsa 366 8.748
41 50.48 — — — 1.264
42 50.64  —--tkt (heptacosane) Co27Hs6 380 5.338
43 50.81  2-fEflamg sl (2-monostearin) C21H4204 358 2.646
44 5123 =+ /\4x (octacosane) CasHss 394 2.684
45 51.44 ff &) (squalene) CsoHso 410 2.104
46 51.81 =+ Jukt (nonacosane) Ca9He0 408 2.529
47 52.46  =-%i (triacontane) CaoHe2 422 1.303
48 53.18 = —#it (hentriacontane) Cs1Hes 437 1.474
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steroid hormone biosynthesis [ ] . 8
starch and sucrose metabolism ® 9
. . ® 10
retinol metabolism A ® 1
porphyrin and chlorophyll metabolism - L] ® 12
pentose and glucoronate interconversions ® : ii
nitrogen metabolism 4 .
neuroactive ligand-receptor interaction - ~10g10 (Q-value)
inflammatory mediator regulation of TRP channels 4 [ ] 13
12
drug metabolism-other enzymes - [ ) 1
ascorbate and aldarate metabolism | ® 10
0 0.1 0.2 0.3
R T
2 HnRERBBEEO
Fig. 2 Analysis of target protein pathway
F2 JEMRS SERERS TR
Table 2 Docking of active components with target protein molecules
ey AT
a TPRV4  TPRV2 TPRV1 PRKCA PRKCB PRKCD PRKCE PRKCG PRKCQ PRKCH it
NG e BT 4.21 4.56 6.68 3.21 4.81 6.83 4.19 4.34 4.12 6.12 49,07
et ] 3.01 4.29 5.66 3.85 5.46 6.83 3.58 6.17 5.55 6.12 5142
B B 5 2.20 4.67 5.90 3.43 4.69 6.83 1.20 4.75 4.36 494 4297
-2 i 4.40 5.47 6.31 4.33 5.61 5.57 5.40 4.58 5.79 6.31 53.77
B Y 3.19 4.99 6.07 5.16 5.67 5.02 2.55 4.95 4.95 4.22 46.77
=k 4.43 5.78 7.00 3.21 521 531 2.82 4.93 3.94 3.30 45.93
ZA DUk 4.29 4.41 6.50 3.72 5.35 5.76 3.61 6.14 3.78 4.99 48.55
B ol 5 2.16 4.35 6.91 4.55 4.98 5.64 2.66 371 4.27 1.75 40.98
-k R F i 4.65 3.28 7.21 2.90 6.67 7.40 3.73 5.83 5.88 463 5218
s AV 3.4 5.69 2.83 4.23 4.79 7.10 3.25 3.76 4.06 312 4224
B W 4.14 4.86 6.10 3.37 5.24 7.30 3.85 5.90 4.54 5.60 50.90
2-TH AR TR B H ik e 3.25 458 7.17 4.96 571 8.48 5.37 4.50 7.29 423 5554
s VIV 2.60 4.10 7.46 3.04 6.22 3.02 -0.92 4.19 4.46 5.16 39.33
fEh 4.38 6.36 7.32 3.74 5.77 6.77 3.86 5.66 5.13 287 5186
ZT kR 3.44 4.96 6.51 4.23 6.13 5.74 3.67 6.48 4.24 355  48.95
= 2.54 3.34 6.93 1.60 3.47 —1 2.67 3.93 5.35 2.16 31.89
N 6.87 4.71 6.97 5.50 3.97 9.03 2.83 3.28 5.19 5.44 53.79
BT 64.07 80.40 109.53 65.03 90.65 102.63 54.32 83.10 82.90 74.51 —2

L=k 5 E AW C (PRKCD) WAL & — 2 G WalidE AR AT NG 2 i
L-triacontane does not bind to protein kinase C delta (PRKCD); —?2-no additive analysis of compounds or proteins

2-monostearin  famesylacetone  docosane  squalene  heptacosane  hentriacontane

phytol “1-monopalmitin " .nonacosane . hbosane tetracosane  hexacosane

tn'aoontane‘ odaoosane . pentacosane heneloosane hexéhydrofamesylacetone

key chemicals

- PRKCE PRKCH . TPRVZ " PRKCA. " TPRV4

target

PRKCD  prKCQ PRKCG  PRKCB TPRVA

3 WERS-EARMERE

Fig. 3 Chemical composition-target network model
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Table 3 Hydrogen bond and hydrophobic action between key chemical components and TPRV1
3% AHEAE 25 AHEAE G B E AER
el =k Glu210
B KA Phe235. GIn202. Tyr194. Leul63. Asnl64. Lys160. Tyr199. Lys155
N i £k —
B KA Arg211. Phe235. Pro243. GIn202. Tyr194. Leu163. Tyr199. Thri53. Glu210.
Tyr198. Lys155. Arg242. Aspl96
e FE A =k Arg115. Lys160
B /KAEH Lys155. Phe235. Tyr194. Leul63. Asr164. Phell8. Tyrl99. Glu210
ek =k —
B KA Lys155. GIn202. Tyr194. Leul63. Phel18. Asp150. Glu152. Argl14. Lys160-.
Prol51. Tyr199. Asnl64
2- i I TR B H =k Lys160. Argl55
B /KAEH Lys155. Tyrl99. Leul63. Tyrl94. Phell8. Argll4. Asnl64. Aspl96. Tyrl98.
Thr153
1-KF AR S H Ve T =k Lys155. Lys160. Argll5
B /KAEH Arg211. Phe235. GIn202. Tyr194. Leul63. Aspl150. Phell8. Tyr199. Glu210
x4 FEUFRSS PRKCD ERHEREHEKIER
Table 4 Hydrogen bond and hydrophobic action between key chemical components and PRKCD
&% AHEAE 25T AHEAE R OB R
2R S Arg67. His62. Cxl124. Metl
BrKAEH Ala6l. Ala2. Glul23. lle6. Pro9. GIn8. Tyr64. Lys48. Asp60
e ki —
Bk AEH Ala6l. His62. Valll. Tyrl0. Asp60. Phel2. Lys48. Tyr64. GIn8. Pro9. lle6.
Glul23. Phe4. Arg67
5 JE T a5 Arg67. His62. Cxl124. Metl
Bk AEH Ala6l. Asp60. Lys48. Phe4. Tyr64. GIn8. Glul23. Ala2
B ke —
Bk AEH Ala6l. His62. Asp60. Lys48. Pro49. Tyr64. GIn8. Pro9. lle6. Glul23. Phel2.
Arg67
2- T R TR B H ik St Tyrl0. Arg67. His62. Metl. Cxl124. Lys48
Bk AEH Ala6l. Asp60. Tyr64. GIn8. Pro9. Glul23. Ala2
1-FR R B H Vil S Glu34. Metl. Cxl124. Arg67
B /KAEH His62. Ala6l. Asp60. Lys48. Tyr64. GIn8. lle6. Glul23. Phe4

Pl PR . TRP HIE 2 — R TliE, 7] APl
i, TRPV1~4 AU [t 52 4 s o el
RIEZIRHIRAEFE TRP & FEE R TIRERH,
Ik TRP I8 IE BN B 25 R A 22021
K. WA C A THURS P, x5 filk
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