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Abstract: Objective To explore the pharmacodynamic material basis and potential molecular mechanism for external use of essential
oils extracted from “hot” pungent Chinese materia medica (CMM) based on network pharmacology. Methods The mass fraction of oil
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components from five kinds of pungent and “hot” Chinese medicines of Gaoliangjiang (Alpiniae Officinarum Rhizoma), Ganjiang
(Zingiberis Rhizoma), Rougui (Cinnamomi Cortex), Wuzhuyu (Euodiae Fructus), and Hujiao (Piperis Fructus) were analyzed by
GC-MS, the contents in “hot” pungent essential oils which were significantly different from that in pungent and warm CMM such as
Fangfeng (Saposhnikoviae Radix) were obtained. TCMSP and Swiss Target Prediction database were used to predict the potential targets
of sesquiterpenoids. TIGER database was applied to screen the proteins expressed in the skin, and Cytoscape 3.7.0 was utilized to
complete the visualization of “medicinal materials- components-targets” network. PPI network of the potential key targets was
established by STRING database. Results The contents of sesquiterpenoids in the essential oil extracted from “hot” pungent CMM
were significantly higher than that in the essential oil extracted from pungent and warm CMM. The sesquiterpenoids from essential oil
extracted from “hot” pungent CMM tended to stay in the skin when it was administered externally, and they were also the key
components that determine the penetration enhancement ability into the skin, which were the key effective substances of the essential oils
extracted from “hot” pungent CMM. The network of “medicinal materials-components-targets” and PPI network showed that the
potential targets for external use of essential oils extracted from “hot” pungent CMM mainly focused on three functions, such as heat
production including nuclear receptor coactivator 2 (NCOAZ2), lipid metabolism including peroxisome proliferator-activated receptor o
(PPARA), retinoic acid X receptor a (RXRA), NCOA2, and anti-inflammation including prostaglandin G/H synthase 1 (PTGS1),
PTGS2, interleukin-6 (IL-6), which indicated that thermogenesis, fat reduction, and anti-inflammation were the main pharmacological
effects of sesquiterpenoids in the essential oils extracted from “hot” pungent CMM. Conclusion -Caryophyllene, a-muurolene,
germacrene, p-clemene, -clemene, B-selinene, a-copaene, and other sesquiterpenoids were the characteristic groups of essential oils of
“hot” pungent CMM. The PPARA-RXRA-NCOA2 signal axis and inflammatory factors such as PTGS2, PTGS1, and IL-6 were the
common targets for the essential oils extracted from “hot” pungent CMM, which resulted in biological effects such as thermogenesis, fat
reduction, and anti-inflammation of essential oils.

Key words: essential oils from Chinese materia medica; external use; pharmacodynamic material basis; network pharmacology;
sesquiterpenoids; B-caryophyllene; thermogenesis; fat reduction; anti-inflammation
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Table 1 Sesquiterpenoids with mass fraction greater than 1% of essential oils of five “hot” pungent CMM

e R UEA S CAS 5 RIRZitE R 55 5%
1 B-F T I 87-44-5 R 5.69
R E 3.04
HHA 14.76
2 o-muurolene 483-75-0 PRI A 5.35
R E 4.06
3 4 23986-74-5 F= 1.44
e 1.08
4 B-Ma I 515-13-9 R 5.29
5 S-Mi B I 20307-84-0 HHA 1.36
6 B- I 17066-67-0 R 1.66
7 o- IR 3856-25-5 PRI 17.25
8 S-FLAA NG 483-76-1 A 9.10
9 y-muurolene 30021-74-0 I 1.67
10 o- AT M 17699-05-7 R E 2.10
1 e 495-60-3 F= 35.97
12 B-f5 2K A M 20307-83-9 T 10.82
13 - ¥ 240 495-61-4 T 10.24
14 o-TENR S 502-61-4 mRE 3.83

®2 FRPHELAPHIMELIERUADER

Table 2 Information of common sesquiterpees in essential oils of “hot” pungent CMM

SRS S A o J %

R e CAS 5 R S TEW At
(+)-B-FE I 17066-67-0 0.79 1.66 — — 0.11
(+H)-HETE N 22469-52-9 0.08 — — 0.08 0.55
S-FEAR M 483-76-1 0.92 0.51 0.17 — 9.43
B-Ma A I 515-13-9 0.14 5.29 0.21 0.59 —
o-F VT I 6753-98-6 0.75 0.45 0.65 — 0.45

B-A 11 I 87-44-5 3.04 5.69 14.76 0.17 0.23
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Fig. 2 Network of sesquiterpenoids and targets in essential oils of five “hot” pungent CMM
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Table 3 Information of sesquiterpenoids and targets in essential oils of five “hot” pungent CMM
o . s X R4 AT
e AR RIREH P4l Tt bk st
1 BT RARBE, AmRZE M — RXRA. PPARA PTGS2. PTGSL. IL-6 CHRM3. GABRA6
2 a-muurolene PR, mR 3% NCOA2 RXRA. PPARA PTGS2. PTGS1 CHRM3. MAOB
3 HOM T, RN NCOA2 — PTGS2. PTGS1 —
4 pMIAENE R NCOA2 RXRA PTGS2. PTGS1 CHRM3.GABRA6.GABRAS
5  SMEE T NCOA2 RXRA PTGS2. PTGS1 CHRM3.GABRAG.GABRA5
6 BATR R NCOA2 RXRA PTGS2. PTGS1 CHRM3. GABRA6
7 o-HARUA PIEE — RXRA PTGS2. PTGSI1 CHRM3. GABRAG
8  SHLIME PR NCOA2 RXRA PTGS2. PTGS1 MAOB
9 y-muurolene PR NCOA2 RXRA PTGS2. PTGS!1 CHRM3
10 oFHITFER R NCOA2 RXRA PTGS2 CHRM3. GABRAG
1 % NCOA2 — PTGS2 MAOB
12 pE¥KTE S T NCOA2 — PTGS2 MAOB
13 BN T NCOA2 — PTGS2 MAOB
14 o0 mRZE — — PTGS2 MAOB

x4 EEEHRIEELMPEEIEMATER S HER LS NCOA2 IR X H

Table 4 Difference of sesquiterpenoids and monoterpenoids in essential oil of Zingiberis Rhizoma before and after processing

and corresponding relationship with NCOA2

waEY 5 R i 5 5% 5 NCOA2 % B 9% F I i 43 B i 47 30 % 5 NCOA2 [I5t R /%
(ERES A2 60.15 44.65 74.23
T2 77.09 58.04 75.29
EES A 22 34.97 7.12 20.36
T2 19.81 4.07 20.55
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Table 5 Compounds corresponding to NCOAZ2 in essential oils of Zingiberis Rhizoma before and after processing

= 24 L7 Th o N T % S5
i 102 4 F CAS 5 ¥ R TEm FA
1 T 495-60-3  CusHa 22.87 3248  fEFiHEK
2 B-fis 2t 7K M 20307-83-9  CisHazs 9.30 1165  fiFeiEss
3 4-methyl-1-(1-methylethyl)-bicyclo[3.1.0]hex-2-ene ~ 28634-89-1  CioH1s 0.85 9.27 HAE
4 B-1 2 495-61-4 CisHas 6.16 721 fEEEER
5 ¥ 470-82-6 C10H150 3.87 2.30 LS
6 VKR 507-70-0 C10H150 1.72 1.44 LS
7 By 127-91-3 CioH1s 0.28 0.11 LNES
8 B-MiE MR 515-13-9 CisHas 0.78 097  fHPiER
9 AN 10219-75-7  CasHas 0.21 0.07 (RS
10 Y- TN 515-17-3 CisHas 0.16 016  fFPisRk
11 RA-B-E B 18794-84-8  CisHza 0.53 0.69 (RS
12 TR 25246-27-9  CisHas 1.26 1.37 (RS
13 o FH B 17699-05-7  CisHza 0.16 0.17 (RS
14 -1 87-44-5 CisHas 0.07 0.08  fFpihRk

Horb i &5 NCOA2 X B i T il
FAAEY), 75.29%F5 i 545 NCOA2 f71E
TR ROE &, 20.55% i KA1 5 NCOA2 1+
FEFRMIN; N e Z, W] NCOA2 Al fig & A4 32 M Ji
241 FR A A AR S B AL, T G PR AR e
P AW R LA AS H E BEIRUR S

BB 256 RO AE 8 oA A s 1 R R SR 2R
IL-6 J2& WG 2 i 43 v 1) S PR R Al R 7, sk
1EHF JAK-STAT 15 588 R EEH; Mg+ 1IL-6
AP SRR RIS, H AR 58 5 R &
Y. WHICRE, RIS R TR IL-6 &R, 1B
£ PTGS2 BRI nr i 25 PR 1IL-6 R .

332 P Z4E K MAER T PPARA-RXRA- 243 RimIRei@E/EH T PTGS2. PTGS1 #1 IL-6
NCOA2 {5 S fig i/t PPARTAZES 58 S KEDRIER .
i ABEAC A SRR R ZRIL, MRS RM R A 4 g

A PERA S0, PPARA EHAUZ N 5 RXR JEHK
SRR, 5z, WHEER. feAEIEEE. —+
Tk TR IR S5 22 ANHLAI TR TR 45 & 5 B IS, PPARA
MR, BRI R T, HESAMEE T (R
5 NCOA2), MM Fikk A 21221, PPARA 4%
REWiER L . MR AL . =EEH b Ctriglycerides,
TG) &Mk NEE AL HEERS, ik
RXRA 1 NCOA2 5, 7FARARM ik 153 BB AE
o BEMEEAET R VALY, RETEEEEN
AR R QIR . AEAE DUMGIRSE, TRk,
o2 ¥ ki AT R 8 O fF T PPARA-RXRA-
NCOA2 {55, S NgimR o> il AU AH DI R 1
FESRTREE, MRS TR AR .

333 FHRPLERMIEMT PTGS2. PTGS1
IL-6 #ESRETRIER WFFRRI, FRPAER
WA R AR AR RIE,
PTGS1 1 PTGS2 J2E &k H1 28 24 14 FH#E 1281,
TeAEVUIGRRAE PTGS /ER T, ARIREEARNHTHIIR 2=
HHIEAR =PRI SRR G FIATFIIR R Hoe SRS

2y DU RBLZGYRIUARR PRS2 . FE34
AL A FRAGE T 42053 1 G 24 M P B il 20,2425,
25 A G 2510 AN [R) T BN [R] 2 E 1 e B B R
Vs, AR SCAEUHE S IR A T AU S Rer= A —
RYVEFL BB R N, IX e g K 2 A RE R 75
AHARA RS, BRI R R G2
SR 2o I B s A S, R SR AN
KB A TR 2525 BT AR R S k29,
KT RKH, SRR AR AN R B &=
PR NCOA2 BE ri SRR AHIR ) PPARA,
RXRA.NCOA2 # 55 41 % #HK ) PTGS1.PTGS2.
IL-6 ¥ ri . AR TR A YR v
2P R DX ) 2 U R 2 R T T DGR ) T it
[ B 325 7 (12 v5 e ) BE BR8N AT R B A
R WHER, R R R 2R 7. 2
PRSI KOy LR R LB AR -
41 FRPAZELBERATINGEAMERNSF
B

(FREZ ) PR3, T2, . RZE.
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WA 5 Fhopthrb gy B “HE” Thal, (A4 LA
“lRBE7 OC“ERM7 “EPT Cl|RAE” “nE
FH”  “BIRH”  “xbk” S5k, T2 R sk
TRIGRZME, AF LA S Ik e 00 o ML P B 5 2 P K B
W TF =28, BT AR A T TR, 22
T-EEREAN N 55 21 05 3 I AV IR R AR AL 35 B R 4T
(AR 9L, S H v RZS BT LR S U v A
T BB SR S R RO T LA S B RE
PE AU AR LS A AR, ASHIE 7T A s 28
A5 P HOHERE 5 NCOA2 it v 3¢ 2N
F B 2545 AR A T LA 245 M B AR A AL
SR pt ik .
4.2 SERE L RS N0BE BRI A 5 F AL S
WEFRRI, 2P R 24 B A4 R I R e 7
JeAut, BARMIMmAE. bl E S22 1EA .
PR T S0 W T A QU Y, PRI i R 8 93/ 4
FROAR W7 CRAR), - REAE 25 g 5 = AR/ BB
R, HAER SERIMETER . HIPTEKT 351
IR & 25 BUR A OGBS, YA R v ) T Y 12 8
A7 B B S B R R 3 /) B ) IR R I T K P34, 5
B B EU RN SR 28 B el v B S PR ARG ot 3 i S
IR TG 7KV, GRS & g i B /e, 25
PR AR IS, vy R 227K S 38 i 41 Fore s iy
()3 P SR U] /I8 Jo ot I 7 AT R AT, AT R ARG L 375
TG. EJH[EEE (total cholesterol, TC) FML%% FE fig
HAMEEEE (low density lipoprotein cholesterol,
LDL-C) 7K1, 5y [ 22 A 3 el ok PR AR A JR K B
IMLIE HE 2 AR Y 7K, T 20 fE ] A 14T
BRARAERE K BRMSE TC. TG 1 LDL-C /KFBI, &
R 22 W52 B4 Re % a8 I 40 ) A A0 T 7 4 21
CCAAT Hisg 145 & & H o (CCAAT/enhancer
binding protein o, C/EBPa). FEWHER G R AHIE
B i 9 oo fF 45 & & A -1 Csterol regulatory
element-binding protein-1, SREBP-1) #lI PPARA &
HRIE, MNP & 28, AR R e,
PPARA-RXRA-NCOA2 {5 5 il i] Gy o 24 4% & T
S e 2 L I A R P D B K
43 FERPAFELMEFERRIERN S FHLH
ALK, 2005 Bk BA PRI R,
PR REATI I JORE Rl IR, W79 OREAR DG I K
BA G2 /T RIBT KA s AR AN 25 A R P AR
M PR ) PTG RS, O AR
Jo 52 53 U o ) R A0 DA T DA gk g 22 W 175

S04 B SORE B SR AR/ R PPRER Y e xR
i g PRI P42 A R BRI L TR P B, Al 2R AL
G T-REAR BT AR B AR A B4 A BT %
IR, T IR . KR BERR AR
V¥ BAT W S T AR 441, 32 R L% R ]
QN R Z4E, KRS ER g =
C AKFRERIC, SrTMATERZEEL, R0k
eyl fed i ek b R R IR R U FE PR
VEFES), 2200 8E . PR EE IR I E 5
FA BRI el B 73 2200, Horh 6-22 [y 7] LA
1) 28 JE 241 0 PN B R —Tis I 4 (phosphodiesterase 4,
PDE4) FRikEIHT R AE AU, RIETIE KRt
%K BIRIERWE, RO RS/ BRCE AR
TR [R) 9 E 2 37 1481 K5 I s e 350 ) /) B AL A s vz 14913
HAMRER; s =BG PR .
P MRy P25 B0, 78— FOREL
ANERCE IR S50 T TR v /) BV s o 4 I e 0
PESICIG AN A X EOR B2 B P S T, e R 2%
KRR R P RAEH, = R ZEEEYE T
BARBY, wE R Z R B R R KR A
s R 2 S P A R 5 51 i 256 R AN
EHG A2 JEME, FHASFEAE DU RR AU T iR 2=,
RAFEE . PUARVERIBA, IR0 — R AT S
BRI I 3 AR, RE 08 B R A PR S
IR (DS, AT L TR, SRR R AT
AEi It PTGS1. PTGS2 il 1L-6 %5 4 A #E 55 R £ T
RIEM
AHEFRI, b AR R R S
Vit 23V iR 5 OO R AR . e B s 25 A
gy, G RS RAEZRIEA —EMBLR, W%
RE B2 R EZEH RIEN T, 2 A 3B IR B
P, AR, 2 H AT LR 2 X
PEARIRIE T N2 — . H /N B rh 25 72
PE RN -PI T -HEAR T RULER Y, MR TR 2y
AIE2H 3-8 - BILAAR (1) 1 R 17 7= A A 4 2550 1)
r FENEHE, B e 2 25V A G0 Th R B0 G A P 35N
VIR A 2 0AR 3 B, LR — AR — 1
BHVEAR, ABFEH, B-ATTHM~ o-muurolene. #
B B-MEM . S-MENM BT a-BMUASE
5 A G YN b 2 R R E 2,
A& DX T 2 U 2 HE T ) DG B A o Bk A, X
PPARA-RXRA-NCOA?2 {55415 PTGS2. PTGS1.
IL-6 %5 58 11 IRl ¥~ IR CE A FH DR 3 R R 25 9 v 1) 3
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PEREAR, A=A =34, . PLRIEA. EdA
WEIE, —J7 ] LA B “H4 7 VEZG IR e A A FH i
BRI, EREERR Y CHGE” EREN
s 7 MREE T R S R b 254 Rl . Itk
TR, BB rh 2y “Ibgm” BIRFEN R, AT
RrR R TR AR A R SR AT S g . T2
PRI X T — M R &7, 2l T H A
BAAFERZME L2538, SRR H L& 25 1) D)
BOARIT B, FES S R AR H AT & B
6, W2 AE A A IR S B4 3% K bl (R V6 T 1) 0L E 1)
R B a7 MER.
FBAR PIAVHEHYFRAREEF TR
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