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Pharmacodynamic effects of main chemical components of Lindera aggregata
based on network pharmacology
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Abstract: Objective To predict the pharmacological effect and targets of main chemical components of Lindera aggregata, and
construct the multi-target network. Methods The potential targets and pathways of linderene acetate, isocembrol, laurolitsine,
B-humulene, chamazulene, laurotetanine, and lindestrenolide, selected as the representative compounds of oils, alkaloids, and furan
sesquiterpene lactones from Linderae Radix, were predicted by methods of network pharmacology. The pharmacodynamic effects of
main chemical constituents of L. aggregata was analyzed by data integration. Results The in silico prediction results showed that
seven compounds of L. aggregata affected 20 related pathways through 40 potential targets. The pathways were involved in several
links including inflammatory, analgesic, gastrointestinal movement regulation, anti-oxidation, antitumor, liver injury protection, and
immunoregulation. The various components showed common targets, pathways, and pharmacodynamic effects and had different
emphases. Conclusion The pathways related to L. aggregata oils, alkaloids, and furan sesquiterpene lactones were connected by the
common targets, showing the synergistic effect of different compounds by acting on multi-targets and multi-pathways. This study
provides references for systematic exploration on the pharmacological actions and mechanisms of L. aggregata.
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Table 1 Detail information of seven compounds from L. aggregata

LasR/ESE L& XA CAS 5 75
I A T isocembrol 25269-17-4 C20H340
R R B-H LI B-humulene 116-04-1 CisHas
R BE5G 3 chamazplene 529-05-5 CisHis
A= WAL TR laurolitsine 5890-18-6 CisH1sNO4
AW, ALt laurotetanine 128-76-7 CioH21NO4
IR 2w S H P TR 5 2514 g linderene acetate 115-95-7 Ci17H2003
IR H 3% 2= i S L PN i AN lindestrenolide 20267-90-7 Ci5H1:02
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Fig.1 Structure of seven compounds from L. aggregata

AR, [BTAREARS .

BB R SN MAS 3.0, 1525585
R HIME TIEE, & BATMAN-TCM i EFE, 73
FBZEMESIER KEGG 1 ID. 48K, ALK
Adjusted P {H. #E5%,

2ia L ESE, FEE KEGG 04 2 « UniProt
s e AR5 T DI ReIERE R G 2 A OGSOk
A5 (50 T H R IB B AT 20 A, BB L B
BWiEshiit. priadh. P BAER S ES
S, P BATMAN-TCM, % Cytoscape 3.5.1 4t
H, 21525 7 MR MEE PR S0E B A .
23 HEXESSERUEIHTESLR

I B “2.27 TR PR A e s, TTRA3R
15 HMEEYEBEE LS, AT HE— PR AR
v 0o 22 S B 5 A AT S, GBI PharmMapper 24524
PR R AT V8 A0 R R 5 H AR A P % 32 52
IGUSUF . AR R (1) fE-7XHERT, BoeE
Chemdraw3D LGP, BATREEMMNI LR
AHFAEN mol2 A&k (2) 7 TCMSP #¥5 e 44
RIRBFT A SR 3D WA, FHRIFA
mol2 ## . (3) ¥ HWKLKEMSBAEEAE
PharmMapper % £z X 5l 3E AT I [ 5 25610, 15 214k
SeR VIS ASE WSRO R A IS Y I
3 ZR5SH
3.1 BfUEBEIE R s KBTI

i3 PharmMapper IR 55 #% 5 1] 5T X 25256, 43
AR T B2 AR RBRIMEEE. BRI, B-
TR BERBE. NB. AR RIS R BE S
Z )5 ¥ TN i A B A E T MAS3.0. KEGG il
BATMAN-TCM {4 PEXT I % EA T 08, 5 215ME
EWIRIRAE R IEES, FH Cytoscape 3.5.1 B4 77#4)

7 MU AP A -4 B X 2% 2 FE I (] 2D
3.2 HXEL5BirtERTIEIIEER
IR RS, SREL T SN R

BHINGEE . HIARZ TR, p-EE M. BEH. N
IRk AR P RV R AR DA E SR s, R FE R
EARAE 52 7 MELEDIN docking S25,
X I B g R TSR AT T RE . AT As R
(F£2) R, Bk 7 MCEYAT DL o 2 30 5%
ANFH N TR B R A IE MR R T, X AR
WESE TR A s R A B
33 SHFERNERSBEERASHT

FIH Cytoscape 3.5.1 H K 7 MREWALED
FIVE(EMERIRE AL (BT S, B35
T B2 A -HE R R 1 R 2 2 B (B
3)o 7T AMEEMIATERT 40 ANEBAERE S, MG
K 20 2%, HrPEE B E R RS A 32 4, T8
% 8 2%, Hor S AN I ] 8 R A C glycolysis)
5T IE AR MRS R 2 1 (ERRD) FHMERER
Ak 2 (BSR2) HEEHHEA, (Edb4npit. hnidh
PR T B A N AR R 2 A AR L e 2
= W20 BT IR B B e R IR T iR LA R
REFEURIE, ESR2 & & DT R A S Rk

AN RRBE. HE 3 AR, IR SRR
BRI S A S IR AR OG0, PRI, R S AL

T I BERAE 5IE . ERR1. ESR2 KR
BHGEEH . AWmfER T 29 MES. 8 skiEEE,
HAARZ i@ 2 e R fil (dopaminergic
synapse) Fl 5-F2fAJlZRER fil (serotonergic synapse)
E S EB AR TS AR 1 (NADPHD . i 4
HAEE M 2 A1 6 (CDK2. CKD6), 5%
EfZ (DAY FHEJTURI 3 H 5 MR £ T IR B3 52
PR&sE; T NADPH J2 14 B0 25 RIE 28U fiEAL
B, CDK2 e Rkl 7L e AT 471 s P 12
HLFIBOK B PAG #9142, KEUASHES DA SR EIEA
ROS1, P, HEMRT AR Z 7AE T 2 ERRER 5-5
i RE S % /5 Fl NADPHI. CDK2 I DA %[
HE RURIEAT R UETRER



- 5128 - ¢ 3% Chinese Traditional and Herbal Drugs £ 49 % 5218 2018 £ 11 A

o . T
¥ -] ‘.‘
. TSR HEDITE Me]

\ BACE! HRTH
CABNAI DABNND. - 9 o
CACNATS \ ADRABC e N . cju??.a_ ALOH:

o HEK
CACNAIC
CACNAD CZM_’H1S ACBLY LA
CALY VDR PRNAS | BT
Clu'tnl
aSTP Be‘h!-.lme FLNA ACHA ToR
ENAN T -
ESR1 AKRIB1
- i - ® ..
faey EsRAA d ’ = ’
‘ PiMt o .
Calgum ‘
.I"’m
GETR
CHEM CACNA 1S ESfy ZENT
SRT c H
. NRAE | L]
HRM. CABNAID
HEW il c i EACE
- . -u..-w FADS: R " ».m % il
na FARIS
DRD AHRIE
M =
i -,‘ - = = - ORDR : CAlhS _Rag
& = 5 - e = 5 e ) i T -
..’ “ MET P TP & ﬂ. !‘ HWI__N‘:-W-L w’n:

B2 S5, RERMGERE. MAZTHE. p-EEG. BFHE. AKR. FENBENLEY-5E -8R E
Fig. 2 Compound-Target-Pathway network of linderene acetate, isocembrol laurolitsine, f-humulene, chamazulene,

laurotetanine, and lindestrenolide
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Table 2 Results of docking

UniProt | EH R X B &)
P09210  GSTPI AP E P nephritis ("% %) -9230  REHINGE
P03372  ESRI WS R 52 1k colon cancer (Zif7fE) 9256 SR

-9.157  B-FEHE
-7962 SR
7637  HARZETH
6702  BHAH
-6.206  EENE

Q62986  ESR2 MEBR R A B -8816  P-HEHE
8488  RPHIIGEE
P11309  PIMI 2R/ R E A 8766 B-HEG

-7.886  BH4H
-7.630  BHIARETFW
-7.804  ANEH
-6.342  EHENEE
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UniProt FEA HH UL T H &Y
P09211 GSTPI &It HkEEREE sepsis (HEAEIE) -8.543 B-HE
-8.520 S BRI
-6.339 ISEE
-6.263 FRENES
P62508 ESRRA  ZK[HE M4 ERRI -8.534 B-HEEL I
PI15121 AKRIBI BSHEE 5 AR nephropathy ("B ) -8.236 B~ H I
-6.410 FRENES
P21333 FLNA LR H-A otopalatodigital spectrum disorders -8.233 B-FE HLI
Gz B 1a e -6.260 RE4§ 8L
P11473 VDR 4% D3 2k -7.927 B~ H I
P11474 ESRRA  ZR[EEME 2k ERR1 bone density (B Z) -9.199 15 25051
-8.290 S B INER
~7.855 B-7EELIs
-6.781 IS
P03373  ESRI i & N -6.686 IS
Q9AIU0 TTGR HTH B RE R T TigR -9.937 LR S lte
~7.659 ALY
—6.684 BB
014757 CHEKI 2R/ B R-E A S Chkl  malignant tumor of colon (ZEM7EAEED —9.481 52515
-7.965 WIARZ T
-7.964 AL
-6.228 BB
P04585 GAG-POL Gag-Pol £ —-6.227 BEZGBL
P10276 RARA MR ZIK o choriocarcinoma (Z{EMEHE) -6.210 BB
Q96RII NRIH4  JHITERZ1K -8.188 S BRI
P14061 HSD17B1 Mff —FEfi 508G 8 -7.925 SRR
P00533  EGFR R A KA 52k -9.277 5 250
-7.917 S BRI
P16473 TSHR AR R Z —7.881 S BRI
P56817 BACEl  B-7ilifi§ 1 Alzheimer’s disease (Fi /R 7 HE BRI -7.812 SR
-6.386 FRENES
P04150 NR3Cl1  FERFUMEZE polycystic ovarian syndrome (ZFEHRELEAAD -9.981 15 25061
-7.799 RPN
-6.125 FRENES
P12931 SRC 5 A R e 2 I . I Sre -8.360 FNE
-8.313 BARZET
P20248 CCNA2  ZHfJEINE A2 kidney diseases C'BFAE#IR) ~7.966 BARZETH
~7.887 B
Q00534 CDK6 240 P A 2 1 O R UG 6 leukemia lymphocytic acute CEMEMEAIM A LM  ~7.937 PRZT
P16152 CBRI HILIEJH R (NADPH 1) leukemia (AL ~7.679 BARZETH
P24941 CDK2 21 Bt &) A 2 1 S S 2 -7.632 WIARZ T
P11766 ADH5 B M S 3 2% metabolic acidosis (fCHHEEET#) -7.612 WIARZ T
Q08881 ITK it 2 R £ 1B 1TK neoplasms (3 ~7.598 BARZET
P13922 RARA WO~ S R AR TR AT -1.770 VAL
P13631 RARG  MEMR%iky leukemia promyelocytic acute (4N S M) ~7.685 B
P08581 MET JRF A A A R 7 32 A WAL (malignant glioma) ~7.566 AL
P04637  TP53 A SRR ps3 ~7.539 FNBLH
Q06124 PTPNI1 P& ABEMREEIEZ /A% 11 X-linked lymphoproliferative syndrome ~7.481 FNBL
(X-3E Bk L A P M A 27 A 4D -6.098 1 P i
P32754 HPD A-FR LT B BRI 4 nerve degeneration (F#1Z2IE45) —9.560 LR Sl
P15144 ANPEP & JkH -9.292 ER Y
P00374 DHFR ZEAMRIT R parkinson disease ({4 #5) -9.236 ER Y
P17559 Scgblal FEHKEHA -9.065 eyl
P42330 AKRIC3  BEMIL )5S C3 prostatic hyperplasia (i1t 4) -6.401 A
060563 CCNTI  #AREANIEA TI immunodeficiency syndrome (B4 A1) —6.268 RN
Q14994 NRII3 W2 AR R A 3 -6.091 FRENES
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Fig. 3 Compound-Target-Pathway network of seven compounds selected from L. aggregata
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(HSD17B1) 45 12 M AL AN 5-FR Tl RES Ak 4l
e fit /0% 57 A2 1842 (gluconeogenesis) /&
(oxytocin) %5 5 2515 FiHEE . IXLLH S AE S i@ T
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Table 3 Biological information analysis of potential signaling pathways

KEGG ID KEGG JHH AR PME B

hsa00010  glycolysis/gluconeogenesis 0.0176 ADHS5

hsa00071  fatty acid degradation 5.68X10° ACSL3. ACSL4. ADHI1A. ADHIB. ADHIC. ALDH2

hsa00330  arginine and proline metabolism 3.13X10° ALDH2. CKB. CKM. CKMTIA. CKMTIB. CKMT2. GAMT

hsa00350  tyrosine metabolism 3.71X107 ADHIA. ADHIB. ADHIC. TPO

hsa00830  retinol metabolism 2.66X1073 ADHIA. ADHIB. ADHIC. ALDH1Al. ALDHI1A2

hsa01212  fatty acid metabolism 6.70X107  ACSL3. ACSL4. FADSI. FADS2

hsa03320 ppar signaling pathway 8.65X10° ACSL3. ACSL4. FADS2. PPARD. PPARG. RXRA. RXRB. RXRG

hsa04020  calcium signaling pathway 6.23X107 CACNAIC. CACNAID. CACNAIH. CACNA1S. CHRM1. CHRM2.
CHRM3. DRDI. DRD5. HTR2A. HTR2B. HTR2C. SLC8Al

hsa04022 CGMP-PKG signaling pathway 6.94X107 ADRA2A. ADRA2B. ADRA2C. CHRMI. CHRM2. CHRM3. DRDI1.
DRD2. DRD3. DRD4. DRD5. F2. GABRB2. GABRB3. HTRIA.
HTRIB. HTRID. HTR2A. HTR2B. HTR2C. TRPVI

hsa04260 cardiac muscle contraction 126X10* CACNAIC. CACNAID. CACNAI1S. CACNA2DI. CACNA2D2.
CACNB2. SLC8A1

hsa04261  adrenergic signaling in cardiomyocytes 4.31X 103 CACNAIC. CACNAID. CACNAI1S. CACNA2DI. CACNA2D2.
CACNB2. SLC8A1

hsa04540  gap junction 848X10° DRDI. DRD2. HTR2A. HTR2B. HTR2C

hsa04723  retrograde endocannabinoid signaling ~ 3.60X107° CACNAIC. CACNAID. CACNAIS. GABRB2. GABRB3. PTGS2

hsa04725  cholinergic synapse 5.02X107% CACNAIC. CACNAID. CACNAIS. CHRMI1. CHRM2. CHRM3

hsa04726  serotonergic synapse 225X1071"  CACNAIC. CACNAID. CACNAIS. GABRB2. GABRB3. HTRIA.
HTR1B. HTRID. HTR2A. HTR2B. HTR2C. KCND2. PTGSI.
PTGS2

hsa04727 GABAergic synapse 848X 107 CACNAIC. CACNAID. CACNAIS. GABRB2. GABRB3

hsa04728  dopaminergic synapse 427X10* CACNAIC. CACNAID. CALY. DRDI. DRD2. DRD3. DRD4,
DRD35

hsa04911  insplin secretion 7.90X1073 CACNAIC. CACNAID. CACNAIS. CHRM3. FFARI

hsa04920  adipocytokine signaling pathway 593X10* ACSL3. ACSL4. PRKABI. RXRA. RXRB. XRG

hsa04921  oxytocin signaling pathway 1.51X103 CACNAIC. CACNAID. CACNAIS. CACNA2D1. CACNA2D2.

CACNB2. PRKABI1. PTGS2

SN ML R AR s s s E R, 525K AT
TR REANH] B HE AN HERE . FRUSFERUR I, 262
Wt & s sl R R
WA LTI /N By 5 245 A VAR %oy

AT B FH Ji g R s S R - A (Sre) s 41
JRAZ A2 (CCNA2). iR ps3 (TPS3)
12 MRS E IR 5 A B RS! (arginine and
proline metabolism) . 45 & 715 5 i@ % (calcium
signaling pathway ) . B Z R X #f ( tyrosine
metabolism) %5 4 ZK (55 k. XLEOES. F
S AR . A TR, S 54l
JERAEYE T1E1E, W0 Src Z 540085 . S
ZRGREA ST o0, TPS3 FFL RO T A48
VK o-1H (CACNALTH) f£i% 2R AV iE 1Y
Jr A AR 2 X, A S 24 AR YRR B R L B

PR T Gy S A BRAE P22, A Z R SR Sk
MRS AR VIS B 2G40 . BURAE F I £ A
R 5324260, R AR R SRS 5 PR DR R K RO (R
RPFRRE . S 253 A BAG S N BR % T RET),
5 205 A [) A 1 4 A 50 22 0 L e e 6 20 L 4 1
YERRY, Gan SR8 TE RIS 25 A M0 L1210 F1
K562 i 20 i A st

DA% 245 ) T 0 2 A PAY TR A Q3 PR PR I £ Y Tl
Je LN TG T B VR 4= 3 R R TR TR R Ui 4
(HPD). & JkEF (ANPEP). & M ik J& K
(DHFR). a-2A '§ FHREREZ K (ADRA2A) 45 12
AN, EFEMERE S B A SRR Y TR
(cGMP) -FABEIR & 1 BRAK M B 1 (PKGD
RE Wi 4H LA F (adipocytokine signaling pathway) 15
SiEM . Hrd ANPEP. ADRA2A FIKZ 3244 5k
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1 2H 1 Hit 3 (NRII3) BeiAz IR I BR AR B R AR,
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P e A0 IR B AR R4 FAHLZR, 1R B
JLAH M 5 15 i 2h . SEe 3 B 2 25 S B v 4
fe UM R R R T R A LR R T A AL
(SOD) &, $hnprsa e fy, F AT BRI 40 i
RIE T, PRAFLH LI I B I I s ROt i i
PERF 45 (037 BFAE F 27, Gan Z5BOHF 5T & B 2545
PR AP Ha02 W5 311 HepG2 40 B A48
i BB RSN, RIEGYIFHLSUWER .

Ak, L AT BRI 525 3 R A
Z A L FEAE R E QS S, BalE
BAr 2R R EAE R . i A A 1
WS 528 (PPAR signaling pathway) & 3 k2K
REYFILFEE SEEE, W7D PPAR REHNH] 4
SERBAEEE OIME DI, FTEE ¢GMP-PKG 13
SRR . BRIERB2, IR RIS
2y 2 KB 3 KA ER. Pust. PRI
T B miEshEAEAEN, B2 IRk
REIRVIEAT IR AL, $REE &H 2 KRR E
A, PRI, S L — BRI R A3 1 24 0 T A et
— BRI o

AW T IE IS 2 25 BT, 52 3 KK T
AMRBVERr FIVE R S5 (5 S ImERIEEAT T 8807,
i 14 HH O B 1 S A R 2 ERAE 45 ], A
R T B2 EERER I T, K2
HERB ] T SRR FEI0AE, P27 2% 25 B2 0
(R AERR VAT, AFAH G 4 T HLERI B 56 i AR IR AR
W, B 25 280 A T AT AR S B = A FE ) B e 5 R
%o Uk, JESERT N SEIG I A DG SRS
P TEVIN G, G565 25022 153 B 5 1) A
X 25 25 BRAE FEAT SE IR AN I 5T

SE 3k

[1] HEZs [S]. —#&6. 2015.

[2] M, mOR, FRE, T BAPLERS TR
[7]. "2y, 2016, 47(6): 872-875.

[3]1 XBAEW, 1| %, HAF, . ET GC-MS Ml
UPLC-ESI-MS/MS EBF S 2405 s (3] TR,
2016, 39(10): 2229-2236.

(4] BRrs, REBEZE. SZAMNAEG SN (1], Bk,
2011, 23(12): 44-46.

[5] ZEPkR, TR 26 25 3 S 18 R 25T 5 P 1) R

[6]

(7]

(8]

[10]

[11]

[12]

[13]

(14]

[16]

[17]

(18]

[19]

[20]

HERE [1]. T2, 2016, 47(16): 2938-2942.

Li S, Fan T P, Jia W, et al. Network pharmacology in
traditional chinese medicine [J]. Evid-Based Compl Alt,
2014, doi: 10.1155/2014/138460.

Zhang Y Q, Mao X, Guo Q Y, er al. Network
pharmacology-based approaches capture essence of
Chinese herbal medicines [J]. Chin Herb Med, 2016,
8(2): 107-116.

Liu C X, Liu R, Fan H R, ef al. Network pharmacology
bridges traditional application and modern development
of traditional Chinese medicine [J]. Chin Herb Med,
2015, 7(1): 3-17.

TR i B OO AR 45 TR T LA A R
FEBUEMIRPRIE T [D]. MR AR 25K, 2000.
MR, =i B 2545 Rl 5 FLIR B 25 1k K i€ 1B
DIRBORRIEDT S [D]. BT | PR, 2008.

2 G BREL A Ji I R A T A R S L R B AR AL
B (R)-4-FHEI-1-2K 28 [D]. K8 1L K%,
2015.

Tindall G T, Nixon D W, Christy J H, et al. Pain relief in
metastatic cancer other than breast and prostate gland
following transsphenoidal hypophysectomy [J]. J
Neurosurg, 1977, 47(5): 659-662.

Murotani T, Ishizuka T, Nakazawa H, et al. Possible
involvement of histamine, dopamine, and noradrenalin in
the periaqueductal gray in electroacupuncture pain relief
[J]. Brain Res, 2010, 1306(1): 62-69.

Takahashi N, Goto T, Kusudo T, et al. The structures and
functions of peroxisome proliferator-activated receptors
(PPARS) [J]. Nihon Rinsh Jap J Clin Med, 2005, 63(4):
557-564.

Chang W, Kanda H, Ikeda R, et al. Merkel disc is a
serotonergic synapse in the epidermis for transmitting
tactile signals in mammals [J]. Proceed Nat Acad Sci
US4, 2016, 113(37): 5491-5498.

Oldenburg I A, Ding J B. Cholinergic modulation of
synaptic integration and dendritic excitability in the
striatum [J]. Curr Opin Neurobiol, 2011, 21(3): 425-432.
Yang J H, Saucerman J J. Computational models reduce
complexity and accelerate insight into cardiac signaling
networks [J]. Circul Res, 2011, 108(1): 85-92.

Yan R, Yang Y, Zou G. Cytotoxic and apoptotic effects of
Lindera strychnifolia leaf essential oil [J]. J Essen Oil
Res, 2014, 26(4): 308-314.

ZHG, /MG, AE. DGR R HURR KR
v [0 RPOK ¥ 24 B ¥R, 2011, 57(3):
265-268.

ST, A, TANA, SR LTE 25Y)



¢ £% Chinese Traditional and Herbal Drugs

F49% F21 8 2085 11 A * 5133 -

[21]

[22]

[23]

[24]

[25]

[26]

2 B AR R B BRI [T]. TH 22388 K2
e: BEHAR, 2013, 34(2): 240-243.

28 W, FEECP, BT, DA RN B
BV AER KSR (7] P EEZ SR, 2015,
21(1): 62-63.

Taniguchi K, Wu L W, Grivennikov S I, et al. A
gp130-Src-YAP module links inflammation to epithelial
regeneration [J]. Nature, 2015, 519(7541): 57-64.

Xu Z, Zhao L, Yang X, Mmu-miR-125b
overexpression suppresses NO production in activated
macrophages by targeting eEF2K and CCNA2 [J]. BMC
Cancer, 2016, 16(1): 252-261.

8l AL, B w2 AR R B
AW ] PEERAFARE, 2016, 36(24):
2187-2190.

Wei Z F, Li Q, Xia Y, et al. Norisoboldine, an

anti-arthritis alkaloid isolated from Radix Linderae,

et al.

attenuates osteoclast differentiation and inflammatory
bone erosion in an aryl hydrocarbon receptor-dependent
manner [J]. Int J Biol Sci, 2015, 11(9): 1113-1126.

Duan C, Guo J M, Dai Y, et al. The absorption

enhancement of norisoboldine in the duodenum of

[27]

(28]

[29]

(30]

[31]

[32]

adjuvant-induced arthritis rats involves the impairment of
P-glycoprotein [J]. Biopharm Drug Disp, 2017, 38(1):
75-84.

Wang J W, Chen X Y, Hu PY, et al. Effects of Linderae
Radix extracts on a rat model of alcoholic liver injury [J].
Exp Ther Med, 2016, 11(6): 2185-2192.

Gan L S, Wei Y, Mo J X, et al. Alkaloids from Lindera
aggregata [J]. Nat Prod Commun, 2009, 4(1): 43-46.
WU, 5k A, B 2R SR R Y
PRAPAE I RALBIRIER [J]. ZBERLR 4k, 2015,
50(12): 1773-1775.

Gan L S, Zheng Y L, Mo J X, et al. Sesquiterpene
lactones from the root tubers of Lindera aggregata [J]. J
Nat Prod, 2009, 72(8): 1497-501.

Soubh A A, Abdallah D M, El-Abhar H S. Geraniol
ameliorates TNBS-induced colitis:
Wnt/B-catenin, p38MAPK, NF«B, and PPARY signaling
pathways [J]. Life Sci, 2015, 136(2015): 142-150.

Zhang A, Zhao L, Li N, et al. Carbon monoxide inhibits
porcine reproductive and respiratory syndrome virus
replication by the ¢cGMP/PKG and NF-kB signaling
pathway [J]. J Virol, 2016, 91(1): 112-120.

Involvement of



