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Abstract: The antitussive and expectorant effects of Ruanerli and its mechanism were investigated by methods of network
pharmacology. The outcomes predicted were verified by molecular docking and animal experiments. The components and
targets of Ruanerli were obtained by literature investigation and TCMSP database screen. Mapping with two groups of
genes related to "cough" and "sputum" from GeneCards database, the target genes of antitussive and expectorant effects of
Ruanerli were obtained. GO and KEGG enrichment analysis of the target genes was performed by Metascape platform. The
PPI network among the target genes was constructed through STRING data platform. Cytoscape plugin CytoHubba was
used to screen the Topl0 genes related to antitussive and expectorant effects of Ruanerli, and KEGG pathway enrichment
was performed on the Topl0 genes through Metascape data platform to predict the possible signal pathways involved in
antitussive and expectorant effects of Ruanerli. Autodock Vina was used for molecular docking between the predicted
Top10 gene proteins and the Top 3 active ingredients of Ruanerli. Finally, the predicted results were verified by ammonia
induced cough test and phenol red excretion test. According to the analysis of multiple databases, 51 chemical components
and 282 corresponding targets have been reported, eighty of them were related to the antitussive and expectorant effects of
Ruanerli. The Top10 genes selected by Degree value were mainly concentrated in infection and immune-related pathways.
Molecular docking test showed that the Topl0 genes had strong binding activity with the Top3 chemical components
(Caffeic acid, Rutin and Valeraldehyde) in PPI network. Animal experiments showed that the cough induced by ammonia
was significantly inhibited when treated with Ruanerli in mice. The levels of IL-6 and IL-13 in serum were reduced and the
excretion of phenol red in mice trachea was increased. PCR and WB detection showed that the mRNA levels and protein
expressions of inflammatory genes IL6, IL1B, VEGFA, PTGS2 and MAPK3 were decreased, suggesting that the antitussive
and expectorant effects of Ruanerli might be related to decreasing the expression of inflammatory genes and the release of
inflammatory factors.

Key words: network pharmacology; molecular docking; Ruanerli; antitussive and expectorant effects; inflammatory factor
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BOLBLARAL  H S 22 A B TR Ll et
e, R LKL S B ARMARRGT 1000 mL, #8245 T4K
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SPF R EH/MER 100 1, 18~20 g, MM, Hufi
PR 2 R AL B ihoty, A Y Rl IES: SCXK
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10 @), JWRAT 1L ZBES (0.1 mL/10 g) R BHPEXTRELH, A=
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ard.edw) 3 ERILHF T, PR ILHFHNEEITE 19 (5149
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Table 1 Primer sequence
He 519 Jr51(5'—3") KE
1E ) ACTCACCTCTTCAGAACGAATTG
IL6 170 bp

K11 CCATCTTTGGAAGGTTCAGGTTG
1E [ AGGGCAGAATCATCACGAAGT

VEGFA 183 bp
S I AGGGTCTCGATTGGATGGCA
1E[A TAAGTGCGATTGTACCCGGAC
PTGS2 285 bp
I TTTGTAGCCATAGTCAGCATTGT
1E[A AGCTACGAATCTCCGACCAC
ILIB _ 289 bp
S In] CGTTATCCCATGTGTCGAAGAA
1E CTACACGCAGTTGCAGTACAT
MAPK3 213 bp

S 1] CAGCAGGATCTGGATCTCCC

1.3.3.5 Western Blot & Il fifi 2H 21 7 1IL6. IL1B.
VEGFA. PTGS2. MAPK3 I B I #£ix HE &
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—80 °C R AF 1 A 41 21 o A 24 fi# & , 8000 r/min, #22 HILBULFER R
4 °C ARSI 10 min, PK F24/#% 20 min J5 &R 3 ¥R, Table 2 Chemical composition table of Ruanerli
AR ES.C> 10 min(8000 r/min, 4 °C), B3, FH 5% |- N I I e OFE
o 22 ey S N . . Fs P TS ~ ’
L2 MR 5 2B FIRE LR 124 B9 LR A, 100 °C AR T (gmoD
P 5 min JE A TR DI MGTBERGEE RS HEL K 5325 . TR, 5% 1 i%m MLT(malicacid) ~ C,HOs  134.09
BSA i‘j‘l‘zﬂ 1 h, #;j:):l;(l 11000 ﬁ*%)‘l- C g@%‘ﬁﬁ, — 2 E%jﬁ‘ﬂigli citric acid C5H307 192.12
i e o 1 . 3 RERY isohomoarbutin C3H g0,  286.28
PUERIFT | h, ECL 2GR 5, Image J 4K F 53 . L catechol CHO, 11011
R 6162 .
H 0 A5 S8 H A KB E, ARYEAHRL N 204 5 GLIER chlorogenicacid  CjgH10, 35431
(B B 0 H X ek i . 6 A caffeic acid CHO,  180.16
1.4 HIELIE 7 7 SR (Z)-p-coumaricacid  CoH,O;  164.16
JHl SPSS 20.0 H X BT A MR AT 400, it T% fertioacd - ullas o
5 — . , rutine 27t130Y16 .
1 ZH T 3 SxZ- {T\,\T 4| .
GORHHX+SD R, PRI L BRI ¢ fa g, 220 10 2-H I T 2-methyl-butanol C,H,,0 88.15
: o Jagne o A 552 -
Ei&ﬁﬁﬁilﬁ?ﬁﬁ%ﬁ*ﬁ, P<0.05 N EA ST~ N 37—k (R)—36,_7(;$gllethyl— CyH,0, 21233
e 12 R-2-C s trans-2-hexene C¢H,, 84.16
2 %%56%1:5 13 J-2-F trans-2-octen C,oH,50, 170.25
2.1 FILBUEIZTRIERAMEHIRE ISR 14 o cyclohexanol CHO 10016
ESCHRIAE & B0, BOLR R LA g feyen 15 AR dibydromyricetin - G0 14429
e e i CH,,0 .
I3AF 51 4N(52 2), % TCMSP. A B2H %  ECTM %4 16 X amyl alcohol H0 8815
17 S capryl alcohol CgH, 0 130.23

rdos : e % e
P PRASL A R R A T AL 282 - GeneCards % 18 2-HIHEZE 2-methylnaphthalene C,Hy, 142.2
P rh S ZMRAHSCHISFE AT 4425 4, 5P Y lo AR mE—oEg  dethylphthalae/ ooy 0o,

dimethyl phthalate
FEE 1737 4, = HMGESIEEA 80 (A la), o Rk transffz_ictenal o 1o
FILALIENZACIRAE T B S7- 8 R - B & UL IR 16, 21 e n-heptanal CHO 11419
Wt 80 A HE R K HE AL & Metascape B/ HTF &, 2 it \-decanal CulyO 15626
5% KEGG &4 (K 1) A1 GO TiggE 44 1d) 23 CE hexanal C¢H,;,0 100.16
L85, QPRI 3% 80 ASHEPH T E- S A P Sk 2 TR Inonaldehyde  CoH;0 14224
25 G valeraldehyde CH1,0 86.13

fitirE P (Peroxidase activity ) . FiEEfbif T (Antioxidant
activity ) . A ALIA IR (Oxidoreductase activity ) .

26 2-HETHR 2-Methylbutyric acid  CsH;q0,  102.13
347 ¥%IE- 3-(3,4-dihydroxyph-

S . . I i ; CyH,,NO, .
XA AW (Response to reactive oxygen species) 27 D-WE 8 enyl)-d-alanine oHnNOy  197.19
N N PR SUPEN IR RE-L- T &R - -L-alani .
ST, HURITTRERS K TNF fi 2, 1L-17 2 ARBLTTRR pphenylLalanine - GH(NO, - 165.15
U R RS ESEEA S i) STRING HHi e 29 LR glyoxylic acid C,H,0, 74.04
F AL FEARTR AR AR AL ’ 30 e palmiticacid ~ CigHy0,  256.42
MO LA P A SRR AR 5 oo rpenamone CHLO 8613
(PPI RE5)(E 1e ). FIIFH Cytoscape fiffF CytoHubba, #2 32 o- IR a-farnesene CisHy 20435
P& Degree (B3 & HY PPT [’ 4% (14 S48 3L 5 (Top 10 33 b2 g - cyclododecene C,Hy, 166.3
e A 1-heptad -
D) (& 1), 42 51J2: GAPDH ., IL6. ILIB. VEGFA, 3 Tkl oryicand Cilhd: 2845
PTGS2. JUN. CASP3. CXCL8. IL10. MAPK3, 35 B A benzyl benzoate  C4;H,0,  212.24
£ ] F L [l 22 B S - Z= 36 Rzl butyl acetate C¢H,,0, 116.16
Top10 J& PR -5 AR LA v BF 5 A 255 il 43 %) 0 ¢ &= 4 S
_ N . - 37 R butyl butyrat CsH,0 144.21
I 1g oo % Topl0 RN HEAT KEGG 3 4 5 457 ; ) S_Eezzyfnfjheyl #1602
e o e o S 3-HIETIR C,oH,sN,0 .
BT, T 20 SR BT EAE BAmBR AN Th PR, Jeh 12 6 0 T . butyrate a0y 344
S s - 5 N . R C4H,,0 .
fﬁ%@ﬁ%'ﬁéﬂilﬁ\ ﬁﬁ&%ﬁiﬂ@ﬁ%ﬁ%(l’eﬁusms\ 39 TW&ZJEEI ethyl butyrate 611120, 116.16
K ] ted h ] et P 40 B ER riboflavin CHyN, Oy 376.4
aposi sarcoma-associated herpesvirus infection. Pa- 4 —_ thiamine CLH NS 26536
thogenic Escherichia coli infection, Chagas disease. 0 2 niacin CHNO, 12311
Human cytomegalovirus infection, Yersinia infec- 43 ferEFC vitamin C C4HgO4 176.12
tion, Leishmaniasis. Sa/monella infection, Amoebi- 44 HEHE cane sugar CpHpOp 3423
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Fig.1 Results of network pharmacological analysis on the antitussive and expectorant effects of Ruanerli
TE: a: FHOLRUE FIHE i 5L K -GeneCards 7 1 ALEEFHER 5 LA b: FOLAL- W Sr-HE 5 5 o: BOLALIE AR FE R KEGG il i & 5
P d: HOLALIE AL L] GO ThRE R 4R 18] e HOLALIE AR I P F BAR R 26 1 £ FOLRLEIZALIR Top10 HEN; g: FOLA
HIE A AL P -Top1 0 FE JC AR 4] h: Topl0 HEP KEGG i 5 481 141; i: Top10 JEPH KEGG il s i 424411
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2.2 BRJLBUERZALRIER Topl0 ERE 53 FXifeaR

Sy RS R, FOLALEZAR/EA Topl0
LA PPT M5 R HEZ AT 3 7 B 22 43 (M ERA |
T REE) A G REF/NT -5 keal/mol (DLIE 2), U
HZ IR S ECRRERS A k456, B HAAEORMLE GG
PEUSL, 3534 iR a R LA 3.

—l6 [ eZWNR ST EE

#54RE (keal/mol)

B2 HILRUEMARIRVE Topl0 BT Top3 MM
rESEREA
Fig.2 Binding energy graph of Top10 gene proteins for the
antitussive and expectorant effects of Ruanerli and Top3 active
components

2.3 FRJLET R KB R IZM R B 89220

SR IE— PRI R kA BT, s A
FUKASE T, TP sz A, 5 R, i
2% 3 AT, S SUK R BRI B H BB Sk ng K R N o
525 4 Eed, BROJLABL A /) BRnge mik vk 44 . 25 ik /b
(P<0.05), ZWER WA o 3 4B K (P<0.05), HAE
JHEEFIEARAS I, PR LA S /K T S0% koA 484
EELIRRIFCEE R
2.4 BRJLESHNRAFRGERS LT HEH B R0

P 21— PP AR T F A YLk, 2 B8 s v S ik
A/INERAR PN S AT 43 F P E HEE, F A E I 2

PR S S G I TR B, A (e PR T 2R B4 Py
LT HEMEEE I, DS RT R P E 2T A ()
MG IRIRAVE o TEARSLEG T, W 2T AR UERTZR
Y=0.81048X—0.05511, »=0.97959, % Sknuith<it
X} KPR, 5545 FALH FERR RO LB LH 4T HEf (25 i
(P<0.05), H 5 g 2 5] AR M (P<0.05) (IL3% 4),
PRI LB e S A T30 (58 TE o
2.5 LB IIE P RAEREFKFHIR M

IL-6 &—1~ 26 kDa Y Z ik, A= 8 WA% h T
2, EEAFEUCE. JHY B gAY K Nl e
CTL. NK 41 A3 8007 5 SIS i 12 B i) 385 4=
Stk PEDERFAII G S EA R 55 . R sEsevek)
A, TL-6 7ELERFHLA AR BESP-#7 h B 40 R B
HuA, AP TL-6 B8 5 ZFpaRA L, IL-13 2
R F S5 —FP A PR, PT75 S SR 4 e A
RAE S, TELLAE, A | BT A Fnieg & A v 5
AEEAEHY, FEARILG T, 28 ELISA Kl & 31,
LS, /MR P TL-6 A1 TL-13 /KSR
Fhen, S50 LA S TL-6 T 1L-13 AY7K- 12 B FR
(P<0.05), HAEFHE 7R (P<0.05) (38 5),
PR ER I LEL AT DARRAR I3 T S8 PEA TR B K
2.6 HJLEIAH4ELAH L6, IL1B. VEGFA. PTGS2.
MAPK3 mRNA FIAKREHFRIEHNF N

IL1 &k G —Fh 4, IL1B &
H—FfrreIEa. R TL-1 =2 A e vH Y
VERHE> 2, 2T a. SPURPNEWER, {8 CD4+T
MG Ak, F5H0 TL-2R 23k; b, {20 B g KA
Ak, AT A G A 7 I 2S BEEC(PFC) B 100 7%, U
B IL-1 AT SEH AR IE s c. (8 HE PRAZE L W 441 i
LEMIPUE S S RE 1T d. 5 IL-2 BT R PR AT LAY
iR NK A7 e W5 | Pk g i, 51 RAEAN T

3 HILAOT EREU NS N AR (n=10)

Table 3  Effect of Ruanerli on cough response induced by ammonia in mice (n=10)

H 5 #5254 (mL/10 g) IR PRI (s) ZIACEL (/3 min) 1E%H(%)
25 FXT IR AEFEER K 35.1000+13.7554 15.9000+6.3675 100
FOLAUIGR R 0.1 33.1111+8.2681 15.4444+8.8192 94.33
FOLAL R LA 0.15 50.9000+16.2580" 11.2000+2.6998" 145.01*
FOLAL m R 0.2 63.0000+£26.7664"" 7.6000+5.6999"¢ 179.49*
JRAS 11 PR 4 0.1 69.4000+£19.1265 6.3000+3.5917"¢ 197.72%

T 528 I BRLH HLAR, *P<0.05; 570 LAUEFE4H FLaR, #P<0.05; S3ULAL T HIRH2H LR, &P<0.05; F64~36[A]

4 FOLROU/N FURE T By 2R ) 52
Table 4 Effect of Ruanerli on phenol red excretion in
respiratory tract of mice

R 5 HOLRD/ NS TR AE R T 7KF B 20 (n=10)
Table 5 Effect of Ruanerli on serum levels of inflammatory
factors in mice (n=10)

215 R A5E(mL/10g)  Brer i (ug/mL) 2153 24258 (mL/10g)  IL-6(pg/mL)  IL-13(pg/mL)
75 X IR 10 - 2.25+1.37 25 AR IR — 5.61+1.34 0.810.11
POLBUIGH 10 0.1 2.44+0.89 FOLAUIGR 40 0.1 5.54+1.56 0.79+0.23
POLA P A 10 0.15 3.01+£2.14" FOLAR R 2 0.15 3.90+1.02" 0.62+0.15™
POLBY R 10 0.2 3.8542.01°% LB R 0.2 2.7240.45% 0.53£0.197
JRAS 1B AR 21 10 0.1 4.18+1.56"¢ JRRAS L1 AR 4 0.1 2.32+0.787%  0.42+0.25™¢
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3 Toplo ZFEFEM 5 T4 FRHER
Fig.3 Molecular docking diagram of Top10 gene proteins and rutin
1:: a: GAPDH 5 /5 T 43 F X #2615 b: IL6 5 74 T 43 F XS #E 8] ; ¢: ILIB 5 74 T 43 F X1 #2 €5 d: VEGFA 52 T 43 F X2 1E; e
JUN 51 T 20FRHER; £: PTGS2 575 T 40 FRHER; g CASP3 57 T 43 F%HEK; h: CXCL8 514 T /0 F X428 i IL10 51
T FRHER; j: MAPK3 525 T 20 T X HEE
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F o6 HILAXIHHLT IL6, ILIB, VEGFA, PTGS2, MAPK3 & 13k 1M (n=10)
Table 6 Effect of Ruanerli on protein expression of IL6, IL1B, VEGFA, PTGS2 and MAPK3 in lung tissue (n=10)

2H 5 IL6 ILIB VEGFA PTGS2 MAPK3
25 AN HRA 0.855+0.0428 0.794+0.0397 0.571+0.0286 0.688+0.0344 0.613+0.0307
POLBUILH 0.762+0.0381" 0.712+0.0356" 0.532+0.0266" 0.645+0.03225" 0.589+0.02945"
POLBL 0.714+0.0357" 0.665+0.03325™ 0.5010.02505" 0.574+0.0287" 0.511+0.02555™
POLBY R 0.659+0.03295™ 0.652+0.0326™ 0.449+0.02245" 0.415+0.02075™ 0.456+0.0228"
JRRAS 11 PR 20 0.601+0.03005™" 0.497+0.02485 0.4010.02005 0.375+0.01875™ 0.366+0.0183"

BT £ AT R 2P AN [ 4 TR ST 20 RS 50 AR 1 43t il
I — LU 5

18 N B2 A= K K7 (Vascular endothelial growth
factor, VEGF ), X BRI 38 15 K+ (Vascular permea-
bility factor, VPF ) J&— 7 i BERE S PE 42 LA P9 2
gL 10 o R PS e A = e S S i 3 IS ST Broy o bl | LS ) 0 8 8
JoTASPE LS PN B A MUE RS | B AE RITINL A4S TR i SRR
JH, HoAE A B AL FRP ) a (R38N B2 gl ifg 38 A
VEGF J2&—F LA PN B 4R e e Ay 2293 %45, 7
ARG AT RS A4S P AR AR, TER N TS S A
WA, JLHREFEANVAEIAEE T, VEGF 5 P9 2 4u g s
_I* VEGF 32k &, 532 K00 3 S8Rt ik
WA 2253 2505 AL FH 3 (MAPK) , SEEE VEGF
P 2257 245 Rr 0, 5 N B Al A5 b 8 148
W FEAREIAEE T, VEGF il #i = 2K iR vs 1L
T (PA) Fl ifin 3% fifg 5 v A BB 4 il Bl F-1( PAL-1)
FY mRNA FiK, Sdd & R B G e R i b, A2
BEAH LA SR K, ST AR 3T 2R =B 40 LA T s
c. ¥ENNMA B TE . VEGF e it T 188 i ifn 4% 1
IR 2 —, ZAVE ) B i AR N A S
PR, LR SRR A | FREenstal s,

AT AR 2 N S AR & L 2 (Prostaglandin-
endoperoxide synthase 2, PTGS2), ¥ 44 ¥ inN4E i 2,
SR T— SRR AL PN, 35 . B SR A G IR
P& N R

22 B4R IE AL SR 1 B (Mitogen-activated protein
kinase, MAPK) & —£H REB AN R A A AR, an4h
| PSR i E 2R YNNG 11 | L DAY O 11 ) | ] 2
I Y 22 S IR- T 2 B DA, Z 5187 A A= K
Sy T IR I R G R L RAE SN G5 2 P E Y
AN A B ARG FRA RS, MAPK3 X B 5%
— 51, AIYER T2 MG 598K, V87 2P 4 ife it 2,
ANEEHE . SR B E B R, LA e 4% A 4 i AT
frrspron,

TEASSLIG v, 48 RT-PCR Fll Western blot 45 il
KIR, L KRS, 25 20/ BT LU0 SREAHSC
HLKUL6. ILIB. VEGFA . PTGS2 . MAPK3)I¥) mRNA
IRV R AR 1 FR 38 B W B, R OR SEUE BTE o K
JLAL | i R B2 AT i S R AR SR RE PR ) mRNA
KRR 33K (P<0.05), HAEE W85 e ARofi:
(P<0.05) (452 L3R 6. ] 4~18] 5), $EoRm LAY AT RE
AT SEAEAH SCHEE R 1 FR3k, SRR LTS rh 2e M

2% [ % BE A o O LAY 4L
12 | = BOLA R POLAL R4l
= wﬁ¢u§%ﬁfzz§

IL6 ILIB

B4 BHILEgi% IL6. ILIB, VEGFA, PTGS?2,
MAPK3 mRNA FEk 520 (n=10)

VEGFA PTGS2 MAPK3

Fig.4 Effect of Ruanerli on mRNA expression of /L6, IL1B,
VEGFA, PTGS2 and MAPK3 in lung tissue (n=10)

MAPK3 43 kDa
PTGS?2 | We— i — 70 kDa
VEGF <o mm— 28 kDa
LB — e 32kDa
L6 === 25kDa

GAPDH . emm— m— e 3] kDa

N BOLR LA HOLA
PRI e mon o AR

K5 BOLEL g 4 IL6, IL1IB, VEGFA, PTGS2,
MAPK3 i [ 3R 1 52
Fig.5 Effect of Ruanerli on expression of IL6, IL1B, VEGFA,
PTGS2 and MAPK3 proteins in lung tissue

A, B IEZARRE .
3 g

30 a5 SCHR VR A& B LA Hh B AR 1627 i
SYA 51 A4S, SERAEFH#N S 282 . 55 GeneCards %
i 22w g R A 28 A OGS R B FR AR 21 80 M ERUL
FLE AL IEMEH A SE N . B £ 5P A Bl
80 HEPA AT B 5 41 My PN o S Ak S M . BT
P EALER RN TE . XSSP RN A Y R
>, HLHIFTREPS &2 TNF 15 53l % . 1L-17 15530 % .
FEIE S S %45 . HPE Dgree {H, M PPI W% rh i
B THJILBLUERZAIZEVERIR Topl10 ZEK(GAPDH,
ILG6. ILIB, VEGFA ., PTGS2. JUN, CASP3, CXCLS,
IL10, MAPK3) . ilidX} Topl0 FEHFPHEIT KEGG i
PR E AT R I, TERT 20 5455 g 12 4%
ETUHTA | Jpa T SR AR HUBRAT OC, 4 S5 S e AH O
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A O, PR LAY AT B RSl i TH R AR . 1Y
S22 TR A E AR E ] . 47X sk
BN, BILFLIEZALIEAVEA] Topl0 25185 PPI 4%
HHEAATET 3 S2AAR2E o (WM ERR =T ) AT LA
A hgha, HREAR/NIZSERE. sl
JLALAT DA S 3l s BREZK 5 | A MR SN, $54 117 )
BRI 2L g HE B, RERATR L P 28 AT 5T 1L-6 1
IL-13 7K~F; PCR Fll WB #2528 o, 4R LA AT i
EHFRARRAEACILN IL6. ILIB. VEGFA. PTGS2,
MAPK3 ) mRNA /K- R4 133k, HAERH 557 &t
JAE LY, X 5GP a8 RARST, PR FILALNY 1%
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AT o T EMARAFRR A, ASSORXT I LA IEZ Ak
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