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Abstract: Objective To investigate the molecular mechanism and potential active components of Jiegeng Decotion (JD) with the
antitussive and expectorant effects. Methods Target proteins related with phlegm and cough were selected through mining literature
and retrieving in DrugBank and TTD database, and the main active components and potential target proteins from JD were computed
and analyzed by DOVIS 2.0 and Cytoscape 3.0 to build a molecular-protein regulatory network. Results A total of 38 target proteins
and 472 small molecules were initially screened based on the pathological mechanism which is related with phlegm and cough.
Molecular docking results showed that 78 molecules (five from Platycodi Radix and 73 from Glycyrrhizae Radix et Rhizoma, and their
structural characteristics analysis were in accordance with the “rules of generic drugs”) were found in JD with higher docking score
(Score > 7) of target protein. According to the results of molecular docking, 128 molecular-target protein data pairs with high docking
scores (Score > 7) were selected, and then 26 major active components of JD (saponins and flavonoids, etc.) and 13 target proteins were
identified by using Network analyzer. Conclusion The active components of JD could regulate over-inflammatory response on the
respiratory tract, improve the lung function, inhibit the over-expression of mucin, and reduce the reaction of the stimulation on cough
center through acting on the main target proteins (TLR4, MMP9, IKK2, etc), thereby achieving the antitussive and expectorant effects.
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Table 1 Target protein related with phlegm and cough
Uniprot PDB HUE AR ]
000206 4G8A Toll-like receptor 4 TLR4
060603 277X Toll-like receptor 2 TLR2
P00533 1XKK epidermal growth factor receptor ErbB
P05106 2VDM integrin beta-3 allbp3
P07550 3NY8 beta-2 adrenergic receptor B2-AR
P08172 3UON muscarinic acetylcholine receptor M2 M2
P08514 2VC2 integrin alpha-IIb
P12821 3L3N angiotensin-converting enzyme ACE
P14780 1GKC matrix metalloproteinase-9 MMP9
P16109 1GIR P-selectin
P16581 1GIT E-selectin
P20292 2Q7R arachidonate 5-lipoxygenase-activating protein FLAP
P27361 270Q mitogen-activated protein kinase 3 ERK1
P27815 318V cAMP-specific 3',5'-cyclic phosphodiesterase 4A PDE 4A
P28482 3157 mitogen-activated protein kinase 1 ERK2
P31749 2UVM RAC-alpha serine/threonine-protein kinase AKT1
P35247 2RID pulmonary surfactant-associated protein D SP-D
P35354 3LN1 prostaglandin G/H synthase 2 COX-2
P35367 3RZE histamine H1 receptor HIR
P41145 4DJH kappa-type opioid receptor KOR
P48736 3SD5 phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit gamma isoform  PI3Ky
Q02750 3DY7 dual specificity mitogen-activated protein kinase kinase 1 MEK1
Q07343 1XLX cAMP-specific 3',5'-cyclic phosphodiesterase 4B PDE 4B
Q16539 1KV1 mitogen-activated protein kinase 14 p38a MAPK
Q16873 2UUH leukotriene C4 synthase LTC4S
QI9BYF1 1R4L angiotensin-converting enzyme 2 ACE2
P05027 3KDP sodium/potassium-transporting ATPase subunit alpha-1 Na*, K*-ATPase
014920 4KIK IxB kinase beta IKK2
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Table 2 Potential active components in Jiegeng Decotion
UNPD _ID WE LT UNPD _ID NETA
UNPD170062  glabrene UNPDI131247  18a-hydroxy glycyrrhetic acid
UNPD60551 gancaonin A UNPD50787 18a-hydroxy-glycyrrhetinsaeure-methylester
UNPD24150 gancaonin E UNPDI152171  3B-3-Hydroxy-11,13(18)-oleanadien-30-oic acid
UNPD41304 gancaonin H UNPD189635  methyl-24-hydroxy-11-deoxoglycyrrhetate
UNPD118086  gancaonol B UNPD1721 24-hydroxy-11-deoxoglycyrrhetic acid
UNPD175319  euchrenone a$ UNPD64661 methyl 3-O-B-laminaribiosylpolygalacate
UNPD134302  5-prenylbutein UNPD99330 platycogenic acid A lactone methyl ester
UNPD179552  neouralenol UNPD113435  (—)-arizonicanol A
UNPD176417  glabrinsacure UNPDI191135  1-methoxyphaseollin
UNPD178124  glabric acid UNPD13039 21la-hydroxyisoglabrolide
UNPD69026 glabridin UNPD53568 21-hydroxyisoglabrolide
UNPD34261 glabridin UNPDS§7098 24-hydroxyglycyrrhetic acid
UNPD17944 glabrol UNPD2378 28-hydroxyglycyrrhetic acid
UNPD125061  glabrolid UNPD156029  araboglycyrrhizin
UNPD50061 glabrolide UNPD28005 glabrocoumarone A
UNPD167707  glycyrrhetol UNPD85841 glycyrrhetinic acid
UNPD52289 glycyrrhetol UNPD110926  4-hydroxylonchocarpin
UNPD147054  glyenflanin J UNPD52314 4'-O-methylglabridin
UNPD103033  glyenflanin K UNPDI181420  desoxo-glabrolid-Acetat
UNPDI151562  glyinflanin B UNPDI187285  O-methylshinpterocarpin
UNPD83964 glyinflanin C UNPD156740  licoagrochalcone A
UNPD92958 glyinflanin D UNPD14250 hispaglabridin A
UNPD57 glyinflanin G UNPD64122 hispaglabridin B
UNPD140749  glyinflanin K UNPDS57661 licoisoflavone B
UNPD13516 glyuranolide UNPD176952  licorice saponin H2
UNPD22120 Isoglabrolide UNPDI181411  licoricesaponin E2
UNPD75973 kanzonol I UNPDS55126 liquorsaeure-methylester
UNPD144212  kanzonol J UNPD13734 methylglycyrrhetate
UNPD54384 kanzonol T UNPDI101117  phaseollinisoflavan
UNPD146515  kanzonol W UNPD170393  isomultiflorenol acetate
UNPDS53253 sigmoidin B UNPD141830  platycoside M-1
UNPD134291  stigmasterol UNPD79678 platycogenic acid C
UNPD105552  xambioona UNPDI161365  desoxoglabrolide
UNPD2528 licoagrone UNPD21531 glycyrrhizic acid
UNPD37649 licoflavonol UNPDI185699  lanost-5,24-dien-3B-D-glucuronopyranoside
UNPDI132575  uralenolide UNPDI151870  me ester-3p-3,24-dihydroxy-11,13(18)-oleanadien-30-oic acid
UNPD124121  liquiridiolic acid UNPDS85344 3B,210,24-trihydroxyolean-12-en-29-sacure-methylester
UNPD148896  24-hydroxyglycyrrhetic acid methyl ester | UNPD139571  3[,24-dihydroxy-11-oxo-deltal2-oleanen-29-saeure-methylester
UNPD54689 11-deoxoglycyrrhetinic acid UNPD94715 3B-3,24-dihydroxy-9(11),12-oleanadien-30-oic acid
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Table 3 Main molecular descriptors of potential active components

HIRTF B3 R/AME RKME DA
Mw 460.97 288.30 843.01 456.70
logP 4.61 0.02 10.06 4.59
FHHE (Num_Aromatic Rings) 1.03 0.00 4.00 0.00
HBAs 5.54 1.00 16.00 5.00
HBDs 2.60 0.00 10.00 2.00
% (Num_Rings) 4.83 2.00 8.00 5.00
RBs 2.69 0.00 10.00 2.00
43 LL R T #/(0.01 nm?) 458.35 270.55 827.19 473.82
Wtk LR A (PSA) /(0.01 nm?) 89.87 20.09 266.30 76.65
Molecular_SAVol 566.02 417.40 901.59 554.16
Molecular_ SASA 656.07 473.31 1039.63 644.27
3 FAEFR/(0.001 nm?) 327.12 182.81 580.01 348.66
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Fig. 1 Molecular-target protein network
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Table 4 Molecules with higher degree and/or betweenness

UNPD_ID b5 2R 3 FIE
UNPD105552 xambioona 7 0.221
UNPD54689 11-deoxoglycyrrhetinic acid 4 0.069
UNPD50787 18a-hydroxy-glycyrrhetinsacure-methylester 3 0.091
UNPD147054 glyenflanin J 3 0.081
UNPD103033 glyenflanin K 3 0.058
UNPD170393 isomultiflorenol acetate 3 0.046
UNPD175319 euchrenone a5 3 0.039
UNPD125061 glabrolid 3 0.038
UNPD13734 methylglycyrrhetate 3 0.026
UNPD92958 glyinflanin D 3 0.019
UNPD189635 methyl-24-hydroxy-11-deoxoglycyrrhetate 3 0.016
UNPD13039 21a-hydroxyisoglabrolide 3 0.014
UNPDY%4715 3B-3,24-dihydroxy-9(11),12-oleanadien-30-oic acid 2 0.016
UNPD144212 kanzonol J 2 0.016
UNPD99330 platycogenic acid A lactone methyl ester 2 0.014
UNPD151870 me ester-3p-3,24-,dihydroxy-11,13(18)-oleanadien-30-oic acid 2 0.009
UNPD161365 desoxoglabrolide 2 0.009
UNPD167707 glycyrrhetol 2 0.009
UNPD1721 24-hydroxy-11-deoxoglycyrrhetic acid 2 0.009
UNPD50061 glabrolide 2 0.009
UNPD139571 3p,24-dihydroxy-11-oxo-deltal 2-oleanen-29-saeure-methylester 2 0.007
UNPDS85344 3B,210,24-trihydroxyolean-12-en-29-sacure-methylester 2 0.007
UNPD13516 glyuranolide 2 0.006
UNPDS53568 21-hydroxyisoglabrolide 2 0.006
UNPD124121 liquiridiolic acid 2 0.004
UNPD148896 24-hydroxyglycyrrhetic acid methyl ester 2 0.004
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Table 5 Target proteins with higher degree and/or betweenness

Uniprot E=EE] 3 4 Uniprot E{=EiE] = Pl

060603 TLR2 34 0.533 014920 IKK2 5 0.012

P20292 FLAP 24 0.315 P14780 MMP9 4 1.000

P41145 KOR 12 0.163 P35354 COX2 4 0.067

P07550 B2-AR 12 0.160 000206 TLR4 4 0.046

Q02750 MEK1 7 0.101 P08172 M2 3 0.045

P12821 ACE 6 0.069 P05106 allbp3 1 0.000
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