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Potential mechanism of Huanglian Jiedu Decoction for treatment of hypertension
based on network pharmacology
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Abstract: Objective To study the mechanism of Huanglian Jiedu Decoction (HJD) in the treatment of hypertension by using network
pharmacology. Methods Chemical components and targets related to the four herbs of Chinese meteria medica in HID were searched
through the traditional Chinese medicine systems pharmacology database and analysis platform (TCMSP) to construct the interaction
network diagram of the target point of the compounds. The hypertension related targets were screened through OMIM, TTD, and
PharmGkb databases; The interactive target of HJID and hypertension was constructed in PPI database; GO analysis of screened core
targets between drug target and disease target was carried out using Davidv 6.8 database, and the related pathways of core targets were
enriched using KEGG database. Results Using the oral bioavailability (OB) > 30% and drug likeness (DL) > 0.18 as screening condition
for the compounds, combined with supplement literatures searched, 61 active components and 154 corresponding protein targets of HID
were screened out. A total of 118 enrichment results were obtained from 228 core targets of HID in hypertension, including 59 biological
processes, 31 molecular functions, and 28 cell compositions. The selected targets were enriched by KEGG database and 45 pathways
playing an important role in hypertension were screen out. Conclusion The synergetic effect of HID with multi-components and
multi-pathway was confirmed by network pharmacology, and the main possible mechanism of HID in treating hypertension was predicted,
which lay a foundation for the identification of effective components, the mechanism of action, and clinical application.
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Table 1 Information for 77 active compounds of Huanglian Jiedu Decoction

5> 1D waEY OB/% DL |E3 HIE
MO00098  #fit 2% (quercetin) 46.43 0.28 78 Mot
MO01406  FEZAEFER (crocetin) 35.30 0.26 20 T
MO1663  (4aS,6aR,6aS,6bR,8aR,10R,12aR,14bS)-10-hydroxy-2,2,6a,6b, 32.03 0.76 3 ¥

9,9,12a-heptamethyl-1,3,4,5,6,6a,7,8,8a,10,11,12,1314b-

tetradecahydropicene-4a-carboxylic acid

MO01941  KKg(#Z (ammidin) 34.55 0.22 16 TR
M04561  #5JF III (sudan IT1D 84.07 0.59 12 er
MO00173 N HE#H (wogonin) 30.68 0.23 30 WA
MO00228  (2R)-7-hydroxy-5-methoxy-2-phenylchroman-4-one 55.23 0.20 30 A
MO00358  B-#filE (beta-sitosterol) 36.91 0.75 84 W
M00359 45 {$EE (sitosterol) 36.91 0.75 6 PE
M00525  EFNHEFE (norwogonin) 39.40 0.21 15 W
MO00552  5,2'-dihydroxy-6,7,8-trimethoxyflavone 31.71 0.35 24 s
MO01689  HilfE3# (acacetin) 34.97 0.24 23 WA
MO02714 % (baicalein) 33.52 0.21 26 PE
M02908  5,8,2'-trihydroxy-7-methoxyflavone 37.01 0.27 0 HE
M02909  5,7,2,5-tetrahydroxy-8,6-dimethoxyflavone 33.82 0.45 14 A
M02910 #£L#£Z (carthamidin) 41.15 0.24 13 A
MO02911  2,6,2',4'-tetrahydroxy-6'-methoxychaleone 69.04 0.22 0 A
M02913  dihydrobaicalin_qt 40.04 0.21 14 g
MO02914  eriodyctiol (flavanone) 41.35 0.24 17 A
M02915  [REHEE (salvigenin) 49.07 0.33 23 A
M02917  5,2',6'-trihydroxy-7,8-dimethoxyflavone 45.05 0.33 19 A
MO02925  5,7,2',6'-tetrahydroxyflavone 37.01 0.24 11 HE
M02926  —EAIIEZE A (dihydrooroxylin A) 38.72 0.23 0 T
M02927  BEHEE 11 (skullcapflavone 11D 69.51 0.44 23 g
M02928  AIMEZ A (oroxylin A) 4137 0.23 29 B
M02932  FRFEFAEFEFE (panicolin) 76.26 0.29 18 S
MO02933  5,7,4'-trihydroxy-8-methoxyflavone 36.56 0.27 18 A
M02934  HEFE (neobaicalein) 104.34 0.44 19 g
M02937 ZEAWIEER (dihydrooroxylin) 66.06 0.23 21 B
MO00622  magnograndiolide 63.71 0.19 10 ik
M00762  £#4EZE A (palmidin A) 35.36 0.65 10 BIE
MO00785 ELIE (palmatine) 64.60 0.65 46 W
MO01454  3i#EZK (berberine) 36.86 0.78 45 gipts
M02894  9-% FH/NEER, (berberrubine) 35.74 0.73 21 W
MO02897  R/NEEGK (epiberberine) 43.09 0.78 19 gipts
M02903  (R)-ZHAL/NEETK [(R)-canadine] 55.37 0.77 41 ik
M02904  /INEERREE (berlambine) 36.68 0.82 27 gipts
MO02907  corchoroside A_qt 104.95 0.78 6 ik
M13352  FHIEH (obacunone) 43.28 0.77 0 gipts

M00358  B-2Hif# (beta-sitosterol) 36.91 0.75 84 Eivis]
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43 F 1D wEY OB/% DL £ RIE
MO00449 FHSEE (stigmasterol) 43.83 0.76 38 A
M00622 magnograndiolide 63.71 0.19 10 A
MO00762 FEfEZ A (palmidin A) 35.36 0.65 0 BT
MO00785 D% (palmatine) 64.60 0.65 46 A
MO00787 FEHER % (fumarine) 59.26 0.83 35 A
MO00790 FELHMB (isocorypalmine) 35.77 0.59 46 EiE|
MO01454 /NEERE, (berberine) 36.86 0.78 45 A
MO01458 IR, (coptisine) 30.67 0.86 18 EUiE|
M02636 Wl A (kihadalactone A) 34.21 0.82 0 EiE|
MO02641 phellavin_qt 35.86 0.44 11 HAH
MO02643 5-7-5 (W% (delta 7-stigmastenol) 37.42 0.75 3 A
MO02644 WL AE (phellopterin) 40.19 0.28 19 A
M02651 FE 208 la (dehydrotanshinone I1a) 43.76 0.40 26 A
MO02652 5-7-Wi EFLAEHE, (delta 7-dehydrosophoramine ) 54.45 0.25 0 A
MO02656 MEAFHEK (dihydroniloticin) 36.43 0.81 2 BT
M02659 FWEFHF A (kihadanin A) 31.60 0.70 0 A
M02660 niloticin 41.41 0.82 2 A
M02662 RGBS, (rutaecarpine) 40.30 0.60 26 EiE|
M02663 PR, (skimmianin) 40.14 0.20 13 A
MO02666 FE3E/R8 (chelerythrine) 34.18 0.78 16 EiE|
M02668 L3408 (worenine) 45.83 0.87 13 e
M02670 mn4EsE (cavidine) 35.64 0.81 38 A
MO02671 candletoxin A 31.81 0.69 0 BT
M02672 WS H Chericenone H) 39.00 0.63 0 e
M02673 PanEERE Chispidone) 36.18 0.83 3 e
M13352 HHIE (obacunone) 43.29 0.77 0 EiE|
M04554 T W (succinic acid) 29.62 0.01 4 e+
MO00511 RERER Cursolic acid) 16.77 0.75 27 Ba+
MO00764 AEFEHE (magnoflorine) 26.69 0.55 23 BT
M02642 HHATE (phellodendrine) 2.61 0.58 31 |
M02560 H#% (chrysin) 22.61 0.18 21 W
M02931 TP XFF (scutellarin) 2.64 0.79 2 T
M00008 FEEE (pelargidenon) 23.06 0.21 39 A
MO00360 3R (ferulic acid) 39.56 0.06 19 gips
MO00789 25, (jatrorrhizine) 64.60 0.65 22 I
MO01457 AEWHBE % (columbamine) 26.94 0.59 26 THIE
MO02898 ¥ B2 =78 (groenlandicine) 28.42 0.72 23 HIE

FOEMR R A MR A Tl e E T
BANEYING RS, R T HIERBHEZRTEZ
B 2 (B SR R B AL, TR A 2 T I
R R
2.3 PPI %%

N T B R SR R R I () 2 ER AL
Hil, %A A Cytoscape 3.2.1 #ff Chttp://www.

cytoscape.org/) "' Bisogenet #dift, K 4 947 A5
U124 882 MU R Y) PPT 5 H 6 397 A
RN 152 699 ML R0 PPLAHAE, 193] 14>
FH 3 487 AN A1 99 335 ANIA LR AL (B 2)

Bisogenet ffli 4% 45 T H s RIS (B A
FEH O EERIBEE TG B AT T, PR A
AN 5 BRI S HUE R T A8 2 F5AE R i i i
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Fig. 1 Compound-target network of Huanglian Jiedu Decoction
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2.5 KEGG ##f
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home.jsp) X ik Hi A% 0o #E 55 8 (13817 KEGG #
BRE G, JLIRAT 45 S E ARG R . Hirh P<0.05,
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Table 2 Information for 229 core targets of topological analysis

AT BT — hEm BT — pET BT
EEOE e e | O e e | S Y
SFPQ 52 0.001  0.562 | XRCC5 63 0.002 0.577 |NOP56 80 0.002 0.606
HIST1H41 67 0.002 0.586 | XPOl1 81 0.003 0.605 |VHL 94 0.005 0.626
CANDI1 140 0.008 0.717 |RPL14 114 0.003 0.667 |CUL4B 86 0.003 0.616
H2AFX 76 0.003 0.597 |CDC5L 69 0.002 0.586 [MYC 54 0.002 0.564
CSNK2A1 59 0.002 0.571 | CD81 67 0.002 0.583 |PARPI1 80 0.003 0.603
RPS27A 89 0.003 0.618 ||[SNWI1 56 0.001 0.567 | DDXS5 79 0.003 0.602
RPS27 80 0.001 0.603 |MAP3K14 74 0.002 0.594 |DDX3X 64 0.002 0.582
RPS26 91 0.001  0.625 |HIST1H3F 90 0.003 0.620 |NTRKI1 132 0.008 0.699
RPS25 100 0.001  0.640 |U2AF2 76 0.002 0.597 | CSNK2A3 59 0.002 0.571
RPS24 95 0.001  0.632 | MAP3K1 69 0.002 0.586 |RPL36 91 0.002 0.625
RPS18 107 0.002  0.653 |RPL35 96 0.002 0.633 |CUL7 121 0.007 0.677
RPS20 105 0.002 0.650 |MAP3K3 51 0.001 0.560 ||PRKDC 70 0.002 0.588
NEDDS 75 0.002  0.595 |MDM2 68 0.002 0.585 | EIF4A3 89 0.003 0.618
RPS23 98 0.001  0.637 | MCM7 58 0.001 0.570 |AURKA 63 0.002 0.577
RPS21 81 0.001  0.608 | CEP250 91 0.003 0.625 |STAUI1 85 0.003 0.611
RUVBL2 60 0.002 0.573 |HDAC3 53 0.001 0.562 |BRCAI1 71 0.003 0.589
RPL23 101 0.002  0.642 | SLC25A5 66 0.001 0.585 |BMI1 55 0.001 0.566
RPS19 102 0.002 0.640 | MCM5 73 0.002 0.595 |DDX21 65 0.002 0.583
RPS15A 105 0.002 0.646 |[MCM2 161 0.013 0.768 |SMARCA4 56 0.001 0.567
RPS11 106 0.002 0.651 |EZH2 62 0.002 0.576 |COMMD3- 55 0.001 0.566
RPS14 121 0.004 0.681 |RPL21 101 0.001 0.642 BMI1
RPS16 114 0.003 0.667 |EWSRI1 68 0.002 0.585 |SRRM2 70 0.002 0.591
RPS12 91 0.001  0.625 |RPL22 104 0.002 0.648 | APP 79 0.003 0.602
RPS7 110 0.003  0.659 |RPL19 115 0.003 0.669 |AR 42 0.001 0.548
RPS10 107 0.003  0.653 |RPL18A 95 0.001 0.632 |HIST2H4A 67 0.002 0.586
RPS13 102 0.001 0.644 |RPL18 110 0.002 0.659 |HISTIH4E 67 0.002 0.586
RPS8 127 0.004 0.693 |RPL17 98 0.002 0.637 | SUZI2 61 0.002 0.574
CREBBP 53 0.001 0.562 |RPL15 106 0.002 0.651 |GAPDH 57 0.001 0.569
RPS6KB2 50 0.001 0.562 |RPL13 106 0.003 0.651 |RPL13A 92 0.001 0.626
RPS9 106 0.002 0.651 |ESR1 131 0.010 0.697 |TUBB 69 0.002 0.589
RPS6 117 0.003 0.673 |RPL10A 106 0.002 0.651 |HIST1H4J 67 0.002 0.586
RPS5 101 0.002 0.642 |RPL12 100 0.001 0.640 |HIST1H4K 67 0.002 0.586
RPS4X 119 0.003 0.677 |RPL11 109 0.002 0.657 | XRCC6 67 0.002 0.583
RPS3A 123 0.004 0.685 |RPL10 98 0.002 0.637 |HIST1H4B 67 0.002 0.586
RPS3 125 0.004 0.689 |FBL 73 0.002 0.595 |HISTI1H4L 67 0.002 0.586
RPLP1 80 0.001 0.603 |RPL9 103 0.001 0.646 |HIST1H4A 67 0.002 0.586
RPLPO 119 0.003 0.677 |RPL8 102 0.002 0.644 |FUS 93 0.004 0.625
RPS2 118 0.003 0.675 |RPL7A 118 0.003 0.675 |SF3B1 64 0.002 0.582
GRB2 76 0.003 0.597 |RPL6 124 0.004 0.687 |HISTIH3B 90 0.003 0.620
RPL37A 93 0.001 0.628 |RPL3 106 0.002 0.651 |HIST1H4H 67 0.002 0.586
PARK2 80 0.003 0.603 |RPLS 116 0.002 0.667 |HIST1H4C 67 0.002 0.586
RPL38 79 0.001 0.602 |RPL7 118 0.003 0.671 |YBXI1 71 0.002 0.589
CULS 107 0.004 0.653 |RPA1 75 0.002 0.595 |HISTIH3G 90 0.003 0.620
RPLP2 96 0.002 0.630 |IKBKG 58 0.002 0.570 |HISTI1H3I 90 0.003 0.620
RPL31 110 0.003  0.659 |RPL4 111 0.002 0.661 |HIST1H4F 67 0.002 0.586
YWHAZ 109 0.005 0.653 |RPA2 69 0.002 0.589 | TARDBP 104 0.004 0.644
RPL27A 102 0.002 0.644 |RPA3 65 0.001 0.580 ||HIST1H4D 67 0.002 0.586
RPL30 89 0.001  0.621 |RNF2 107 0.007 0.650 |HIST1H3D 90 0.003 0.620
RPL27 96 0.002 0.633 |NCL 97 0.004 0.632 |HISTIH3A 90 0.003 0.620
FLNA 60 0.002 0.573 |HNRNPM 91 0.003 0.625 |HIST1H3H 90 0.003 0.620
YWHAE 81 0.003 0.605 ||CUL1 147 0.010 0.733 |HIST1H3J 90 0.003 0.620
RPL23A 107 0.002 0.653 |DHX9 90 0.003 0.620 |COPS5 146 0.010 0.731
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RPL24 124  0.005 0.687 |CUL2 113 0.006 0.665 | HDAC2 62 0.002 0.576
YWHAG 63 0.001  0.577 |CUL3 157 0.012 0.757 | SMURF1 66 0.002 0.582
CDK2 125 0.007  0.685 |CUL4A 68 0.002 0.585 | HISTIH3E 90 0.003 0.620
HDACI1 61 0.002 0.574 |HDACS 93 0.004 0.625 | HSPAIA 61 0.002 0.577
YWHAQ 80  0.003 0.603 |EED 113 0.007 0.661 | HSPA1B 61 0.002 0.577
NPM1 160  0.012 0.765 |ILF3 112 0.005 0.663 | RELA 42 0.001 0.548
HISTIH3C 90  0.003  0.620 |ILF2 98 0.004 0.637 | TRAF6 47 0.001 0.555
EP300 72 0.003 0.591 |DDX17 65 0.002 0.580 | RPSA 104 0.003 0.648
MAGOH 69 0.002  0.586 |SYNCRIP 63 0.001 0.580 | HIST2H4B 67 0.002 0.586
VCP 78 0.002  0.600 |LOC101929876 91 0.001 0.625 | TP53 128 0.009 0.691
VCAMI1 122 0.006 0.679 |ARRBI 61 0.002 0.577 | CALM3 52 0.001 0.562
ACTB 56 0.001  0.567 |RACKI1 93 0.004 0.625 | IKBKE 45 0.001 0.552
SIRT7 100 0.005 0.640 |PABPCI1 95 0.003 0.628 | CALMI1 52 0.001 0.562
CTNNBI1 45 0.001  0.555 |ARRB2 85 0.004 0.615 | RAD21 76 0.003 0.600
HNRNPR 63 0.001  0.580 |ICAMI 75 0.002 0.595 | CALM2 52 0.001 0.562
UBE2I 55 0.002  0.566 |HSP90ABI 87 0.003 0.615 | EGFR 71 0.003 0.589
CLTC 51 0.001  0.560 |HSP90AA1 89 0.003 0.618 | FBXO6 82 0.003 0.610
TRIM28 65 0.002  0.580 |HSPDI1 68 0.002 0.585 | HNRNPU 135 0.006 0.710
HIST4H4 67 0.002  0.586 |HSPA9 59 0.001 0.574 | EEF1Al 114 0.005 0.663
UBC 91 0.004 0.621 |HSPAS 87 0.003 0.615 | HNRNPK 84 0.003 0.610
TUBGI 82 0.003  0.606 |CCDCS8 95 0.004 0.628 | HNRNPHI1 63 0.001 0.580
ITGA4 128 0.007  0.691 |HSPAS 97 0.004 0.632 | HNRNPA2BI1 65 0.001 0.580
HUWEI1 88 0.003 0.616 ||PAN2 110 0.006 0.659 | HNRNPD 62 0.001 0.576
HDAC6 49 0.001  0.557 |HSPA4 60 0.002 0.576 | HNRNPA1 107 0.004 0.650
FN1 145 0.010 0.728 |OBSLI1 102 0.005 0.640

®3 REMRES PPIMEFH GO £H (FDR<0.05)
Table 3 GO entries in PPI network of Huanglian Jiedu Decoction (FDR < 0.05)

Kl GO %i'5 R B[R % FDR
EWEFE - 0006614 SRP-dependent cotranslational protein targeting to membrane 64 1.65X107%
EWtFE 0000184  nuclear-transcribed mRNA catabolic process, nonsense-mediated decay 67 4.53X 107!
ST FINRE 0044822  poly(A)RNA binding 131 1.13X107%
YR 0019083  viral transcription 64 3.39X10°%
APt FE - 0006413 translational initiation 66 1.59X 10783
Wt FE 0006364 rRNA rocessing 68 2.52X 1077
MM 0005840  ribosome 59 1.82X 10766
AYEFE 0006412 translation 68 9.31X 107
S FIhEE 0003735  structural constituent of ribosome 64 8.02X 10764
MR 0005654  nucleoplasm 150 7.85X 10764
N4 0016020  membrane 133 1.33X107
UM 0022625  cytosolic large ribosomal subunit 36 3.79X 1074
MR 0031012  extracellular matrix 53 7.48 X 1074
ML 0005925  focal adhesion 58 1.49X 1074
LK. 0005829  cytosol 136 5.89X 1074
ML 0022627  cytosolic small ibosomal subunit 29 1.55X 10738
S FINEE 0005515  protein binding 211 5.48%10737
HEDIIFE 0032200 telomere organization 24 1.02X 10736
EWEFE 0045814 negative regulation of gene expression, epigenetic 29 1.09X 1073
ML 0070062  extracellular exosome 120 9.33X1073¢
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Fig. 3 Mechanism analysis by KEGG
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HAL ) SORE R -3k, el SRR SH M IR )
TEMZ% 1, Ak A P HE p R 2R 2 AR 55 1 (ESR 1)
A 60 NAHEAE FIBCAR o 820 I/ T A B e
Tomto M & 24k (ER) K% ESR1 F1 ESR2,
3%t 7 ERa 1 ERB. ERa 2 51 &F5K . Kl
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