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1. WL EAG R ESE — R LA ERD, WL At 310006
2. WL HEZRERMESR, Wit Bl 310053

7 OE: B TG TR R SR IGUE PR T R PR B UK e v L ML P9 B D) RE R VR I Ay R R A
T FHLH], IR R @ B AR BELEY 3-1485 (phosphatidylinositol 3-kinase, PI3K) /& i/ B (protein kinase B, Akt) /P
KA —% A AT (endothelial nitric oxide synthase, eNOS) {55 KIEEM. /A% @i HERB. SwissTargetPrediction
B PR 7 08 R AR R R PRI I ) S B, 454 OMIM. GeneCards $35 FE 55 B iy I 5 AH SS 80 i, MR A -8 (1 R AR ELAE
H (protein-protein interaction, PPI) 2% {147 Bt #i5: [l 5 2L (R 2 1 B 4> 5 (Kyoto encyclopedia of genes and genomes, KEGG)
B E RN EHUAZ LN S PIBK/AKY/eNOS 8 RS 14T 70 TR HRIGIE . DAL B 5K -1 (angiotensin-1I, Ang-ID)
TSNS ER KA 2 4 (human umbilical vein endothelial cells, HUVECs) {5 Afi#, i#id CCK-8. gRT-PCR. Western
blotting. #5144 (reactive oxygen species, ROS). —% % (nitric oxide, NO) il <& LIS L0 UF KR BRI LIS 7. &
WP 2IE RS PIBK/Akt/eNOS Gl EX 15200, Z55R 4% 24 BE 24006 tH R BREIBE IR 228 AMVEPE L2 A 969 AN i Il AR
TR S, %O S S 2 TR R IR S 1 (serine/threonine kinase 1, AKT1). PI3K KAk 7 [ IR ELAILEE-4,5-—
TEER 3-JHHE L W3 o (phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha, PIK3CA). TfEEEILIEE-4,5- 1
12 3-Wl AL 3, B (phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit beta, PIK3CB) %:], KEGG &£ 5-#T &
/N PBK/AKt {5 5B B A RBIE R 20 FHEIESSL B8 3RS0 R 5 PIBK/AKt Ml B FE U485 & 56 A )00 4 sk
iR IR, 25~100 mg/mL RREAFEVN IEH HUVECs TR, WIRIEM M SGE Ang- T2 40 HE 1R (P<
0.001); S 240 & 5K &K -11 1 52 4& (angiotensin-II type 1 receptor, AT1R ) JHE /I BRI — 4% F B2 ik R S AL EF 4 (NADPH
oxidase 4, NOX4) FiEK ROS A (P<0.000), FHBEMMEALEE 1 (superoxide dismutase 1, SOD1). I EH LA
(catalase, CAT). &M H KT EALPIEF 1 (glutathione peroxidase 1, GPX1) ZEHEALEF/KF (P<<0.05. 0.01. 0.001), i
A4/ -6 (interleukin-6, IL-6) IL-1B+ IR ¥RFE A F-a (tumor necrosis factor-o,, TNF-0.)« 40 [E]Z4 B 43T 1 C(intercellular
adhesion molecule 1, ICAMI1). M 4HfZLF %>+ 1 (vascular cell adhesion molecule 1, VCAM1) &% PEHF3#RiA (P<<0.01.
0.001), I NO ZE 3| A &-1 (endothelin-1, ET-1) & (P<<0.01. 0.001), LI p-PI3K. p-Akt. p-eNOS EHAE
1L (P<<0.001); 4T PI3K 55 LM 7] Wortmannin J&, 7 235 M 55 K BRES RO PISK/Akt 38 BK AOW0R RN, IR H A
TRYE KT PIBK/AKt/eNOS {5 58 4518 RIREG R REE 1L L0 2R ) P R S50 L » 22 #E m P [F)33G PI3K/Akt
B, MEERALRIEE RERR, A NO 5 ET-1 (R-F47, MR & MRS S I A B Thdg .
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Abstract: Objective To explore the potential active components, targets and molecular mechanism of Tianma Gouteng Yin (K Jfk
X)) in improving vascular endothelial function in hypertension based on network pharmacology, molecular docking and
experimental verification, and to clarify whether it exerts effects via phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(Akt)/endothelial nitric oxide synthase (eNOS) signaling pathway. Methods Active components and targets of Tianma Gouteng
Yin were screened through HERB and SwissTargetPrediction databases. Hypertension-related targets were obtained from OMIM and
GeneCards databases. A protein-protein interaction (PPI) network was constructed, and Kyoto encyclopedia of genes and genomes
(KEGG) pathway enrichment analysis was performed. Molecular docking was used to verify the binding affinity between core
components and key targets in PI3K/Akt/eNOS pathway. Human umbilical vein endothelial cells (HUVECS) injured by angiotensin
IT (Ang-IT) were used as the cell model. CCK-8, gRT-PCR, Western blotting, reactive oxygen species (ROS) and nitric oxide (NO)
assays were applied to evaluate the effects of Tianma Gouteng Yin on cell viability, oxidative stress, inflammatory response and
PI3K/Akt/eNOS pathway. Results Network pharmacology identified 228 active components and 969 overlapping
hypertension-related targets of Tianma Gouteng Yin. Core targets included serine/threonine kinase 1 (AKT1) and PI3K family
members [phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA), phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit beta (PIK3CB), etc.]. KEGG enrichment indicated that PI3K/Akt pathway was the key pathway. Molecular
docking confirmed that core components such as kaempferol and apigenin showed strong binding affinity to PI3K/Akt pathway
targets. The results of cell experiment showed that 25—100 mg/mL Tianma Gouteng Yin had no cytotoxicity in normal HUVECs,
and dose-dependently attenuated Ang-II-induced reduction in cell viability (P < 0.001), significantly inhibited the expressions of
angiotensin-II type 1 receptor (AT1R) and NADPH oxidase 4 (NOX4), as well as ROS production (P < 0.001), upregulated the levels
of antioxidant enzymes including superoxide dismutase 1 (SOD1), catalase (CAT) and glutathione peroxidase 1 (GPX1) (P < 0.05,
0.01, 0.001), reduced the expressions of inflammatory factors including interleukin-6 (IL-6), IL-1p, tumor necrosis factor-a (TNF-a),
intercellular adhesion molecule 1 (ICAM1) and vascular cell adhesion molecule 1 (VCAM1) (P < 0.01, 0.001), increased NO
production and suppressed endothelin-1 (ET-1) expression (P < 0.01, 0.001), upregulated the protein expressions of p-PI3K, p-Akt
and p-eNOS (P < 0.001). After administering the PI3K specific inhibitor Wortmannin, the activation effect of Tianma Gouteng Yin
on PI3K/Akt pathway was significantly weakened, indicating that its endothelial protective effect depends on PI3K/Akt/eNOS
signaling pathway. Conclusion Tianma Gouteng Yin may activate PI3K/Akt pathway through multi-target synergistic effects of
core components such as kaempferol and apigenin, improve oxidative stress and inflammatory response, regulate the balance of NO
and ET-1, and protect endothelial function in hypertension.

Key words: Tianma Gouteng Yin; hypertension; vascular endothelial function; oxidative stress; inflammation; PI3K/Akt/eNOS

signaling pathway; network pharmacology; kaempferol; 2-apigenin.
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JAER, BRI ALEE 3-1 (phosphatidylinositol
3-kinase, PI3K) /& ¥l B (protein kinase B, Akt)
15 TR AL O ML BIR IR T 7 T 518 R 1%
JEP10, PI3BK/Akt {5 5 Bl 85 B R - 5K
% A4 (renin-angiotensin system, RAS). AZJEAHLE
AU 2 2% BiE S, ISIME ER . 97K
B O LR B S i BELIE R, 7 v I 1) R AR R e
SRS B TR FEAZ O TR 12, TR B,
RIRERCTREEIE Akt. PIBK R AR IL,
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T NN N B — AL A S B8 (endothelial
nitric oxide synthase, eNOS) 7=/ —% L% (nitric
oxide, NO), HFMIBFARILE /7, 2hoat iy i 4 A i
PAAHU14, PRI, AR TS I 2% 235 o
ST, TR R BRI A R I I A T R
Pt AEAL 2 B AP E AL, IR FH 40 i Sz
ATHAIE, MR R R 75 I8 PIBK/AKt {5538
P DS fe L L P R 44 o

1 7
1.1 ZAim

N BF &8 Bk 9 B2 41 fg ( human umbilical vein
endothelial cells, HUVECs, %7°5 CP-H082) Ji H i
PSR R AR A F] .

1.2 ##f

FIREIBER R IR 9 g B9 12 g ATV 18 .
BT 9g. B%E 9g. NI 12, Al 9g. wifFE
9g. FHEIe. HEHE g, AFH 9 g k. KIK
(5 202509060 F1 k] (b5 20250406). HE T
(5 202505150 &% (5 20250908) 1141
(1t'5 20250916) FhAf (5 20250813). &4
(1645 202506290 ARARM (b5 20250923) W [ i
L TE R GRAARAA, Wk (S
20250515) #iBFE (Jit5 20250228). Sk it
T 20241110 WEBMER PR HIRAF], LA
RO S5 BT AR v R e A e SR A 2 D A
5, RIKAZEHEYI KR Gastrodia elata BLIFI TG
P2, BN ¥ S ARME Y % Uncaria rhynchophylla
(Miq.) Miq. ex Havil. () TR EI 2R, A P8
Blah¥nds bt Haliotis diversicolor Reeve I D15,
Ve F AN ERHEYINE T Gardenia jasminoides Ellis
MR AR, BENERHEY ES
Scutellaria baicalensis Georgi [ T-/FA4, JII24FBE N
BHEAPI N 488 Cyathula officinalis Kuan FTFJ5A4R,
AP AP EAEDI AT Eucommia ulmoides Oliv.H]
TR B, w BN R RHEY) i BE 5 Leonurus
Japonicus Houtt. T EF BTt 355, RTAEN
R ERHEY)Z 24 Taxillus chinensis (DC.) Danser
a2, BN EDNES
Polygonum multiflorum Thunb. /)T HEZE, TRF N
Z fLH R EE IR Poria cocos (Schw.) Wolf 1%+
A AR 7
1.3 #m5RH

XS L ER. Fxxr (520N

KB372599. M29GB150104, Jii &4 $7=>98%) 4 H
FwIE AR AERAR; M EKE-I
(angiotensin-II, Ang-II, fit'5 519994). PI3K 45
PEH 75 Wortmannin (Wort, 165 10197). p-eNOS
ik (5 414653) 14 H 3 [E MedChemExpress 2
T); p-PBK ik (Ht5 AP0427) M H R EZIH 2
TR IR A T PI3K ik (LS db13949).
Akt $ifE (L5 dbl1977). p-Akt Hifk (5
db13991). eNOS Hifk (L5 db15947) e E AT ik
EWERE R A H -3 0 R AR
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
Ptk (5 10029187). HRP Fric il 2EPif 1gG
Prik (5 20001765) W F B =8 A=Y H ARG R
AF; GYPIHREE (EH 251 H20054408, 80 mg/
ki, 5 202506260 W E M P 245 25 H BR A 75
i #0771 £-8 Ccell counting kit-8, CCK-8, it
5 CA1210), 1144 (reactive oxygen species, ROS)
KR & GitS CA1410) W E bR ERRHY
HIRAF]; NO i & (DAF-FM DA %GR
B, 5 A280250409) W H FilgEE = RAEMEARE
WA SIYdA TAYR KA Gilkg oG
(B2'5 75-05-8). HiLHHEE (15 67-56-1) WH
% TEDIA A#]; HAREFI 0.
1.4 {3

Motic BA410 Y AEW) B s (JE 1] 3 o B Si
WA FRAFD); MB24R & WA E 0Nl GRIIT
TR AR A R A A R A F]D; VE-180 AU B
TKFE (BUN =& R RHEA R AF]D; TS-100 B4
RRIK QT HAR DR HE AR AR D
AR2140 M H 1R (CHEFF ) -FER 2 G R 2
F]); KQ-250DB AU A% i il ey CRILET &8
AL E IR AF]D; Synergy H4 BUEEARAL (SEE A NG
IXEREPRATD; Eva3100 G A% R B (A
(BEGEDRHA R AT
2 ik
2.1 RFRSERRUORTHH0H &

FH T LLAREUS 29M 0 F 0 10 5 EKIR
30 min. A HRIAZERT 30 min, AIAILARZHS, —HIT 40
min, —HI30min, €, HIF 2 KIER, AT
48 h &M, HRTHHERN (19.67£1.77) %.
2.2 HPLC &M XKEIEERFR TP LR F A
221 @i%&M R Agilent XDB-Cis i #
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(250 mm X 4.6 mm, 5 um), FEIHHNZHE-0.1%0H%
FRAKII (55 1 45); MAFRAE 1.0 mL/min; AR
25 °C; FEFEE 10 pL; A3 K 360 nm.

222 KA BOR BRI TR T8
(Gt 4 55 291 g, WERE, BREHEIRS,
FEEIN 70%H B2 20 mL, FREfE, #HE (Th%
400 W. #ii# 40 kHz) #2H 40 min, BE=E, H
70% FREAN IR T A, %, fRA), JERd, AP
P T

223 RGN BB NH S KRB0 25
FIHESE 0T IR, 70% B e, f1) e o 23k 2 4 3l
N 88+ 148 pg/mL TR A5 HE S A

224 RGUEMNPEFEE HUR A0 BRI ORIt
AR, % “2.2.17 TUR 2 AFEREREIN, 25 51 0L
BT, AR AR L 2SR TSR R S TR A R
T VRS ) — B8, 40 B R R, AR AR R

L

2
A ||
I
||‘ ‘\
AN
|
B |‘
| "I
V Pl ! l\ .‘" 1 2
), A ALY A X
5 0 15 20 25 30 35 40
t/min

LIl 230y 2-/7 3R,
1-kaempferol; 2-apigenin.
E1 RExMRE A) R#tiX&ER (B) 8 HPLC &
Fig.1 HPLC chromatograms of mixed reference (A) and
test solution (B)

225 LMERRFEL 4Rk EBUR A R HE &
W 0.80+ 0.60 0.50. 0.40. 0.30. 0.20. 0.10, 0.05
mL % 1 mL &=HEF, N 70%FEE w2 L. Bl
WL % 2217 TURSAFERERIN,  DAZERE )
IR ALER (XD, Eik g AAbbR (1),
oxlbrAE LR, THERYERNETRE, SR
220y Y=172.66 X—188.12, r=0.999 8, £LMEJu N
4.4~88.0 pg/mL; ST Y=78.64 X—9791, r=
0.999 8, ZkMEVEM N 7.4~148.0 pg/mL. &5 FEK
IR LR R R

2.2.6 FEEERLE  BURASSHRSAER, %2217

TUR SFAFERER I, B 6 . GEREIRILER
Moy Fi1 22 U THI AR ) RSD 43514 0.10%F1 0.21%,
RUNIZTT NG L RAT

227 EEMREE M “2.227 BN JTE AT
% 6 M IERAIATG, 1% “2.2.17 TN S AR HERER o
ESE STUNITES U RIS ) wis- Gl NS 0 il
2.21%1 2.91%, KUZIEERIERL.

2.2.8 FREMEAL M 92227 BUN 7kl & gt
B, 12 h WERE 1 h JEFE 13K, 4% “2.2.17
TR SR ARSI o 25 SR S L 25 P A SR BRI T AR )
RSD 4314 0.33%F1 0.34%, FHIZE 12h AL,
W AA RIFEaE .

2.2.9 INEEEEREL FEERE 0.5 g KRFREIRE
WHTHr 6 41, 5N 100%E P A, 12
“22.27 WUR JPiEM &S, 42 “2.2.17 BUR
SAFRERERTIN . 25 SRR Ll 2R A S 2 (N [E]
W2 o N 102.58% ~ 104.57% « 96.37% ~
103.74%, RSD 43324 0.67%F1 2.56%, & #1572
HERA B RLAT

2210 FENE B3 RORBRABRUGE TR, 1%
& 2227 WURJrikml & Al il % “2.2.17
TR SR AT R R I o

2.3 MEAIEZ SN

231 JRBREE TREXR) I A 8 2 97 a2k DA S B R T
K H HERB %z % (http://herb.ac.cn/v2/) WEE KK
PRS2y, 2R PE#E S 7 SymMap.
TCMID. TCMSP Fil TCM-ID % £ /4> 25545 %
Ree M AP Rl aE R . @it
SwissADME Tl *F- & Chttps://swissadme.ch/) X flf
TS PE R BEAT RS 73 A1 AR HEE Cabsorption,
distribution, mentabolism, excretion, ADME) Tiijlll,
AR B I 28 24 T I PR s o AR S i 1 73
{5 Ff| SwissTargetPrediction Chttps://swisstargetpredic-
tion.ch/, Probability >0 i { i it /- AT 4 s TR,
RV 43 2 K R 24 B TR R - 48 RUfE B E . fEH
Cytoscape 3.10.3 B 33EAT 1570 - 4 £ 28 B T Ak
HARYE FEE IR HEB AT 10 I &1 o kit
wE.

2.3.2 ey LA AH OQ B RS 00 B AT A B A 3R R
W R 5 v IR AE G A £, LA “hypertension” JH9%
1A 46 2% OMIM Chttps://omim.org/) PA & GeneCards
(http://www.genecards.org) 4 2. A FTA 1T
R S IF L, 33 m I EAH SRR AUE B E.
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29V 5 R AR OCHE fUUR B, RIS R R IR TRTE
I7 e I PR R

233 HEHAF-EHEABRMHLIEN (protein-protein
interaction, PPD) W28 f 2 o0 HBL R e e e 4k
#E S5\ STRING %48 )% (https://cn.string-db.org)
o R E NS, TR RARER I TAE
Y ENREAEE (>09), HAWSEIREFER
W o MR AERRE AL B L TSV 1805
th, JF S Cytoscape HAF#EAT P45 1 B AT AT AIAL o
AT IR BB 5T, A Cytoscape HHY
CytoNCA i1t — 2 73 B 28 15 i (R R AIE , B
MOERE R OPE. Aot REE RO PE 3 A
BRR . HET X IR AR SR A VAL, R4S R
10 OB IR A Ja 8270 AT I fige e B

2.3.4 FERAMK (geneontology, GO) LhRE K Hi#l
FER R KA H R4 T (Kyoto encyclopedia of
genes and genomes, KEGG) 1M &M N T 1H
B2 A hRe, fEH R EFHMW
“clusterProfiler” f1“ ggplot2 ” fL %} A2 FEFE K 14T GO
M KEGG EHEMHT, LA Pagi<<0.05 1E NI briE,
S5 505 S DIARIR B A= B T # 4k

235 MR -RE AT S BB 7 I 2 A A
¥ KEGG g & E o b HE T 10 Scleg, &
JEAH SRHE R LA AN B 35 1 735 A\ Cytoscape X
1, R % “ 25H)- R - B R -1 T R -5 2%
23.6 S FPERIGAE ISR R I 1 RS S R
MEAMMEEIER, MR 10 AT S kR
BT > X B AT . JES PubChem % 2
(https://pubchem.ncbi.nlm.nih.gov/) FKELHEA AT 10
AP =Y K, ALAEHI B 2R (CID: 5280343 ).
I ZE/) (CID: 5280863). F3& (CID: 5280443).
/NEERS (CID: 2353). B4 —HTE T i (CID: 3026).
Aok —HER T HE (CID: 171810). #% % (CID:
5281605). % (CID: 5281607)+ & /INgEH (CID:
160876). Z5Ht, (CID: 72323), #f8H =4k4h
FJKJET Protein Data Bank A AlphaFold3, .$%
PIK3R1 (PDB: 1IPBW). PIK3CA (PDB: 8EXL).
PIK3CD (PDB: 7JIS). PRKACA (PDB:4WBS8) K&
PIK3CB (H AlphaFold3 #3545 ). K AutoDock
Vina AT 7004, 8w E MRS HER 2 45 &
X3, Ayl b T g A AL s R R AT, SRR
1) XA HE 78 5 o 1 AR X b A T B 42, DUIRIETE
TEIE P, R 85078 o KRR R 7R 50 Kb K

H Vina EBRASEL, RAESS A B HRex o Hs LT
Herp, IR - I S AT 58254 . FIF PyMOL
oSttt AT AT AR B A EAE FH 30T
24 ZHAASCIGINIE
2.4.1 ZHMuREIE HUVECs 40 & 10%06 4 i
1% 57 2 -8 2P DMEM = ki IR 2k,
T 37 C. 5% CO, WHEREE FRFE 577, BT
HoAE K4 AT 5 22505 .
2.4.2 CCK-8 yA 40 By 71

(1) REREBEYO HUVECSs 48 B 71 R0 -
HUVECs 408 LA 5X10* ~/mL #5F 96 LA+,
£FL 100 uL, T 37 C. 5% COL B F# 1% 9% 24 he
I3 250 504 100 mg/mL R BRAR BT ) 1 57 e
AbFRAH faS-16], 5 v B AN 2 6 R R AN B A 2
ARG Z S Ad, SHEE 6 NEFL. 1EH 24h
J& » W E S FLNIUAE, BEFLIIN 100 pL 75 10% CCK-
8 WA FERERE IR, QEEEMFE 1 ho (i FHEEFRALE
450 nm AN E SALBOLEE (4D fH, R4
FHXTIE 77 6

MPARITIE T = (A = A 6)/(A sww—A 1)

(2) KRB BETRNT Ang-1175 5 1 HUVECs 41}
5 10 : HUVECs 40fg LA 5X 10* /N /mL B+
96 FLHRH, 4EAL 100 pL, F 37 ‘C. 5% CO, #5397
FErPEFE 24 h, BWEEXTIRAL. BRI, FivbiH (50
umol/L) U IR FREGAER (25, 50, 100 mg/mL)
4, BERIHMELL AT 1 umol/L Ang-1T1 HI¥#
Je U190, R 25 PN 55 R S 24100 P i i 55 7 v Ak
PRANM, XFRRAAINARE IR, R EA MY
AR AH, SHRE 6 MEIL. /EH 240 5,
BN CCK-8 W, M &FL A4 {8, T4
AR
2.4.3 qRT-PCRATMIAHOCIE R KL HUVECs 4i
PL 1 X100 AN /HLEMT 6 fLER, T 37 °C. 5% CO;
ReFRfarh s 9% 24 he 2 “2.4.2 (207 TR AT /A
Mk, fRHEE 3 NMES. fEH 24h 5, Y
JL, {5 RNA $EEURFPE IS RNA, IR
FARF SO H 0 5 cDNA. K cDNA fRAR . 4
FVYES| Y. SYBR Green Master Mix Z5VR &, 1F 2B
PCR %% [ it4T qRT-PCR. HE ALY B ALEE 1
( superoxide dismutase 1, SODI). T % b &
(catalase, CAT)~ 7 e H kit ALY 1 (glutathione
peroxidase 1, GPXI1). MERKKE-II 1 B2k
(angiotensin-II type 1 receptor, ATIR). JHEENE J7rE
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W TR IR IR A ALEE 4 (NADPH oxidase 4,
NOX4). MiElEIZ M+ 1 Cintercellular adhesion
molecule 1, ICAMI) M HuZS 4+ 1 (vascular

(interleukin-1pB, IL-18) IL-6 & YR FE A F--a( tumor
necrosis factor-o,, TNF-a)« W% 2-1 (endothelin-1,
ET-1). GAPDH 5IWIFHI W3 1. KA 2724 i1t

cell adhesion molecule 1, VCAMI). HA4HEN%-1P HAHMEKF P RIEE,
®1 5455
Table 1 Primer sequences
H L3 A (5-3) SIS (53)
SOD1 GGTGGGCCAAAGGATGAAGAG CCACAAGCCAAACGACTTCC
CAT TGGAGCTGGTAACCCAGTAGG CCTTTGCCTTGGAGTATTTGGTA
GPXI CAGTCGGTGTATGCCTTCTCG GAGGGACGCCACATTCTCG
ATIR GGCTATTGTTCACCCAATGAAGT TGGGACTCATAATGGAAAGCAC
NOX4 TGTGCCGAACACTCTTGGC ACATGCACGCCTGAGAAAATA
1ICAM1 GTATGAACTGAGCAATGTGCAAG GTTCCACCCGTTCTGGAGTC
VCAMI TTTGACAGGCTGGAGATAGACT TCAATGTGTAATTTAGCTCGGCA
IL-15 AGCTACGAATCTCCGACCAC CGTTATCCCATGTGTCGAAGAA
IL-6 ACTCACCTCTTCAGAACGAATTG CCATCTTTGGAAGGTTCAGGTTG
TNF-a CCTCTCTCTAATCAGCCCTCTG GAGGACCTGGGAGTAGATGAG
ET-1 AAGGCAACAGACCGTGAAAAT CGACCTGGTTTGTCTTAGGTG
GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

244 ZHMIA ROS /KFRIMIE HUVECs 4f LA
IX10SA/ALER T 12 fLikF, T37 C. 5% CO;
RiFRFER S IR 24 he 2 “2.4.2 (207 T RT3 40
FgbsE, FHEE 3 MESL. fEH 240 5, WA
i, B & UL TP IR, TER B DO R
B P MEIEIE

2.4.5 4N NO Kl e HUVECSs 4f g LA
1 X109 N/FLEEFRRT 6 FLARH, T 37 C. 5% CO. 35
FAEHREFE 240, ¥ “2.4.2 (2)7 TR T4 AL
o, HHRE3IANEL. (EFH 24 h )5, ELNT,

Fi DAF-FM DA B4 TAER (112000 =240,
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24ho $% “2.4.2 (207 DU R AT /- AL, 4%
B 3AES. fEH 24 h J5, UEME, INEE
RIPA R, VK EFE 30 min, 208 L, KA
BCA EIIE B K. EAMEMS T R mR
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(1:1000). p-eNOS (1 :1000).eNOS (1 :3000).
GAPDH (1 :10000) #ifk, 4 CiFFEIEA: TBST
Vel 3 Wk, AR Smin, JIANPL, =EFE 2hs
TBST ¥EME 3 ¥k, HEK 5 min, SO ECL fb2K 6
W5, KM Modena B BARSCR I A %71, I
F Tmage J 54 50 Mr 4% 7 2K BEAE
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Ang-TURIBG » #5405 25 40N 2 A0 N2 24590 i i
FERACER AN, X HRALAUINANRE 7% . EH 240 5,
WA, 1% “2.4.6”7 TR N iER A G R F 3R .
2.4.8 Giit=4r#r  FIH GraphPad Prism 10 5 fF
STEAR TG0 br, SRUX Es KRR, TTEST
MR FH SRR 7 ZE 08T, T ZEA SR R A Welch’s
¢ RS
3 #R
31 RMHEBIRFTHPRLUERBMANAREZNEE
ME

SEMESRER, 3 HERRE G T8
L 2By A TS 2R B 7 Eor o (90.40+2.00)
(119.53+3.48) pgl/g.
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2 RIS SMERRZEE S Venn
Fig. 2 Venn diagram of overlapping targets between

Tianma Gouteng Yin and hypertension
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322 ZOEERL PPI MZEME K ACEERE SN
STRING #(#EH, HF A Cytoscape #4347
&R AL, AR WK 3. dik I HEA T 10
KRR N2 R FEE A 1 (mitogen-
activated protein kinase 1, MAPKI). MAPK3. #4K
TUEE T 90aA FKE 1 BUE L (heat shock protein 90
alpha family class A member 1, HSP90AAI). SRC Ji
Jei 3 [K] 9E 52 AR % 2 IR 3 ¥ (SRC proto-oncogene,
non-receptor tyrosine kinase, SRC). 2% R/77 & IR
B P 1 (serine/threonine kinase 1, AKTI)+ Bl
PoEJULEE 33l I8 5 2% 1 (phosphoinositide-3-kinase
regulatory subunit 1, PIK3RI1). HfEmENLIEE-4,5-—
IR 3-W L W3 o (phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit alpha ,
PIK3CA). BEARMENIEE-4,5- —BEER 3-J A AH 1 0 5
B ( phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit beta, PIK3CB). Rt ILEE-4,5-—
MR 3-U L2 & (phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit delta ,
PIK3CD). HHWM A EALIEE o (protein kinase
A catalytic subunit alpha, PRKACA).

FRAREAN, BRREARZERHEAEHRR.

Nodes represent proteins, and edges indicate protein-protein interactions.

3 ETF CytoNCA B PPI F4E[E RAZIDMILE 547
Fig. 3 PPI network diagram with CytoNCA core network analysis
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B H I (mitogen-activated protein kinase, MAPK)
5 5 B I OF R TR A BT E R AL A AR
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ik X AN P R SR E A S5« KEGG 43t 4h
R} (H4-B) B, W PEAT, w5 &MES

TP I M ECAR-SZ AR EAE R L 55 5
. MAPK {5538 H . PI3K/Akt 15 58 M AN B2
JREF(E T IE R .

3.2.4  “CHW-RST-HE T B ER-OR T SR K
KEGG % & 50 4 e R Ui 2 T 10
SRR R PR FRR R R B R DB R DA KNS B 13
PR #E S N Cytoscape 3K F, 9 “Z59-1%
g3 -0 R ER - 2% I (5.
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Fig. 4 GO function (A) and KEGG pathway (B) enrichment analysis
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Fig. 5 “Drug-ingredient-target-pathway-disease” network
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325 S FRHERAE WHEART 10 BIE TR
PI3K/Akt {5 538 % H 8 55 28 134T 0 5250

ZERWE 6 Fm. SZARFIEC A 2 18] 1) 45 & e fE
—9.4~—4.8 kcal/mol (1 kcal/mol=4.182 kJ/mol), i&
WIS AR/ T—5 keal/mol BRI AT E LGS & -

Horpii R 2= L =M A 38 22 5 PI3K/Akt {5 518
HEAME SR SRR eSS S, UHES PIK3CA
SiA AR . RIUTIXEE R 4) 5 TR IE B 1 52 R HE
MGG MEFRE, BRI EICORIED
e I AR R B 1 1 4

33 ZHARSCIGZER

330  RERH BT HUVECs 40 M 3% 77 5520
WK 7-A FiR, 25~100 mg/mL K BRAS KT T
HUVECs 4l 24 h, ¥ 4HAEE /o520 . anfA
7-B s, 45T 1 umol/L Ang-II T-7i 24 h )5,

HUVECs 4 /a3 7791 5 F#AI% (P<<0.001); 5

A 150+

1004 pr—=— ——y =

AMHLE 71/%

w
(=]
L

W 2550 100
FREFHE (mg-mL )

SRHE LR ##P<<0.001; SR LA

‘P<0.05 "P<0.01
#p < 0.001 vs control group; “P<0.05 “P<0.01

4548/ (keal-mol )

INEET 4
SBIK T HR T e
AR IR T e
SE7ES

F/ e

2R 1

PIK3R1+
PIK3CAH
PIK3CB+
PIK3CDH

AKT11

1 kcal'mol™! =4.182 kJ-mol ™.

6 DTFIHREARERE
Fig. 6 Heatmap of molecular docking binding energy

150 =

100 =

2 LIS 11/%

50 =

WPHE AR BiybiH 25 50 100
RAREEEDY/ (mg-mL™)

**P<0.001, 8~12 [d.
**P <0.001 vs model group, same as Figs. 8—12.

E7 XXX HUVECs 285 (A) 1 Ang-1IiESH) HUVECs 48 (B) SENHIFNE (X+s,n=6)
Fig. 7 Effect of Tianma Gouteng Yin on viability of HUVECs cells (A) and Ang-II-induced HUVECs cells (B) (X £ s, n =6)

PR, &eh 2 A s 71 R E R (P<0.001), H
IR N R KRR Ang-11 55 1941
Hads o BAA SeEEH

332 RIREIFEIRFE(E HUVECs 4k ATIR.
NOX4 Fik i/ ROS HIF=4E K 8 Fis, 5
SR L, KERIZH ATIR 1 NOX4 [f] mRNA %
kKPR T (P<<0.001), ROS A= 230
(P<<0.001); SHIRIALLEE, KA HH ATIR
NOX4 1) mRNA FiE/K-FEEFL (P<0.001),
ROS A= BB B8/ (P<<0.001). 221 K BREBETX BE
B FNH Ang-11 %5 59 HUVECs 4Hfi+ ATIR fid
JEE 0 DA AR A SR N o

3.3.3  REREIAEYETE HUVECs 40 i b
WL w9 B, SXTRRAE, BAAH
CAT. SODI F1 GPXI ) mRNA ik /K- 5.3 1K
(P<<0.001); SBIRIAH LLEE, 2510040 20 R0 R RN i
e, EFIERLL CAT. SODI M GPXI () mRNA #
AR ZE TS (P<0.05. 0.01. 0.001). &
RIREIRE XA 58 Ang-T1 #5519 HUVECs i1
BT RE ) -

334 RIKHERME HUVECs 400 % 345
WK 10 Fis, SxPiRdlteie, A I0-6. IL-15-

TNF-on ICAMI1 F1 VCAMI ] mRNA FIE /KT 8%
T (P<0.001); SHERIA LA, H4A25H IL-6.
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8 KFREIFEIRX Ang-IEE S HUVECs 4R ATIR. NOX4 mRNA Ri& (A. B) AR ROS =4 (X40,C. D) BIS0
(Xts,n=3)
Fig. 8 Effect of Tianma Gouteng Yin on ATIR, NOX4 mRNA expressions (A, B) and ROS production (x 40, C, D) in Ang-11-
induced HUVECs cells (X £ s, n=23)

2= 2 -

1=

CAT mRNA %t #ik &
SODI mRNA X} ik &
n

Mo AR A3 25 50 100

RIREBE R/ (mg-mL™")

9  RFREFEIRXT Ang-IEE S HUVECs 4REfl CAT. SODI 1 GPXI mRNA ik

FHHE R 45 b4H 25 50 100
KIREIER/ (mg-mL™)

GPX1 mRNA A%+ & iA &

SHIE AR 4 iE 25 50 100
FIREBER (mg-mL™)

Y0 (X+s,n=3)

Fig. 9 Effect of Tianma Gouteng Yin on CA7, SODI and GPX1 mRNA expressions in Ang-II-induced HUVEC: cells
(Xts,n=3)

IL-18+ TNF-a~ ICAM1 F1 VCAMI 1f] mRNA F&iL/K
SPEJREREL (P<0.01. 0.001). WK FREIBEX
RER% 3% Ang-11 55 19 HUVECS 20 59 & M43
3.3.5 RIKEIEIG I HUVECs 418 NO & &Jf
] ET-1 & W 11 Fior, S,
RIZH NO A B 2 BF K (P<<0.001), ET-1 mRNA
FKiILKFRET S (P<0.001); SHAILE, &

Y NO MAEREBE S (P<0.001), ET-I
mRNA KIE/KFEEFFK (P<0.01. 0.001) FH
RIRE BRI Ae 518 i HUVECs 49 NO & & f
O] ET-1 7K, 4ERrime &rakiass,

3.3.6 RERBEGETT PI3K/Akt (BB eNOS
WiEl 12 frs, 50t A EL L, A 20 p-PI3K/PI3K
p-Akt/Akt Fil p-eNOS/eNOS FIFIA K 3 P
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Fig. 10 Effect of Tianma Gouteng Yin on IL-6, IL-1f, TNF-a, ICAM1 and VCAMI mRNA expressions in Ang-I1I-induced
HUVECscells (X +s,n=3)
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Fig. 11 Effect of Tianma Gouteng Yin on NO production (A) and E7-1 mRNA expression (A) in Ang-I1I-induced HUVECs
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PRIOE eNOS BEfR ik, B et NO AR

N R R TR K G Ang-TT 3555 (1) Y B 4%
155 AR = S R PI3K/Akt 5 53888, FH PI3K
RS MEAIHITR) Wort HEAT SRl 38 0E . Wil 13 o,
Western blotting 25 27, SXTHRAA LU, B
p-PIBK/PI3K. p-Akt/Akt fil p-eNOS/eNOS ik

KT8 K (P<<0.01. 0.001); SHEEARIAELE,
R AL p-PI3K/PI3K. p-Akt/Akt Al p-eNOS/
eNOS [JRIEKFEETHE (P<0.05. 0.01), Wort
4 p-PI3K/PI3K. p-Akt/Akt fil p-eNOS/eNOS [#]F
KPR ZEREK (P<<0.05. 0.01); BEA Wort -7
Je, RBREIFEOR p-PI3K/PI3K. p-Akt/Akt Fll p-
eNOS/eNOS I ()b 1 250w 4 B 2 BHL T (P<<0.05+
0.01), IFSERIREEE R PI3K/Akt/eNOS 15 518 %
(RS VR FH LA B R e
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Fig. 12 Effect of Tianma Gouteng Yin on expressions of PI3K/Akt/eNOS signaling pathway related proteins in Ang-II-
induced HUVECs cells (X + s, n=3)
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13 RAR$EERIREE A PI3K HIFI57I%t Ang-ILESH) HUVECs 40Af PI3K/AKt/eNOS {55 @B HH X E B RIERFM
(Xts,n=3)
Fig. 13 Effect of Tianma Gouteng Yin combined with PI3K inhibitor on expressions of PI3K/Akt/eNOS signaling pathway
related proteins in Ang-II-induced HUVECs cells (X £ s, n=3)
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