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B VB LEE R T 0T, 8, BT GSE103940 i JRf B (R 3R A B 4R i vk 25 S B 1AL, W] B R 1Y SwissTarget-
Prediction 5 SuperPred ¥4 FE TN SOV AE AL, FFARIS 200 S5 B JLRFE LB 29 A~ X ac 4R ZL A 7R
HEAME (PPL) M4, FF25GNEMITIiEE 8 MZ.OIEHE. ITGB3 fEM L i1 S B # = . ROC sy
MR oR, ITGB3 ¥ AUC {4 0.959. F X4 iR, E9H 5 ITGB3 455 HEH 10. 3 keal/mol.  Hyiff—
ARV ITGB3 I RES S AW Fid fE, X H#EAT T GSEA E440HT. 45 REW, ITCB3 FE W kN 71558
B% . ECM-3Z (448 B4 FIIEE LA B NOD RESZ IR (5558 % 45 2 Fh 5 SO0 e S TR A DG I G . LAh, SR 4y
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FHOM, 7E3 500 m 14 300 m ML S AT 3K 25% F1 50% , FEAE R AT A8 ks DR i K B sl K e, o
FEREGE 19%~2%"" . HATENIME RN — T 254 £ 50 SR e At SRS, (R 3 Rk )y
25, WIRRAAER R RIR . BRI SRR . 2R R A R, HAF2Y)5E 5 HEUE
PRIZHR 5 M FERAA KAV T SEGR MRS . e SR AR, I Z IR SAE™ . W F ik .
JEAE N RN S S5 R PR A B R ANRETT 5, A 29 A TEml Btk 22 . BIVEFIII R . A TR AR
SRS R, HIGERST ARG T R IR S | ARG TR A T B

FYIZG1E AMS Piifih— B2 k1T, [HBUA RS AR SHER M. RGE N s, 450K,
B A rp 2t BT —E R R AMS SR, (EAERRR A A5 T S R A LG SE i 25 5% (RR =
0.88, 95%CI0.70 ~1.10, MEMBEMAL) ' KA L h/MEAR, ok A,
A BT 5 [ BRE R R 2 S 2 T L, H R AMS B4k BB T B R R B, R 2
FEIL SISO TAIAT A 8 25 1, T A B W RIBLR B RO A DR BT I 24 90 BA H 20 PR 0 X

480 (Butea monosperma (Lam. )) HJTHRAEF (5REIE), NENERIHRFEAZITR LY, KL
WP . NG RAEVEMN B S 2 R B, (PR . T b R4 U055 05 T HAT 25 AN (. B
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[E€WmB] s ERAMREER B Tt | AR hF AL (22-Y31); M)A 25 0 I S8R
2y (RG2Y) brvEdRTHRE (N5100012024000571).
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PREEEBRTE S R0, IWEGIEH 4 B (9% HI4F (Butrin) AT 3 P SIRT1 32355 Aurora B A 19 U
T, s BRI . R AEME SR o S U C G Al ) NF-«B il g . i TNF-o/1L-
6 ZEBEIOEAN T, BAF BRI T RS AL S T R R, TR TN Sy
Z: 5 7RG FRIMPR I, Tk AT RN SRR R 25 IWT ST S 1 BT i J7 [l ——Bij G AMS (IS TR 2).
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TN AT Be i T IS XN S ME S5 M4, dEmE T & AT T e o fly. T Bl R, A
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L1 —f s

ARFFEM NCBI GEO A5 ZE  (https://www. ncbi. nlm. nih. gov/) FREUE A I K Tk 8dE. A
“altitude disease” NG ICHETR, TE GEO £(¥gZE (http://www. ncbi. nlm. nih. gov/geo) i ¥ Fh > Homo
sapiens I ARFEAS, B9 9054 GSE103940 iy eyid sl P 4idin 4, P& %5y GPLINISA. ZBdE A
B 1 B IR 11 BISEsGAReAS, o T m SRR A T IR RB 2 5 i 5 e S W5 B ge.
1.2 Fi&%

FeXP R TP A RO AT RO R AR (3 (HPLC) JUZE, DAWIGRRE S P sebr & i, M4
e Sy 2H RS P O 2 1 S A DG B L, 6T TTGB3 A% O s B R AT 400, 01 X540 i 52 B0 i 5 4 A
Z I HIEE GO0 AT o @R I E AT 0o 20 M, WRERE )5 ZE 52 5 S Br 24 B4 o3 PR X B oK
£, TR RS W) A S g ) 45 2550 i R i 2
L2.1 RNFHRBLE

400 g 54046, M4 LpH 6.5 () 50% LKW, MR 2 ¥, B30 min, SIFERIBGR, #4ix
TCRERR. RO 2 FEKFRRE, AR 2 L D101 KAURIAR, 354K . 20% L. 50% ZFEdk:
i, 2 HPLC B, W4k 20% PEMGHRAL, el RICHEIR: LA 15% HEE (0. 1% BSmR) Helisn, 23 Lk
MCI GEI 1 C18 IR THEE T, 24 HPLC Iiill, 75 1. 10 g b/ 1 KL, ZEE5 51T 106 mg L) 1.
ABEFANSE L B AR SR (>98 %) DA RMIIIE K : O KXt 5 PubChem 25—, H.
5SS FIR A ELSERCR ;s @ N M — R RIEWIEE, RS O el R G S i
1.2.2 @35 KRt & & 7 %

K HPLC BRMERE S S I (A) 0. 1% BERRK W (B) , BEEEUEML A& 0 ~20 min,
10% A—50% A5 20 ~25 min, 50% A; 25 ~28 min, 50% A—10% A. K4 280 nm, HEFEE 10 pl, #
130 C, W 1.0 mL/min, fj%H: 4 Symmetry C18 (4.6 mm X250 mm, 5 pwm). X} HRSHIAETR . BCEH)
HXFIR AL, i 50% HI R AL 0. 5 me/mL 3. Ml W R S aAE A i a5 2 i, 0.5 g,
50% HIEE 25 mL, A ALEE 30 min, WAIEEE, BB AL . A HPLC & B TR I Z
e Pk S SR WA B 2% 0 i AR it R R 0 5 5 =20 mg/g,  DAGRIE R UM DE 45 2R 5 S e it — 3
1.2.3 A BERF LT BN

FIH] GSE103940 =l 5L R A HUR R (P& %5 GPLI1154) , j@id R # M “ Limma” 5 4k 2 5
HH ([log FC|>0.5, Adjust P<0.05), FfLh “ggplo2” 2 k1l E. % SwissTargetPrediction I Su-
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whOE, M. SR R S0 R 2SS ITGB3 B S BLE T BEE TS

perPred 4 FE TN (Butrin) FEEHLS, BOUREIS 5 R 22 RN T X, 3RAS 254 — Bl &8
B, 22 FIEH T A Uniprot BB R IEZFR, ik s SE3E M5 15 & STRING K48 H £ PP R 4.
it )i Al Fi] Cytoscape {4 & CytoHubba 4 4%t X 45 $EAT 43 M7, i i o HE & SE AT A A0 3 . SR AT R 3
“pROC™ P ROC fhk, JF1HE AUC A, LAFEM 0SB R FEAR B X 43 /7. AL PubChem
BRI T K Butrin 258930 1F, SR L5 IET RCSB PDB $di /4, Bt 13 CB-Dock2 - & 58 o FXf
M. SR GSEA J7 i X R0 PRI EA 73 5 5 554341, Immunecell AT S5 43 M7 G A MR I 0. %A%
LI 5 B AR 2 0] AR DG A T 41 Alr, DL P <0. 05 AR AT Giit22 3 AR

2 &% B

2.1 ZMERFo &% H A

LR IME 1 (a) FR. HEEW LR ILIRRE (NMR) 43 €. 'H-NMR ( DMSO-d,,
500 MHz) : 8, 8.79 (1H, vbrs, 4’ =OH), 7.72 (1H, d, J=8.8 Hz, H-5), 7.29 (1H, d, J=2.0 Hz, H-
2'),7.04 (1H, dd, J=8.2, 2.0 Hz, H6'), 6.85 (1H, d, J=8.2 Hz, H5'), 6.72 (1H, dd, J =8.8,
2.3 Hz, H6),6.67 (1H, d, J=2.3 Hz, H8),5.47 (1H, dd, J=12.9,2.8 Hz, H2),4.99 (1H, d, J =
7.4 Hz, H-1"), 4.73 (1H, d, J=7.4 Hz, H-1"), 3.64 ~3.74 (2H, m, H6"a, H-6"a), 3.42 ~3.49 (2H,
m, H-6"b, H6"b), 3.13 ~3.41 (8H, m, H-2", H2", H-3", H:3", H4", H4", H-5", H-5"), 3.19 (1H,
dd, J=16.9, 12.9 Hz, H3a), 2.69 (1H, dd, /=16.9, 2.8 Hz, H3B) .

PC-NMR (DMSO-d, , 125 MHz) : 8C 190.5 (s, C4), 163.5 (s, C-7), 162.8 (s, C9), 147.1 (s, C4'),
145.1 (s, C3'), 129.7 (s, C-1'), 127.9 (d, C-5), 121.7 (d, C-6'), 115.7 (d, C-5'), 115.4 (d, C2"),
115.3 (s, C-10), 110.9 (d, C6), 103.5 (d, C-8), 102.0 (d, C-1"), 99.7 (d, C-1"), 79.3 (d, C2), 77.2
(d, C-5" or C-5"), 77.0 (d, C-5" or C5"), 76.4 (d, C-3" or C3"), 76.0 (d, C-3" or C-3"), 73.3 (d, C2"),
73.1 (d, C2"), 69.9 (d, C4" or C4"), 69.5 (d, C4" or C4"), 60.7 (t, C-6" or C6"), 60.5 (t, C-6" or C-
6"),43.0 (1, C-3). HPGEHs 53cmk [13] RBSHRIEA 5, JILHE iz a Y EF (Butin).
HPLC il Z5 R UL 1 (b)), ik FRIgiin, WBRER, MLy, RWBRZem T4, Uil rsies
WL, A, EEFARE T 98% , IR G S5 X3 FAR IR rURIF S A ) A ok £ .
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0123456 78 910111213141516 17 18
Suehdott] i ) /min
(a) SEHELMIERE (b) R (I
e SIS, S2 OWSEHITE (SIET, 3-T-O-MLm AT ), S3 W EHIE.
B 1 ZEEERRE kA GEEE

2.2 RHHEMZRAEMGEFLSIER

I R AR GSE103940 Bl L 722 S o0 br, it ByBER 1027 4~ TR 1096 4~ (1A
2 (a)). £ SwissTargetPrediction Y5 SuperPred (4fs FETI , ARA% LU0 AV AE/E FHAE X 199 4~ 5 5
ZeFr AR AR (Hh2 123 4y) BosgdE s, 193029 W - g kR R (&2 (b)), JET PPT RZ8 04
Fim KER O (MCC) HE)F, ikt 8 %03 HSP90AAI . CASP3 . ITGB3 . SLC2AI . IT-
GAV . ABCG2 ., SERPINEI I LGALS3, H:# HSP90AAI . CASP3 FIITGB3 fidii—= (B2 (c¢)). ROC #hzk
TR, BEOIEFE I AUC RN . SLC2A1 0.992, ITGB3 0.959, ITGAV0.851, CASP30.860, AB-
CG2 0. 843, SERPINEI 0. 843, LGALS3 0.876, HSP90AA1 0.802 (&2 (d)). Hrf AUC >0.9 (3£ K

SLC2AL RN ITGB3, f/nH2Witit(Eiem. /P REN, RO 5 8 0L R 45 5 BE 2
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H-8.5, -88, -10.3, -7.6, -9.2, -8.4, -7.9, -9.2 kcal/mol (&2 (e)), Hr1 ITGB3 454
RERCHF (- 10.3 keal/mol) , RHIHATRE N SCHEM L AL E— 2P CSEA BT s, 1TCB3 LW
SO 5 il . AMEANE I - 2 AR B A % . NOD AEZ AR Sl i . R B A R I 132 AR
G AR S A N T - SRR A A (R 2 (f)). SR o A R R,
ITGB3 KPS SR S IEANSS, M5 H04G CD8 ™ T Aififd it tadfie (2 (g)), FrmHn] GELEH
T E AR M- M S AE S R i E A T

©® T (1096) R (11182) 3 (1 027) 25t ARKIEN LU AR OCIE R
21 [
18
15
I
= L
< 12 (b) FHREE
=
¥
@ 9 o & °
g LGALS3
6
3
0 . : . .
-4 -3 2 -1 0 1 2 3 4 5 6
Log, (2% #1540
(a) K1LITEl (c) MR AR A P oM E 7T 8 AZ o L P
1.0 10 4 - A Y \
0.8 0.8 ‘ \LV
0.6 0.6
X 0.4 4 T 0.4 7
—— SLC2Al, AUC=0.992 —— SERPINEI, AUC=0.843
0.2 —— ITGAV, AUC=0.851 0.2 1 —— LGALS3, AUC=0876
—— ABCG2, AUC=0.843 —— HSP90AAI, AUC=0.802 L
0.0 = CASP3, AUC=0.860 0.0 —— ITGB3, AUC=0.959 ~\—
00 02 04 06 08 10 00 02 04 06 08 10 /}w \
1R 14554
(d) FEH B 32 10E TAERHE 2 2 B4 (e) BHIH 5 HE HITGB3 /> T X f245 1
SLC2A1 EI * *
AN, ITGAV| *p<005
E- ABCG2 * * **p<0.01
& (o I kraomop itk L e NNy w2 0.001
18 O T KBGGIEIE K TR RIS 8 CASP3 p<0.
— KEGG 4 & 13l 5 Cor
g o [KEGOIEI F-AMGIA 7K i SERPINEI m o
I| NI 0.5
F LGALS3 00
LWl J” HSP90AAL [ P
O (1 1 QU RTU OO AT 1o
i% 5 ITGB3 *
i
. Q
- S OIS s Sy FEESSTES 5
£ : : : ; ; §F ST F " FE LSS S
T 2500 5000 7500 10000 12500 @ & §§ é"\ﬁ & ﬁ@’ﬁ
TEHIF B PO, R
() BERITGB3TE iy A AL 434 (g) PR A Sy A B AH G o3 BT

B2 ZEXMSMSREOHPIERNENEEFSTER
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BRSNS R R IV A S ITGB3 Bl S HLE A BEZh

3 4% g

AT GRS I A SR BT A AT 0T, S e S5 R BN AT 20 me/g. B SREITAE TR S R
I 25 AR A T A8 e, ITGB3 AE PP W8 th e C R AN 2. CAMIRINE, ITGB3 J& THRAE R
KA Z —, SR . S0 SO DA K S e 4 AT A% S5 i R A AE — e IR, R L m] g 2 51K
AR TRAIE I ik . 2 xRS R BoR, EHIE S ITGB3 Z | AA B4 &G, ZGHEN
-10.3 kcal/mol. GO J KEGG &4, ITGB3 FZ ¥ bR 75 ‘Tl i . ECM-3Z &A1 HAEH .
NOD 32 (445 530 1% LA S A0 M IR — 32 AR A B4R T 46 2 45 5 ARE I NI AE DG I B It SR BT vl gl i 2 38
PEAL 2 5 @ R A G R ROV R . AR R, ERBEREARMT, JUERAS BB A bR
WIS, P BE S AR Xl BaE Y . FEX i R, AR TR TR, AT — A U
P R A B . A WERGE, TEARESE R IL-6, MCP-1, MIP-2 Jz RANTES % 41 it Xl 7 3¢ ik B
BN B ERAEMSEER, TN LUK M L IhBERETS. 45 A AR DFIe s Bl Hilhr, LeHr
5 ITGB3 R4 22 18] i) fEAFAE — € LIk, RHIHF 5 ITGB3 Z M Z5 4 RE i, HEI L84 n] fE S X HIL A
RET W RIE LA Z . PR IE M ITGB3 5 R SR A0 22 IEAHOG, 5 #)4h CD8 ™ T 41 & £ AH
5. ULEH ITGB3 Rk /K VAR ] RE S Sy AN TN BER S A8 A 56, 76 m AR AA IR BE T, MR 2 h 3L e
SLYERAE N, FRT A BV LS, P S S P A R AL, RPN E AL, S E, RHHE
Al REE 2 ITGB3 AHICAE S B, % Ho 328 200 B 3% Ak B2 58 S ™ A8 — e R AE T, TR A& T
RAE—E AR & R R b il o6 KA ) I S 3R B AR TR - 2 (AR DG B, 10 W SR 0 ) 7 T
ATREAURIBR T RAE Y, HAE s BRI E AT e B ZaE . Z200R . HETH DG ZS 18 ok IR
TG B2 B0 0T, e Sb s Eit— 2D ik
4 &

ZE TR, SRE T REE A FE R A R ITGB3 K HA OG5 Sl i, T HUIK AN BT 19 RAE I g 2R
Mt AR, DT Sk g S I B . AN B9 S BNAEAE = s B 06 v BT e L R BRI TR Y 43 1
PUEIMRAE , o T & USRI A AR I R AR R 2 4 it TR 2%
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Prediction and Mechanism Analysis of Potential Targets ITGB3 of Burtin
against Acute High-Altitude Sickness

HAN Jun'?, DUAN Xiangyi’, YUAN Qianghua®
(1. Technical Center of Chase Sun-Tjkr Pharmaceutical Co. , Ltd. , Tianjin 301709, China;
2. Chinese Medicine Research Institute of Beijing Tcmages Pharmaceutical Co. , Lid. , Beijing 101301, China;
3. Department of Pharmacy, General Hospital of Xinjiang Military Command , Urumqi 830000, Xinjiang, China;
4. Depariment of Pharmacy, Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu 610075, Sichuan, China)

Abstract: This study investigated the potential effects of Butrin, an active component derived from Butea monosperma flowers, under
high-altitude hypoxic conditions by combining network pharmacology and molecular docking approaches. Differentially expressed genes
associated with acute mountain sickness were first screened based on the GSE103940 dataset. Potential targets of Butrin were then
predicted using the SwissTargetPrediction and SuperPred databases, and 29 common targets shared between the compound and the
disease were identified. A protein-protein interaction ( PPI) network was constructed using the intersecting genes, and eight core genes
were screened through topological analysis. Among them, ITGB3 showed a relatively high degree of connectivity within the network.
ROC curve analysis demonstrated that ITGB3 had an AUC value of 0. 959. Molecular docking results showed that the binding energy
between Butrin and ITGB3 was -10. 3 kcal/mol. To further explore the biological functions associated with ITGB3, GSEA enrichment
analysis was performed. The results indicated that ITGB3 was mainly enriched in pathways related to chemokine signaling, ECM-
receptor interaction, and NOD-like receptor signaling, which are closely associated with inflammation and immune regulation. In
addition, immune infiltration analysis revealed that ITGB3 expression was positively correlated with dendritic cells but negatively
correlated with naive CD8 " T cells initially, suggesting that ITGB3 may participate in the regulation of immune cell function under
hypoxic conditions. Taken together, the findings from network pharmacology, molecular docking, and immune infiltration analyses
suggest that Butrin may regulate ITGB3-related signaling pathways and thereby influence inflammatory responses and immune imbalance
under hypoxic conditions, potentially exerting a protective effect against acute mountain sickness.

Key words: Butrin; acute high-altitude sickness; bioinformatics; molecular docking; ITGB3; immune inflammation; hypoxic injury
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