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VEFIHE A, I8 0 25 W08 4T (DrugBank ) VA Y7 #0 GOECE 2 (TTD ) Ko - KL PR 19 28 85080 2 (DisGeNET ) 48 22 fif
TGRS, HBOCCHE, HTIEE & 42 /0T T H (FunRich) X4 [R18E 25 2047 A4 M) B 58 B I8 & 48 70 AT, R
JH Cytoscape SXPFFYEE KRB R “Hlisy - bR - @ H - PR M5, I DockThor 43 F 3t 4%F- 5 (DochThor) 5%
IR 2 RN L [0 8 0 2 T X . % 30 L SD K R FEHLECF R 1k 7 B T A4 BB 45 FL2FFLAR (CLP)
HORERA A 10 Ho RA CLP & Hil Mg ity (BT ARANTGFEA AT FL A AL B, K221 T
PR S d ELRLG T RIEHR (35 mg - ke - d7) VE B ALBE, a3 KRG |18 SRS AR AS (L ILER K AR &
ARAS 5 W IRARE - PHLL(HE) Yt il BT it / T B (W/D) OB IEAS It A5 18 00 5 SRS 90l o 6 s e
& - RAWHE RV (RT-qPCR) Kl K 4 SRR R 5k 1 D 2 B2 25 111§ 3 (caspase-3) mRNA FRiAAKF R H
J G E N RS (Western blotting ) A6 738 B AH 43 T 1H4LAY caspase-3 (cleaved caspase-3) 2 3R IA K-
R WEAHrER, A 98 MR R MSEVERITL, 156 MNHTRAEA S AT, 10 A FE TS 3 i T
B R A S AR Y AR BT R AR AL T 6 (Axfo) BN IENILES 3 Al (PI3K ). 255 BERL
(FAK) S5 5%, HRIEE Y caspase-3., BEIMEF VI (F7)., L5048 8 G -9 (MMP-9) 45 10 2L [R1#LE 3
FHREMEERES . sisesirh, SIF AR L, CLP 4K AT 3R IH W AIK( 50% (5/10) L 1009% (10/10) ),
IR R IATEE | I B8 D N B | DRGSR R I 5 A I SR OO | A A R S s B 4
R Ml WD LUAH . caspase-3 mRNA 33k | cleaved caspase-3 £ [ #5755 (il W/D [U1H : 6.33+£0.25
kb 4.97 £0.25, caspase-3 mRNA ik ( 27440 L 65.61 +14.55 F 1.00+ 0.02, cleaved caspase-3 FEHFA (cleaved
caspase-3/ P -actin) : 1.92+0.17 It 1.00+0.01, 3] P<0.01 ), 5 CLP 20 4%, K 5 2 4105 2 W B A5 (60%
(6/10) H 509%(5/10) ), lifi W/D Eb{H | caspase-3 mRNA 35 | cleaved caspase-3 £ [ 23534 IH 5 FEAIG (il W/D HOAH .
6.03£0.21 F 6.33£0.25, caspase-3 mRNA ik (2744%) 1 30.11 £8.57 I 65.61 £14.55, cleaved caspase-3 4K
#3K (cleaved caspase-3/B -actin) : 1.36 £0.06 [t 1.92+0.17,3 P<0.05]), i ZWFTM T M4 25 P24 355
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[Abstract] Objective To investigate the molecular mechanism of emodin in improving sepsis-induced
acute lung injury using network pharmacology and experimental validation. Methods The targets of emodin were
predicted using the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP),
SwissTargetPrediction, and Similarity Ensemble Approach (SEA) database. Sepsis-related targets were obtained from
DrugBank, Therapeutic Target Database (TTD), and Disease Gene Network (DisGeNET) database. The intersection of
emodin targets and sepsis targets was identified. Biological function and pathway enrichment analyses of the common
targets were performed using Functional Enrichment Analysis Tool (FunRich). The "component-target-pathway-disease"
network of emodin was constructed using Cytoscape software, and molecular docking of emodin with the common targets
was performed using the DockThor molecular docking platform. Thirty Sprague-Dawley (SD) rats were randomly divided
into a sham operation group, a cecal ligation and puncture (CLP) group, and an emodin group, with 10 rats in each group.
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The sepsis model was induced using CLP. The sham operation group was subjected to laparotomy without ligation or
puncture. The emodin group received emodin (35 mg- kg™ d™") by gavage for 5 consecutive days before modeling.
The overall status of rats was evaluated by survival rate, motor activity, and body temperature changes. Lung injury
was assessed by hematoxylin-eosin (HE) staining and lung wet/dry (W/D) weight ratio. The mRNA expression level of
caspase-3 was detected by real-time fluorescence quantitative reverse transcription-polymerase chain reaction (RT-
qPCR), and the protein expression level of cleaved caspase-3 was measured by Western blotting. Results Network
analysis showed that there were 98 emodin-related targets, 156 sepsis-related targets, and 10 common targets. These
common targets were involved in biological processes such as apoptosis, protein metabolism, and energy metabolism, and
were enriched in signaling pathways including adenosine diphosphate ribosylation factor 6 (Arf6), phosphatidylinositol
3-kinase (PI3K), and focal adhesion kinase (FAK). Molecular docking demonstrated that emodin had good binding
affinity with the 10 common targets, including caspase-3, coagulation factor VI (F7), and matrix metalloproteinase-9
(MMP-9). In animal experiments, compared with the sham operation group, the CLP group showed significantly decreased
survival rate [50% (5/10) vs. 100% (10/10)], with manifestations including persistent fever, chills, decreased activity,
reduced food intake, and decreased urine output. Pathological lung injury, including alveolar structure disruption and
inflammatory cell infiltration, was observed. The lung W/D ratio, caspase-3 mRNA expression, and cleaved caspase-3
protein expression were significantly increased [lung W/D ratio: 6.33 2 0.25 vs. 4.97 £0.25, caspase-3 mRNA expression
(27429 65.61 & 14.55 vs. 1.00+0.02, cleaved caspase-3 protein expression (cleaved caspase-3/ B -actin): 1.92+0.17
vs. 1.00£0.01, all P < 0.01]. Compared with the CLP group, the emodin group showed significantly increased survival
rate [60% (6/10) vs. 50% (5/10)], and significantly decreased lung W/D ratio, caspase-3 mRNA expression, and cleaved
caspase-3 protein expression [lung W/D ratio: 6.03+0.21 vs. 6.33+0.25, caspase-3 mRNA expression (27**%):
30.114+8.57 vs. 65.61+14.55, cleaved caspase-3 protein expression (cleaved caspase-3/f -actin): 1.36 +0.06 vs.
1.92+0.17, all P < 0.05]. Conclusions This study explored the potential mechanism of emodin in improving sepsis-
induced acute lung injury through network pharmacology, and verified the protective effect of emodin on sepsis-induced
lung injury and its regulatory effect on the caspase-3 pathway, which providesa scientific basis for the further application
of emodin in the prevention and treatment of sepsis.
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T AR AR R 26 775, o R i s K B R IRT
e TR 1) S 2 VE PR B AL T A i s R 5 A
1A . ATV FH 9 2% 25 B4 RS2 R B U 10 )y
VAR R K 2O e AT 2 MR R A0 BV ALY

125 4 7R Lk R S 3 P v A A
HVAH G B, LA 4 5 i S AR A 4R

1 #R57E%®

L1 SERREhY) . b8 30 HORARHEYE SPF 44 SD K
B, R BT 180 ~ 200 g, H WV 4EE AL S0 sh 4
B2 ) $2 At (A% IE S < 20230512A222061900253 ).
BF i T 9E B SPF Z0m) 57 b il 7. 5%
MRS E L H R OK .

12 G0 5 3e . REE R A b E BT 2w
(4l B >96%, it %5 : £106693) ; & T 3% £F 4k K 4
Wy o [ RRE A BR 2 /] (HE 5 - RO0068S ) 5
g £ %%(lipopolysaccharide, LPS) 4 H 3£ Sigma
28 A (5845 . 12880) 5 7k AR W H 3 [E Sigma 2>
A (1L H9627) 5 JK P 20 1 [ 25 46 A1 4k
SRR A PR A A (45 2 71014544) ;5 J 5% SR
& (5745 . RRO36A) FISEIS PG E il e 5 - R
fiff 5% )2 W (real-time fluorescence quantitative reverse
transcription-polymerase chain reaction, RT-qPCR)
B & B [ A AR Takara 23 7] (5% 45 : RRO36A
RR820A) ; £ [ Ji7 52 9% EN 38 12X 4% (Western blotting)
T B - WLah & (B -actin ), G 1L AT KA &R
RSP I Z IR R 1 3 (cleaved caspase-3) HTi4 L
TR o AL W (horseradish peroxidase, HRP) Hr
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L PN H SR CST A F] (5845 : 49678, 96648,
70748 ); B= R He AR I A )R T (6
5 :20182070156), 51 BET iy _E 9 2R T AT RS W]
At s B — 9 &M (polyvinylidenefluoride, PVDF)
J5E 0 A 5 [ Millipore 23 7] (4165 : IPVH00010) ; XX
[i] L Pk 28 G R JEANC A ) SE [ Bio-Rad 22 7 (1%
Z : PowerPac & %) ; R & B 8% [ I/ (polymerase
chain reaction, PCR) {14 H 32 [E Applied Biosystems
23] (535« ABI7300 24) 5 i B (R 5 A (XU A 178
Leica /A ] (585 : LAS Image Analysis %),

13 Jiik

131 W42

L300 KB R AR R B A - Sy
RGP S 0 M1 & (Traditional Chinese
Medicine Systems Pharmacology Database and Analysis
Platform, TCMSP), ## 2 K # & B9/ HIEAR. R,
N7 AR 27 9 Bt R 51 4 % (PubChem) £ 28 K B
K1Y Rk 4 F PR i A BLE (Simplified Molecular
Input Line Entry System, SMILES) 45 #J. B J5, &
5k SwissTargetPrediction 5 4 2 A1 AH L 14 45 A% J7
% (Similarity Ensemble Approach, SEA) % & JE,
BT G M 4 R T OR B R A AR TS L Hop,
SwissTargetPrediction 25 22 A 1 {5 B >0.1 A i %
(5 (L AR TR ¥ 5, SEA B L) “human” Ry BE
FAHEAT NIFALEE A TRE . 5 3R 3 P 5T
BB TGO ISR S R A K R A
BAEPE . S, B skl A A BT A2 (Universal
Protein Resource, UniProt) il 47 3L K 24 bR 1ESL
e, IR T A B i A Cytoscape 3.2.1 8k, 5ERL
W 25 B P AAL T

1.3.1.2 e AE 9 o B KA T 10 A A R A 0 T
2853 M« B SRR T BB AU B JE (Therapeutic Target
Database, TTD ), 25 ¥ 517 (DrugBank ) FI¥E g - &
M 2% (Disease Gene Network, DisGeNET ) 232 A6
RMRFFAE A AL . P, M DisGeNET 4 178 3k
RO B R R AR B >0.2 AT . &
FELA b 3 AN e P e 8 SR W B A2 A, O
L UniProt 58 LR 44 FR AU bREALFE S . fdi FH AR
HAEH LK /8 [ k&R T H (Search Tool for the
Retrieval of Interacting Genes/Proteins, STRING ) 4%
JEARHUEE 111 5T - A AR AR R , % AR ELAR
FHEAG R AT BB BOE ( =0.4), i 5 B i
A AR EAE I EE o 4 A Bl 4 A Cytoscape 3.2.1

B, ¢ BOR AR T 28 0 P4k 38 i 1 25 4
FNEERG AT, O 16 E PR >25.9 A A A% O )
4 IR 7 2 A DRI (Molecular Complex
Detection, MCODE) J¢ H & 4B 3k 9 & R 25 46 14
(Clustering with Overlapping Neighborhood Expansion,
ClusterONE ) #1 7H0 8 SR H7

L33 KB A - e a3 [ 0 0 - ]
Venny 2.1.0 T K K8 2V PR 5505 e E #E A
BEATE I eSS A A, DTl =5 R

L3.1.4 2Ry O 8 A E i = 4R o - as D) RE
& 4 43 ¥ T. B (functional enrichment analysis tool
FunRich ) X 2L [R1#E SOFEA T AR W) D RE J0-Ar 1176 1% 4
I3HT . LA P<0.01 S (R, IF4% I8 PAETHT 24T HES
VEBCGHERP F i 8 A2 LR A BEATHT 19 57 A58 %
I R R BEA T AT AL

1.3.1.5 A0 HE S 5374 BB E « B DockThor
I FXHEF 5 (DockThor Molecular Docking Platform,
DockThor ) % R85 28 M L [RIHE b A7 035X BE i
S AT 6 SO SCHE 1 BRI 2 (the Brookhaven
Protein Data Bank, PDB) " ## 5 25 (1 11 SRR 2548,
Pubchem T #k K # Z B4R 3D &5 IFdE 47 A hn
FE oy A PAL B, 22 SIS PR 5, 82 Dock Thor 7E 2%
Gy T X T EAT 10 WHEZS R LSS B RER
ANEREE G, — B A RE(H <20 k)/mol 42718
A RAFRIZE AT

132 SCEEIE

1.3.2.1 BOREES KA B Wang %
B SCHRAR S, R T E 45 FL % LR (cecal ligation and
puncture, CLP) &2 il K FUMEEIEAC Y . K5 30 H SD
KL BEPLE T 2RIE 70 IR TR . CLP 4 KB
RULBA110 Ho ELERE AR 2 /. ZJ55d
KERALTRER IS mg-kg' - d HEH BFA
4. CLP 2H K B B AR R AR BRI 0.5% - HY BL 4T 4t
RNAW, e J5 1 T 6 h JFEAT CLP, BAAHRAE
R AR 5% L 23 W (0.6 mlL) R
VESHRRI , SR Jo R4 1) oK BRI ERR ED E THE
TR R APV R, T4 T IR BRI D)
TF1 em YT, BYTFIE IR, B 88 H M MIm s, o1
B R IFESL 21 g8k TR AR R, N
fLabEF DR . SRR B e B, B R
GG R R, TR IS 1 mL PR A= 2
K DI FEER = BRI R 2%, IR 4 O s 7 T e
AT B . BRTARE R BUIBGE B W e A T4
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LA ZERIAN R, R ER H W e AR HA N 2R
1.3.2.2  fe32E . AL s Wb BTk G
WHFARE, T2 LT L 3E I Be SE 00 sh W i 1 2%
By 2t (F S : SHCH-TACUC-2021-XMSB-9),
1.3.2.3 WEHAEAR KL RIS 3 d INEE 12 h NAG
A 1R WA B A AR B AL, T 72 h Ak
Seshy, U2 | I L B e — 25 4T .
1.3.2.3.1 A ZIR AR E - 4L (hematoxylin-eosin,
HE) Yo S i 20 2L B2 e AR« B 4% 225K
VA 7 R UITHIEZH 21, 22K L B0 IR0 | Aol |
Yl Yt fnd 72D 9R)S A7 HE G, 0~ s
il 2 405 B2 D, 95 B Matute-Bello 28107 i 3¢
RS A T Al 2 S0 B2 B 05 1 43 o

1.3.2.3.2 i gl 4008 i = / T i & (wet/dry weight,
W/D) LRI E « 454053 3 KRR, 4 iR B
Fritfa, BT 80 CHUM T4 48 h, idsk T, 1A
fifiZH4 WD FUAE.

1.3.2.3.3 R JH RT-qPCR £ I fili 4 21 K 4 2 2
SR IR R & 1 3 (caspase-3) mRNA 3Rk : B
50 mg fifi 2 21 5 TRIzol i 77 21 2K J5 24, Jin A&
PR S), B0 a2 5 B KA I I S5 79 B DT A
RNA, 2k H] RT-qPCR ¥ £l caspase-3 mRNA 3
KKV, LA 3- Wi R H il 1 B & B (glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) 1 i N £, H
2RI T RE R, S IR T WL 1

x1 SIYEERF

o JP1(5" -3") SR
iR Ty (bp)
caspase-3 AGCTGGACTGCGGTATTGAG CGCGTACAGTTTCAGCATGG 182
GAPDH  ACAGCAACAGGGTGGTGGAC TTTGAGGGTGCAGCGAACTT 252

1.3.2.3.4 Western blotting # M| fifi 21 21 cleaved
caspease-3 & [ 1A KV« BY W Il JE 2H 21, hn AR
FRRE, VK EAIEES il 5 I 4121505, 4 °C 12 000 t/min

UDPH P50 § e WL
xpH waiEpE  TAD  olee 2 &
TN 2 n
BT IRFAL Hhz TR L E 22 = Sriid INFEf
B F7 2k AR BHEWEE ECE GO KK 6
; A 3Pas0 A 4Pa50 P », .
Wt — O RE] Wtraz / IWEKD0 A R BB
e /R Gk e Rk ZHET1
42 HP450_— A E HPAO Ay € #Pas0 RFIA
Fs RIERIEC — KIEVBRIEC KB KC caspase-9 i GSK3B
o R0 519 JREER
TP AL gk TBEEPAS0 e 0
RO RIF22R IS ;Z";gﬂi*b%c ey @ BISEEAL s&%@ s

Bt

AR

BRI

¢ 15 CD40 % F o
1) e

(B02FA2 £ 100 mm) B0 15 min B, AE &
FIVREE . A8 A EA T LUK ), 20l A
cleaved caspcase-3 M B -actin —¥{ (FBEELI M 1 :
1000),4 CHEF LR, Z e 5e MU . —HibE e | vEk
SRR I HL k24 %% (electrochemiluminescence
ECL) & %, Lk H B9 # H cleaved caspcase-3 5
B -actin Y LLAE 7 H I H B RR K-

L4 GEit0rik ] SPSS 19.0 et 4 ks
AR AT 7 22 55T Bl LA B +
PrifE2E (X +5) 2R RJW BRI R Ty 2200l « 1616
P<0.05 AZSFAGI R

2 &5 R

21 KRR - M ST (K D) ZE R R
TCMSP ., SwissTargetPrediction . SEA 4 22 , I B
A (H, A5 B 98 R KA AR AL SR
Ki % TTD ., DrugBank , DisGeNet U 4f /&, Jf- ] B T
S, LGB 156 N IRFEIEAOCHE M. IR A2
BRANTE | B S H A AL R, 5 LI AL SE A
137 4> A77E 3 444 P S EAM AR R
R F | e 0 2 K F 2544 43 M . MCODE
F ClusterONE 23115 2 3 A~ 3 EAZ 0 M 25 31
e, 2550 3 WL B 1A ~ Co 98 A~ K 2 A I A
5 156 PMRRAES L R B AR5 , L5 2] 10 3k
[R1 4 25, 2950 A < € LRI VIT ( coagulation factor VI,
F7). 35 4 J& 25 ¥ -9 (matrix metalloproteinase-9,
MMP-9). iy IR AL T (tumor necrosis factor, TNF).
caspase-3, MMP-1, ¥4k A4 K [ -F - B 1 (transforming
growth factor- B 1, TGF-B 1), M B E 3Z 1A 2 (estrogen
receptor 2, ESR2). = B MR M # K i 1k % £ i
(adenosine triphosphate-dependent transporters,
ABCB1), i 2 ¥ JIii & fif§ (xanthine dehydrogenase,
XDH), # & A B fif ¥4 i -38 (glycogen synthase
kinase-3B , GSK3B) (&l 1D ),

AEEHRE
- R
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=10
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2.2 EW I REAGE B 5 4R 20 AT - FunRich A= %) 2
FE 138 % B 4R 4 R W, 10 A 3[R HE 9P S A
JEL 0 T AR, RE R e Al L AN I TR AR A ) D g
(1 2A) W0 Bt WM A% A 521k K 7 6(adenosine
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3 1 (phosphatidylinositol 3-kinase, PI3K), %% B
4 (focal adhesion kinase, FAK). B & . W F.3h
V) AR Z L 1 (mammalian target of rapamycin,
mTOR) 47 5 # (&1 2B ),
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2.4 ISP TRHESE R (3 2): DockThor 23 TX 2N,
RER ST 10 D IEREE G5, 45 5 gk <
=20 kJ/mol , Ui B 25 & BE BT, HIECIR S 2 IR 45
A A BT, R TR

x2 KXERSHFEEMARER

- PBD TR A AR bR YN
4= X %h Y VA ] (kJ/mol)
F7 6JHS 4.96 80.97  -92.66  -35.24
MMP-9 116] 39.32 35.94 3443  -33.82
caspase-3  2XYP  31.71 20.51 4022 3044
TGF-B 1 5VQP  77.02 4518 36.64  —-29.70
ESR2 5TOA 1772 29.12 30.66 2748
ABCB1 6A6N 2480 4491 37.07 -28.74
XDH 2W3S 4.54 34.37 3078 3221
GSK3B 6GN1 .02 -251 -3627  -3491
MMP-1 SWON  6.40 0.81 35.06 -31.92
TNF 4Q00L  240.61 -42601 261.82  -31.05
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355 °C ; 5 CLP Al b, Ke Z 4 A #h s B A [a) 45
M, PGAIG , R (a1 40 (8] 4B ).

2.6 KEEXT CLP KR4 405 B 2735 17 1 52
(5535 3) : HE Qe85 R BN R F AR RESS
tseds {1 e, CW R ROAER T, SR F AL
LY, CLP 2 K BRUIH 20 21 98 AF 40 B K =320, fili vfu 285
P AR, it BE S 5L, it fs o2 3 &2 R o
I, At SV B 2E A i E S & . 5 CLP 4Lk

B, R R L PREA 0 2, Il 2H 200 B 2743
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