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Mechanism of Portulacae Herba extract in treating sepsis-induced liver injury

WANG Jie, LI Miao-miao, QI Ya-nan,ZHOU Tian,XU Ya-qian,LIU Cheng "

The First Affiliated Hospital of Bengbu Medical University , Bengbu 233000 , China

Abstract ; This study aims to investigate the therapeutic mechanism of Portulacae Herba extract (PHE) on sepsis-induced liv-
er injury (SILI) based on network pharmacology and experimental verification. The chemical components of PHE were ana-
lyzed by ultra-performance liquid chromatography-quadrupole time-of-flight tandem mass spectrometry ( UPLC-Q-TOF-MS/
MS) . Network pharmacology was used to screen the key components and targets of PHE for therapeutic effects. Molecular doc-
king and molecular dynamics simulation were conducted to further clarify the stability of the binding between key components
and targets at the molecular level. Subsequently, normal group, SILI group, PHE high-dose, medium-dose, and low-dose
groups ,,and dexamethasone group were established. The therapeutic effect and mechanism of PHE were verified by detecting
the pathological damage of rat liver, liver function indicators, expression of inflammatory factors, and expression of related
pathway proteins. UPLC-Q-TOF-MS/MS analysis identified 34 compounds, and network pharmacology analysis obtained 5 core
targets including tumor necrosis factor (TNF) ,interleukin-6 (IL-6) ,serine/threonine kinase 1 ( AKT1) ,IL-18 and albumin
(ALB) ,as well as five main chemical components including quercetin, luteolin, kaempferol , arachidonic acid, and B-sitoster-
ol. The related pathways were enriched in the phosphoinositide 3-kinase ( PI3K)-AKT and mitogen-activated protein kinase
(MAPK) pathways. The animal experiment results showed that compared with the SILI group ,the PHE medium-dose and low-

dose groups could effectively alleviate the pathological damage and liver function indicators of SILI( P <0.05) ,and the high-
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dose group had the most significant effect (P <0.001). The medium-dose and low-dose PHE groups also significantly re-

duced the expression of inflammatory factors in liver tissue (P <0.05) ,and the high-dose group had the most significant
effect (P <0.001). At the same time,PHE inhibited the phosphorylation of p38 MAPK,PI3K,and AKT. This study revealed
that PHE has a therapeutic effect on SILI,which may be achieved through multiple targets and inhibition of the phosphoryla-

tion of the PI3K/AKT and MAPK pathways.

Key words: Portulacae Herba extract;sepsis-induced liver injury ;network pharmacology ; PI3K/AKT; MAPK
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Fig. 1 Total ion chromatogram of Portulacae Herba extract under positive (A) and negative (B) ion modes
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Table 1  Identification of constituents form Portulacae Herba extract
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Oleracein C




1748 KIRF= BTG IF K Vol. 38
%:4% 1 ( Continued Tab. 1)
S ITEE . TR BTy
[ e S . s AT KBS 1R oy
N . Measured value Error I 1 Molecular Fragment ion C q
o (min) sy (x10)  emmedep ula (MS/MS) ompoun
17 7.19 387.166 7 0.4 [M+H] C3Hy;NOj; 387.165 4 390.356 4 451.236 4.,198.245 7 %ﬁﬂwﬁﬂk D
Oleracein D
e e e pe
18 9.4 340.213 6 1.1 [M+H] CysHyNOj, 340.132 5 366.941 2 254,365 4 423.056 4 i w‘%ﬂk B
Oleracein B
, ke
19 12.16  327.2191 1.1 [M+HC00] *C;H;,0, 270.2259 211.365 8.,327.156 3 ,225.165 2 .
Heptadecanoic acid
20 12.91  329.234 7 0.6 [M+H] CiH;0, 256.240 2 .329.635 4 .283.421 3.239.654 1 1‘13‘:1‘]5]?5& .
Palmitic acid
_ Frm
21 14.13  307.1919 2.2 [M+H]" C;H,05 223.074 5.179.352 1.307.256 4 311.258 4 RO
Sinapic acid
22 15.4 575.304 7 1.1 [M+H] CyHysNOy 575.367 5.486.230 1,362.159 3.118.302 1 E{H&‘F‘u@.\:ﬂﬁ A
Oleracein A
e At
23 17.98  293.2132 2.8 [M+H] CxH3 015 286.3251.,293.651 4.179.468 1.301.354 2 . -
Hesperetin 7-rutinoside
24 19.27  559.3132 0.4 [M+H] CyH;0, 304.240 1.259.236 5.559.362 1.490.256 1 ﬁi[ﬂlkfﬁ@a
Arachidonic acid
. FIHERR
25 20.51  555.284 2 0.4 [M+H] C3HgigO;  456.360 3 411.254 1.,554.963 7.189.365 7 R
Betulinic acid
R,
26 20.98  483.277 2 0.5 [M+H] CyHi,Op 469.365 1.483.267 2 471.365 2.502.031 4 } H i{@“ .
Glycyrrhetinic acid
27 27.07  835.524 8 0.8 [M+H]" CisHjpOg 285.0412.259.365 4 .835.514 2 .556.321 4 il
Kaempferol
303.624 5.301. 165 4 Wit %
- - CisH,, 0 ) y -
28 2938 981.580 1 1.8 [M+H] 130T 151.368 4 .586.395 4 981.365 2 Quercetin
Yug
29 30.85  819.528 9 -1.2 [M+H]" CisH;pOs  269.052 1.456.352 1.819.512 8.135.302 1 mpr*?
Genistein
CF L e
30 30.92  819.5289 0.9 [M+H] CgH;;NO; 168.075 4 489.362 1,135.625 1.819.326 5 3 %LHR%
Norepinephrine
31 32.82  797.5425 0.6 [M+H] C3Hs0O  426.736 1,408.365 4.797.215 4 502.364 5 Hﬂﬁ?pi??
32 34.08  581.528 2 0.8 [M+H]" GCyH;s0, 187.326 5,143.523 1.,480.236 5.580.265 4 IQM
Azelaic acid
. REEFER
33 36.96  869.562 7 1.2 [M+H] CisH;pOg 285.124 6.,155.845 3 465.328 4 869.562 1 Luteolin
34 39.76  197.810 8 0.4 [M+H] CyHy0, 301.2856,179.056 1,197.853 6,151.653 1 E):n]l;
3274 4~ 1 GEO ¥4 Ji , GSE120652 Bl feamad i, FRAHIL AL TSV SCIF, #E—22 % A Cytoscape Hff

GEO2R %58 Y 867 4~22 7 3 ik L A ( differentially
expressed genes, DEGs) it 2% [ ,375 4~ DEGs I &

i, S BReieBg
IS4 AT 144 15

15 R EEE S PPI
T 3465 Kb, B

W% 15, 1% PPI
AR

T E. GSE232753 (443 iF GEO2R 45 5 i
2 290/ DEGs i 3% | i,2 540 4> DEGs i 3 T
(P<0.05) (WL 2), ¥ LR 2IM prfy LA
Venny, 545 144 Do ML (LA 3) 5% 144 >0k
PRI A A A b 1A 4 SO A T IR B S A e s
TERE R
2.2.2 REFEGEG DRSS

SR 144 AR 85 A 2 STRING %4

L AEA, HEEEAZ BRI R , D
ﬁi‘éﬂﬁ%ZlEﬂﬂé%t&t}J R AR/ DXL Rk
FTIRREHES 49 B, BB £ AR L (BB
Fxﬁiﬂ%ﬁf THMEL T, $ B ER /N #E A
FEATHES )5 75 3 B R f5e K 5 A 5% B i A0 4
TNF IL-6 ,AKT1 IL-18 44 4 (albumin, ALB) ( Il

K4).



Vol. 38 E OIS SIS IR AT B0 G T LRI 1749

A @ Down regulated (2540) Not sig (9920) @ Up regulated (2290) B @ Down regulated (375) ¢ Not sig (20919) @ Up regulated (867)

3
<

P N =2} -
=1 (=] (= =1
L ]
L
1=

-log;(Pvalue)
8
L ]
L]
-log,((Pvalue)

log,(FC)
MR BE v IERWA

Sepsis patients vs Normal

log,(FC)
A4t B vs £
Liver injury patients vs Normal
2 BRHFIE(A) RIFRGEE(B) EEEABALEREERE
Fig.2 DEGs in sepsis(A) and liver injury(B) patients compared to normal
N3 Ey]

Portulacae Herba extract

kR
Sepsis

GSE120652

iR id
Liver injury

3391

GSE232753

3 REERFRE

Fig. 3 Venn diagram of intersecting targets

A ¥e b8 GO P fkAe KEGG @ % 1§
& Hr

W 144 DAZEERE 11U A Metascape B8 A E 17
GO IR & H T, 4% & 46 3 BOR/ N AT HES , B
Ve B AR 4 B S K ) 10 351 A= 3 B2 ( biological
process, BP) 25 H o F2H LG 259 R0y 4
PR A . RS B B K 1 10 TH A L 2 53 ( cell
component, CC) &5 H, T E A MIFEH 7  BEE &
Y EREEYF. RS EUER KK 10 5552
HE (molecular function, MF) 24 5 AR & FEH
2555 (WK SA) o 4 KEGG jd i w570 i i 25 2R

Fie P A /N B 245 31 1) B JEA T HES A5 2 R
20 % B . 5435 . PIBK-AKT . MAPK . TNF {2
AR (LK 5B) o R, ik SR U & 4 % e
i RTE YT AR FH T A A 2o 842 2 ol 3 ¢ 5 Wi S [ 1)
AP R
2.2.4  my-¥e kR AR R R &5 AT

V5 O A5 380 %) R A3 B L o ST 1 S P S
S Cytoscape B JG F4 T BE (B 4307 , v B fe 55
TR 5 NME2E G 53 02 < 4t 3R (degree:114) K
JRELER (degree:47) , LA (degree:43 ) , {64 DU
1% (degree:26) ,B-%+ i i ( degree:21) (WLIE 6) .



1750 RIRFIIO 5 T 4

Vol. 38

2 F7

 COL1A 1B1
oL1ali 4 . . F10
¢ i 7 sLPi

'm‘mb

GSTM1

4 ZEEL PP

Fig. 4 PPl analysis of intersection targets

2.3 HFIEER

W TR A B A% 0 A3 Wi 36 R R RE 1
ATy ACE DU R L B-7 £ 1 5 92 9 1 A% 0
TNF \IL-6 \AKT1 | IL-18, ALB, 435l 47 73 % 4% 3
UE R S/ T 1025 4 R 3 o #4 E T Ak (I
7)., Z5AREE0N, Fomr=EMas i e . bk s-
A B/IL6 Ah, R Z R SBAL G RE <-5.0

A 30 q

25

Enrichment scorc

Biological process
2% 5( Continued Fig.5)

Cellular component

keal/mol, F/R Z K S AR v B k= HE BE 4 G
WRARZE B BRI B 25 A SR TH P HES , B BT
4 XS HELE AL ] Pymol #EAT AT ALAL 43 4T, K 45
At B ELAR S T 5 Z AR E SRR Y T A i
VR T ARG 1) S M TR 330 %o A 4 1k P £
S FRBIE S SR B EEEA(ES)

Molecular function



Vol. 38 +

T4 Dt SR O IR B AE T D 1 16 T AL B 5

1751

B PI3K—AKkt signaling pathway -
Human T—cell leukemia virus 1 infection -
Endocrine resistance 5

Platinum drug resistance 4

Amoebiasis 4

TNF signaling pathway 5

Hepatitis B -

IL-17 signaling pathway -

Hepatitis C

C—type lectin receptor signaling pathway
Salmonella infection

Chemical carcinogenesis — reactive oxygen species -
Epstein—Barr virus infection -

Human in 'y virus 1 infection 5

Non-alcoholic fatty liver discasc -
Th17 cell differentiation -

Leishmaniasis 5 L]

HIF-1 signaling pathway - [ ]
NF-kappa B signaling pathway [ ]
MAPK signaling pathway -’

:

20 40

&5

60 80

pvalue
1.95072e-22

1.46304e-22
9.75360e-23
4.87680e-23
4.19593e-38

Enrichment
® 20
@® 5
@

REMR GO(A) K KEGG(B) EE S

Fig.5 GO(A) and KEGG(B) enrichment analysis of intersection targets

5, T-—#8t-2- (3-3it-4-HERE)

fiK it fi

Sepsis liver injury
Efi-4-1
5.7-Dihydroxy-2-(3-hydroxy-4- AP CDKNIA IFNG  MCLI PPARG TPS) CCL2  EGF KOS ALDH2 UCPZ  CTSD
methoxyphenyl)chroman-4-one
IGR2  PONI PTEN  SODI  OPRMI MAPKS BCL2LI DPP4 ILI0 MDM2 PRKACA TYR
*@%i HK% ALOXS GIAl NQOI PECAMI CXCLI0 EIF6 IGFBPS MMP3 POR  SPPl  CIR  BIRCS
Luteolin Quercetin
EGFR  IL2  MMPI PRSSI VEGFA BAX GSTMI NRIZ NOS2 ALB CDKNZA CXCL2
-1 g W 25 PPARA RAFI STATI SLPl CASP3 ERBB) IL4 MMP2 PTGS2 XDH BCL2 ERBE
p-Sitosterol Kaempferol ;5 wpo wmis M cHEK2 CXCIS HIFIA PPARD TGRBI CETP  CASET GSTRI
}%0 iﬁfﬁﬁba my h? IL6 MMP9  RELA Fl0 LB MYC  ODCI RUNXITI ABCG2 CHUK CYPIAI THBD
ﬁﬂzﬂgﬁiﬁ | ﬁ- S CHRM3 COLIA2 CASP? HMOX! INSR NFKBIA SLC2A4 F2 NCFl  PARP1 SCNSA  SELP
Arachidonic acid f-Carotene
NRIC2 ACHE CASPS COLIAI CYPIA? HSPAS CHRNAT PTGSI CONDI HSPYOABI JUN  PCNA
ol BAHEE TNF  F3  NFE2 PRKCA SELE PPPICA ABCAI GGPD TNFRSFIACTNNBI ADRB) COL3AI
Cycloartenol Isobetanidin  cypas wspm P PLAT IKBKB  AKTI CDAOLG ICAMI MAPKI PIKIG TOP  CAVI
B PRKCB SERPINE1 VCAMI HTR2A ABCGI GLBI TNFRSFIBAKRIBI  CRP NOS3  PLAU
Sk
Isobetanin_qt
B6 “mo-$Bm-Fis” M E
Fig. 6 “Component-target-disease” network diagram
AKT1 ALB IL-15 IL-6 TNF kcal/mol
-4
1B VYRR | 6.7
Arachidonic acid 5
AT S "
p-Sitosterol h
iy | 7
Kaempferol i TS
8
AR S 78
Luteolin -9
it B2 3 ~10
Quercetin

T HFRNBEES
Fig. 7 Heat map of molecular docking binding energy

ab
BE?

A E




1752 RIRFIIVT ST

Vol. 38

ALB/p-1+ {f§ 8%
ALB/S-Sitosterol

: (‘ ARG-117

ARG-186

PHEAgS v
RO v WE12 Ty
LN s
N 3, SER193
@ v TAD P 3’“““ PHE-134
7 N\ 4 S| o
S 3 : Gur169 = Ko
o N g s PHEaes
Q P N, 15190
4 .
Y 3] . i

ALB/ARHLHE
ALB/Luteolin

ALB/ILZ5Fy
ALB/Kaempferol

‘(“~~% TG :

i:"}{« 3 S /," Lsuvm An18| DRast P

o Y : )’* |
! 3 X LEU-135 4

PHE165 |

?/
&

¢ 548
r.r
SN

LEA42 | 1ohag

ALB/Hi i %

| N
J . Akyss | TRIEL

¥ .
. \
- PHE-134 TN
L LE142 TYR-138 \
) aq
"5 . 4

\ &
pu l' \ 7
Pk s
o) ] X8
P! ' g LEU-154 LY ol

ALB/Quercetin

ALA-158 >

ILE-142 /Q
e TYR161
a SR, . - - PHE165
®.57

TYR-138

8 SFIHEGHAML

Fig. 8 Visualization of molecular docking structures

2.4 SFHAFEEM

X G RER/ N B W) B4 B I/ ALB #4743 1
)1 12 100 ns IFE) P AT UK B, 25 B0
[l iE 4% (radius of gyration, Rg) BUE AR DL 1d 4
BRE MR RTEIT B L R P O 5%, ALB 255 T
RJE 4546 Jo B 2 A8 4. 35 J7 H i 22 (. (root mean
square deviation, RMSD) i HAL I HE47# TH &, 1
60 ns J5EAETE 0.60 ~0.70 nm 7247, UESE T RGEAT
B TARSFF-r o [RIIN A T AERD A R R TR
I B H AR AL, SR UG 2 | SZ K SRS,
GHMES ., RS/ TERERIERT 2 ~4
AEE RSB RRE T AN TS S .

B 5 R F MM-PBSA J7 5 XA R 54T B HIBEY
THRAR, IR T B B -/ N T A E AR Y
Jire ikl RN AR FAH EAE R YA
ey i EERIRE R, TR B AR PRV R AL
REXT/ N A G2 A A, AR FILRE
X AV IA A S T BHARVE T (H & R
AL IHRTY T X FPRILAS . X EAS A REIE T, T
HH OS5 G RE DT IR ORI R 10 AR (WK 9) .
2.5 HYLE
2.5.1 D3RR xR A E R ST ) R 48 A7 &
Ja E2 A% 09 % 0

HE 3448 755 15 8 2H R BRI I 2H 22 v 400 i B 28

SERE WG, A AR RO IR HES R HLA
35, A MAZ I T AT UL, TCAAE AR MR o e AE
3R 20 A BT I 2H £ 2 B L W S P 4 0 400 i 35 )
K ER o A AE (DL 10) o SERIH AT I, ik
DS R b AR B 45 2 2H DL S SRR G 25 2
JHEH 2 1 58 PR 200 R T 1 sl , 20 B e PR 52 i
W K T DI REFE AR A o , 5 155 ALAH L, A7
ZH %) ALT AST 484554 18 & F+m (P <0.001) , 54
RIZH AR L, B 0 S TP 45 25 4 A R AR T ALT
AST(P <0.01) , vy ) i 41 B AR RO B ol 3
(P<0.001) (LA 11),
2.5.2 IR B IR AR KR IE K R B T
P& LR

ELISA 5 K BRI 20 80 R ik R 73835, 45
IR, 5 IEE AL, BRAEE R B 20 1 28 A
K (IL-6 . TNF-o \ IL-1B8) KL i FH T+ (P <
0.001) , SHIRILAH Lb, 14 T B2 B 25 245 20 35 ik
BT ) 50 R R o Rl R g
A FFRACR S i (P <0.001) (L& 12)
2.5.3 L ILAR B A IR & K R AT IR PI3K,
AKT P38 & & & iA 0930

IR A5 B R R D B O v R 2
JHEhRE , W IR 28 i R RO e Wi, R FRAT ]
I H AT RO AT B R B A et . B IRA T BE



Vol. 38 TS A TSR IR X R AE AT VAT AL AF T 1753

A 30 B 1o C L0
kel
=]
Q
29 08 S g
A §
)
gz,s CAY; B2
9
= o] >
o 7 Haz
o 27 5 04 W
]
26 02 e
=
Z
254 : : - - 0.0+ - - - . - -
0 2 40 60 80 100 0 20 60 80 100 40 60
T Ll T
_ Time (ns) Time (ns) Time (ns)
[=]
D £ E % o
j‘) 100 %
— (>3
g __ e
L £
¥g ° ‘o
&£ g B2
=8 K E
g 3
B BT ]
5 £g
_ — 5
on 4
£ o B s
Eow — . . . w5
= XN 3 8
= &) s :&)’9 & f;\&bg@ ’&‘\\%)é@ V%@)&‘@ = 104
g B G, O e N 2
2 R KX K S 2
& ol s A S 2
& W« o Ko™ &S £
o oF o e & E-n2
<& ¢Q°\$ < RO O S AN N S QI
< S e Y o P

9 B-AEEE/ALB E5WMH TN FEY

Fig. 9  Molecular dynamics simulation of B-sitosterol/ALB

10 ESEIRERI T AR S E A R AT AR R ER R %5 8 M ( HE, x 200)
Fig. 10  Effect of Portulacae Herba extract on liver pathologic damage in sepsis rats ( HE, x200)
14 : Nor 7R 1R 41 5 SILL R i JF #4541 s PHE-H \PHE-M \PHE-L 43 51| 3275 15 D042 B g | op ARG 520 ; DXMS RR b ZEKR M, T
[7], Note:Nor represents the normal group;SILI represents the sepsis-induced liver injury group; PHE-H,PHE-M, PHE-L represent the high-dose,

medium-dose, low-dose Portulacae Herba extract groups,respectively ; DXMS represents the dexamethasone group,the same below.

B R R B TR A G 3Rk . HIER 4
FHLG , e AE 45 05 465 L 4 AT 4 21 ep p-PI3K p-
AKT #1 p-P38 FKIXHI R I (P <0.001) , 1M Eh 14 B
S B R 2 IR T A O T — B (L
K13),
3 ifREHit

FIRT, M B AE 2 ICU g R E T R Z

o PR e 7 A S 5 - 145 P S 2 TR A 1Y A
Fo JRPRIEDIREAS 13 1A FE A L A X IR A S8 110
UG P AT BN o Ik AR — e AL AR
PN AR 2 B (R, R R 2 R )
URIEARY) . 200U TS R B L BAT 2 PR DR
Tl SRIFEFER ™

WS S AT UPLC/Q-TOF-MS/MS 434



1754 KRF=WIISE 5TF % Vol. 38
450 450~
400 #hH 400
350 = e _ 3504 e
gSOO-‘ Aok d 300 P *k g
~ 250" 250' =
5 200+ £ 2004
150 < 150 ok
100 1004
50 50
0- 0=

FRRA
A

& 11

O SR AN XY BR B KRBT ThBE 8208 (v 5,0 = 10)

SRR
%Q&Q&QQ&O%

Fig. 11 Effect of Portulacae Herba extract on liver function in sepsis rats(; +s,n=10)

125 Nor HAHLL , ™ P <0.001; 5 SILTZHAAL, * P <0.05,**P<0.01, """ P<0.001, F[d], Note;Compared with Nor group,”* P <0.001;

compared with SILI group, * P <0.05,** P <0.01, " * * P <0.001,the same below.

1204

80 o

IL-6 (pg/mg)

404

0_

D
FEFF

IL1-5 (pg/mg)

240
2004
160- nr
120 o

80-

40-

01+ N

3 S

180+

1204

TNF-a (pg/mg)

0_

S (072' N>

E12 SRR R EEA RIS EERFRIASM (v £5,n=10)

Fig. 12 Effect of Portulacae Herba extract on the expression of inflammatory factors in liver in sepsis rats(; +s,n=10)

Nor SILI PHEH
PIIK  w— ——

PPBK - —-——

AKT o ——

P-AKT - -

P -

PP ——

GAPDH o a

13 TR X BR B AE A BT PI3K/AKT \MAPK 38 B& 48 36 B I B SRIK B (x £5,n = 10)

85kDa

84 kDa

56 kDa

56 kDa

38 kDa

38kDa

37kDa

p-PI3K/GAPDH

p-PI3K/PI3K

o
o

o
S

o
to

e
=

o
)

p-AKT/GAPDH

e
=]

0.8
g
206
¥ 0.4
<
=02
0.0

=

> R
N
&

p-P38/GAPDH

p-P38/P38

o
S
by

o
9]
S

=
w

=
=)
=)

1.0

=4
wn

0.0

<

&

Fig. 13 Effect of Portulacae Herba extract on the expression of proteins related to PI3K/AKT

and MAPK pathways in the liver of sepsis rats(; +s,n=10)



Vol. 38 TS A TSR IR X R AE AT VAT AL AF T 1755

R DS SR B A3, 3 3k o 2% 24 3¢ O3 A 4 3
LY ST BB YT MR IE A 0 Y 5 SR A
gy MR ORBRFR LA A A TR TR (B-A
B, Wit R PRI G, B —RINAEY)
TP, B VA S8 A L BT A T AN TR g
ik Bz 2% AT LA I v i 225 00 SR A R
ST, 2436 AL AR A, AR I e 3 AT LA
D IL-18 116 il TNF-o 1) FE T, DA TIT 240 35 % 41
B AR PR B, EA 2R
PriE e, ARG BT RAIPTEACNION o AR
Fol A =T RS R H 1 B1 (high mobility group
box 1, HMGB1) 17" 4 FRE Jikt L B2 B4 445 -2 (cy-
clooxygenase-2 , COX-2 ) F I A i /b g 2 WH 755 1)
SIEFAF AN o 45§55 M — Fh A7 7E T 4%
PRI R S I, A SEERpESEUE B B-4 HS
AT LA T I 4 A 8, O 22 Mt I U #  2) AE RE
B IR S RIS, A S
UERH L 2% M ol Jd 5 b R R MG -5 5K ) 25 B (R IR
( phosphatase and tensin homolog, PTEN ) 3 pi 3% fT-ZH
i A S IV AN A R AR 51T o 4T X 4 RAIE
B S5k DS IO AZ O 705 E R T8 i 3 mT Ak
NREEE S E R a (EN Nl o DA N e (AT K (= ]
7R, 388 3k 22 )7 H A% A 2050 A BEL DR 3k 26 2 11 Jo - 2
A EAE T o 23X EoR W T B s v
T 5HE SRR S A5 B RS, R SR R R
B, FREIE SAE R /N -l 0l n et 5 91
BRI T B S %

B IHASFLE N BRI A NS I K SR
SRR, S B I 2 R YR ke
RAE SN N2 a5 B I RERE AT . Horh I IEAVE AR
IR B S i X R E Z— o MGEERETR
P B R S Z PP A RN RAE PR - o RAE L
TR], MU A2 R 90 R, 1 TNF-o TL-6 %5,
B SRR B B T HOR TNF-a fE N B
Wk 20 73 WA AR 8 AL PR, S R BEAE 1 I SR 7
AT ELHEA5 0 A ) B 3 2 B ik >k o 98 2 3 o 4
RN AR = A TL-6 S5 20 MU X5, 51 9B I
SRR RATRON o Ho b B WA MR S S ) 1A
PR SRR O kT AR R S AL T L K
TEWFFT IR IH MAPK F1 PI3K/ AKT {35 53 B 130 78
A -8 20 M DR A TR 1 2 0 P b A
PI3K/AKT il % 38 428 55 45 00 5 oK #2400 e (2
EL W20 M) 76 98 RE SN IR 0 ol & S E B A

Mo PI3K J2& PI3K-AKT i % () G5 A, Al gl K
RAEPFHOE 175 AR AN A 71970, F et R
S0 55 4L B . A BF S IER] MAPK J2
1T RE SN A B A5 5, p38 MAPK 7EfE #E e 4
S F IR T AR T AR, i IL-18 A1 TNF-
a P2 TR, I MAPK () 980 vl /0 12 48 40 M A
T A T RS 20 B0 T X TR YT M REAE 5 2
HEEMEM, A, MAPK &0 5 — (5 SRR E
5 40 it A5 S 8779 4 8 ( extracellular signal -regu-
lated kinase , ERK) , 78 48 it 52 0 1 B 28 oj 285 3d & vh
WA THEAEM . CAVFIEIES, 1# ERK {55
T 19 75 £k T A S0s /> TNF-o IL-6 \TL-18 S5 4 %
DRI (I, AT i 2 e 75 0 3 S0P 2 B B 07
LU T HE Y R 7 A ok ERK 3 [ K #E0] e B
S G 7 VR AT A Fe it — P B AIE . ZEASBFSE
Hr R T p38 MAPK | PI3K | AKT 45 [ #Y B 2 1k
SERRY, Tk 08 S IBCY) BRAR TR ZH 4L p38
MAPK . PI3K . AKT [ B B2 {6 3 0 6 1L-18. 1L-6 FI
TNF-o 3k, X EEE5 SRR B, i 7 52 U 6 97 ik
FRAE A5 ) g A 4 p38 MAPK  PI3K  AKT )
BERR AL AR ST R ¥ I 23k KA

Z¢ ERIR AW 5E i3 UPLC/Q-TOF-MS/MS 4}
B 7 SV BRI Y B R O3, A ) 2% 24 B2
TR T Ttk Ol S I K HE A P Y 32 0 S
FL SEB IR T A Bl SR U A AL R T M EEAE AT
JEEAS A3 , BRATG T T DR dE b o JF HLi i i % PI3K/
AKT MAPK i g% 980/ 95 Kl 1 235, DT A 45 %t
WERERE TG IR T AE T o ABERA A A R Z AL,
X B HESE T E A 8 S PO A S 43 1 DR
VE R AR TN At JE & 4 52 i), A SC H AR
T PIBK-AKT 71 P38/MAPK 3 i 4~ (5258 5, 3 1
D RO 2 7 a1 o A3 i R A AT 0 — 20
5T .

BIERT AR AR L XK ETE
ScienceDB 44 3% % ( https: doi. org/10. 57760/ sci-
encedb. nprd. 00381) " 7 =] 3K BX

&k

1 Liu D,Huang SY,Sun JH, et al. Sepsis-induced immunosup-
pression : mechanisms, diagnosis and current treatment op-
tions[ J]. Mil Med Res,2022,9:56.

2 Rudd KE, Johnson SC, Agesa KM, et al. Global , regional , and

national sepsis incidence and mortality, 1990-2017 ; analysis



1756 KRR I Vol. 38
for the Global Burden of Disease Study[J]. Lancet, 2020, injury in septic mice by regulating P2X7R-based HMGBI re-
395.200-211. lease[ J ]. Food Funct,2021,12:10714-10727.

3 Sun J,Zhang JX,Wang XF,et al. Gut-liver crosstalk in sep- 17 Chen ZJ,Wu AC,Jin HM, et al. B-Sitosterol attenuates liver
sis-induced liver injury[ J]. Crit Care,2020,24.:614. injury in a rat model of chronic alcohol intake [ J]. Arch
4 Xu XQ,Yang TY,An JP,et al. Liver injury in sepsis: mani- Pharm Res,2020,43:1197-1206.
festations, mechanisms and emerging therapeutic strategies 18 Lee CY, Yoon S,Moon JO. Kaempferol suppresses carbon tet-
[J]. Front Immunol ,2025,16:1575554. rachloride-induced liver damage in rats via the MAPKs/NF-
5 Kong XL, Peng MF, Li CH, et al. Analysis of ancient and kB and AMPK/Nrf2 signaling pathways[J]. Int J Mol Sci,
modern clinical applications and modern research of fresh 2023,24:6900.
Portulacae Herba[ J]. Chin J Tradit Chin Med Pharm ( H4¢ 19 Guo YJ,Guo WX,Chen HM et al. Mechanisms of sepsis-in-
FrE g2k ) ,2024,39 .5566-5571. duced acute liver injury;a comprehensive review[ J]. Front
6 Jalali J, Ghasemzadeh Rahbardar M. Ameliorative effects of Cell Infect Microbiol ,2025,15:1504223.
Portulaca oleracea 1. ( purslane ) on the metabolic syn- 20 Moura FA,Siqueira AIAN. Gut-liver axis in sepsis-associated
drome:a review[ J].J Ethnopharmacol ,2022,299 .115672. liver injury: epidemiology, challenges and clinical practice
7 Zhou L,Song XL, Lv JP, et al. Hepatoprotective effect of Por- [J]. World J Gastroenterol ,2025,31:99987.
tulacae Herba on carbon tetrachloride induced acute liver in- 21 Ou X, Zhou JY,Sun R,et al. Mechanism of emodin in the
jury in mice[ J]. Chin J Exp Tradit Med Form( 7 [E 5256 J5 treatment of sepsis-associated acute kidney injury based on
F2F4eE) ,2020,26:35-43. data mining and experimental verification[ J ]. Nat Prod Res
8 Yang C,Chen EA,Zhang YK. Protein-ligand docking in the Dev( KIRF=WINSE 5T %) ,2023,35:1422-1430.
machine-learning era[ J]. Molecules,2022,27 .4568. 22 Shi R,Wang JG,Zhang Z et al. ASGRI promotes liver injury
9  Khan MI, Pathania S, Al-Rabia MW, et al. MolDy : molecular in sepsis by modulating monocyte-to-macrophage differentia-
dynamics simulation made easy [ J |. Bioinformatics, 2024, tion via NF-«kB/ATF5 pathway [ J]. Life Sci, 2023, 315;
40 :btae313. 121339.
10 Drechsler S, Osuchowski M. Cecal ligation and puncture[ J]. 23 Deng LY, Yu QL, Kuang G, et al. Luteolin modulates liver
Methods Mol Biol ,2021,2321:1-8. macrophage subtype polarization and play protective role in
11 Li JH,Chen YY,Zhang S, et al. Purslane ( Portulaca oleracea sepsis induced acute hepatic injury[ J]. Inflamm Res,2025,
L. ) polysaccharide attenuates carbon tetrachloride-induced 74.59.
acute liver injury by modulating the gut microbiota in mice 24 Jiang L, Yang DD, Zhang 7Y, et al. Elucidating the role of
[J]. Genomics,2025,117 :110983. Rhodiola rosea L. in sepsis-induced acute lung injury via net-
12 Wang J, Yuan MJ,Zhang H. Advances in chemical constitu- work pharmacology ; emphasis on inflammatory response, oxi-
ents and pharmacological effects of Portulaca oleracea 1. dative stress, and the PI3K-AKT pathway [ J ]. Pharm Biol,
[J]. Chin Wild Plant Resour( 5 [E 5 4= K #) % 5 ) , 2023, 2024 ,62:272-284.
42.74-82. 25 Tian J,Li YN, Mao X, et al. Effects of the PI3K/Akt/HO-1
13 Zhao XT,Wang J,Deng Y, et al. Quercetin as a protective a- pathway on autophagy in a sepsis-induced acute lung injury
gent for liver diseases:a comprehensive descriptive review of mouse model[ J]. Int Immunopharmacol ,2023,124 :111063.
the molecular mechanism[ J |. Phytother Res,2021,35:4727- 26 Cai YW,Zhao DH,Pan Y, et al. Gallic acid attenuates sep-
4747. sis-induced liver injury through C/EBPB-dependent MAPK
14 Zhang DM, Yang Q,Liu M. Research progress on mechanism signaling pathway [ J ]. Mol Nutr Food Res, 2024, 68.
of quercetin in prevention and treatment of acute liver injury €2400123.
[J]. Drugs Clin( R 25¥) 51K ) ,2023,38:3166-3173. 27 Han LP, Liu ZF, Deng WL, et al. Therapeutic effects and
15 Jiang YL,Li WY, Feng S,et al. Research progress on struc- mechanisms of Poriulaca oleracea L. polysaccharide on lung
tural modification and biological activity of luteolin[ J]. Chin injury in sepsis rats[ J |. J Guizhou Univ Tradit Chin Med ( %
Tradit Herb Drugs ( 1 #24) 2023 ,54 :6889-6902. R 25 K224 ) 2025 ,47 :48-56.
16 Zhang ZH,Yang HX,Jin Q,et al. Luteolin attenuates hepatic



