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1B, IL-1p)+ IL-6. MJREIRFEIA F-a (tumor necrosis factor-o, TNF-o). IL-8. GPX4. C-J8ifK[H (C-reactive protein, CRP).
D-FUE & & AR AG I i B E AL L EE (superoxide dismutase, SOD) %/ 74— (malondialdehyde, MDA). 7t
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Abstract: Objective To explore the mechanism of Dangshen (Codonopsis Radix) on intervening intestinal mucosal cells ferroptosis-
mitochondrial dynamics imbalance in ulcerative colitis (UC) via Kelch like ECH-associated protein 1 (Keapl)/nuclear factor E-related
factor 2 (Nrf2)/glutathione peroxidase 4 (GPX4) and mitochondrial related protein 1 (DRP1) signaling pathway regulated by
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt). Methods Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analysis in network pharmacology was used to predict the key signaling pathways of Codonopsis Radix intervention in UC.
SD rats were used to prepare UC models by 2,4,6-trinitrobenzene sulfonic acid (TNBS)-ethanol composite method, rats were randomly
divided into control group, model group, sulfasalazine tables (0.3 g/kg) group, iron inhibitor Ferrostatin-1 (0.8 mg/kg) group, and
Codonopsis Radix high-, medium-, and low-dose (18, 9, 4.5 g/kg) groups, with 12 rats in each group; Drugs were given for 7 d, serum and
colon tissue from each group of rats were collected. Histopathological observation and histological damage index (TDI) of colon mucosa
were performed by HE staining; ELISA was used to detect Fe?*, interleukin-1p (IL-1pB), IL-6, tumor necrosis factor-o. (TNF-a), I1L-8,
GPX4, C-reactive protein (CRP), D-lactate contents in serum; Superoxide dismutase (SOD) activity and contents of malondialdehyde
(MDA), glutathione (GSH) in serum were detected, adenosine triphosphate (ATP) content and activities of myeloperoxidase (MPO), Ca?",
Mg?*-ATPase, Na*, K*-ATPase and ATPase in colon tissue were detected by biochemical method. Differentially expressed genes in colon
tissues of control group, model group, and Codonopsis Radix high-dose group were analyzed by transcription sequencing, and KEGG
pathway enrichment analysis were performed to obtain the differentially expressed signal pathway of Codonopsis Radix intervention in
UC. Western blotting was used to detect the expressions of p-PI3K, PI3K, p-Akt, Akt, Keapl, Nrf2, GPX4, recombinant human ferritin
heavy chain (FTH1), DRP1 and mitochondrial Rho GTP (MIRO) proteins in colon tissue; qRT-PCR was used to detect the mRNA
expressions of PI3K, Akt, Keap 1, Nrf2, GPX4 and FTH1 in colon tissue. Results The pathological observation and scoring results showed
that Codonopsis Radix effectively improved the inflammatory and edema state of colon tissue; The network pharmacology prediction
results indicated that the key targets of Codonopsis Radix intervention in UC were significantly enriched in PI3K/Akt signaling pathway.
The results of ELISA experiments indicated that Codonopsis Radix effectively reduced IL-1B, IL-6, IL-8, TNF- a, D-lactate and CRP levels
in serum of UC model rats to inhibit inflammation (P < 0.05, 0.01, 0.001), reduced Fe?*, MDA contents and MPO activity in serum (P <
0.001), increased GPX4, GSH levels and SOD activity in serum (P < 0.001), and inhibited oxidative stress; Codonopsis Radix elevated the
ATP content and activities of ATPase, Ca>*, Mg?*-ATPase, Na*, K*-ATPase in colon tissue (P < 0.05, 0.01, 0.001), and enhanced energy
metabolism. The analysis of KEGG pathway in transcriptome suggested that the differential genes in control group vs model group and
Codonopsis Radix high-dose group vs model group were significantly enriched in PI3K/Akt and other signal pathways. The results of
Western blotting experiments confirmed that Codonopsis Radix effectively downregulated the expressions of p-PI3K/PI3K, p-Akt/Akt,
Keapl, MIRO and DRP1 proteins in colon tissue (P < 0.05, 0.01, 0.001), and upregulated the expressions of Nrf2, FTH1 and GPX4
proteins (P < 0.05, 0.01, 0.001), exerting antioxidant stress, inhibiting iron death, and regulating mitochondrial dynamics. qRT-PCR
experiment results also showed that Codonopsis Radix eftectively downregulated the expressions of PI3K, Akt and Keapl genes in colon
tissue (P <0.05, 0.001), and upregulated the expressions of Nrf2, FTHI and GPX4 genes (P <0.05,0.01, 0.001). Conclusion Codonopsis
Radix is an effective drug for intervention in UC, and its mechanism may be related to PI3K/Akt intervention in Keap1/Nrf2/GPX4, DRP1
signaling pathways to inhibit mitochondrial dynamic imbalance-ferroptosis oxidative stress injury in intestinal mucosal cells.
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HEMH=1 (Kyoto encyclopedia of genes and genomes,
KEGG) 15518 s EMiE 1 BERELLEE 3-3 G
(phosphatidylinositol 3-kinase, PI3K) /& ¥ B
(protein kinase B, Akt) {55 ilEg7E5Z Tl UC
FIzCER, 13T PIBK/AKt {5 58— PR T
SEZ IR AR Kelch HEM AR A KA R E H 1(Kelch-
like ECH-associated protein 1, Keapl) /#%[AF- E #HK[H
¥ 2 (nuclear factor erythroid-2 related factor 2, Nrf2) /
A e H BRI SE AL YT 4 (glutathione peroxidase4
GPX4) 15 5k S kAR5 JAHICE 1 1 (dynamin-
related proteinl, DRP1), M| &AL T,
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SPF %% SD HEMER R (f&Jii & 180~220 g) H
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YA[ES [SCXK (50) 2019-0010], 237 TH
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AR L (EHES 2022-022).
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MBS RZIEEE (sulfasalazine tablets, SASP) [
WH (0.25mg/Fr, #115 N0.9210105) 4 H _EiEiH
RPN ARA T 2,46- =R FEBER (2.4,6-
trinitrobenzene sulphonic acid, TNBS, #t'5 MB5547-
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Ferrostatin-1 (Fer-1, #it*5 HY-100579) Il [ 35 [E Med
Chem Express A F]; /K& (k'S5 20211201 14
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reactive protein, CRP) ELISA iXif& (fit’5 MM-
0081R2). FI4HffI/r2-8 (interleukin-8, IL-8) ELISA
RAE (5 MM-0175R2). IL-6 ELISA & (dit
5 MM-0190R1). IL-1p ELISA &{5fl& (#t'5 MM-
0047R2). TNF-a ELISA 7 & (#t5 MM-0180R2).
D-FLiE ELISA \fl& (fit5 MM-21239R2) IHH
L5 FEW AV RHECA PR A A s 8 S A Y Bk i
(superoxide dismutase, SOD) {7 & (L5 A001-1-
1). A (malondialdehyde, MDA) kil (it
A003-1-1). #Eid # Yl (myeloperoxidase, MPO)
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GSH) it5fll& (IS A006-2-1) Y904 [ e 5l A4
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H]; B-actin Fiik (H'5 GTX109639). Akt Hiifk (it
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Keapl ifk (b5 GTX54329). Nrf2 $ifk (it
GTX103322). DRPI #ifk (Hik'5 GTX135364)
M 3£ [ GeneTex A ); PB3K ik (L5 YT6156) I
H 3£ [E Immunoway  w]; 4 NBE A EH
(recombinant human ferritin heavy chain, FTH1) $if£
(fiL'5 Ab183781). GPX4 Hifk (L5 Ab125066)-
iR E (mitochondrial Rho-GTP, MIRO)
Pria (S Ab88029)4) H ¥ [E Abcam A W] ; Hieff®
Qpcr SYBR Green Master Mix (5 11202ES08) 14
HS AR (R A RAR .
14 {435
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J7): GelDoc 2000 BYEE Hitg £ 48 (32 Bio-Rad
vH]); Tissuelyser-48 BRI EEAY (b5 Sl K J@
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9. 4.5g/kg) H, A 12 X, nEWFE. FHAH
ig N Z%) (10 mL/kg), XFHEAAFEIA ig Sk
FUEBEERK, 1K/, %L 7 d.
23 MARERAE

RIRGH G, SHRREEEAZEK 24N, ip 10%
KEEWE (3mL/kg) FRIF, N8 3B KEIL S 2 iR i
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G, —80 CHIHRIRAT. BAEMFASERR, 23K
P S5 e A P A AR, BT RA AR B B K
W, YRR E NN RNAiso Plus 851 ) TCBS 4R A7
B, RWEERE R, BT-80 CUKFEHIRIFAAE
24 ZERFERARIEFNE KA LRRG TS
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HIVETR AR R (HE) D), fEROEIRAER
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(tissue damage index, TDI) [15],
25 MBHIEE KEGG EESHFUNZS T
UC #ZILME 518K

FIH TCMSP %4 7 . Perl 1%+ Uniprot (43
JE . GeneCard %(#& & . DisGeNET %(#& £ &2 STRING
AR, ZIAWIETERCT . BOREE, ME ‘%
ZEPERr-UC BB i PRI N 28 J e
J5i - A 5 A HAE B (protein-protein interaction, PPI)

W2%, BT KEGG 5% & %5 LT
2.6 #REF KEGG BEESAIERSTM UC
IS S RS

e WA & U0 AR IS H R R A I RS
RNA, j@id Oligo (dT) RiEREHEE RNA HirH
polyA Z5H1) mRNA, WA cDNA. it
17 RNA #hi# . gtk @, WA FASTQ JR46
AR (raw data). JRIGEPRA . RN E L
X BIZHELEFA, 0 EAEALEA [ ik & X 8]
()3 R 4 H 34T ik B 22 S B R PP 40 #fr, itk
172 533 N KEGG 15 518 & £ 01T
2.7 ELISA #&0MJ& IL-1p. IL-6. IL-8. TNF-a.
Fe?*. CRP. GPX4 I D-F A& E

FZ M ELISA 780 vl W 45000 i & 20K BRI i
i1 [L-1B. IL-6. IL-8. TNF-o. Fe**. CRP. GPX4
A D-FLR S &
2.8 HWELMMAES GSH. MDA £ £F SOD
EAOMERBEh =8 IR H (adenosine
triphosphate, ATP) & 2X& MPO. Ca*, Mg**-ATP
fif. Na*, K'-ATP f§. ATP B&;5

BRI E % GSH & &, WE T H1L. faifE
FLs FERMESL, &FLIFE, 405 nm AL E % LK
HEE (A {H, 15 GSH & . TBA %6k I
5 MDA &&, WETSHE. bfEE . FEmillERE .
SRS, BEINEE, T 532nm BEKAL, 1ecm 642,
AMKRZE, MEHE AHE, 115 MDA &, &
Jei e g SOD %1y, WENHE . FEMmllE
B, SEIFE, T 550 nm KA, 1 ecm R ELE
W, ZEEAKAZE, i, TH5 SOD V& . Hhtaikill
LAY MPO 3577, S50, WE xR
FL FESIEFL, S EFL, SFLUIMEE, T 460 nm 4k,
Lem )GfE, WZEKIAE, WiE &1L 4 H, 115 MPO
e BRI E & A R E R .
PR AHIR LU (b Al K R 45 i 223 ATP 5 &, e
FUE . TR . PR RIRE Sl e, IO\ TAEWE,
636 nm, 1% 0.5cm, MZE/KWE, e &E 4 1H,
THE ATP & & . BRSNS SN s 45 i 21 21
Ca", Mg?*-ATP [iff. Na*, K-ATP Jif. ATP E#i& /1.
2.9 Western blotting & 45 B52H 2% p-PI3K.
PI3K. p-Akt. Akt. Keapl. Nrf2. GPX4. FTHI1,
DRP1 #1 MIRO EH KX

2t meH 2R 50 mg, fi#id BFEE, B\ RIPA £
1 2R % i PR R T SRR A, BCA VR SE B 1K
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2.10 qRT-PCR %0 PI3K. Akt. Keapl. Nrf2.
GPX4 1 FTHI E£FE %%
P IR B Ud W P HR 2K SRS B 23 i

NBOFEOCRY, KABREGLEIE RSG5 RNA S cDNA, #17 qRT-PCR 73#. 5197
K AR - I 1.
&1 3149575
Table 1 Primer sequences
Enle| v BRAMbp 3 (5-3%)
PI3K 240 F: GATGAGGTGAGGAACGAAG R: GCAGAGGACTTGTTGCC
Akt 242 F: TTCTCAGTGGCACAATGTCAG R: TCCATCTCCTCAGCACCTG
GPX4 200 F: AGGAGCCAGGAAGTAATC R: GCCGTTCTTATCAATGAG
FTHI 257 F: AGCGAGGTGGACGAATCTTC R: GGCTCCCATCTTGCGTAAG
Keapl 174 F: GCGGTTACTTCCGACAG R: AATCAGTGTTGCCGTCC
Nrf2 249 F: CAACTCCAGAAGGAACAG R: AAGCGACTGAAATGTAGG
GAPDH 217 F: CATCTTCTTGTGCAGTGCC R: ACCAGCTTCCCATTCTCAG

2.1 GEitEaH
f§ FiI IBM SPSS 21.0 45 it #4443 # %4
Graphpad Prism5 #fF4:El, ERSARTHETE L
Xts £nw. KRHBHEENZ5H (One-way
ANOVA), J7ZFFWI P ELE A LSD v53H1T,
J7 ZEATFE I L Dunnett’s 73 7533647204 o
3 H#R
3.1 ®EX UC KRB LHIET AT
W 1 B, WRRAUR R B E W bR g 5e
B, WESEWIER; BRALHASERFETZ
LR, AW EARIE = E AN, A E
BRECE /D, Bas R LR Ak . SR
ANFIFEERD T R RRE, SRR AL,
e T SRR Fe K . S0 R b, AR

W% 18 gkg! W59 gkg!

S EA R *P<0.05 #P<0.01 **P<0.001; S *P<0.05
P<0.05 *P<0.01 *#P<0.001vs control group; "P < 0.05

545 gkg!

4 TDI W BT (P<<0.01); SR LLES,
KLY TDI W) RE L (P<<0.05. 0.01).
32 BT UC MNBHBFRXEHSER
Venn Bl 5 REFERFTILEE

¥ 2 24 B2 RAT 0 2 M R O3 R I PR A s TR
109 4>, FH K UC HIHE LR 4852 A4S, 152] 72 4
AR S IED, WK 2-A. WE 2-B s, SXHE
A, WAL AHNERRIENER 4727 A
(B 21574 T 2570 4N, SHEAIA LS, 5%
Z A 2 RIS IR 1058 A~ (R 669 4.
T 389 4. SRA R IET geplots2 A4 2%
FFRILFEFKILE, JRRXTRA v BAA (] 2-
C) KA vs o EmAEA (E 2-D) FIEEK S
AfEL, IR R 0 22 S B R o A K BN R

i
g
TDI ##43

0——
FHfR B SASPFer-118 9 45

3t Z(gkg™)

P<0.01 *P<0.001, T
"P<0.01 **P<0.001 vs model group, same as below figures

1 RE3 UC KREMARFEZUNFN HE, X100)
Fig. 1 Effect of Codonopsis Radix on pathological changes of colon tissue in UC rats (HE, x 100)
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e 7 A A PR A K L

A-Venn map of Codonopsis Radix-UC intersection target gene in network pharmacology ~B-transcriptomics differential gene statistics C-volcano map

of gene expression in transcriptome control group vs model group D-volcano map of gene expression in transcriptome model group vs Codonopsis Radix

high-dose group

2 MBHEFRIERAFERKEEE

Fig. 2 Differentially expressed genes in network pharmacology and transcriptomics

3.3 WMEHBEFEERBFERTREEEN PPI
S

W2 25 B2 e 2 5 UC 24 Rl i
STRING ##fs e i S R AE =8, IF32EAT PPI 2304)T,
AT AKTL . 35t & )8 & B 5 -9 ( matrix
metalloproteinase-9, MMP-9). IL-6. i # A%
6A4 (solute carrier family 6A4, SLC6A4). HEZE
24K 1 (estrogen receptor 1, ESR1). TNF. TP53.
B IEH K S-#:F41 P1 (glutathione S-transferase P1,
GSTP1). ¥R iz %Kk 3C1 (nuclear receptor
subfamily 3 group C, NR3C1). & AKFF
o (vascular endothelial growth factor a, VEGFA). &

A

AR 7524k (epidermal growth factor receptor,

EGFR) . L IH5% 32 4 I 2 o7 (nicotine acetylcholine
receptors o7, CHRNA7). RiFIE R AL W&
2 (prostaglandin G/H synthase 2, PTGS2). id%ft
VIR IS TEY S 2K v (peroxisome proliferator-
activated receptory, PPARG). IL-2. &R KL
RIRE H -3 (cystein-asparate protease-3, CASP3)
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Fig. 5 Effect of Codonopsis Radix on levels of inflammatory factors in serum of UC rats (X £ s, n =12)
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expressions in colon tissue of UC rats (X £ s, n=3)



- 3874 -

¢EH 2023F6H £54% B 128 Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 12

ZH 41 p-PI3K/PI3K. p-Akt/Akt.Keap1.MIRO FI DRP1
EARIE KPR ZET S (P<0.001), Nrf2, FTHI
A GPX4 & ARIEKFEEF L (P<0.001); 5
BRI LS, SASP 4. Fer-1 AR S Hh. wilE
HEE R 2R p-PI3K/PI3K il DRP1 £ [3RIA/K T4
BRI (P<<0.05. 0.001), Nrf2 fil FTHI A #
AR5 R TR (P<<0.05. 0.01. 0.001); SASP
H. Fer-1 HMRZmiEHEMHL p-Akv/Akt.
Keap1 Fl MIRO 5 [ 31K 7K T #4 i 2 PR (P<<0.01
0.001), GPX4 HHRLX/KIFHEEH = (P<0.01.
0.001).

HH#

Hskck

sl Tl

A B C D E

PI3K
mRNA HIxtRiE &
O = N W R W
Akt
mRNA FXt ik &
S~ N W B W

i 1.5

=

==X
—
wn

*kk
wk

—_
(=}

Nrf2
5

mRNA Hif £k

(=)

GPX4
mRNA H%} Rk

HH#

Ll

A B C D E F G

o

n
o
in

(=}

A B C D E F G

3.9 B UC KRLEMHER PI3K. Akt. Keapl.
Nrf2. FTHI 1 GPX4 EEFRIERSEMN

Wik 9 firar, SxTIRAIER R, AR ZH 25 il 21
PI3K. Akt. Keapl FERFRE/KFHIEETm (P<
0.001), Nrf2. FTHI. GPX4 J: K FRIEL KV RE T
B (P<<0.001); SHRILLLES, K45 25445 e 4]
PI3K . Akt F£ R FRIE 7K 2.2 B (P<<0.001), SASP
. Fer-1 HAE S, mil &4 Nrf2. FTHI . GPX4
FRFXAKTFEETE (P<0.05. 0.01. 0.001);
SASP A1 2 A Keapl FERFIEK T4 5
FZREIL (P<<0.05. 0.01).
i 6]

Keapl
mRNA X2k
.

sk

mi =1l

A B C D

(=}

—_
W
1

—
(=}
!

FTHI
mRNA X RLE

o
in

ﬂﬁ%mﬁ

A B C D E F G

(=)

B9 %&X UC KREBFHEL PI3K. Akts Keapl. Nrf2. FTHI ¥ GPX4 EEFIEHIEM (X+s,n=3)
Fig. 9 Effect of Codonopsis Radix on PI3K, Akt, Keapl, Nrf2, FTHI and GPX4 gene expressions in colon tissue of UC rats

(Xxs,n=3)
4 g
¥ B M 2 45 b 1 2 i ) i e B ) 4 A
fit, EABLI-RE A . PRSI R B i
A JZBOE e e AU S A M BE AR, R
A BT FY AR BB Z B0 e S 75 KR
i s AR 3 17 B — 2P kel uC RAER, M
i PN B R A2 0 1) i 8 B 51 A 2 o U B 928 4 L
Sk ERELMA T (-6 IL-1p+ TNF-a. IL-
8) M AIEIGA AN CRP. D-FLEE A It —
VERAE 5 40 1 WOE 205 1 42 021, (i 4 v 1t 4
(reactive oxygen species, ROS) &M, ROS
GREHFELZ 1 SOD. GSH. GPX4 S AL
FIHUASEA T FR 405 AR, S 4E A
GPX4 AL GSH I& 5 e 332 24, Ak i i
A Fe?t 5 Hy0, LLZS{LL Fenton [ M 77 REAM
JIEE I 44T A0 41 2% LA S XU 1 J2 0 SR A P i
AT B A B 3 ) FAD 8 250 R o e 2 e L 3 5
ahn, AR Ak REE KRS I BRI T,

LR PR A BB B R T 40 B A 1 B A B
T “HR-FE T ISP, AN RS
Al MDA S REHER, HZkifA DNA JEK
INEIE SO T IRBEWT R . SCHR . TR AR ORI
LA, A LRI IR B 5T 6 ) B FL OB v
S LR AR RE AR ThRE R ATP = R 224, 53
LR S0 A AN RE AR AL, 4 ] it 48 9 (21 47
WP AL L EETh RS, S RE AR . RIERN SR
ML 2 £ PR P 22 B AN TR IR I IR e A g o it 481
HESON, BN B R A A R AR A T 1 [ s
B ALK AT 0 A Bl i 1 I RE AR T AR 24, T 75
R IR A4 o

Nrf2 /& CNC-bZIP X% H13 77 85 5 R e
K7, TEAN AT AN o B s B R Bk AR R
FERBEEHP), AHURE T Nrf2 3% Keapl 1N
SO TR Nrf2 $E5E 7E M5 A TR R Keap1-Nrf2
HEM, B S Nrf2 72 200 B DL 4E F7 Py 4
AT 1) Nef227281, 17 M4 i T UC EAb SECIR



¢EH 2023F6H £54% B 128 Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 12

* 3875

A Keapl-Nrf2 A AMEMEEL, FEGH Nrf2 ZEA
Y% 9T RO R AR, I TR R R A R
sk R4 (System Xc-) & 5K #HTET] GSH
(R4 p29, i85 R SOD. FTHI 25t A AL F{R3
PEREPR ) 214130321, GPX4 Ml K 7 GSH ¥ &
(6 T S A E o TC B IR T B, [FII B B
ONEATIAR B B, nrdE ek g 5 i A AR
DA 40 B R AR R AET o A NCIR S T GSH B
FERIT 2 330 GPX4 KiEP), GPX4 [ N RBEIAH
SERRIET BRI, FTHI B S8 AL BRE I,
A DAL FeX 4k A Fe T al, M PR AR JiF B8 2k
T, RN N RSP,

YHARRIET 2 U L R AT 3 i B
i 5 52 453 (1) K B B RA T 00), AT A AT e T
AT WS A0 M BRI A BAZ T A e e . oS, (H 4l
H PN R RAARTE S /N T IE AR, 2Rk A 45 45 35 %
PSR DR, AN, DRP1 A&
- FLRRE) F 5 T R AR R & 5 A R SRR 1,
Z 5y R P B R A IS R 5 o R R
UC IR TRt i gkt T sk bi ik 2 4%, 55
DRP1 iRk L RARN “R-AlE” MshEF
WIBEIR, BN, (LR A R A 336 B T BE A2
B, Bk 28 ROS P28 I3k S0 B e 7R i
A B, 3 IG5 . DRPL 0GRS
% 3| MIRO XA AR A0, UC KA 28
AT 2 2 & MIRO & F R FEIZ i DhRe i £ 4O IR
SIRERE TR, MIRO FRik &SR0, Ntz
25 R ) 2 B R T R IR A LAY 2 RE R LR, i
&1 ROS SRR 5 3hiE Bk MIRO HIALH],
MIRO & M Z 826 ki ik b 55 5 2 gl iz &=
b, B= MIRO (152 45 2R AACKE To2: 4k S 45 41
PN RIS Sk R B BB Y . ASTHIE 7t ke BILAE i B 4
LB R R, gl H S Rtk R E A
DRP1 Fiki& BFt, 3RO S5 i 2k AR 4T il 26 4
BEESR, G2, SHHSA A T8k
1B 115 R ABTIRF - ATP B /1 50K/ 40 i e
R S ThEe A Toi0 45 0 B B4R AR, AR szif gt IR
Bn, UC KR4S ATP B i PE N, RIS,
Jiar 4 i P A5 03 i R AT, 485 i e 38 SRE K i 1431, gk
— 5l g sl fiThRgreng , B2 iE gt L=
Zei4, b AE IR OR UC KRG m4lg Ca?,
Mg2*-ATP fiff. Na*, K*-ATP BI% JIBEAK, BEiS 1100
B AT AT S R AR O 5T Ca2 45, R i e

2, D ATP 6 4491,

i FLR B PI3K/Akt 15 =@ % vl DL FR A0 2
e TPS I A B 7k i R R AR S S
RAE BRI AE W A 5 A 9 4 24 B 25 T
R EIAESL T PI3K/AKt 3% 3 T UC K E
R0 2 SR IAFE R e BB Sl i . Rk
1) Akt AT it Keap 1/Nrf2 #5685 5 P 4k e N e
s, LRk R IPIEL RA R E IS GPX4, M
TV B4 ) R AEES), Sk A 2 I f kst R
A REEMIE A B TR AR IR e 2 AR )
fig, {eidt ATP 7= J ATP BgdE 138

22 b, WHEEIR R UC BIRZ o FEL R K1,
AL 3 R IE T2 T S0 M A T R B
i 5 52 40 (1) S B B PR T 36501, 2Rk Ak 1) 77 27 2K
PR I RE AR WIS /2 UC BIAZ O B A2, Akt
WL S PI3K HXZh I Mif#E Keapl/Nrf2, {2t
GPX4 & R 5 DA Ak 2 G 9 i) P 266 FEE 440 Bt 2k 5
T2, ¥ DRP1 Jd> 2R AR S AL R AR A7 4 2R A
W) 115 PEIRAS, feitan i pe &K E 2158
¥ 0 IS o B 453403 1A A RO A2

FBAR FAVEEHYFARFEFZFTR

SEHEk

[1] Segal J P, LeBlanc J F, Hart A L. Ulcerative colitis: An
update [J]. Clin Med, 2021, 21(2): 135-139.

[2] Tanaka T, Kobunai T, Yamamoto Y, et al. Increased copy
number variation of mtDNA in an array-based digital PCR
assay predicts ulcerative colitis-associated colorectal
cancer [J]. In Vivo, 2017, 31(4): 713-718.

[31 i, MM, W15, 5. WESERr . ARER]
FREmERg R iR 3. Bl PEYRE, 2020,
54(8): 94-104.

[4] Broahk, GE3F, BIAR, 5. WSIAT B K2
F A s ] AT FL Rk e (7], A EEZY, 2016,
11(8): 1635-1639.

[51 75, XS, KBV, 55 BT HIRIEHE M0 4k 25 2
FER I BT VR IT I 46 1 R R 2 A K pL
[7]. SR ENERIRE, 2023, 37(2): 25-29.

[6] AR, B, T b B AL AR B R G55 T 4G
fon 5 5 R 25 AR 3 # [0]. WK A% SElR 24, 2016,
12(24): 92-94.

[71 2y, WSS, W%, 5. TRz som e
il R AR AT (7], AR ROR— R
2Bk, 2020, 22(7): 2269-2275.

[8] XIEMW, Fril, midiE, 55, WS 2N BE IS R
KR G5 b NF-«xB {55l B (I g2m [J]. ks,



» 3876 «

¢EH 2023F6H £54% B 128 Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 12

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

2021, 43(6): 1445-1450.

XIHH, Foil, mafl, 5. 5 SKEROos K R
S5 1 2 IR AE R AL (3], R IRIR 2R &, 2020,
39(5): 21-25.

48, TRHTER, SRIE, S (B IEVET JETRTE)
fifise [1]. AREEZ, 2021, 52(14): 4119-4129.

He R P, Jin Z, Ma R Y, et al. Network pharmacology
unveils spleen-fortifying effect of Codonopsis Radix on
different gastric diseases based on theory of “same
treatment for different diseases” in traditional Chinese
medicine [J]. Chin Herb Med, 2021, 13(2): 189-201.
Niiesch E, Hauser W, Bernardy K, et al. Comparative
efficacy of pharmacological and non-pharmacological
interventions in fibromyalgia syndrome: Network meta-
analysis [J]. Ann Rheum Dis, 2013, 72(6): 955-962.

Ru J L, Li P, Wang J N, et al. TCMSP: A database of
systems pharmacology for drug discovery from herbal
medicines [J]. J Cheminform, 2014, 6: 13.

Pang X C, Kang D, Fang J S, er al. Network
pharmacology-based herbal
Naodesheng formula for application to Alzheimer’s
disease [J]. Chin J Nat Med, 2018, 16(1): 53-62.

EWAR, WREK, BFF, % FET NLRP3 405 MAH 7T
k5 1E T BRI B & BR i e T /N B e
2 RAAE LS (7], sPEEZY, 2022, 53(13): 3997-
4006.

Turner J R. Intestinal mucosal barrier function in health
and disease [J]. Nat Rev Immunol, 2009, 9(11): 799-809.
B, EICE. BRI B AL O 1 B b A AL
H B T R (3], AR AT AR A, 2010, 18(7):
695-698.

M, SERR, BRI, S5 BEAS R LR
s R [J] SRR N &, 2014, 22(27):
4100-4106.

Z R, XIS, XEREE, 5. ThPEERIT BUm A R
Tk (7). E DR A&, 2020, 40(12): 72-74.
Ng S C, Shi H Y, Hamidi N, et al. Worldwide incidence

and prevalence of inflammatory bowel disease in the 21st

analysis of Chinese

century: A systematic review of population-based studies
[J]. Lancet, 2017, 390(10114): 2769-2778.

Cui G L, Yuan A P. A systematic review of epidemiology
and risk factors associated with Chinese inflammatory
bowel disease [J]. Front Med, 2018, 5: 183.

Li W J, Yang S H. Targeting oxidative stress for the
treatment of ischemic stroke: Upstream and downstream
therapeutic strategies [J]. Brain Circ, 2016, 2(4): 153-163.
Angeli J P F, Schneider M, Proneth B, et al. Inactivation of

the ferroptosis regulator Gpx4 triggers acute renal failure

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

in mice [J]. Nat Cell Biol, 2014, 16(12): 1180-1191.

Raza H, John A, Brown E M, et al. Alterations in
mitochondrial respiratory functions, redox metabolism and
apoptosis by oxidant 4-hydroxynonenal and antioxidants
curcumin and melatonin in PC12 cells [J]. Toxicol Appl
Pharmacol, 2008, 226(2): 161-168.

Soderholm J D, Olaison G, Peterson K H, ef al. Augmented
increase in tight junction permeability by luminal stimuli
in the non-inflamed ileum of Crohn’s disease [J]. Gut,
2002, 50(3): 307-313.

Dodson M, Castro-Portuguez R, Zhang D D. NRF: plays a
critical role in mitigating lipid peroxidation and ferroptosis
[7]. Redox Biol, 2019, 23: 101107.

Zhang D D, Lo S C, Cross J V, et al. Keapl is a redox-
regulated substrate adaptor protein for a Cul3-dependent
ubiquitin ligase complex [J]. Mol Cell Biol, 2004, 24(24):
10941-10953.

Cullinan S B, Gordan J D, Jin J P, et al. The Keap1-BTB
protein is an adaptor that bridges Nrf2 to a Cul3-based E3
ligase: Oxidative stress sensing by a Cul3-Keap1 ligase [J].
Mol Cell Biol, 2004, 24(19): 8477-8486.

Chen LY, Li X X, Liu L B, et al. Erastin sensitizes
glioblastoma cells to temozolomide by restraining XCT and
cystathionine-y-lyase function [J]. Oncol Rep, 2015, 33(3):
1465-1474.

Kwak M K, Wakabayashi N, Itoh K, et al. Modulation of
expression by
through the

gene chemopreventive

dithiolethiones

cancer
Keapl-Nrf2  pathway.
Identification of novel gene clusters for cell survival [J]. J
Biol Chem, 2003, 278(10): 8135-8145.

Pajares M, Jiménez-Moreno N, Garcia-Yagiie AT, et al.
Transcription factor NFE2L2/NRF2 is a regulator of
macroautophagy genes [J]. Autophagy, 2016, 12(10):
1902-1916.

Knatko E V, Ibbotson S H, Zhang Y, et al. Nrf2 activation
protects against solar-simulated ultraviolet radiation in mice
and humans [J]. Cancer Prev Res, 2015, 8(6): 475-486.
Ursini F, Maiorino M. Lipid peroxidation and ferroptosis:
The role of GSH and GPx4 [J]. Free Radic Biol Med, 2020,
152: 175-185.

Alim I, Caulfield J T, Chen Y X, et al. Selenium drives a
transcriptional adaptive program to block ferroptosis and
treat stroke [J]. Cell, 2019, 177(5): 1262-1279.

Xie Y, Hou W, Song X, et al. Ferroptosis: Process and
function [J]. Cell Death Differ, 2016, 23(3): 369-379.
SRR, W, BT, & NSRRI BUm A
RAS R AR LA S A R RIREGYIL (7], s
74,2023, 54(7): 2187-2196.



¢EH 2023F6H £54% B 128 Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 12

= 3877 »

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

Yang W S, Stockwell B R. Synthetic lethal screening

identifies = compounds  activating  iron-dependent,
nonapoptotic cell death in oncogenic-RAS-harboring
cancer cells [J]. Chem Biol, 2008, 15(3): 234-245.
Yagoda N, von Rechenberg M, Zaganjor E, ef al. RAS-
RAF-MEK-dependent oxidative cell death involving
voltage-dependent anion channels [J]. Nature, 2007,
447(7146): 864-868.

Chan D C. Mitochondrial dynamics and its involvement in
disease [J]. Annu Rev Pathol, 2020, 15: 235-259.

Sesaki H, Adachi Y, Kageyama Y, et al. In vivo functions
of Drpl: Lessons learned from yeast genetics and mouse
knockouts [J]. Biochim Biophys Acta, 2014, 1842(8):
1179-1185.

Birsa N, Norkett R, Wauer T, ef al. Lysine 27 ubiquitination
of the mitochondrial transport protein Miro is dependent
on serine 65 of the Parkin ubiquitin ligase [J]. J Biol Chem,
2014, 289(21): 14569-14582.

BRAR, =362, BRI, 45 R 250 Zob R LRy L
fImE Rt e [7]. WIF P EE AR, 2017, 33(6): 214-215.
R, uini, &, 55 Zokifk DNA Fik7
MB8a X s SR AR 20 i A kLA B AT RO FEm (1], h
AHMLEP 4R, 2017, 39(5): 607-614.

Jin X, Chen D, Zheng R H, et al. miRNA-133a-UCP:

pathway regulates inflammatory bowel disease progress by

[45]

[46]

[47]

(48]

[49]

(50]

[51]

influencing inflammation, oxidative stress and energy
metabolism [J]. World J Gastroenterol, 2017, 23(1): 76-86.
Park S G, Kim S H, Kim K'Y, et al. Toyocamycin induces
apoptosis via the crosstalk between reactive oxygen
species and p38/ERK MAPKSs signaling pathway in human
prostate cancer PC-3 cells [J]. Pharmacol Rep, 2017,
69(1): 90-96.
Liu C X, Ye Y J, Zhou Q, et al. Crosstalk between Ca?"
signaling and mitochondrial H20: is required for rotenone
inhibition of mTOR signaling pathway leading to neuronal
apoptosis [J]. Oncotarget, 2016, 7(7): 7534-7549.
Brazil D P, Yang Z Z, Hemmings B A. Advances in protein
kinase B signalling: AKTion on multiple fronts [J]. Trends
Biochem Sci, 2004, 29(5): 233-242.
Wu J X, Li Q, Wang X Y, et al. Neuroprotection by
curcumin in ischemic brain injury involves the Akt/Nrf2
pathway [J]. PLoS One, 2013, 8(3): €59843.
WRiak, X/ e pIERRES REE RN 0], &
YIEE 551k, 2021, 2(3): 42-48.
Jiang X J, Stockwell B R, Conrad M. Ferroptosis:
Mechanisms, biology and role in disease [J]. Nat Rev Mol
Cell Biol, 2021, 22(4): 266-282.
JeEN, B, TR, & KERIEE T Nrf2/HO-
H MAPKSs 11| 2 AE A A ROEHLHIFT T [J]. T E 4%
g, 2021, 37(9): 1063-1068.

[Tttt S 148]



