e 7450 F8 B 20255108 $56% B208  Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 20

3 B FURLIE I 0T R BT R A U = T R /)N B BB BR R T e

Fafml, AL, AER? NRE?2, BHEL? JmE, REFT

1. TRRHZIRLR 2GR Z % Be, 7 PEFH 110016

2. BEHAERRBAERAT £ 5P ZAmaeHaEESTRE, R KT 276005
3. REEGL AR SR TR, IR HE 277160

 E: B @dEAHZRE S TEDEEARMBRPI R R E RS 28145 (acute lung injury, ALD /)
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FRISEARKCEE 5@ M; Western blotting #ll £ A& ®EH (Occludin). /N EH 1 (zonula occludens 1, ZO-
1)\ PG A T 4 (activating transcription factor 4, ATF4). C/EBP [AJf& [ (C/EBP-homologous protein, CHOP). W
WE KRR IAN T 20 (phosphorylated eukaryotic initiation factor 20, p-EIF20). BEERALER (A FTMEF RNA £ PN 5 P93 EE
(phosphorylated protein kinase RNA-like endoplasmic reticulum kinase, p-PERK) []3%iA; Western blotting & it 20 £44% K] -
E2 #H2R A F 2 (nuclear factor E2-related factor 2, Nrf2). ILZL &M% #E-1 (heme oxygenase-1, HO-1) 1 NAD(P)H fg4a fLit
J5ili 1 (NAD(P)H: quinone oxidoreductase 1, NQO-1) HHFIL, HR HRIBIAH LR, I0IB7 RN R 2 AR ALL /DU TEEL
(P<<0.05.0.01), B3 Ml2E 0% B4, RIS T DAO. LPS-SIgA Fl D-FLEZ/KF (P<<0.05. 0.01), iM% 42 Occludin
A ZO-1 HIRIE (P<0.05). % H 2% F Western blotting 7T & B, 1B RO RTE T P9 BN E B0 L 2&EL, #E1 TF p-PERK.
p-EIF2a. ATF4 J CHOP [5RiE (P<<0.05), MHISEHALRNFE N, R, FRIPTBREEME T ALL MR IEH ROS Fl
MDA 7K (P<<0.01), F+E T GSH /KF M CAT. SOD §ift: (P<<0.05), FF LiMiZL4d Nrf2. HO-1 X NQO-1 [j&is (P<
0.01). Z&i&  FIFTBURLE L ] A 5T 0 SO AE e i PR R Th e, M2 LA RO, B0 ALL /N BRI A% o
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Jingfang Granules improve intestinal barrier function in mice with acute lung
injury by inhibiting endoplasmic reticulum stress
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Abstract: Objective To evaluate the improvement effect and mechanism of Jingfang Granules (37 [/ #i¥) on intestinal barrier in
mice with acute lung injury (ALI) induced by bleomycin through proteomics combined with molecular biology techniques. Methods

The mice model of ALI was established using bleomycin tracheal instillation and then intervened with Jingfang Granules. Lung index
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and pathological changes in lung tissue of mice were detected. ELISA was used to detect the levels of diamine oxidase (DAO),
lipopolysaccharide specific immunoglobulin A antibody (LPS-SIgA) and D-lactic acid in serum. The corresponding assay kits were
used to measure the levels of malondialdehyde (MDA), reactive oxygen species (ROS), glutathione (GSH) and activities of catalase
(CAT), superoxide dismutase (SOD) in serum. The lebel-free proteomics technology was used to detect the protein expression profile
of colon tissue, the differential expressed proteins and key signaling pathways regulated by Jingfang Granules were screened. Western
blotting was used to detect the expressions of Occludin, zonula occludens 1 (ZO-1), activating transcription factor 4 (ATF4), C/EBP-
homologous protein (CHOP), phosphorylated eukaryotic initiation factor 2o (p-EIF2a) and phosphorylated protein kinase RNA-like
endoplasmic reticulum kinase (p-PERK) in colon tissue. Western blotting was used to detect the expressions of nuclear factor E2-
related factor 2 (Nrf2), heme oxygenase-1 (HO-1) and NAD(P)H: quinone oxidoreductase 1 (NQO-1) proteins in lung tissue. Results
Compared with model group, Jingfang Granules significantly reduced the lung index of ALI mice (P < 0.05, 0.01), improved the
pathological damage of lung tissue, decreased the levels of DAO, LPS-SIgA and D-lactic acid in serum (P < 0.05, 0.01), up-regulated
the expressions of Occludin and ZO-1 in colon tissue (P < 0.05). Proteomics and Western blotting analysis revealed that Jingfang
Granules regulated the disorder of protein processing in endoplasmic reticulum, thereby down-regulating the expressions of p-PERK,
p-EIF20, ATF4 and CHOP to inhibit endoplasmic reticulum stress in colon tissue of ALI mice (P < 0.05). Meanwhile, Jingfang
Granules reduced the levels of ROS and MDA in serum of ALI mice (P < 0.01), increased GSH level and activities of CAT, SOD
(P <0.05), and up-regulated the expressions of Nrf2, HO-1 and NQO-1 in lung tissues (P < 0.01). Conclusion Jingfang Granules

alleviate lung injury in ALI mice by inhibiting endoplasmic reticulum stress to preserve intestinal barrier function and suppressing

pulmonary oxidative stress.

Key words: Jingfang Granules; acute lung injury; intestinal barrier; endoplasmic reticulum stress; oxidative stress
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AT AR ALL B ML . KB SR BH, 7E ALL
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RZES . HE 11 R AR, BA RITRER . JUR
T IS LA LM A T RK8T . i ST 58 &I
FR) By KL RT3 o 4 ) B T R UL B 3- g
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1 #H FRA A ; N % (malondialdehyde, MDA). 5144
1.1 ) ( reactive oxygen species , ROS ). & Bt H K

50 X SPF 2 C57BL/6J /IR, 6~7 R4, 1R
B 18~20g, W H b4l F LS SR IR
AT, AFAYERES SCXK (5D 2021-0008. /)N
T T 1) 245 4R A1 T A A PR A ) 37 2 24 B e 3 R
PEFAIZR 7d, TAFESMN 12h JelE/12 h BRE, B
PR, EiE (25+£2) C, HHEYUKAEEE. ALK
WA BRI RS A DA SE R AR B R U], RS
7 1) 24 5 T T 0y A B A 03B 24 2 B P 0 SR B8 )
Yo B ZE Sl oAbtk (kTS NH-IACUC-2024-010).
1.2 ZAm5iH

F 77 UL EH SR 1577 ORISR 977 S0k 4 2 3
1% 500 1 1 A, FIBERGRE (5 8022009004)
FSR B WOk A& (S 8032009004 H Ll 437
REPVAR AR, HokER (S 21042410
T AT SR P 11 24 B A W] s §74= 50(41k ‘5 TUX8A)
WEHEE%ETARAA; HRERNE (S
20200717) T B & WG LB IR A PR A
Occludin #HT &+ ZO-1 k. ¥iE ¥ % BH 7 4
(activating transcription factor 4, ATF4) $i#&. CHOP
Puik ({543 5N ab216327. ab276131. ab270980-
ab11419) W HFEE Abcam AW, BEERIL EAZFHE
T H A ¥ 20 (phosphorylated eukaryotic initiation
factor 20, p-EIF2a) Puf. BEERIL AL (A5 P RNA
FEW R M 30 (phosphorylated protein kinase RNA-
like endoplasmic reticulum kinase, p-PERK) FifA.
1% RI-F E2 #H 5% K7 2(nuclear factor E2-related factor
2, Nrf2) Hifk. MR N%EME-1 (heme oxygenase-
1, HO-1) Piik. NADMP)H [ L& 5l 1
(NAD(P)H: quinone oxidoreductase 1, NQO-1) ik
(#5951 3398, 3179, 12721 43966+ 3187)
F3£E CST AF]; PB-actin Fifk G5 AF2811-1)
WA EEE S RAEVEARAIR 27 ; HRP Arid
P 1gG Pt HRP ARCHILZEPIR 1gG 4t
(#5235 S0001. S0002) I H 3 Affinity
Biosciences A ;s /MR A LEE (mouse diamine
oxidase, DAO) ELISA A& /N UG 2 MR
FMERIEER S A $iik (ipopolysaccharide specific
immunoglobulin A antibody, LPS-SIgA) ELISA il
& ({5258 C07027531. CSB-E13066m) 4 H
HRIEEEYARAF; /D D-FLEE ELISA {7
& (IS MM-43853M2) I H B A= RH A

(glutathione, GSH). % fLEHE (catalase, CAT)
DL E A EALEE (superoxide dismutase, SOD)
WA & CHES 2 508 20240911 . 20231212 .
20241015, 20140918, A007-1-1. 20240912) [
A TR T AT
1.3 &5

nano-UPLC EASYnLC1200 7 i 2% i ke 0 it
. Q-Exactive HFX B4 i 14 . Bg#r 1% (3£ E Thermo
Fisher Scientific A% ); JY96-IIN Y 4H i #E 75 wif i
. JXH-100 BUEERESN (R ERBERA
7] ); VORTEX-5 B4y i G I 1T FoAk TR AN 25 il
BEHMRAF); DYY-7C 4, DYCZ-40D %Y Ht jik % i
W (bR ANs AP A R 2 A D Chemi
Scope6200 ML ROGIR R4 (EilgEAIRHAAX
BAHAT); Tissue-Tec VIPTM 5 Jr Bl 44} 141 41
Bi/KHL. Tissue-Tec TECTM 5 BUZH A MM (HA
PRAER IR A 2k 024t ) s RM2235 R i =0 D)
Frbl. HI1210 ZYZH 200 Bl STS5020 2Y H B4
ML CEEE PR RAERA PR AT
2 7k
2.1 B, BIRKRATE

ENAEESE 7d 5, 50 REE CSTBL/6T /NR{%
PR RN T B2 R A AR ORGP
AR (1. 2. dgkg) 41, F4110 R. DRIEZEEA
2% /KAAFE 12 h J5, im 1.5 mg/mL £728 50 A1 1.5 mg/mL
IR IER IR AW (SmL/kg) BREE, BSE, B
XTHRAAL, HAR/INRMNAE R 3 mg/ke k&R
L ALL ), Sof HEAH i v S AR AR (1 AR BE B K i
W 24h J5, AP ig fHNZ5Y), SRR AR ZH
ig SRR AE R AR K, 1 Ikd, ELLAH) 6 d.
2.2 FHiEEUNE

RKiIRE%) 24 h J5, /MR im 1.5 mg/mL 7% 50
F 1.5 mg/mL hFRFEF IR G (5 mL/kg) WRI,
I EFFIKEUN, NS A5 B RIMERE, iR
H 30min J5, 4000 r/min 20> 10 min, YEME.
SN, FRE i E, THETEE.

Pt = P 5 24k R
23 HARZE-PL (HE) RENEMBELRFETL

WL, F 4% RPBERHEE, MK
Hen a5y, 37 HE 3o, 75652 R
5 LR it 4 405 B 22 AR A
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2.4 ELISA #&0iE+ D-FE. LPS-SIgA AR
DAO 7KF

28 ELISA 1277 & v B 54 00 1fiL 37 v D-FLER
LPS-SIgA LA K DAO /K-
2.5 MAEFEHRIEEFKFAIHEN

AR 7R S U A I % - ROS. MDA
GSH 7K*F J CAT. SOD it
2.6 SEHEAEBRERTLIE

BUE S g A 21, BT, H PBS ¥k
W, DINIEE RIPA 2, & TUK EWTEE 4 min,
HEWEE 3 K. WHERRSEmALHE 4 C. 12000
r/min B0 10 min J&, ¥ 258 EP & . KRR AEIK
A 10min, 4 °C. 12000 r/min &5C> 10 min, HX
FiF, KA BCA N EHKE. EAZLNERT
VEL EIR. R kiR L. BEE. 2Bk SDC A
Wi ab s, T EEA .
2.7 nano-LC-MS/MS 75 54

FAFETE 2 pg BEH, 4 nano-UPLC WiAH
# 4t EASY-nLC1200 #1477 BSJ5, WEFHRC &40 T8
TUEMIFEX (QExactive HEX) HEATHH R4 .
271 EiE%AF KA Reprosil-Pur 120 Cis-AQ X
FEREFE (15 cmX 100 pm, 1.9 pm), REIAHFE
LI K-FRRIR R, B A N 0.1% F R-98% /K%
W CCHEH 2%, B B 25 0.1% HFER-80% L)
IR (Ha02 9 20%). ik DL 100%0H) A AH -1
o, FEanH EBEESS B AR, HAan
TEAERRE 2, AR E 300 nL/min. A BEEM:
0~2 min, 2%~5% B; 2~90 min, 5%~22% B;
90~116 min, 22%~45%B; 116~118 min, 45%~
95% B; 118~120 min, 95% B.
2.7.2 i AE: EIEE TR, RAHEE
A K 4E  (data-dependent acquisition, DDA) J7
e —FAH (full scan) YEFEIN m/z 350~1 600,
HEFN 120000, H 23 752 (auto gain control,
AGC) N 3X108, A TEARE (maxIT) A
50 ms; — G A R B ) 20 AN 2 DY ARAT
fifi & 75 AE Ak 7 f# 5 Chigh energy collision
dissociation, HCD) JE#tAT#E A &1 4. VUARAT
B eS8 1.2, AR#EILREEERE N 27%, AGC A
1X10%, max IT }y 110 ms. —ZZF i3 #E%A 15 000;
R I I 5, BhASHERRIN (B B BN 45 s.
28 ERFEEBNENEEFESN

LA unique peptide=1, % 7{%% (fold change,

FC) =1.2 8(<0.83, H P<<0.05 Jyfifiidk & ik %
FRRIEEA, HFKRERERILEA TN KOBAS
Chttp://kobas.cbi.pku.edu.cn/kobas3 ) T H it 175
Ak (gene ontology, GO) g I mt # L K 5 2 A
HH B4 (Kyoto encyclopedia of genes and
genomes, KEGG) 1@ EH5 1.
2.9 Western blotting |25 % 2H 20 Fn A 2H 20 4H <
EASES

PRI 7> 5 H 2 st 20 23, I BY )5S =
NG RIPA ZHABEL# 30 min, 4 'C. 10 000
r/min &0 5 min, Y8 B, SRA BCA VEE
FIREE, I SDS #EH EFEZZrivi, Tk 2 10
min {8 M. EEAMME T AR R - RN
WGBS LYk, #6% PVDF i, I 5%/ iE2:
9y, FimEMA 2h, AP, 4 CHEFILA; TBST
Yelkla, AP, =iEFEHE 2h, M ECL KOt
25, ChemiScope Capture G REE R FiREK]
8, Image J JAFI3 M 55 K BEAH -
2.10 ZtESH

{#Ffl GraphPad Prism 8.0.8 %%t #d #E 474t
AT, B LA X £ s RoR, 2 A A EdE HLBCR
KR J7 200
3 4R
3.1 HIBFRERRIERBRIFS ALL

PR B ST ALL /N B, R 3556 R
R, BRI R R (K 1-A, P<
0.01), JyEaitysz 3™ EmIn, i mk@g)E, A
B PRI, R g (& 1-B), &
AR R S UM R ZUK M, BLAEBE B B 95
PG SRR, RIS RORL A5 7B 2 ) B Al
FEHE B THK (P<0.05. 0.01), flgiyekst, il
E A AR, RERIEREE, JRig e s>, H
S EARSCNE, FREIRGRRL T N ok R
TH ALL 5 PMERRRREE R —F0. 456 5T
RIL, IR0k =R B A 2 ke E , DRI, IR
77 B v 751 4 T R A'E FH AL AR 5
3.2 FIREFR S ALL NRAFERFE

JW i i W 2 By S 2L 2R ) B B AT Bl o
TEAERR Iy TEAGTE AN 4 B G e [ A v ke B fE 2
AL TR i 18 B R ) e R Atk 3 300 8 o i e
IR, eI 51 E R AE YRS A A0 i s A 4 (ln
D-FLE2. LPS Ml DAO %§) % id il B gk N L
PEIAUSY, G BIR, XA RS, A /N
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4 HhFEKKL

Wﬁ Rl 2 4
IRIBH R (g kg ™)

L | gk
A-FA/NRITTEE (n=10); B-F41/NRITZAZ HE Jett ( X200); SxRZ L *P<0.05

.

A-lung index of mice in each group (n = 10); B-HE staining of lung tissue of mice in each group (x 200); "P < 0.05

0.05 *P<0.01 vs model group, same as below figures.

‘\
;«E@m}fi% <N %

ﬁ‘JWJ‘%’JJ“I 2 gkg! ST 4 g-kg™!

*P<0.01; SHRALE: *P<0.05 *P<0.01,

*P < 0.01 vs control group; *P <

1 FIFmFAERERERSFIMN ALI(X £5)
Fig.1 Jingfang Granules alleviate bleomycin-induced ALI (X £ s)

JE D-FLIR . LPS-SIgA 1 DAO /K& & (]
2-A~C, P<0.05. 0.01), ZEifpdHarh SusiEs
F Occludin #1 ZO-1 K3k B ZFEC (& 2-D, P<
0.05), R RS RIBT P IREEERE O NRIE
R miE BT Re, FEEE AN D-FLE . LPS
Il DAO FlEE MG . SEAH EA:, FRIBE R
7 B4 /N RIS H D-FLER . LPS-SIgA 1 DAO 7K
TR AL (P<<0.05. 0.01), 45im2H4% Occludin
1 20-1 FEARIEKFEEZT & (P<0.05), KU
Bl ROk BE % 203 ALL /N R ) bR Th g, 045

A
T: 4 = 15
—
Es 2
=} 5o 10
g, <
= < s T
g, %
BN E
S S0 T
i e I FIBERL 4 g-kg™! X R
D 2.0
PO Y FIBRL 4 g-kg! £ s
- 5 1
< 10
201 [ — 710 5
o .

2% D-FLER . LPS fil DAO [fili%E %
3.3 FIBFEAOEIE AL MNREFELHNREMNES
BT
FIH 8 B FHRLE AN R 45 I H 2 e
4146 1% H, Ll unique peptide=1. FC=1.2 B <
0.83 H. P<<0.05 HMifiik sk b it 2 it EH, I
FIAH L BT T . 85 R I, SXTRRA A,
RN R A5 B 20h 119 NE AR AL, Hid
24 NE AR, 95 MERARIERED (B 3-A);

SRR g, IR R S R N R g i AR A
C
20
* %1 15
! 210 i
2 s
=)
0
TR JRIRE AL 4 g-kg! i R TR FIBHERL 4 g kg
1.5 #
# R=] *
. 5 10
g 0.5
N
0
YR B SRIB TR 4 g-kg! X R JRIBTRORL 4 gkg!

A~C-#%4U/NRIMEH D-FLER . LPS-SIgA fll DAO /K7 (n=10); D-%41/MNREEHALF Occludin 1 ZO-1 HALIE (n=3).
A—C-levels of D-lactic acid, LPS-SIgA and DAO in serum of mice in each group (n = 10); D-expressions of Occludin and ZO-1 protein in colon tissue

of mice in each group (n = 3).

B2 FIFFERKE AL /NRIFER

FEINEE (X *53)

Fig.2 Jingfang Granules improve intestinal barrier function in ALI mice (X £ s)
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“Fl
ERH
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-10 -5 0 5
log,FC

A-BEH s Xof B KL B-3P1 0 0K w77 de 2L vs BTS2 L
A-volcano plot of model group vs control group; B-volcano plot of Jingfang Granules high-dose group vs model group.
3 EHRAFAL

Fig.3 Volcanic diagram of proteomics

484 NEHRAEZM, Hr 454 NEEFRIEH N,
30 MEAREEAD (K 3-B), HHEF 47 MEAS
BERAN A M ERREEOALE (K
4). F|f KOBAS T HXIX 47 /22 5 ik i A EAT
GO e B, 8i R WK 5, REERFESE
TR (biological process, BP). 43T IfiE
(molecular function, MF) F140ffi2H 7 (cellular
component, CC). Jiii& P<<0.05 HHEA HT 50 # GO
DIReE LR, KIS BP ARk E H£0F 221,
(R TR CIP =TIV S N S A e S 2 i ey
( endoplasmic reticulum to Golgi vesicle-mediated
transport). 25 [ fi#1& (protein folding) £ [ 53
(protein secretion). #HJii%5 4 (protein binding) .
14512 (nuclear export) PAK & )i F2 € . (protein
stabilization) %; 5 CC #HCME ERHAH 16 14,
AFELHHE T (cytoplasm). MK (cytosol)s W
JiiM (endoplasmic reticulum). & (membrane). P
JFi Ml (endoplasmic reticulum membrane) LA 4%
(nucleus) %§; 5 MF MR EELNAE 124, &
FEER AR FIYR 55 (protein homodimerization
activity)» mRNA %54 (mRNAbinding). #iF1H77
2895 3)) (translation regulator activity). &AM 24
FERE4E & (histone deacetylase binding)« & H i1 &
48 (protein folding chaperone ) LAt A Ik RH Bk 45
4 (phosphatidylcholine binding) 2. Bt GO ThfE
RSN, FIBTRRLRE N SEMAAERS S
TN 2, HS R R BN TR s
PIFH o

10
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X

El4 ERFTEEEARE

Fig. 4 Heatmap of differential expressed proteins
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Fig. 9 Jingfang Granules improve intestinal barrier in ALI mice by inhibiting endoplasmic reticulum stress
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