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Effect of Ginkgo biloba extract on the intestinal mucosal barrier by regulating the p38
MAPK/MLCK signaling pathway in mice with hyperoxia-induced acute lung injury
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Abstract Objective To explore the effects of Ginkgo biloba extract (GBE) on the intestinal mucosal barrier in mice with hyperoxia-
induced acute lung injury (ALI) via the p38 mitogen-activated protein kinase (MAPK) /myosin light chain kinase (MLCK) signaling
pathway. Methods C57BL/6] mice were randomly divided into control, ALI, low-dose GBE, high-dose GBE,and high-dose GBE+
anisomycin, with 10 mice in each group. Oxygen partial pressure (Pa0,),carbon dioxide partial pressure (PaC0,),and the ratio of lung
wet weight to dry weight (W/D) were measured. Histological staining was used to observe and score pathological changes in the lung and
intestinal tissues. Serum inflammatory cytokines, D-lactic acid (D-LA),and intestinal sIgA levels were detected using an enzyme-linked
immunosorbent assay. The expression of related proteins was assessed by Western blotting. Results Compared with the control group,
the ALI group showed significantly decreased Pa0, and expression of occludin, claudin, and zonula occludens-1 (ZO-1 ) proteins (P<0.05),
while PaCO,, W/D, lung and intestinal pathological scores, inflammatory cytokines , D-LA , diamine oxidase (DAO),sIgA levels,and p-p38
MAPK/p38 MAPK and MLCK protein expression were significantly increased (P < 0.05). Compared with the ALI group, the low- and high-
dose GBE groups exhibited opposite changes, with more pronounced improvements in the high-dose GBE group. The high-dose GBE+
anisomycin group showed significantly attenuated therapeutic effects compared to the high-dose GBE group (P < 0.05). Conclusion GBE
may protect the intestinal mucosal barrier by regulating the p38 MAPK/MLCK signaling pathway , reducing inflammation, and increasing
the expression levels of intestinal mucosal barrier-related proteins.
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2495 (acute lung injury, ALL) J&—Fh 5 &
18 e A= i 0 it Fe8 5, 2 30 Sy 7 AT S L AE | il
G K PRI I 5608, 1] SR M IE
NARFHIBEL SR L OCHK , W R GEp o 1
KA , It 7 fe R A rh & P G BEAE FH k
Fii 54 56 5 0 I i 25 M T SR L M e LR B
JEARAH P A PR 3R A B A, 0 4R
ZOCH L MR 5 i 1 1) B R R AR A2 3 0GE
WP 28 GE 6 B0 1 I A E AL i AT TR AIESE o
p38 22345 s AL B H I (p38 mitogen-activated pro-
tein kinase , p38 MAPK) /JJLEK 25 F1 %% 5 3% B (myosin
light chain kinase , MLCK) 15 538 17 Iz 18 5T 58 Fl 4
BEV AT R SCHEAT T, FEBOTE 2 B IRALUR BUAY
BRI AR A 4R U (Ginkgo biloba ex-
tract, GBE) J& MWERAY - rh IR AOIR 5, HA B4
PUAALAN M AT RS AF R . CBERT JE 1 I AT R A
I RAE B PRI 5 K U B
I REM ] p38 MAPKGHE 5 , e A8 e BH ZE P il ok
FRUMI SRR S S BRI, #6 JCHIF 9 IE SEGBEAS 75 i 1
p38 MAPK/MLCKA{ = 18 % 52 i ALL/ N B ) i 26 5 5
B ASHIF 5 38 I A AL USRS 5 Fp38 MAPK/
MLCKAF "7 18 i, BRI GBEX ALL/IN R B
B AP LRI BIL Y

1 #M#57F%

L1 G

GBE, W [ J7 35 E i 245 4L AT BR 2 ) 5 p38 MAPK
P4 79 181 A 4 2 (anisomyein) ., F1 40 il £ 22 -1 (in-
terleukin-1B,1L-18) F IR R E 4T (hematoxylin and
eosin, HE) Je A7 &, W 1128 = RAEYH AR
1A B2 7] 5 IR PR AE o (tumor necrosis factor o,
TNF-o) i858 &5, 14 H 55 [EleBioscience /A 1l s FLAZ A Y
# L F1 (monocyte chemoattractant protein-1, MCP-
1).D-FLI& (D-lactic acid, D-LA ) [if# ¢ 5 72 W B 56

(enzyme-]inked immunosorbent assay , ELISA) 57 &,

W B b RS AR A R W) 5 i AL (dia-
mine oxidase , DAO) FI/M ARGz R T A (secretory
immunoglobulin A, sIgA) ELISA ) &, 4 H I i
R A IR BR S W) 5 BRI H 56 [Elabeam A 7]
1.2 SRR E sy A2

50 HSPFZHEMECSTBLIGI/INER,, 8] , 1A EE (22 =

10) g, W [ 53 M 45 5 T By 2 3 vy, VP AT IR R
SYXK (5¢)2024-0002.,

K550 H /N BUBE HL 43 >4 X 8 21 ALIZH | ARG 57
GBE4 . /& 7| fGBEZ | i 7] it GBE+anisomycin4
A0 . SH k6] Mk, s Al TN
ALUNRUSERL  ALIZH GRS GBEZH. | =7 i GBEAH |
151 77 5 GBE+anisomycin ZH /)™ BRU7E 435 i) /5 48040 17 373
d, FE O, FERA ETE90% LA I, COL MR E 5 il 1E0.5%
DL, 70N B B0 P I 3 i e | 11 e SR A S B
IR 57 S MR 2 S R FERE R, FLIMAS 5B s B0 e
(pantial pressure of oxygen, PaO,) i} & F#AK . — S fbhk
/7 (pantial pressure of carbon dioxide, PaCO,) it 3
T, A5 G e P Al 15347 Fr L 76 AP 4R i £ — S Ak
BRI BARRAE , ) BRI e 7. AR GBEZH /N
BT H 50 me/kg GBEIAHGHE B , 447 d; MRl EEGBEZH /N
LA H 150 mg/kg GBEIRWRHE B L3457 d; @il GBE+
anisomycinZH /N R AE H 150 me/kg GBEF TR S , I 1E
JETEST2 me/kg anisomycini R, 357 do Xt 2N BUR
FUI 2 AT 2238 BRI R [ s 15 e S 595 3 )
PSR b3 23 B A AL YE (2yfy-an-2024-0529)

1.3 PaO,HIPaCO,M5E

RIR G 2524 b, /s BUE T S 1905 B 1 %
&4 (0.1 mL/10 ) BRI , FHILAET DI 5 sh ka2
mL, > A M5 (3€ [ Instrumentation Laboratory
25 ) HERR I E Bl Ik il PaO, F1PaCO, .

1.4 FEACREE

I 22 PaO, fIPaCO,J& , WA /N BRI , T°-20 C
AT ALFE/N R, B MG AL 28 T A% 2 R
2Nt 4L 20 35 ORI ML PRI R, 70 CHET24
Wik T3, T3 MR S T 5 A (wet/dry, W/D) o
FANHHLL TR , TR -80 CHRAT-o
1.5 810

It 007N iz 2 2R BRI K A A R U e, R
FHHEZ (a0 G (05 B [ s s Tl
O, Z BOCHR (6], R HATRUR B PP Ah it 447 . 11
AL 5450« v K B i 96 1 I | 8 R 240 s
8 D% it o B 348 IR R AT H 09 PF 3 s o« T AR
KOG R E Ry, R B 24y, TR R3S, il
JERAGY o 4TRSS ARG S Bt £ 07 3 0 o AR
Chiu’ sPE3 71 /NG B REAR i R
1.6 ELISA
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HUZRAE 100 m/ N 2 ZLHEF RIS , 800 Je i
£ FIE W AR ELISAIRGR S BT, A I/ B v
FFTNF-o. , MCP-1.IL-18 . D-LAFIDAOAY 7K, LA Kz /N
e hsIgA R KA .
1.7 Western blotting

15 P & 2 1 (oceludin)., %8 31 8 1 (claudin).
M4E /N 1 (zonula oceludens-1,Z0-1) Wi 18 1k
p38 MAPK (p-p38 MAPK) /p38 MAPKFIMLCKH FH &
TRIKF- I BT A% /N 4L 2, S IBUER 1 -0 e 3 B
40 pg B FIRE S, FLUKS 5% ED R PVDFRR IS0k (351
fn—4i4 CHER 0, TBST VeI IS , N —Hi 25 150
FH1h,ECLE 4, LIGAPDH AN Z:, J b H B EE 1Y
AHXFF R
1.8 Gil=#orir

SR FHSPSS 19.0%K {4 4b A5 T F B BT R DUk + 5

Fon, Z 4 8] b BRI R 7 25007, it — 2 W
W AR FISNK-g# 5. P < 0.05 H 2R A G4
X

2 #R

2.1  GBEXJ & 15 FALV) fPa0, . PaCO, \W/DF 52
U]

5% R AR L, ALIZH /DN B PaO, i R AR, PaCO),
FIW/D R 2 T+ (P < 0.05) . SALIZLH H, ik ) &
GBEA i1 = 71| fGBEAL /)N flPa0, . 3 Tt 1, PaCO,
FIW/D I 2 FEAK (P < 0.05) o 5K SEGBELLHH L,
A E GBEAL/N Pa0, i 3 T, PaCO, FIW/D i 3%
A (P < 0.05) o 5 B GBELLAH EL , 7557 S GBE+
anisomycin /)N f{Pa0, . 3 F# Ik, PaCO,FMIW/D i 3
T (P<0.05) LT,

F1 &H/MNRPaO,. PaCO,. W/D, FiffFiEHMAFECHIU’ sTEDHILER
Tab.1 Comparison of PaO,, PaCO,, W/D value, lung injury score, and intestinal Chiu’ s score in mice of each group

Group n Pa0, (mmHg) PaCO,(mmHg) W/D Lung injury score Chiu’s score

Control 10 107.51 £9.84 31.38+2.79 3.78+0.19 2.10+0.16 0.35+0.05
ALI 10 57.47 +5.96" 58.24 + 4.06" 7.05£0.57" 8.86 +0.43" 4.49 £0.57"
Low-dose GBE 10 7535 £7.03” 50.01 = 2.84” 6.14 £0.33” 6.95+0.51” 3.12+0.36”
High-dose GBE 10 94.08 + 8.29”" 37.19+3.36” 4.59 + 038" 3.67 +0.32° 1.03 +0.16”
High-dose GBE+anisomycin 10 79.64 +7.84" 48.38 +3.72" 5.81+0.46" 6.76 + 0.40" 2.85+0.29"
F 46.867 99.701 101.273 507.290 246.234
P <0.001 <0.001 <0.001 <0.001 <0.001

1) P <0.05 vs. control group;2) P < 0.05 vs. ALI group;3) P < 0.05 vs. low-dose GBE group;4) P < 0.05 vs. high-dose GBE group.

2.2 GBEX A ALY BUIN 4 U g8 41 200 Xof HR 2 /I B /0N i A 5 48 R L S 5 0k

HRAR AV 5]

XoF FEZEL /IS RO i 2 2R 48 4 DR 1E RS it
R VR T BT, Aty A L B S MRS, R S N
il 5 V7 o3 A AR B o AL /N BRI il 2 2
o BT ARAE A0 IR I, il I RE I 2 G R [
AT A UK i, Bt 31753 .2 s T X R A (P <
0.05) . SALIZHAH LE, IG5 GBEZH A1 i 77 i GBE
2 /)N LA i 2 R4 A0 A T e i 45 0 4 W
FEAK (P < 0.05) . S5EFIEGBEALM H, &7 GBE
20 /0N BB i 2 2408 1 R R B, T 4 17 b 2
k(P <0.05) . HmEFIEGCBEAM L, & HEGBE+
anisomycinZH YL 23353 05 0 &, i 1020 S 2 44
(P <0.05) W31 E1.

TRAHAH HE , ALI/INR S/ NG SRR H B P K  SR 0B
%, Chin’ sPF43 1 35 T+ (P < 0.05) . SALIZLAM L,
I 7 S GBEAL A1 55 771 - GBEZH /I B 1 /)N i 444 477
FEWEZ , Chin’ sTF43 B TR (P < 0.05) 55 7]
GBEZL A Lt , 51 7] i GBE+anisomycinZH /) B 8 /)N i
Y EINFE R DL TN ™ 5, Chiu’ sPF43 1 2 T+
1 (P<0.05) JOLER1. A1,

23 GBEXEABEFALUMIAHAIIEAF D-LA .
DAOFIsIgA 7K F-Hy 52 (£22)

5%t FELH AR H , ALIZHTNF-o0 MCP-1 IL-18.D-LA
DAOFIsIgAZK - FEFH 5 (P < 0.05) . SALIAAA L,
{57+ GBEZH Fl 5 7 GBEZH TNF-o. . MCP-1 . IL- 1B,
D-LA .DAOFIsIgAZK - I 25 FEAIK (P < 0.05) o 51K 5
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TGBEZ 4 [, & 7 S GBEZH TNF-a . MCP-1 . IL-1B.
D-LA . DAOFIsIgA 7K V-t Z R (P < 0.05) o 5 i 7]

Control ALI

Lung tissue [ =g

Small intestine tissue

-1 -&%

GBE ZHAH . , 75772 GBE-+anisomycin ZH TNF-o MCP-1
IL-18.D-LA .DAOFIsIgA /K- B TFiE (P <0.05) .

High-dose GBE+

anisomycin

Low-dose GBE High-dose GBE

Bl FENRAERINNGARRETH HERE x 200
Fig.1 Pathological changes of the lung and small intestine of mice in each group HE staining x 200

Fx2 FBHEMBRKHEMMEEF. D-LA. DAOFsIgAK FHIELE:
Tab.2 Comparison of the levels of inflammatory cytokines, D-LA, DAO, and slgA in mice of each group

Group n TNF-a (pg/mL) MCP-1 (pg/mL) 1118 (pg/mL) D-LA (mg/L) DAO (U/L) slgA (pg/ml)
Control 10 4132+385 55.65+6.14 13.09+2.14 2.15+0.19 1534025 2.16+031
ALL 10 141.08 +16.47" 271.32+23.95" 68.82+5.43" 702 +045" 5.89+042" 6.75+0.53"
Low-dose GBE 10 112,54+ 11.34” 184.58 +19.73” 4943 +4.29” 5.64+049” 4.16+034” 521 +046”
High-dose GBE 10 56.19£ 616" 8496£929"Y 2570357 3.20£0.28" 240£0.297 349037
High-dose GBE+anisomycin 10 89.94 + 8.28" 16749 + 18.45" 4326+4317 497:051" 3.94+047" 5.14£0.69"
F 158.633 256.722 277.296 230.013 216.014 129.613
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

1) P <0.05 vs. control group;2) P < 0.05 vs. ALI group;3) P < 0.05 vs. low-dose GBE group;4) P < 0.05 vs. high-dose GBE group.

2.4 GBEX RS FALVNSIA B FIp38 MAPK/
MLCK{F 5 FAH G 3R A5 R

5 % B8 2H A8 kb, ALIZHoccludin . claudinf1ZO-1
R IBKF 1 2 BEAK, p-p38 MAPK/p38 MAPKAI
MLCKZE 3R 7K F- i T+ (P < 0.05) . S ALIZHAH
He, A1 57 S GBEZH il /= 7 #: GBEZH occludin  claudinFil
Z0-1 HRIA KT T+, p-p38 MAPK/p38 MAPK
FIMLCK AR 1 235 7KF i AR (P < 0.05) o 51K

1 2 3 4 5
Occludin M s e S

Claudin | SR o s S
Z0-1 W e - —

GAPDH [

HEGBEA A [t , &1 i CBE4H occludin . claudinF1Z0-1
B M # I8 2 TH 5, p-p38 MAPK/p38 MAPK Al
MLCKA [ 3 35 7K F- i 35 B AR (P < 0.05) - 5 75 71
TEGBE4] M L, & 7| #:GBE+anisomycinZloccludin |
claudinF1Z0- 185 [ RIAKCF i E FAIK, p-p38 MAPK/
p38 MAPKHIMLCK & [ 357K F- i 2 T (P < 0.05) .
U2 %3,

1 2 3 4 5
D — e —
— — | — —

L R S —
|y e s ot o B

p-p38 MARK
p38 MARK
MLCK

GAPDH

A, intestinal barrier-related proteins; B,p38 MAPK/MLCK signaling pathway-related proteins. 1,control group;2, ALl group;3,low-dose GBE group;4,

high-dose GBE group; 5, high-dose GBE+anisomycin group.

E2 Western blotting#&ill & 28/ R A R PR R FE F1p38 MAPK/MLCK({E S BEXEARIE
Fig.2 Expression of intestinal mucosal barrier- and p38 MAPK/MLCK signaling pathway-related proteins in mice of each group as de-

tected by Western blotting
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#*3 FBH/NRIAHFIEFRREMPI8 MAPK/MLCKIE Sl X E A RIEKTERHLLE

Tab.3 Comparison of the expression levels of intestinal mucosal barrier- and p38 MAPK/MLCK signaling pathway-related proteins in

mice of each group

Group n Occludin Claudin 70-1 pgf;l‘i\[/[ AAPplf / MLCK
Control 10 0.96 +0.08 1.09 £ 0.09 1.05£0.10 0.17 £ 0.02 0.23+0.03
ALI 10 0.11=0.01" 0.12+0.02" 0.16 +0.02" 1.12 £0.09" 121£0.12"
Low-dose GBE 10 0.19%0.01” 0.28 +0.03” 0.42 +0.03” 0.94 £ 0.08” 0.95 +0.09”
High-dose GBE 10 0.82+0.06™" 0.89 +0.07 0.87 +0.09”” 0.34 +0.04” 043 +0.05"
High-dose GBE+anisomycin 10 0.61 +0.04" 0.65+0.05" 0.55 +0.04" 0.72 £ 0.06" 0.66 +0.04"
F 600.720 490.565 299.643 385.572 280.873
P <0.001 <0.001 <0.001 <0.001 <0.001

1) P < 0.05 vs. control group;2) P < 0.05 vs. ALI group;3) P < 0.05 vs. low-dose GBE group;4) P < 0.05 vs. high-dose GBE group.

3 itig
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HHOE o TEALIZE G BIDIR S R, o B B 7 461, 4l i g %2
WAL | 2 P8 MUAE , 3 BORAE A BT =B
G B A T, Jon ) i 8 S A O 0, i EE A LI B ik
2, IS 200 T TR VR R B Rk — AR R
AR5 3 3 S PR b 2R i R T A T AL RS
B, AL BRI 7 P TNF-o . MCP-1FITL-67K °F {2 3
T, A 2™ FE A5G, Chiu’ sPE20 3 &, 22 B 8 A
FN 5 PRS2 i B A DG . D-LA . DAORERS [ ik
¥ ek FS 368 385 P 0 i T AT o o 2, sTg AR 1 8
FEAA TR B 8 SRR AR 5T R, ALV U 41 40
SHE KPR TR, R BALYIN BV F6 5B R 1)
ez 4. GBE® Z R UKo, PR B LA
5 G E DI BEAE T, T T I6 T ALIZE T I 28 G
5 AT, GBEIE R 2% 7 30 Ik 916 K A 4k /)N B
T JNE 1B i R  ASHESE R, GBE T HR,
AL/ B3 01 i 3 5 EEABE 495 b 5 ool e, g B 4
FAAR, I35 28 PR 40 M K 7 \D-LA . DAOFI 7 41 ZsIgA
IKFIRAR , 7R GBE R 238 ALL/IN BRUIT 38 0 i el e
B3, PR b A R B

o 758 P 5 ) R %) S R B 4 =2 — SR AL s
BRI M M E N2 E A, R
PUBE 5 B4R LSS F RS e v, B 5 A etk 57,
occludin ,claudin  ZEFEZE 73 F FIZO- 196 1k, ik

HEXTH IR R B R DI RE R e R G 2,
WAE R VPG I b 5 e i 0 2 B 1) B R AR T 5T
R, ALV U 1 20 21 elaudin- 1 occludin F1ZO-1
FIERE T, MGBER i X Le R (75,
AR 45 I 46/ N I B DR B T E L O AR BIF 9E 4 K H
AR & MGBEIRYT 5 , AL I8 41 413X 3
TR A7k 3 T $E 7R GBE AT B AL/
[ E AU FE DR

p38 MAPKJE FMAPKZ %, 4 Ak )z 1 & A Bt
p-p38 MAPKZ: I - fe B % e B G R = (5 51
SMLCK , B8 9% e 0 0 [ o, Al 0 B 285 4 4 ot
W T 50 T 410 7 p38 MAPK/MLCKGH % AT st % 46 e
S AR ek TR A 45 g 2 B, GBE AT 3
T VLA PRI (8 24035 DA Bl M B I 5 AR DG il 45
i AR W5 & B, ALZIN BRU 4 2 Hip-p38 MAPKAI
MLCKH) ik 7K i 2 1, 22 K [R5 4 I GBEYR
IT I, 3P I G o 2 3 e LR R AR
p38 MAPK:H [ #4716 Ml anisomycinifE 17 3 R 5L 56, 45
R, H WSS T GBEXT AL U4 21 iz i
HR P ER IS AE T, [T 8 T 5 %5 4 4 A0
KA R IR X R BT, GBERT g £ 7)1 il p38
MAPK/MLCK{F 53 # AL ALL/ S B B B

25 BTk, GBEW] figid i 45 p38 MAPK/MLCK
15 538 %, Yol 4 SR RE SN, T4 o i 26l S S s A DG
HARRIBACE , RGP 7 R B
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