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(Abstract]) Objective To investigate the effects and mechanisms of modified Maimendong Decoction (MMD) on lipopolysaccharide
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(LPSy-induced acute lung injury (ALI) in mice. Methods Forty—two BALB/c mice were randomly divided into six groups with 7 mice
in each group: control group, model group (LPS 5 mgkg), dexamethasone group (5 mgkg), and low— (7.5 gkg), medium— (15 gkg),
and high—dose (30 ghkg) MMD groups. LPS was used to induce ALIL in mice. The lung wet/dry (W/D) ratio was measured to assess
pulmonary edema. HE staining was employed to observe histopathological changes in lung tissues. ELISA was used to detect serum
levels of inflammatory cytokines, including interleukin (IL)-1B, IL-6, and tumor necrosis factor-o (TNF-o). Colorimetric assays were
performed to evaluate oxidative stress—related indicators in lung tissues, such as expression levels of malondialdehyde (MDA), nitric
oxide (NO), and total superoxide dismutase (I-SOD). Western blot was conducted to determine the protein expression levels of TLR4,
MyD88), NF—«B p65, and p-NF-kB p65 in the Toll-like receptor 4 (TLR4) myeloid differentiation factor 88 (MyD88)/nuclear
transcription factor—kB p65 (NF—kB p65) signaling pathway. Results Compared with the control group, the model group exhibited
aggravated pulmonary hemorrhage, edema, and inflammatory cell infiltration. Serum levels of inflammatory cytokines IL-1B, 1L-6,
and TNF-o significantly elevated (P<0.01). Lung tissue levels of NO and MDA, as well as protein expression levels of TLR4, MyDS8S8,
and p—-NF-kB p65/NF-kB p65 markedly increased (P<0.01), while T-SOD expression level decreased (P<0.01). In comparison to the
model group, the dexamethasone group and the medium— and high—dose MMD groups showed relatively reduced pulmonary
hemorrhage, edema, and inflammatory cell infiltration. Serum expression levels of IL-1B, IL-6, and TNF-a were significantly lower
(P<0.01), and lung tissue levels of NO and MDA, along with TLR4, MyD88, and p—NF-kB p65/NF—«B p65 protein expression levels,
decreased (P<001 or P<005), whereas T-SOD expression level elevated (P<001). Compared with the low—dose MMD group, the medium—
and high—dose MMD groups demonstrated further attenuation of pulmonary hemorrhage, edema, and inflammation. The high—dose
MMD group showed markedly reduced serum expression levels of IL-1B, IL-6, and TNF-a (P<0.01), as well as decreased lung
tissue expression levels of NO, MDA, and p-NF-«kB p65/NF-kB p65 proteins (P<0.01), accompanied by increased T-SOD expression
levels (P<0.01). Conclusion MMD exhibits protective effects against ALI in mice, likely through modulating the TLR4/MyD88/NF-«B
p65 signaling pathway to attenuate inflammatory responses.
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NF-kB p65 signaling pathway
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Fig.2 Gross observation of lung tissues in each group of mice
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Fig.3 Lung histopathological changes in each group of mice (HE staining)

-

[

o
1

* %k

N N
(=1 (24
o o
1 ]

-

(=4

o
1

150

100

(52
o
1
(3]
o
1

/NRIMIEIL-6 & & /(pg-mL™)
/NRILETNF-05 8/ (pg-mL™)

ll

o
1

oD

@ b

FFFFI FF I LI
B G B G R
R R
LSO R
AR PR
N D

B4 &HNRIMDTE L-18.IL-6 TNF-a & (x+s,n=7)
Fig.4 Serum levels of IL-1B, IL-6 and TNF-a in each group of mice (x+s, n=7)
T X BB HE A, #+P<0.01 ; SAEHILH FLER , *P<0.05, #P<0.01 ; SHIZERMAE HLAR , 2P<0.05, 22P<0.01; 532 | 14 %5
T UL, 44P<0.01 ; 5T T4 20 H L, "™P<0.01



800

TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

24 ZF[%Zi73 ALLMNRHAR SN HBLE
FHIF N
5% B 2H b iR /N U ZH 2R NO (MDA 5

R (P<0.01), T-SOD 5 i FF#MIK (P<0.01) ;
BRI oA b BE RN IR IR
1R 22 114 m i d] NO MDA & i
T3 ZERRAR (P<0.01) , T-SOD &5 1 1. 35 14 55 (P<0.01)
5 SRR AL, 22 114 IR ) it 2 /) BRI 2H 21
NO MDA & L 85 (P<0.01), T-SOD F5 4  3%
FEAR(P<0.01), 21 147 R ZH MDA % it il 255
1 (P<0.01) ; 52T TA IR A, 221 14
FHEZH NO MDA & i 2 F#IR(P<0.01) , T-SOD &%
P E R (P<0.01) , 22 T4 PR 54 T-SOD &
I R (P<0.01) 52T 147 R i, 4
14 4 NO & i B PRI (P<0.01) . I
K5,

25 ZF[1%i#3 ALL /v R TLR4/MyD88/NF —«B
p65 & B8 X & B FRIL IR

BT HREH e AR/ INRUIIZHZE TLR4 MyD88 |

p-NF-kB p65/NF-kB p65 2K 1735 % 7 (P<
0.01) ; SR LAS , I ZERMN L 22 114 Pl it
RN 114 1) i 4/ BUIT 4 24 TLR4 \MyD88 |
p-NF—kB p65/NF-kB p65 & [ #1k 7K - 5 FEAR
#(P<0.01 B P<0.05) ; 5 TR L #2114
AR 22 114 Rl AL/ N R ZH 2L p-NF-
kB p65/NF-kB p65 & [13Ri5 & T+ (P<0.01), %
1A 2/ U ZH 21 TLR4 2 R TA/KF 2

e (P<0.05) ; 5 T4 IR 2 L, 2]
2 1 ) AL/ R4 20 p-NF-kB  p65/NF -kB
p65 R IL AT UG (P<0.01); 5 & 14
R A L, 22 114 v 7 2 /)N U 20 41
p-NF-kB p65/NF-kB p65 & 14 ik /K - S FEAL#
#(P<0.01), LK 6,

3 e

AL (AR 50 2 3o 85 14 9 E S5, it — = 440 A
i R 32 453 5 9 A 200 L 55 4 {1 £ 3 B Bt v K e
R ARURLIE | PR EIE SRR AIE 1200 I RSB TR 15, 3
DI W R A RIRY T R, LPS 2N R,
240 P A R BT 5 /N BRI A 5 B 1Y) 46
JiE SN, FECRAE MR Ko 2228 B D REREE
SRR LPS 5 19/ ALL AR AFSY ALL &%
B DAY 2 18l A S 2ok B TR LPS 15
S Sr ALL /N RRUBERD 58 45 SR 2 0, A AR 441 il 201
SR B S R R A0, A T I S R, 4
AR KT B2 29 PN HE B FE LK P, i Zh RE A7
B, LR PR AR ST BT

EARESVEER S 9T =N ST R e
PRH TR 7 WIS ) 28 17 75 PSS RS, 221
KU RE IR RAE BRI UK P55
A BT, Z TG UEL LS NE A
RGPS SR POk e A =S G R i ]
FE ARSI AR, AR ISR s, E 1R % T
LPS #5519 ALL/INER, S8R 2 L, Al ZH 2L R HR

“'; 251 —"5 4 —"é 150 . u
= 5 3
B ko o 2 olm I
£ E 3+ S} —
2 1.5 < i 1007 =
W pa du —
4o 41 27 a wx
o 1.0 an b 2 —
8 = = 507 =
= 0.5+ % = =
ié ° g § lE i
fo.o = 0 = 0 SN
& B B < & B B B < P B P B 8
SIS R R R
$ & OOy # &
R SN OO U NN
R : e -
NIy NN IN NE A NE
LA LA LA

B 5 FENRMEALR NO MDA T-SOD F R (vs,n=7)
Fig.5 Levels of NO, MDA and T-SOD in lung tissues in each group of mice (xxs, n=7)
T 5% B UL, ++P<0.01 ; SR LLAL, #P<0.01; 5 U SER MM HU, 22P<0.01 5 5 2 7] &7 IR 1 21 LU A

A4P<0.01; 52147 iR 2 L4, "™P<0.01,



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn

801

3- 4
A B C D E F @ 3@3_ s
TLR4 5 (N S g g #== 100 kDa Ez' %
MyD83 = SR S smmw swww = 33 kDa ﬁ : %2-
p-NF-kBp65 "W S S s s S 75 kDa Pg ] %%11_
NF-kB p65 "W SIS S s s s 65 kDa ﬁ 5
GADPH # S S s s 3G LDa N
"%@ @w%\ 8%9: %3 %;@5‘
”/7? 46’ %’ ’4?‘ %‘
1.5 4
2 b &
i B g
E ?émo- S L]
§ i \| 22
g o § ; o=
= £ 0.5- \ 5 S
2 ) \ [ 9
: ; \| :
A “ 0.0- =N B
B o B B o PP B B B B B B
4&& % %@ «@@@ 4\‘& %%3%’ «@’%@k@ N %ﬁ @% A
¥ ‘9‘@ “}-’@ \‘}‘@ )@«i’«i’«@‘ ® “%’% “?‘% F"@
Xé’ ’%f 5y B A A %’ A

B6 &E/NRMELR TLRA/MyDSS/NF-kB p65 i

1B X EARIE (32s,n=7)

Fig.6 Expression levels of TLR4/MyD88/NF—kB p65 pathway related proteins in lung tissues in

each group of mice (x£s, n=7)

T AT IREH  BARRIL ; CHLBERAN ;D 11K
#4P0.01; SRR A
e Sy Ll

,*P<0.05,%P<0.01; 5 Hi ZEKAN A L i
E A, "™™P<0.01,

70 1002 B BRI, R B D) e I 2 2R 25 4 A — AR
AR AL 9% 40 33 i) B 8 ek /0 ile W7D It 3 R AR
RHT IL-1B JL-6 1 TNF-o 7K JiliZHZE NO MDA
B, IZH 2 T-SOD /K- 035 Thin , 1]
I RE B IR HLIA S S AT A A 1 SO -
TSt It L UK b A A, A s It D RE R VR T
TLR4/MyD88/NF -« B i [ & 2H 44 41 fg 14 15 %%
i | R DGR Sl . —  TLR4 1R £
[ LPS SZARZIE T A0, #0005 5 e 5 MyD88 45
HrFa5 6, 2Rt NF-kB 555 F &AL
B NF-xB p65 BR Ak , BN i p-NF-«B p65, Mifii
PR NF-kB {5510 F A5 b 502 2 A i g s =21,
AHFFE A RILL /N R 44T TLR4 MyD88 . p—NF—
kB p65/NF-kB p65 & KKK F-AH b T %] B 2H B
WTHE, Z 147 B AL S TLR4 MyD88 .p—-NF-
kB p65/NF-kB p65 4 H KB /KF % BRI, 2 W]
147 7] fEJ2 38 o 410 i TLR4/MyD88/NF-kB i

L EE TR AL FET &, 5% AL LA, +P<0.05,
,4P<0.05, ~2P<0.01; 52 [ 147 B4 iR

,AAP<0.01;L:J‘i|]

BEAHOCER FI3RIE SR LPS 551 ALL,

25 BT  TE AR S SR R 1] 44 17 7] LA
% LPS 15 519 ALL /> BRUN 4 23 8 i s 1 A 48 £ vy
WK 0 A R (8 TR 2 A Pt 5 4 LA I BL
il 7] fE 5 F ¥ TLR4/MyD88/NF —kB {55 53l i 1) %
IRAROC X — 45 R R Im RS T 22 1 141697 ALL 42
HETRIBARYE , 22 114 T8 ALL 1R SR i
SARFRARSE,

S &k

(11 & G WAL f AR S8 5 221 40 1 SCHREE B AR
PR, S R4, 2023, 29(18): 156-164.

[2] e, S vy, R, & NSRRI T 1S BIER O
ML ST B, NP ERAR, 2024, 43(11): 1219-1222,
1241.
3] RAFE, XUEE, JUIHE, 5. JET PD-1/PD-L1 {55 il B4R
F 1140 XS S PR S Ak U S D). T2y, 2024, 46
(2): 437-443.



802 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

[4] BRIEFS, Z0RE, 45 M, 4. LTI ALy 7 W 96 28
JSREAT AR AT ST R B A AR T i S [ . W6 DR 25
552 2022, 7(10): 118-121.

[5] BABRAE, & W SRR, S 1AW R 48/ R IR
it 1 iz A 1 v R K 3 B B AR R LRI SR 0], Wi rh s 2l
Kpaidf, 2021, 45(2): 116-123.

[6] 7K . BT CHS BRI YR YT B R RS 2 R K
IR IEE[D]. A R, 2024, 32(19): 62-66.

[7] YANG J, HUANG X F, YU Q, et al. Extracellular vesicles de-
rived from M2-like macrophages alleviate acute lung injury in a
miR-709-mediated manner[J]. Journal of Extracellular Vesicles,
2024, 13(4): el2437.

[8] LIU Y, ZHOU S J, XIANG D, et al. Friend or foe? The roles of

—_—

antioxidants in acute lung injury[J]. Antioxidants, 2021, 10(12):
1956.
[9

—

LIU C, XIAO K, XIE L X. Advances in mesenchymal stromal
cell therapy for acute lung injury/acute respiratory distress syn-
drome[J]. Frontiers in Cell and Developmental Biology, 2022, 10:
951764.

[10] BoCHE, ZEIR, 55 P % EERSGIRE TEE R YT IE
ST AR 2 M B Z S I R G )], HEEAAS,
2021, 62(2): 130-137.

[11] ZHAO L, ZHANG Z L, LI P, et al. Bakuchiol regulates TLR4/
MyD88/NF -kB and Keapl/Nrf2/HO-1 pathways to protect a-
gainst LPS—induced acute lung injury in vitro and in vivo[J].
Naunyn —Schmiedeberg’s Archives of Pharmacology, 2024, 397
(5): 3301-3312.

[12] 8 A, Rk, 2o, kM. 408, Jbat: A
RTAE A, 2010: 70-71,

[13] BEA, B %, W), . BRMGEEKE T TLR4/MyD8s/

NF-«B 1553 B4 il 3 22 225 R A/ RS Rt i), e
BE24244, 2024, 39(4): 8-12, 18.

[14] AR, Jr @, FEARE, . WAL R X IR 2GS
INEL RIS % 12 TLR4/MyD88/NF—«B 1551 S (54 ()], 14
degelBlag, 2023, 62(5): 118-123.

[15] ZHAO R M, WANG B X, WANG D S, et al. Oxyberberine
prevented lipopolysaccharide-induced acute lung injury through in-
hibition of mitophagy[J]. Oxidative Medicine and Cellular Longevity,
2021, 2021: 6675264.

[16] NGUYEN N, XU S M, LAM T Y W, et al. ISMI suppresses
LPS—induced acute lung injury and post—injury lung fibrosis in
mice[J]. Molecular Medicine, 2022, 28(1): 72.

[17] 5%, SpiEME. 22014 AN HE R PEdkP Ry, 2024, 37
(2): 131-135.

[18] Fimff, WX, B H, . JF WL S 1R
HARTTZE 1437107 AT A A R /R FIRLHI D). SRR AR
rREEZEIAL, 2022, 24(10): 3932-3940.

[19] BRLASC. FETF“TribAHR " AR B4/ N BRI ET 2 ALAR R f) L g
FFED]. dbmt: dbard iR, 2020.

[20] XIS, BRETE, S0 221714 0 25 BRAE RURIIG R B A OF
SUHERRL). A BEZY, 2024, 19(10): 1520-1525.

[21] QIN L J, LIU R R, JIA Z, et al. Multiple low—dose radiation
ameliorates type—2 diabetes mellitus via gut microbiota modula
tion to activate TLR4/MyD88/NF—«B pathway[J]. BMC Endocrine
Disorders, 2025, 25(1): 32.

[22] SINGH S, SAHU K, SINGH C, et al. Lipopolysaccharide in-

duced altered signaling pathways in various neurological disor-

ders[J]. Naunyn-Schmiedeberg’s Archives of Pharmacology, 2022,

395(3): 285-294.

(A% 5 %)



