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BE BRSO SRR 00 M R ZE MNP (COPD) K RVIE RAE A3 B Toll #5214 4 (TLR4) /NOD #3524k 11 3
(NLRP3)FEIHEEIEH . ik 236 HUktk SD KB, IFRAALKE 432 DUAN 250 . 1F 3 % IR BRI Ik Je AN IR YT 41 LA
FORA R, AL 9 H BRIEH X R ALAN , Ho A 45 41 338 i U I T VE IS 2 0 (LPS) B N SE A 2 COPD K LA
B ARG SR 2 12 J RIS AT EOM . AR BRI — BRI B TR R G ER . I IR AR - B (HE) Y i AR
FLIMiH 2 AR BIAR AL, 5 SR T SE SO E = A iEsE = 0 (RT-qPCR ) 125 18R 1 5T BN 125 ( Western blot ) V5461 ¢ Ui 26 21
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18P BH 284 Bl B 9% ( chronic obstructive pulmona-
ry disease, COPD) & — Fft phy Al 1 i A7 35 0RE 200
PR FITEU ST PR 5 8 R, B2 A 5 4 2% )
A AR AR i S RE MR . COPD 4
ERAE IR COPD T EURINAL R LY N 42/10 1N,
HEZRET5 9 N AR5 = m, & ETHE
#23 coPD HETM ARG . B R TR
ARG ARG T T B S 25 )T 0, 04 v f
AR TS it R OCE 2 AR R
A& W) 05 N 28 55 22 T A= s 1 o), HA Bt
R O U AN I W (0 2 R
GO R RS R IR BE R ] COPD ARAL K R
IS A= B8 TS 855 A e o it A6 9 A0 R S S
LA Ty, B —E MR E L. Toll #:3%
1K 4 (Toll-like receptor 4, TLR4 ) J&— Fh i} 55 K 4
P22 55 Sk S R I R Ok 1 5 AR 5 A2 A, AT
5 & Z 8 (lipopolysaccharide , LPS) 4% & #4015 5 18

2025 -07 - 06 ik
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LY H (S5 :2023ZD007 )
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&, I Bl FIR R SE AAE ,NOD FESZ AR 1 3 (nucle-
otide-binding oligomerization domain-containing 3, NL-
RP3) AE /INMAAE AEE 1 5 14 IR A0 00 | i s
T, AR TS S s R B
88~ W] HI TLR4/NLRP3 3 j# 3 3 1T [ {16 4
PR il 2L P50 R 2 A 200 i R 7K (ELAR A I 2
Py fE 118 1 P 5510 BRI COPD K BT A AE 49
AU, R, ABEFEOR R 2 T TLR4/NLRP3 {55
T SRR R U COPD K BRVAUIE 2 0E I
TSI TE 4548 H S B 520, D COPD Y TR 55 9R 7
SEALNHIE Y BRI SO R RS SRR

1 HREHE

1.1 ##

1.1.1 4% 36 H SPF ZMEYE SD KR, 14K i &
190 ~230 g, 342 U5 T 18 e 107 35 v 5t 3k 5L 56 sh ) A7
PR F] [ AR 7= 1P IR 4R 5 - SYXK () 20190001 ],
SERT, R BUE N PEME IR 1R, IR bR i AL R A
H PO, B ROGRRI R R EE (25 £2) C, i
B 40% ~60% ,ANSZYG 28 ) PG v 5 25 K2 B I i
B B B e B2 o b UE (12 25 . DW20240319-
027) , JF-31E 3R S0,

1.1.2 %4 5XA LPS(ZEE Sigma A w424,



- 1834 -

FMBERKFFE® Acta Universitatis Medicinalis Anhui 2025 Oct;60(10)

10 mg/Jffi, b5 . 1.2880) ; i<k &M B 4R ( 1 R A5 00
M TEM A B R 19.0 mg/ 3, Rl T
1.2 me/3) s A0TSR T AR 2 AT B
FATA T, HA% 5 mL/ 3, &% GBE 17.5 mg/37, Hh
SR B 4.2 mg/ 3, &L 24% SR B 0.7
mg/ 37, i 4% 52212110l ) ; BERR IR JE WA Fr
CHTTAN I 25 ey A BR A /)L 45221124 ) 5 JoK
K a0 & RS N RAEY R ARARA R 5.
BA-4041) , I IRFE R F-a (tumor necrosis factor-o
TNF-o) BUAE | 140 HE A % -1 8 (interleukin-18,IL-1B)
Pt NLRP3 Bl . TLR4 HLiA | B-actin HiiA FEHitk
TH (R A B ARG IRA R, 5745 .29652-1-
AP 29530-1-AP  30109-1-AP  19811-1-AP , 20536-1-
AP RGAROO1 ) ; BCA & ¥ i I i i 7] 6 ( i 3
= KAEYF AN S . P0012S) s ECL &G (K
R AEYHARARRA R, LS MA0186-1) ; SYBR
qPCR Master MIX (- ¥ % s A= W RHCA BRA ]
b7 :22208-sp) .

1.1.3 NE  ARIAYIEEEH (S .80 cm x
60 cm x 50 cm, THA — i@ S B fL, HAEHN 2.0
em ) 3 ¥ 38 O W B (FE R R R A ], IS
DM500) ; SE 38 5 H PCR A (ZEE R AW R 58
N ) ABL B 7500 ) 5 BE SR 53 BT AL (S Bio-
Rad 4R/ H], B5. UN HOOD 11) , 4 A 3h¥d vk bif
JEAY (F5 E RETSCH 33t/ 7], B4 . Cryomill ) ; 4%
P T B A (26 [E BIOTEX {1 18 2 W), #15-. EP-
OCH) ; =y i 2 P& B0 ML BB AR VKA (35 B Ther-
mo Fisher 23 7], /5. ST16 8930086V ) ,

1.2 FHik

1.2.1 54 #EERLH ¥ 36 H AR L
Sy ECJE I 43R DU A 28 51, 43 530 R 1E 5 %) BE ( Control )
21 AR (Model ) 21 1K JE A ( PNSZ) 41 B A i 4 B
YI(GBE) 4L, B4 9 K, S5 30" ik, B
Control Z14h , AT A Y 45 T B WA BB W A BB S
MR LPS 5 5 KBl COPD #50, 7E i B A 48 1
KA 14 K, 45 K FUE I 151 20% 540 19517 ik
1 BE K R B Sk v R AT EMIR S [ R R AE &
R ERER T4, K BV N TE LPS 100 pl/
100 g(1 mg/mL) , VE5F 58 545 , 44 K BB S e f% 10
~20 s, PAMRIIE LPS ZEMtHRIA ) A . AESEI0 5 2 ~
13 K 5515 ~ 28 K, A H A K BB T F il 00 52 46
(80 ¢cm x60 cm x50 cm) N, T THMMEF 1 h,
BRI 30 S AR A JRUR , #4450 0 A e J) A 15 252
28 d, 25505 57 BN RR A B AL 1 R AR SE, I X

L 20 267 705 B A A 3 1T 35 E COPD AR 78 2
BT, SRR |, Control 4 Model ZH Y545
T 0. 9% FAALENE RS [ 10 mL/ (kg - d) ], GBE
AT 2H R B I 1 559 1 24 3 8 il 7 1 S, )
HUEN 0.4 mL/ (kg - d) (FZ MR AFRHERE 0. 29
mL/kg, R HARR AR HE . REHZ5 8 = AR
x70/56) ,PNSZ JGJ7 Hi8 i B ki 4y vk e
FAZKIE W, I BEE N 0.5 mg/ (kg » d) (FZREELA
PRUESRE 0. 4 mg/kg, R AARREF L AE T . KERHZ
= A x70/56) , 4 AN B AR H 1R, JESE
12 J#,

1.2.2 ##FARE KM E, ¥4 HKRLE
20% P (5 mL/kg) B8 VE SRR 5 BD ZI AL 2E,
TR B s i UG W, BT R Lt & 4% 2 F
HEE A o e, R AN 257 FET
-80 C R VKAE T, DML 22 15 RNA 42
W

1.2.3 7 A#F — 474 (hematoxylin-eosin, HE ) 7% 3.
BB AE T BORRA L2, H 4%
LR FERAEAL I 2 48 h, AU fel FHAS ) 3 38 1 7
FEXTREABEATRR BE K | Z JE M FEA IR I T R
o B R HARGIEN] S A 8RO RN R R 3
pm R 280t T IR A B 5 R ORI BT
AEARZAN T b <R T DI 1E2 Dap i = N i B R b))
AE TR BB T, WS M 4 4t L 2L R 9
BEiiEs SRy o

1.2.4 Western blot %4 # TNF-a IL-18.NLRP3
TLR4 E @ &L 5 M P BRI 20 mg,
B HYIE RN R TG TR A RIPA 421240, 7
IR S5 v ) S M 2 2 ol HL 58 40 S84 i, B
JG7E 4 °C (12 000 /min #.L> 25 min, W L35 LA
PR, O T X & AR A B 2R IR B i AT AR
AR e BCA IS O 0 45 21 il L 2R A 1) 2R
e ZE K E T 10 min 197280, FEFL FAE
30 wg PEATHEME B UK (80 V,20 min J5 120 V, 60
min ) ; MV R 60 min PR ATV 3 4] 30 min, Fifi
J& I A i B ) — BT TNF- (121 .000) . IL-1B
(1:3000) NLRP3(1:3000) . TLR4(1:2000) .
B-actin(1:5000),4 CHFHE LN, BL 3 WLk
JE, AT 25000 BRI EDUR IIETRBEF 1 h,
BitiJe FH TBST 3% 3 WK, YA ECL B 8L LR B &, Bt
JBE AR 2R G A AR AR Image J BAF43 B K FE A -3
BAAEARINGE,

1.2.5 = RARE R A4 X R (real-time
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quantitative polymerase chain reaction, RT-qPCR) &4
M TNF-o IL-18 . NLRP3 . TLR4 mRNA %k it & K
Hi RNA $2 00 & BRI R , MU UREA rpr 2
B AL RNA JF X AT e Bl 2 . BEJS , e
W saatGR & B DA A5 R BT SR B RNA VR DA,
HEAT B 57 SR ABRAS B 5% cDNA | d e, I T A 3k
P cDNA VE MR, AT 5 & Wik =05 B (PCR)
PR YIS R .95 °C,30 5395 °CL,10 s;60
°C,30 s, 340 NMER, L B-actin HNTBZS R 2 H
2 -SSR RAR X AR A TR R R SR kKO, 5
YIFsME B 1,

x1 351953

Tab.1 Primer sequences

Genes Primer sequences(5'-3") Product length(bp)

TNF-a F:GATCGGTCCCAACAAGGAGG 137
R:CTTGGTGGTTTGCTACGACG

IL-1B8 F:AGCTCTCCACCTCAATGGAC 150
R:GTGCCGTCTTTCATCACACAG

NLRP3 F.TGCGTGTTGTCAGGATCTCG 179
R:AGCACAGTGAAGTAAGGCCG

TLR4 F:GATCTGAGCTTCAACCCCCTG 148
R:GTACCAAGGTTGAGAGCTGGT

B-actin F:ATCATTGCTCCTCCTGAGCG 163

R:CAGCTCAGTAACAGTCCGCC

1.3 SRITFAE s SPSS 24. 0 B HEAT B
St o, IR IEZS 43 A itk By 25 R i 1t
EORE, o £ s AT, ANOVA J5 22531 58 PF
22 2R 1) FR 22 Sk | LSD-¢ K 36 HEA T 4 18] Fo %5, 1585
P<0.05 WERAGIHEL,

2 #R

2.1 BAKXRR—RRRAFMIERRSGEEKR Control
AR RZsh RGN R, B R A, WP,
Model 41K BURS Bl AN 41 , S5 0738 2%, B €6 fi B 6Ol
R AR IR B A | b T s
WE S B oy W B 2 4%, iR Model 414 I 7E
PNSZ 415 GBE 41K & 175 2IBH ot

2.2 FBAKXRMBKRERES Control 2 KAl
SRR FEARSE R HLR T X s A DL i 4 P 4 3
FLH s (A A S T S S e 5T IE H T, R WL
K., Model 417 Bt 0 45 44 B 8 2081, HL 8] 4 IX 45
25 53T AR 20 R A Yk I 6 s 2 AN A D0
TR,z IS 3 il vt B W7 24 15 5 A A B il R
JIE I, 5 Model ZHAHEL, 2 PNSZ WRIT RS
GBE J&Y7 7 % TR A B, FLH o 25 44 1) 25 AL AR 3

ARG, JAE A 152 T % E AT X B AR: ey JPd)™ 5K
T SR BRAL , ACFE R 4 DX 48 mT U il 76 1 D 5 il 5 T
IR, UL BT 1, 25 2R B v i 96 2 S - 147 il
M AR L, WAk 2,

Control Model

PNSZ GBE

E 1 Control 8501 COPD HAXRAARERI HE x 100
Fig.1 Pulmonary alveolar pathological manifestations
in normal group and chronic obstructive

pulmonary disease group HE x 100

F2 SAXBREMGHRFHMAERNILE (n=7,525)
Tab.2 Comparison of standard alveolar number and

average alveolar area of rats in each group(n =7,x +s)

Standard alveolar Average
Group
number alveolar area
Control 325.0 +21.691 01 4 259.835 4 £273.328 04
Model 205.2 +6.870 23 6 729.554 2 £217.464 29
PNSZ 277.2 +10.616 03 4983.169 0 +£191.369 63
GBE 313.8 £19.149 41 4 410.004 7 £271.165 55

2.3 ZAEAKXKBRSEREBELSHKE  Control 41 KK
HARE YR IE A BRI R, Tk
7R RER UL SR G R £F B DL B T i O SCHE
1) T B A L€ 3] 8 M A B () 329 . Modeel 4
NS AR ey R R TR S N o G A IR AR
() E A ZE T RE Y B SR £ BHES AL T,
PiEBE 5 IR W2 S TS G A I B HL R R
Ty REA IR AL AR A SR U R A
5 Model ZHAH L, PNSZ iY77 2405 GBE G377 240 K
TESCRE BB T T 8 — R kst SRR
N SCRE G W TR Gl | RENG R I G k) | 2F
THEG T RAE A o327 BB R v | 45 1
T LT B B 9 P 200 R i 28 B AR AT, LI 2,

2.4 FLAHAKXKRIMEALF TNF-c, IL-18, NLRP3,
TLR4 mRNA FiE1E R M B T Control 4 , Model
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Control Model

PNSZ GBE

El 2 Control /1 COPD EAKRRSERERY HE x 100
Fig.2 Airway pathology of rats in normal control group

and chronic obstructive pulmonary disease groups HE x 100

ZH K RUMiZH 21 TNF-o \IL-18 \NLRP3 . TLR4 mRNA
XA E L, 2256501 E L (P <0.05);
% F Model 41, PNSZ 415 GBE 1 K Bl 41 21
TNF-o . IL-1B3 .NLRP3 \,TLR4 mRNA FEik/K V-1 @ %
T, EREGIEE (P P<0.05), WLE 3,

61 [Control
Model
[MMPNSZ

g NYGBE
]
=)
=
()
o
2
=
[*]
[

NLRP3 TLR4

TNF-o IL-1B

E3 &AKBRAMAL TNF-o IL-13.NLRP3 , TLR4 mRNA RixE
Fig.3 The mRNA expression levels of TNF-«, IL-13, NLRP3
and TLR4 in lung tissue of rats in each group

**P<0.01, "**P<0.001, """ *P<0.000 1 vs Model group.

2.5 FHHKXRBMALRSF TNF-a, IL-18, NLRP3,
TLR4 EARIKIER AHE T Control £, Model £
B 4 21 TNF-o  IL-1B . NLRP3 . TLR4 & [1 3%
KK B, EZRAERITFE X (P <0.05) ;41
BT Model 40, PNSZ 3697405 GBE 3697 240 K B
204 TNF-a | IL-13 . NLRP3  TLR4 # 4 3£ ik /K F 14
BETH,ZRA5T%E X (H P<0.05), WK
4.5,

3 g

COPD & — it L5 25 (9 WP W A PR AR AT 1 <

Control Model PNSZ GBE ku

TLR4 95
NLRP3 110
IL-1B 17
TNF-a 17
B-actin 42

B4 SHEKRRMEAL TNF-oIL-1B,NLRP3, TLR4 EE £
Fig.4 Protein bands of TNF-«, IL-13, NLRP3 and TLR4

in lung tissue of rats in each group

5r [1Control
Model
4k [ PNSZ
£ GBE
g3
o
>
o
22
=
21

S

TNF-o IL-1B

NLRP3 TLR4

B 5 HAKXRMAL TNF-o IL-13.NLRP3 . TLR4 EEHXILE
Fig.5 Protein expression levels of TNF-«, IL-13, NLRP3 and
TLR4 in lung tissue of rats in each group

“P<0.05, "*P<0.01, "**P<0.001, """ P<0.000 1 vs

Model group.

Tt B ZE A REAE A0 UL 18 PR T I 3R G i , HE R Bl
il 52 2%, G A AR AT R FE 538 S L
A K, BB MEJAE & COPD RYREAEHURIE |
PR B A A M P ) 3K S 4 M 20 i 3 st R i
TNF-o IL-18 Z 8 R 5| 98 8E H K ) b, B
K SHALUEE M E RPN Fk, Wb R
P DR 1 R RN 400 ) ST AR 2 IR YT COPD 1Y G
i

A5 R AN SS + LPS AT T
HEN7 COPD By BAY | 1 A58 f5 R B BT B AN 22 | 1
B W A | T N R it 2 2 B A A O 2
COPD FHRUE , IZ M 5% 5k 7 455 75 41 G Ut 41 2 45 44
AL, A R R AR |, R i BE W L A
BG5Sk AR T 5 SR — E, $E S 1 B R
BB S N7 D, AR B U & 2 R 1
g3, X LS B FEPUR G i R b R P OCEEVE R A
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FE RN LPS 155l 1 5 4L AS49 40 B % 52 55 v
7N, B PR T B2 #H5CH F- 2 (nuclear factor ery-
throid 2-related factor 2, Nrf2 ) | il £ & ‘& & B-1
(heme oxygenase-1, HO-1) & 1 # ik 34 i, #% A +-
kB ( nuclear factor-«B, NF-«kB) £ FH k00>, IL-1B |
IL-6 FIRTHIIRE 2 E2 ( prostaglandin E2 , PGE2 ) %5 & 4iF
PR~ 2R3R 080, 483 7 i B2 22 38 0 00T Nef2 3 2 A
il NF-xB 38 # 09VE FH, i 02 4 B R i 2R 5k Uk
PUBRPACR | BAh i 238 vl 38 1 4% pSo il
p65 S HE A G A0, 30 k] 5 5 440 AR 4 PRI A 3 TR
Tk, BAEPURIAER | ARS8 il 41 205 B 45 SR
FU AR AT SR IO 2 AR A it A A S5 R R 2L
i R A LR I R R A Sl g, T IR A
I35 ) T B 4 3% COPD A B B4 i 46 2 BB 45
FEFHEAL, T A0 R M40 743 W, 7€ COPD (1)
KA R At A v e 20 i R I A0 i A AR A
7 T e AGE S e, B S 51 & 4
T NEE, TNF-a IL-18 F 1L-6 252 H G B4 i 7
SEPRGA TR IR, AR B AR
PRI T A0 B A5 5 0 K RVE RAE, BRI &
PR 405 AR R T K, ARSI 25 SRR,
COPD K KUt 2H 23 v 4 TNF-o F1 IL-1B 19 25 11
mRNA FiA7K P-4t 251G /& | AR A i 4 B i v
JYRE T I TNF-o A1 TL-1B B2 357K, WA %50
)52 EL i 23 76 114 2 i 52 7 A4k o7 S

TLR4/NLRP3 3 [ E I8 15 HLAA B8 9 0 KW 7
i EA HEMEH , TLR4 5 LPS 456 J5 #40% , o o
NLRP3 RAE /MAFR A, #F 17 5| A A2 4 40 i &+ ™
Aol G EEgET BT, 3] TLR4/NLRP3 38 B% A
DS ST AN MR , 2035 COPD KRR 43 , sk
DR EF AL s T2 2 ) NLRP3 58 1 /MA 1
Al AT REAR S A 9 S 7, D/ G e 4 e SR 4 | D il
HBEIR | ARSEER 45 KT, COPD 51 A [T 41
211 TLR4 NLRP3 1 Fl mRNA 3355 241
AL ECY) T+ #US , K Bl TLR4  NLRP3 () 2 (H Ml
mRNA AU A, B AR 487 it £ By e 10 o)
TLR4/NLRP3 i 380 , 41798/ COPD RAE I,
M HE COPD Jiliifs .

25 L TIR AR i 4R U T IR COPD A5 5y
YIfiliZ1 28 TLR4 5 NLRP3 B9AHXS Fe 355, I 5 5
PR PRI, DR A& i S I, A i 0 B A £ AR il 1)
fig , G2 fift il 21 4k 4k, 7T g J2 8 o 99 1 TLR4/NLRP3
fE 5 R EE R (0 T2 B & s AL &2 2,
T X AR A i R U A LR AL 2R TR A S

A, S8 BELAT 9 s PR3 7 3 R ) L R Bl
Hg SR
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Ginkgo biloba extract down-regulates TLR4/NLRP3 signaling

to protect airway inflammation in COPD rats
Pan Ying' ,Mo Xueni', Wang Gerui',Feng Yuqing”, Xie Fang®,Mao Meiling',
Wei Tingting' , Xiang Jing' , Huang Lianjian' , Wei Fanbo', Yang Yibao’
(' Graduate School of Guangxi University of Chinese Medicine ,Nanning 530011 ;> Dept of Critical Care Medicine
Ruikang Hospital Affiliated to Guangxi University of Chinese Medicine ,Nanning 530023)

Abstract Objective To explore the regulatory effects of ginkgo biloba extract on airway inflammatory injury and
Toll-like receptor 4 ( TLR4 ) /nucleotide-binding oligomerization domain-containing 3( NLRP3) pathway in rats with
chronic obstructive pulmonary disease (COPD). Methods Thirty-six male SD rats were selected and randomly di-
vided into four groups; the normal control group, the model group, the prednisone treatment group, and the ginkgo
biloba extract treatment group, with 9 rats in each group. Except for the normal control group, the COPD rat mod-
els in the other groups was constructed by intratracheal instillation of lipopolysaccharide ( LPS) combined with ciga-
rette smoke exposure. After successful modeling, the rats were continuously administered drugs for 12 weeks, fol-
lowed by sampling. The general conditions and respiratory symptoms of the rats were observed. The pathological
changes of lung tissues were observed by hematoxylin-eosin ( HE) staining technique; the mRNA and protein ex-
pression levels of TLR4, tumor necrosis factor-a (TNF-a) , interleukin-1B8 (IL-1B) and NLRP3 in rat lung tissues
were detected by real-time quantitative polymerase chain reaction (RT-qPCR) and Western blot. Results  Com-
pared with the normal control group, the lung tissues of rats in the model group were significantly damaged, and the
protein and mRNA expression of TLR4, TNF-a, IL-18, and NLRP3 increased (P <0.05). Compared with the
model group, lung tissue damage was reduced in the prednisone group and the ginkgo biloba extract group, and
TLR4, TNF-a, IL-1B8, NLRP3 protein and mRNA expression decreased (P <0.05). Conclusion  Ginkgo biloba
extract may reduce TLR4, TNF-a, IL-1B, and NLRP3 expression in lung tissues of COPD rats and alleviate their
airway inflammatory response by inhibiting the TLR4/NLRP3 signaling pathway.

Key words ginkgo biloba extract; chronic obstructive pulmonary disease; TLR4/NLRP3 signaling pathway; in-
flammation of the airways; airway remodeling; animal experiment
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