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WE B ROHRA L2 R ZE I it (COPD) K BRAIE R IEAR 14 & Toll 52
& 4 (TLR4) /NOD FE2448H 3 (NLRP3) JEEERJIHEEIEN . ik 1%L 36 R SD KX
B FEBENUE I AL TR RRAL . BRI, IR JERATR YT 4L DL AR A R B IR T
A, BAI N, BRIEFXBAN, HRSHBLSENETIRZRE (LPS) BLE MR &
COPD KRMIAY . IR T JGELS 452 12 i, BB HEATHUM o WK BRI — ORI A
RGUER . B TFARE- L (HE) Yot RS IT AL B A ks SR SER ok 2R
HrlgsE=U B (RT-QPCR) EFIER (1 EPIZEYE: (Western blot) 246K BRI 4L 21 TLR4.

SRR BE R -0 (TNF-0)  E4AMEAZ-18 (IL-1p) A1 NLRP3 i) mRNA } & AR ik K.
R 5 IRAMEL, BRA K RITAZE B2, TLR4. TNF-o. IL-1p. NLRP3 &
A mRNA FiE18n (P<0.05) o SHEAHAAELL, ke ta AR A H- 52 U 28 il 20 23451 4%
WA, TLR4. TNF-a. IL-1B. NLRP3 £ A f1 mRNA FiLF#K (P<<0.05) . £k WA 2
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Ginkgo biloba extract down-regulates TLR4/NLRP3 signaling to protect airway

inflammation in COPD rats
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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 divided 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 models
in the other groups was constructed by intratracheal instillation of lipopolysaccharide (LPS) combined
with cigarette smoke exposure. After successful modeling, the rats were continuously administered
drugs for 12 weeks, followed 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 expression levels of TLR4, tumor necrosis factor-a (TNF-a),
interleukin-1p (IL-1B) and NLRP3 in rat lung tissues were detected by real-time quantitative
polymerase chain reaction (RT-gPCR) and Western blot. Results Compared 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-1B, 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-1B, 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; inflammation of the airways; airway remodeling; animal experiment
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181 BH ZE P fifi%%  (chronic obstructive pulmonary disease, COPD) & — i f1 /< it F1 i
AT RIURE B BT B JE PR 1~ 57 BT G 200 ML A1 2R R M= B 9 5| R A S ¢
FEMEZM . COPD ABRAE IR H COPD FEUINIERLI N 42/110 FHN, HZHEGH. A
M@ SR Em, 2 L7hasR3, COPD HurMi iRy Wik, WIHM. ©4af
R AR T T B 10, W B o AAr AR i P B G H A AR R = &
HEHFAC S 5 N ERSESE 2 MAEYNETERY, BAPUE . DU (R IE A B 40 55
TERIE, w7 oIy, AR THREUIREAN ] COPD ALK R U (4 T he 5 i B il 1 3
HIB, ) IRE SN, SRR ), B —EHRYT1E . Toll #5244 4 (Toll-like receptor
4, TLRA) 2 —Fhals o R G 5 s 5 1k e IR SRR OB LA 5 3244, Tl 5 ig 2 0

(lipopolysaccharide, LPS) #5&0H(E Sk, JHaFKREIE XA, NOD M2k H 3
(nucleotide-binding oligomerization domain-containing 3, NLRP3) NLRP3 #& i /IMAEAH | %
PR RN, BRI, HE AR TS S Sl i L. mEuEogk e, )
TLR4/NLRP3 3 i 4 1 ] [ A% 4 it 4L 252 45 A0 SAE R PRl 7K1, (EAR A - S B e 5 38
P B COPD K BB SAE M A WIHf . PRI, AT 0K 2R A5 T TLRA/NLRP3 15
TR, R ERAT R HUIXT COPD KB UTE #AE S M AN E S5 K B EB 2, Dy COPD
PS5 6 7 S AL BRI i PR 8 S 7 I SRR SR I 4

1 MB5ET5E

1.1 %k

1.1.1 zh%¥) 36 A SPF ZHfEdE SD KR, #AJ5iHE 190~230 g, Hoki 11w 73k v il sk
AR AT A= EgRS: SYXK(I#)2019-0001] . SEZERET, KEIEMNMEMETR 1R,

SRR AR AETRR B B YOK, BROGIE A, EE (2522) °C, #RZ 40%~60%,

AL TP L AR TR it (B35 . DW20240319-027) , JFiE{f 3R JRI.

1.1.2 Zi 5 LPS (£ Sigma AwRHEML, 10 mg/fi, #t5: L2880) ; i JEME#A A
(RRAEMN, Wl 4, SlEE 190 mg/sl, Bl T & 1.2 mg/30) « #FilT
SR Qb2 RS A, M 5 mL/sC, & GBE 17.5 mg/3c, Horb o 5 i i
4.2 mg/3, ik 24%; A HEE 0.7 mg/sZ, (L 4%, it 221211cl) 5 BEERIKJEMA A (T



AR Z A A IRA T, #it'5: 221124) 5 FHAKRERFE GRENREDEARAIRA
m), #it5: BA-4041) , MREIABEIN F-o (tumor necrosis factor-a, TNF-o) FifA. FZHMEA
#-1pB Cinterleukin-1B, 1L-1B) Hif&k. NLRP3 Hifk. TLR4 Hiff. B-actin Fifk. £
(RN EE ARG IRA R, 185 29652-1-AP. 29530-1-AP. 30109-1-AP. 19811-1-AP.
20536-1-AP. RGAR001) ; BCA & [k B2l s il & ( BilgE8 2 RAEMIHR, #t5: P0012S) ;
ECL Kt CREFEWEMHEAREGIRAF, #5: MA0186-1) ; SYBR gPCR Master MIX
(Lt g PR IR A R], 5. 22208-sp) .

1.1.3 4 ARAEVBIEEER IR 80 cm>60 cm>&0 cm, A @A [, HEN
2.0 cm) ;WL F MG (EEKRAF, 85 DM500) ; B IGE # PCR AL (3£
FE N FHAEM 2G04 W] ABLL, 50 7500) 5 HBER B 73 X (3 Bio-Rad {14 AH], M5
UN HOOD 1) , 4 HZEIAEITEEL (fE[F RETSCH 34h /A 5], A5 . CryomilD) ; 4K
fitgbni (£ BIOTEX B AR, #%5: EPOCH) ; Mm% HigE.obl. BIRERKAE (£
[ Thermo Fisher ZEER KA H], A5 ST16. 8930086V) .

1.2 5

1.2.1 fd. SRS B 36 HOKRARMRBENL B 43 DA, 43 o TR R
(Control) #H. #7%! (ModeD 4. ¥%Jéfs (PNSZ) 4H. MMM (GBE) 4, 4
%9 R SHE I 5%, B Control 4141, AR &L IB% T2 FH B R NI A S N HE
7 LPS ¥53 K L COPD BEAY: FEIEREMEE 1 RMES 14 R, 4 KBRS 20005 FisH k47
BRI, Bl G, KBRSk BARAMEMR S BE ERAE & b, Bt Ee T4k, 1a K RAVE T
LPS 100 pL/100 g(1 mg/mL), {ES5E )5, R EILER 10~20 s, PAfRIE LPS £Eili#RY
B)orAt. FESERSE 2~13 K. 28 15~28 X, HHKKNMNE T HHMEM (80 cm>60 cm>50
cm) W, RETHEMMES 1 h, SR 30 SCIE MR, AR E 1 4: 28 d,

2o G S WAL PRI 1 HARSE, FExT LA SUHEAT R B AR, BEMTIAE COPD
PR S Il . RIS, Control 41, Model 2035145 T 0.9% 5 AL AR B [10 mL/
(kg €) 1, GBE iay7 4 REUIE Iy 3 10 5 4G T47 I v ST, =% e N 0.4 mL/(kg d)
CF B B HE & 0.29 mL/ke, SRAIRREIA L EE: KR A2 RE=m A\ &>70/56) , PNSZ
T HLEEVE B SR8 TIRERMKIEIL, FIEBERN 05 mo/(kg d) (FZRRAFRES 0.4
mg/kg, KAARTMILEDE: KRAZGE=RAE>70/56) , SHAFHH 1 Kk, &L
12 J.

1.22 WARE  KURHZE, K&E4IRR L 20% S 538 (5 mL/kg) B8R 5T FRERE 5 R %) 4b



BB, BT ABMORE, MHBCHER, 85 B, 4 A% R EREER S E T, KA NS
ZARAFT-80 CCEIRIR VKA T, DLBERS:E A5 RNA BB T
1.2.3 AR (hematoxylin-eosin, HE) 2 &2 fii 4l 405 B 22204k BUOK R AT A4
2L, 4%Z R P B EALIE E 48 h, AR FIVR P IS X RE A AT B EE K, 2 )5
BREARI T R, HEREARREY, W5 ANaEIEDIEONER 3 um M, &
THIRI B S PR OK S, BTG AR s, TN R RORE A, KA i) E
THFRMEE T, WE5 71T & AL B 22
1.2.4 Western blot ¥EAG M TNF-a. IL-1p. NLRP3. TLR4 FEHFIEE M &2H UK Bt
24120 mg, HILUIECNBUNE R TS, TR RIPA AR, (AR T iR s i 4l
SURARAE L 78 /> 240, BEJRALE 4 °C, 12000 r/min B0 25 min, WL E3H W CLREUS & A,
TR F AR E AR AT AR AEAL R, 1R BCA VARSI I E & 22 SUREA (B 1
FRIE, FE/K A 4T 10 min fAEYE . FEFL_EFE 30 pg AT HLK (80 V, 20 min J5 120
V, 60 min) ; JEI%EEE 60 min. BRasdf PV A 30 min, BEJSINAMRELF I — 5T TNF-a (1 1 1
000) . IL-1p (1:3000) . NLRP3 (1:3000) . TLR4 (1:2000) . B-actin (1:5000) ,
4 °CHFE LR, L 3 YOS5, N 1 & 5000 #ke i =Edife —Pisiai & 1h, b5 H TBST
Beidk 3, LLECL BBUROCHUR t, BERSUG R G EIR, Image J #14F0 Hr AR BE BT 1
HEEARLE.
125 SR E B A BEsE < M (real-time quantitative polymerase chain reaction,
RT-gPCR) A4 TNF-a. IL-1B. NLRP3. TLR4 mRNA Fik& Kl RNA $FZEURFI &
BRI, MIREZIFEAPIRIUH S RNA, FEXRHBHTIREENE . BifE, M)
RV, FBTHREUT RNA IR, BEAT R RN AR A5 5E cDNA, fea, FIA
FITRA3 ¥ cDNA AR, AT REBERER N (PCR) # P EE, 8% h: 95 °C,
30s; 95°C, 10s; 60°C, 30s, 3L 40 AMEIF. LA B-actin NS, 12 2 2% HkH
XfE EFEA B R R K, SR SIE B 1.

x1 5975

Tab.1 Primer sequences

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

TNF-a F: GATCGGTCCCAACAAGGAGG
137
R: CTTGGTGGTTTGCTACGACG



IL-1B F: AGCTCTCCACCTCAATGGAC

150

R: GTGCCGTCTTTCATCACACAG

NLRP3 F: TGCGTGTTGTCAGGATCTCG
179

R: AGCACAGTGAAGTAAGGCCG

TLR4 F: GATCTGAGCTTCAACCCCCTG
148

R: GTACCAAGGTTGAGAGCTGGT

B-actin F: ATCATTGCTCCTCCTGAGCG
163

R: CAGCTCAGTAACAGTCCGCC

13 GiihFabE  GZH SPSS 24.0 HAFHHATEAE G 00T, MR IES S ARtk o7 22 (R K
FHERITHE YR, ) x3s HEATHIA, ANOVA 7 24 Mkt PR A 2 4 1A) ) 72 S, LSD-t
KIS HAT A LR, W P<0.05 NZERAGIHFE L.

2 8%

2.1 FBHKB—BCRGFIFER RGAER  Control 2K RIZsh R, KMNRH, BREA,
NP F A . Model 21K RAS MIANR, RBDRZE, BEMELIEE, MPIRATEATR. IR,
A %0 TN A 1 g 255 . Eid Model A5 507E PNSZ 415 GBE 41K
EEARCE LN

22 FBAKXREREHELE  Control 2K RIS MHEA TR, HF QX IR WS 2% 1
MR, ERNERMNARG AR T IEFGE, RIY K. Model 4K KUtiiE 45 ¥
L, LR DX 3 A A AP A M R A, L RIS, T R B i
BEWT 2L 5 A B AR AL K IE RSB I TE . 5 Model ZHAHEL, 28 PNSZ 1697 77 %5 GBE iRJT
FRTHOARR, S LR FTm, 28 1 40 MR i 25 A AR, Al st
sk T RIBRAL, AAE Sy DX s mT DL v B D 2R it 5 T IR, DL 1o &2 R BRI
B AR bL R, AR 2.

Control Model



PNSZ

B 1 Control 41 COPD &4 A RJHHFRERI HEXI00

Fig.1  Pulmonary alveolar pathological manifestations in normal group and chronic obstructive

pulmonary disease group HEx100

R 2 FHKRAMERE S P E AR K L (n=7,

Tab.2  Comparison of standard alveolar number and average alveolar area of rats in each group (n=7,
X45)

Group Animal(a) Standard alveolar number Average alveolar area

Control 7 325321.69101 4259.83544273.32804

Model 7 205.246.87023 6729.55424217.46429

PNSZ 7 277.2+10.61603 4983.169+191.36963

GBE 7 4410.00474271.16555

313.8419.14941

#P<0.05 VS Model group.



23 FHRRSERBERESKZE Control 4K B UE A YERF IEH AR DRSS, B 0ReF
Wy, JoRAE, EEERISFHEIE)E, B EA I A RS, B BRI 2 R R
NI » Model ZH KBRSV 45 1) HE I B 35 RO BV D538, 03 Il )™ T PAT 2 P RE R
RIS, FRHAIRELY, RS E R ER . B SRR, B A LA BR 2 A
RUEAMRANRIEL, FreasahH R w4 . 5 Model ZHAHEL, PNSZ ¥GY745 GBE ¥RY7
K BRAE SV SR T T — B R W GE , RINSUVE B IR RE G2, B
PRI R, P BHEE TR, U 21 B L R i v, 8l K HL ) LI ¢ A 4 M

R PR EAR. LA 2.

Control Model

PNSZ GBE

& 2 Control A1 COPD 4 AKRSERERI HE=L00

Fig.2  Airway pathology of rats in normal control group and chronic obstructive
pulmonary disease groups HEx=100

2.4 BHKFMHLF TNF-a. IL-1B. NLRP3. TLR4 mRNA FiA1HH #H%T Control

#H, Model 41K FAZHZi% TNF-a. IL-1p+ NLRP3. TLR4 mRNA FiA/K V8% i, 257



Bt E L (P<0.05) ; #HE:T Model 41, PNSZ 415 GBE 41 K RMGZHZ! TNF-a. IL-1B.

NLRP3. TLR4 mRNA F£is/KFHEE T, ZRA4%E X (3 P<0.05) . WK 3.

B3 HEAKBRMAEANR TNF-a. IL-1p. NLRP3. TLR4 mRNA RitE

Fig.3 The mRNA expression levels of TNF-a, IL-18, NLRP3 and TLR4 in lung tissue of rats in each

group

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

25 BHKFMHLR S TNF-a. IL-1p. NLRP3. TLR4 EAFEE® HMHHT Control 41,
Model 20k SUIIZH 2 TNF-a. IL-1p+ NLRP3. TLR4 FEFARIEKTFEE L, ZRE4T
25 L (P<<0.05) 5 #HEF Model 2, PNSZ 597405 GBE 597 41K U412 TNF-a. IL-1B-

NLRP3. TLR4 FEAFRA/KFHEETH, ZRE4%iHH%E X () P<0.05 . K4, 5.



Bl 4 BHAKXFMAL TNF-a. IL-1p« NLRP3. TLR4 EH%H

Fig.4  Protein bands of TNF-e, IL-1p, NLRP3 and TLR4 in lung tissue of rats in each group

B 5 BHXBMEL TNF-a. IL-1B- NLRP3. TLRA BEHARAE

Fig.5 Protein expression levels of TNF-a, IL-1p, 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.
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COPD & — it AR 25 1) P IR R PR AR AT 14 =0 IA BEL ZE D AR AIE 1) 5 WA M IR 2R G900
HRFHUGIE A, FE 5 E AN JORE 7RIS 538 B IS A 0%, a8 1 K E & COPD
AUFEACR FRAE, SRBIN KB RPN RRIE, XL R PR B TNF-o IL-1B 27



RIEHEF 5 R AOERBERSY, R4 SHHASEEMGEREB I, FHik, wHeb #ERET
(YRR JECRH A 1) < AAE IR /2 VR T COPD KB

ASHIEFE R A DA 2 BRI 25+ LPS SR i 102 37, COPD Bz, i i J oK B HH A
Bz, BRI SR, s, I SUR LU 2 W COPD MR, 1% 7 Wi
TUY R BRI ZR G540 2L, A KB R MM, X i e i 2R & T8 iR s6, 5 S0k
MR 25 R — 80 PRI B R AR £ 57 R T SRAS MR & & 2 PSRy, XL
BRI EHUR G R R HE A SR R, FEAB B 300 LPS 15 5 ili_b R 41 ABA9 4 fifd F) s 46
SR, 4R A% R T E2 M9EET 2 (nuclear factor erythroid 2-related factor 2, Nrf2) . Ifil4]
FE A -1 (heme oxygenase-1, HO-1) & H &K iAH I, #% K F-«xB (nuclear factor-xB, NF-kB)
FEARIEW, IL-1B. IL-6 FIRTHIRE E2 (prostaglandin E2, PGE2) % 4 Jit [H 1Rk /b,
a7 e FOE I BOE Nrf2 3@ B 40 NF-«B @R VER, I &3 N KA, Bk b
PRI, peah, Mt FE @I %R ps0 A p65 WAL RURZELAL, ] R4 A 2
MR, RIEFURSAE I, ARSI A U0 B 25 TR B, ARAT I S B A A T 2
Pl AR EE KR 2L, DR R VEARIIRE , I R R R R B e, U AR A iR AU T B
# COPD KB BNt L B FH LT HEAL,  FEAMHI R AL 5~ 73 W . 7E COPD HJAR M
KR IERE A, r PR 20 it N R A AR A RO R R AR RTE A AL, Bl S 51 R 4R
K7 X%, TNF-o. IL-1 F1 1L-6 25 R H OGN N 1, EA0m B TR IGR A . A f 7625
WY, AR SR T DA St A R SR AOAE , PR SR B2 0 v A2 6 R 7 BRI 7K P
ASEI AR L], COPD K RMZHA () TNF-o F1 IL-1B fEE AT mRNA ik K F ) 5 3%
W, AR H B R ETT B T U TNF-o AT IL-1B BRI, WA R0 )18 FEL At 5] i
14 9 RE 2 A AR LU Y o

TLRA/NLRP3 3 % 78 8 T HL A e SOAE S S5 T B AT B EAE I, TLR4 5 LPS 45 & 5
Wos, JH3) NLRP3 RAE/MAEFRIE, #Em5] (e & AR 7 =AM, Hur sk, |
TLRA/NLRP3 3 % il el > U RAEAANIRE, 2% COPD KMty , I/ Alier4ett; 4
B ZE 2 () NLRP3 48 P /NS ey 3 A R R AER AT 350 S0 RE S S, ik S e AR ISR 4, Dok v
PR, ARG 45 F3R W, COPD 84K BRUIZH 2 TLR4. NLRP3 25 [ F1 mRNA 3R 1A
THE SARSHRBW TG, KR TLR4. NLRP3 2 A mRNA HiA¥ W] B 4K, 372
IRERAT AR I e TLRA/NLRP3 BSOS , 4k ifiJ&> COPD #4iE B, MMk COPD
A5 A% o



25 BRI, ARAT SR HUY AT B AIR COPD B Zh il 4144 TLR4 5 NLRP3 fARXT &Ik &,
I RRE DR TR, AR RRE S, D s B AR A T e, SRARIAT 44k, nTAE 2 IE
] TLRA/NLRPS 15558 RIEAE M (0 B T PR R AR A%, 38 75 X AR A H-4R L
Wi BARAVE FANLEIEAT IR NG, S8 BEL S F0 1 Y 7 412 (R e B A <3
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