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S el E IR 9 A L O AT E N S U RS
AR 20 B i e, PR AR 3 A W .
PM2. 5+COPD 4 b4, #Mili£5 5 20 53 77 412 A5 ik
A, Bl SUBMESAB I s .
2.3 &1k R AL BFGF. VEGF. o-SMA.
COL I #=COL I & ik rb4x

FIw, SEA4E, PM2.54 ., COPD A
S PM2. 5+COPD 2 K FUiti 41 41 bFGF . VEGF. -
SMA, COL I . cOL Il #ixH B FEF & (P<
0.01); 5PM2.541tb#, PM2.5+COPD 41K Uit
ZH41bFGF, VEGF, a-SMA. COL I . COL %3k
¥ B EJE (P<0.05); 5 COPD 4 It %%,
PM2. 5+COPD #41 K i fiti 41 4! bFGF, VEGF. «-
SMA, COL I . COL Il £xH B ETmH (P<
0.01); 5 PM2.5+COPD 4 Hb4s, #Miliss B 450 7
2H K B 41 24 bBFGF, VEGF, o-SMA., COL I .
COL I iR MK, 2804 bFGF. VEGF,
a-SMA fil COL T ik B F ML (P<0.05 5 P<
0.01), HmdlmERTgI#E X (P>0.05),

K1 BHKEMHLDFGF, VEGF, «-SMA. COL [ F1COL Il £k %

2.4 BARRIAE-MAERR YRGBT
16823

F2m, AR, PM2.54]. coPD 4
FIPM2. 5+COPD 41 =7 <8 il 1fd v P H MMP-9 il
MMP-12 . Z TFE . TIMP-1 S EFEAK (P<<0.05 8§
P<0.01); 5PM2.5%1 % COPD 4 tt%:, PM2.5+
COPD 44 MMP-9 il MMP-12 ¥4 i % J &, TIMP-11y
B E AL (P<0.01); 5 PM2.5+COPD 4 b #% ,
#2520 S 4 RN 2 S B2 MMP-9 F MMP-12 3
R, TIMP-1 38T+ (P<0.01); 4k
Jili 25 B AL Ay A g, SR IRA MMP-12 8 2 T 5
(P<0.01),
3 itig

COPD J& P B2 “Milifk” “WilE” 4E3umg, &
RPN A AR, AT T () M. B,
FRSZHE WL . IR FEIE . PM2. 5 & 1 EE SRR
Wi, RAGET, Mistess, JRRuNE, B sk
B, AU . MR ERE, RN,
Mg B R, R EBH, KON K . WEAE
(BUMCHE A, xxs)

41 LK bFGF VEGF a-SMA COL 1 COL Il
IS 6 11.892. 05 10. 213. 46 14. 65+3. 61 13. 16+1. 24 13.073. 18
PM2. 54 6 21. 442, 84" 23.29+2. 73" 22.76+0. 39" 26. 07+4. 28" 27.06=1. 44"
COPD 41 6 23. 9244, 32" 27.27+6. 00" 25. 1842, 54" 33.7822. 73" 37. 6823. 56"
PM2. 5+COPD £H 6 35. 584,36 " ¢ 39.59+6. 047 " 36. 92+4. 887 " 40.97£2. 80V " 9 46.83£7.879 " 9
I £ B 253 7 2 6 21.23+2. 05" 24.78+6. 10" 20. 98+6. 41" 33. 7122. 05° 30. 04=0. 83"
R 6 22.00+3. 10" 28. 85+5. 07" 21. 184, 42" 26. 44+2. 51" 36. 25=0. 80

T: bFGF, B AL KN+ VEGE, MAFHEAERKKF; o-SMA, o FHINEIEA; cOL I, [ RKEHEH; cOL I, MR

eI

a) HZ&PA4E, P<0.01; b) 5PM2.541H#, P<0.05; ¢) 5 COPD4AIE, P<<0.01; d) 5PM2.5+COPD 4, P<<0.01; e)

5 PM2. 5+COPD 4 Fb4:, P<0.05,



= 2 E 2021 4F 12 A 62 %55 24 1] Journal of Traditional Chinese Medicine , 2021, Vol. 62, No. 24

+ 2181 -

K2 BHKFIAE - EESE R T MMP-9, MMP-12 Fl TIMP-1 /K - He 4%

(pg/ml, x+s)

415 LA MMP-9 MMP-12 TIMP-1
ZSHEUA 8 10. 32+2. 71 409. 23+118. 67 1.7620. 14
PM2. 541 8 15.31+3. 11" 651. 19+157. 03" 1. 09+0. 14"
COPD 41 8 17.29+3. 77" 832.63+119. 71" 0.99+0. 12"
PM2. 5+COPD 41 8 32.24+3. 10" @ ¥ 1170. 87+146. 85 < ¥ 0.67+0. 13" 2 ¢
AN 35 AL o Al 8 22.32+3. 98 694. 17+88. 77" 1. 4420. 27°
HRA 8 23. 15+3.22° 989. 70+143. 30° " 1. 60=0. 26°

W MMP-9, e EEAEF; MMP-12, SEF4ERE A 12; TIMP-1, 48 & AR ZHHIE T 1,
a) 5AHAE, P<0.05; b) HasH4E, P<0.01; ¢) 5 PM2.541H%, P<0.01; d) 5 COPDALILE, P<0.01; e) 5

PM2. 5+COPD 41 tbEE, P<<0.01; f) H#Milizs B4l rditeik, P<0.01.

COPD BB 4 BREE = RFEH 1, HAFEi K &
R MBET RS R N R R B HYIME, Hpg
Bil54s 5 coPD KU I R T A =ik 41, 07% 7, G
HAER R EZ, PM2. 5555 Wi # ik
W R R i ) R T B RIS T 3t A0 7 PR 1) =
B ARBESE S R WoR, PM2. 5 558 Al g pEfd
KEMHLOEEB, FHRBREIR . & AT
BB S, SHaE a5 R —5; WA,
PM2. 5+COPD ZH K R 403 03 4% PM2. S 4 B 2%, 42
TR THREEIRZS . COPD 0 R 25 %5 e PR35
TN, X ATHES COPD fE 7 G L REMS . 4F &
T R B 0 U 55 R v A RS A G

IR COPD I 7 A LA, F 2R M
Jo b R A Al . BhRIRIG A . RGE BRI A I
2 A3 FIVBCE ROAE RO A I AR 45, S RAER N . Ak
N7 RN AR BT AR 1 R A AR R U0 A OGP
PM2. 5 3R 1H & & 1A B B L el TR PR Al & T
REN B RERCARIEAN T, W | SAE AL S5 4R Tl 5 7%
A1) 98 i 20 B o i ot 4 J 2 T Il . SR R U
LA SRR, BRI, RS
WA 1 AR Bl R A, TR ORI R R
EEPAPER, FESINE COPD * A5,
COPD K FR 28 PM2. 5 % 58 J 1 — A0 0 i il o B 1 52
A RERATEL | i A RS AT YR A il £ 21
PR, T B 6L T 2 240 R 235 A0 R DR TR s 4 JE
G SR BE N, R PM2. 5 & E ]
LN COPD KB B,

VEGF J&—#h )iz 4345 T g 20 b Bz AR A
T, FEMRIE . R RIESEIEOL N R EmERL, T
PP U AR BT RS, 5 AT dE A sEsE, =
S MAGEES 2, bFGF i A 4 W IE s
T VEGF =4, 5 VEGF HpaI/E F A 2571 LA e |
JRCET 2 40 6 K I P R A R B A Ak, LR A KT
5 COPD 2B IR mERE R, 2R
T8 Y U R bR 2 — P AR R R A O DT

FAE COPD B HE R A LA, o-SMA A]
RN e M R A, 75 T 40 A 3 T S T
H, SECREFENEE, 76 COPD B A I
Fmgeik P M RAE(COL 1 .COL M) 24 i
AR B B RSy . I, VEGF, bFGF., a-SMA
J COL T . COL T H4 2 Jz i<l 5 48 1Y B 248 4
A i HEAE 1 COPD e e I AR FH 2y, 3]
A AT A & <GB X, MBI TRE P, BoAR
F 5 BEREILAE N BE X R 24

ABFREG R B, PM2.5 &0 B 8
COPD K Ui [|] J5T . 1l 8 b J Ay [ 2 VEGF .
bFGF, «-SMA. COL I #1COL I BH:ZE3A, i 4h
ili 25 "B 21 43 Rl A D7 iR PM2. 5 2 88 i COPD K
UG ZH SV BRI 05, FRAR L kT bnKF, HS5%E%
BB SR A 2, B AR 25 5 4 O T R A
PM2. 5 % #1551 COPD K RAEE M mE, 5
Ah, R4 EE AR (MMPs) 18 i F i 40 i oh ik
FEm R A M A SE, 4R AR ARG 2 T
(TIMPs) SEHAPHIF, HEFE MMPs/TIMPs Fa 5 1] LA
FELZ U COPD SIEE I 70 ARG AL, PM2.5
SR YE— N COPD K Bl MMPs/TIMPs 2 £ , 1]
FM I 35 B 20 43 7 8 i A MMP-9 . MMP-12 [m] i}
f5 TIMP-1 24 1F 8 A A i 2 A DA 1 25 548
7N, PM2.5 %k Al — AL hn#E COPD K RS iE H
IR, AT 25 2 53 T BEAE D S R AN

g5 Lk, ARSI T COPD ALK R, RH
KA T4 PM2. 5 4= B B {57, WS PM2. 5 2%
& KT COPD Jiti 453 145 (14 5% ) e v 24 ik 25 5 2053 7 1
PRYERT, IESE PM2. 5 288 0] B 3 inE COPD K i
SOEEYE, RIAENRES MR . RAE A0 MR |
4 i A J 5T S OB RN B AT B O A A
TR 25 B 20 43 O ml DA S 3 o3 DL B e,
PM2. 5 40 . 5 & COPD 2501 22 48 5 Jin
B PR AR AL T b2 4R 4Rs
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Effect of PM2. 5 on the Airway Remodeling in Chronic Obstructive Pulmonary Disease Model Rats and the
Protective Effect of the Effective-component Compatibility of Bufei Yishen Formula (#Miiz 41575 )
WANG Jing', LI Ya', LI Jiansheng', ZHAO Peng', TIAN Yange', LIU Xuefang', HE Huihui', JIA Rui',
ZHANG Caili®
1. Co-construction Collaborative Innovation Center for Chinese Medicine Prevention and Treatment of Respiratory Diseases by Henan
and Education Ministry of P. R. China, Henan University of Chinese Medicine, Zhengzhou, 450046; 2. Academy of Chinese
Medicine, Henan University of Chinese Medicine
ABSTRACT Objective To explore the effect of PM2. 5 exposure on the airway remodeling of chronic obstructive
pulmonary disease (COPD ) model rats and the protective effect as well as the possible mechanism of the effective-
component compatibility of Bufei Yishen Formula (#Mili 25 ¥ 4143 )57, ECC-BYF). Methods A total of 72 SD rats
were randomized into control group, PM2. 5 group, COPD group, PM2. 5+COPD group, ECC-BYF group, and ami-
nophylline group, with 12 rats in each group. The COPD rat model was prepared in all groups except for the control
group and PM2. 5 group by using repeated cigarette smoke inhalation and bacterial infection during week 1 to 8;
then rats in all groups except for the control group and COPD group were exposed to real-time atmospheric concentrat-
ed PM2. 5 during week 9 to 16. Meanwhile, rats in the ECC-BYF group and aminophylline group were given ECC-
BYF (6. 48 mg/kg+d) and aminophylline (54 mg/kg-d) by gavage, respectively, while rats in other groups were giv-
en normal saline (1.5 ml for female rat, 2 ml for male rat) once daily from week 9 to 16. Animals were sacrificed
within 24 hours of the last PM2. 5 exposure. The histomorphological changes and ultrastructure of lung tissue were
observed. The expression of basic fibroblast growth factor (bFGF ), vascular endothelial growth factor ( VEGF ) ,
a -smooth muscle actin (a-SMA), collagen I (COL I ) and collagen Il (COL Il ) in lung tissues were detected by
immunohistochemistry, and the levels of matrix metalloproteinases (MMP)-9, MMP-12, and metalloproteinase-inhibitor
(TIMP) -1 in bronchoalveolar lavage fluid ( BALF ) were determined by enzyme-linked immunosorbent assay
(ELISA ). Results Compared with the control group, lung tissues derived from rats in PM2.5 group, COPD
group, and PM2. 5+COPD group showed marked alveolar and bronchial wall thickness, airway narrowing, vascular
hyperplasia, inflammatory cells infiltration, and disordered structure of type Il alveolar epithelium, and more severe
changes were seen in PM2. 5+COPD group; compared with the PM2. 5+COPD group, more improvement on the above
mentioned lung tissue outcomes were shown in the ECC-BYF group and aminophylline group. Compared with the con-
trol group, there were increased positive expressions of bFGF, VEGF, a-SMA and COL [ and COL Il , elevated
MMP-9 and MMP-12 in BALF, as well as decreased TIMP-1 in the PM2. 5 group, COPD group, and PM2. 5+COPD
group (P<<0. 05 or P<<0. 01); compared with the PM2. 5 group or the COPD group, there were increased bFGF, VEGF, a-
SMA, COL I, COL Il and MMP-9, MMP-12, and decreased TIMP-1 (P<<0.05 or P<<0.01) PM2.5+COPD
group; compared with the PM2. 5+COPD group , the ECC-BYF group and aminophylline group have significant-
ly decreased bFGF, VEGF, a-SMA, COL I, MMP-9, MMP-12, increased TIMP-1, and lowered COL Il (P<<0. 05
or P<<0.01). Conclusion PM?2. 5 exposure markedly aggravates the airway remodeling in rats with preexisting COPD,
while ECC-BYF could alleviate the airway remodeling progression of COPD rats caused by PM2. 5 exposure; the mecha-
nism may be related to the inhibition of collagen deposition, and the improvement of protease/anti-protease imbalance.
Keywords chronic obstructive pulmonary disease ; Bufei Yishen Formula (#Mifizg 575 ) ; PM2. 5; airway remodeling
(ki HT: 2021 —06 —24; &R H B 2021 -08 -28)
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