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HE B WK PM2.5 ZAMNT & B0 sTiRpk FL A% (COPD ) K & LK - 19 i 464¢ (EMT)
AER, FIRTEAERIE ., ik K50 AR SD XK K MAMs A £G4, COPD ., KA BEMN
(PM2.5) 40, AMT @ R4 740 (Aol ) R, 54110 R, hEaasb R A SR ERIFKE
B B 5 EATE B4 & COPD K AR, rhe G af COPD Ashvh kK A 520 ik 45 PM2.5 3 3t 47 4
GRE, ARES 1R, A5 F AR BAN ML TANTEEH 575 648 mg/ (kg-d) | RAFKH
54 mg/(kg-d)] #F, LAKELFTARLEK, 1K/ K, ¥4 8. ol Kk REAFA T HAE (MMEF)
Foh ik A% (FRC); S5 AL MA LR o FEMNEHEEG («-SMA), [ #jxR%EEG (COL 1 ).
A % B & & (COL ) £k ; Western Blot #2042 E- 4545 % & ( E-cad ). N- 4545/ % & ( N-cad ).
a-SMA, COL I . Smad K# s R (Smad) 4. p-Smad2/3 % ik ; ELISA bl fo & Ao A 4040 4 % &
TGF-B1 KF., R 5w aziki, COPD 21 MMEF & E-cad & & & ik 4%, FRC. TGF-B 1 K-F &
a-SMA, COL I, COL M. «-SMA. p-Smad3. Smad4 % & % iz 3¢ /m (P<0.05, P<0.01); PM2.5
48 MMEF % E-cad % & &k %1%, FRC., TGF-B 1 K-F% o-SMA., COL I . COL Il . N-cad. p-Smad2.
p-Smad3. Smad4 & & & ik 3¢ (P<0.05, P<0.01), 5 COPD #a1t %, PM2.5 41 FRC. TGF-B1 %k
% «-SMA., COL [ . COL Il &3¢ (P<0.05, P<0.01), 5 PM2.5 4%, 414 7 44 MMEF %
E-cad £ 4%, FRC. TGF-B1 KF%& «-SMA, COL . COL . N-cad. p-Smad2. Smad4 % &
Kk A% (P<0.05, P<0.01); &% 44 FRC. TGF-B1&F% o-SMA, COL . COL . p-Smad2.
Smad4 & & & ik &4 (P<0.05, P<0.01). &if PM2.5 % %123t COPD X A Ai4Ls2 EMT, #t— 4w
TR R ARG AN BB 405 T A A s PM2.5 i 549 COPD AR484% EMT Ae &, HAuhl ok 5 A4x
TGF-B 1/Smad & %A %
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ABSTRACT Objective To observe the effect of PM2.5 and the effective-component compatibility
of Bufei Yishen Formula (ECC-BYF ) on the epithelial-mesenchymal transition ( EMT) of chronic
obstructive pulmonary diseases ( COPD ) rats and its possible involved mechanism. Methods Fifty rats
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were randomly divided into control group, COPD group, PM2.5 group, ECC-BYF and aminophylline
group, 10 rats in each group. Except for the control group, the COPD rat model was established by
repeated cigarette smoke inhalations and bacterial infections, then rats in all groups except for the control
and COPD groups were exposed to real-time atmospheric concentrated PM2.5. 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 given normal saline once daily, the
course was 8 weeks. The maximum expiratory flow ( MMEF ) and functional residual capacity ( FRC ) were measured.
The expression levels of alpha-smooth muscle actin ( « -SMA ), collagen (COL ) 1 and COL Il in lung tissues were
examined by immumohistochemical. Evaluation of the expressions of E-cadherin ( E-cad ), N-cadherin ( N-cad ),
«-SMA, COL I, Smad4, p-Smad2/3 in lung tissues were conducted via Western Blot, and TGF- 1 in the serum
and lung tissue homogenate were detected by ELISA. Results Compared with the control group, MMEF and E-cad
protein expression decreased, FRC, TGF-B1, «-SMA, COL [, COL I, p-Smad3, Smad4 protein expression
increased in the COPD group ( P<0.05, P<0.01) . Compared with the control group, MMEF and E-cad protein
expression dcreased, FRC, TGF-B 1 content, and «-SMA, COL 1, COL I, N-cad, p-Smad2, p-Smad3 and
Smad4 protein expression increased in the PM2.5 group ( P<0.05, P<0.01) . Compared with the COPD group, FRC
and TGF-$ 1 content, and «-SMA, COL [ and COL Il protein expression increased in the PM2.5 group ( P<0.05,
P<0.01) . Compared with the PM2.5 group, MMEF and E-cad protein expression increased, FRC, TGF- 1 content,
«-SMA, COL I, COL I, N-cad, p-Smad2, p-Smad3, and Smad4 protein expression decreased in ECC-BYF
group (P<0.05, P<0.01) . FRC, TGF-B 1 content, «-SMA, COL 1, COL I, p-Smad2 and Smad4 protein
expression decreased in aminophylline group (P<0.05, P<0.01) . Conclusions PM2.5 exposure promotes EMT in
the lung tissue of COPD rats, which markedly aggravated lung injury. ECC-BYF could alleviate the EMT of COPD rats
caused by PM2.5 exposure, and the mechanism may be related to the regulation of TGF B 1/Smad pathway.

KEYWORDS effective component compatibility of Bufei Yishen Formula; chronic obstructive pulmonary
disease; particulate matter; epithelial-mesenchymal transition; Smad
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3.1% H1 2.5% %, BLBIA FTIHIBESTIMIES:, PM2.5 B
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YURAERE A GE T © . LTk (epithelial-
mesenchymal transition, EMT) J& COPD A i &
IHFIf LI RE T PR B2 &R, 7E COPD & /NV<iH
HAETE U] W EMT; B0 55 75 5 < L e i, fiff
WA . PR P N A S R RS, HIFE
ik E- 4525211 (E-cadherin, E-cad) % I Bz 4 i 5l
T TE PM2:5 Yt/ UM FHE I st & PR R 4
J& £ [ -2 ( matrix metalloproteinase-2, MMP-2 ),
o L G R AR U -9 ( matrix‘metalloproteinase-2,
MMP-9). ¥fb K HF -84 (transforming growth
factor1, TGF-B 1), a- FHENNIZIEA ( o -smooth

muscle actin, «-SMA) %&b ¥ AT, EMT
A fE J& PM2.5 Jin# COPD (% JC 43R5, 1k EMT
AIYE R B iR PM2.5 JiiE COPD WA 3UET

It 25 B O R R R s COPD “1E
FERR” ATLIEE | AR I SR L E A
TR, HA MG %V, A DR
PRI, WHSTRY) ¥, HEAYR . BiAdk.
T B I S Tk O T T A
A%, VEFMLHIMELIRASENT, BORE4 5T R 2
SRR AN IAIE, FERMIli 5 B 41 43 J7 S ht ik
AT TIPS . o A R RN I 35 B 415y T, FA
SR RN, BREHT | AR 5 A2 kgl
BT FAT ST BRI RMIT £ 405 AT A R R
PM2.5 Z2#Z #1558 COPD K KU 2y BE Al fiti 41 4L B
PG RINE, BAHRERN . A N, FZMA
W EIHSEAER ", (HHEMT VEFIHLH] 4 A I
AHF5E L) COPD BERI JARCH IR FE X 5, SR F /AUSE
e 4 PM2.5 % #29%, WL%X PM2.5 Xt COPD K
filig 20 EMT (1 5200 S Mt 25 B 4143 )7 V4% TGF-8 1/
Smad i #% Hjd] EMT By it PM2.5 %552 Jin & COPD



- 463 - HRE YR SE Ak 2023 4 4 H 2 43 5 4 19 CJITWM, April 2023, Vol. 43, No. 4

BUH, DA A T 8 H 245 4 WL A ol B A A i
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1 Zh¥ SPF 2 SD Kl 50 H, M4k,
6~9 J& i, 1K (250+20) g, W T ¥ Fg HH B sz
oY EFARAF, YA IES S SCXK (&)
20180007, 3% 3% T R H = 25 K225 — s =
BeHosi e % SPF 4 by (No.SYXK () 2017-
0001], #E+F#iRE 20~25 €, MHIE)E 50%~65%,
12 h BRAEIR, H B IRoK, AR SRR AR/
P2 25 R 25— o B Bt S 55 sl s A B D S5t
(No.DWLL202103158 ).,

2 R MR SEEIAFFE (5. 46117) WA
P ] [ T B R EE s, ol R A 4 TR B TR
LN 6 x 10° VA TE LA ( colony-formingu nit,
CFU) /mL.

3 FHM MR TPEME AN, iR A Tl
ABRTAT AT A IR, HFE 1.0 mg, M
—SUb S 11 mg, £l 10 mg ).

4 25y AR E ALy hULVR 5 A2y
1A 1L 6.25: 1: 1.25: 25: 1.5625 1y Fb 1] 41 1 (% F)
Hi i 5. ZL201811115372.3 ) : A & 2 4F Rh1 (it
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BT, FRTAF A T A B AR K, B i B vk B
10.8 mg/mL RIRE M

5 i 51¢#%  RI A SABC-POD (it 1gG)
R & (5. SA1022), DAB Wikl & (Ht 5
AR1022), #AZE (Ht5: AR0005), K TGF-B1
ELISA &3 7 & (#it5 . 2281464903 ) il
A TR B R RPT KR o -SMA (it
+7:14395-1-AP ), | 7 & Ji (collagen type-1,
COL I, #t5: 14695-1-AP ), N #ji it ( collagen
type-3, COL M, #t5 . 22734-1:AP ) £ wifEhiik
P T A W AR A RS AL ; BCA B8 ik 2
SERF & (45 015B10720). PAGE kI He it il 4%
WA & (5. 03583300 ) i L v A il A= 4 B2y Bl

HAPRA AR NRPTRR E-cad (HIL5: 14472),
p-Smad2 (L5 18338) Hufkri3EE CST 4#244t; &
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Bl CGEH R TFHEARARAF, YT-7TFB) ; Tissue
Lyser I ¥: 5L &40 (QIANGE A+ ) ; Image-Pro
Plus 6.0 {414k /f ( Media Cybernetics /A7 ) ;
Trans-Blot Turbo System & H %% El & 4t ( BioRad
NCIDE
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I 55 v i #2241 75 (3 000 + 500 ) ppm (25 2 &4 ),
RR 2K, B 40 min; S A0 IERG R FHIG R e v
PR EEA, 55 K1k, K 0.1 mL 414
W, Rk 8 . LABTIIRE ™ R K il 2 2005 R B0 o il
YOREWTZE AL S8 20 i IR Ve 45 W COPD ok
BB R0 oh £ il 1, A% 2 A AR AT 10 L, 45 9~
16 &, RS 41 COPD 414h, %M PM2.5 14k
BEEREH I EGNERBERS (1.2 m°) Xt
BRI DI COPD K R4 T KAk 45 PM2.5 4
BReEP HKREFE4h (4 8:00~12:00),
2 8 JH, SEHhig S PM2.5 B EEWK T £ KT PM2.5
7 i3 0] BB R R 5 T T DB A R (PM2.5 YR <
10 pg/m®), THH PM2.5 2#&Hi, 25H4l. COPD
HFLPM2.5 25T AE PR K FEE (MERL 1.5 mL/ B,
HER 2 mL/ 2 ) 5 415 Jidl R 2 mdi 4 43 ) 45 T b il
5 B 243 )5 [6.48 mglikg-d ) FIZ 255 [54 mghk kg-d )]
W, 1R, F52: 8 H, PM2.5 KIKFREE 24 h N
Wbt . R ASROR R BB AR TSR E R
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2/3, D ohiE, HI AERBIRE, W RKE,

7 B R KA i

74 KM TIRE  BOM AT, REES AT SIS
AR, RH PFT 2 Go ki R B A I A rp 11 ik
( maximal mid-expiratory flow, MMEF ) FI3JAEsRS,
i (functional residual capacity, FRC ),

7.2 IHC ¥ # I 40 Ha &b 3 i (extracellular
matrix, ECM) Ui B 4BEHLELE 6 H K BT
Rl 2R 10% Hp v S 2 i 20 2L, 72 h J5U1HL
3mm EMALTIL, Fl/AEY R, FEE4pum,
2 WS U R B 2. 5% BSA £ ] J5, Sl o -SMA
(1:200), COL T (1:50), COL Il (1:1000) —
b4 CHFEKR, —hi=EME 20 min, DAB &,
IIARREY, HERIE R, RH Image-Pro Plus 6.0
A TGS HT

7.3 Western Blot £;ll] E-cad. N-cad. «-SMA,
COL I . p-Smad2/3. Smad4 & 1 %5 45 4B L
PERE 6 R BRAEATR I, HOZR A7l 2140 50 mg, 57
FEIIA 55 5% RIPA 24 500 L, 48 20 2L e AL
)5, 12 000 r/min &5 .0> 15 min B | %, % F BCA
P E R R, 100 T8 AAS Tk, B,
60 VHLIKZE /B K. 80V &K IE 1 cm 4k, H i
i 1k PVDF i, 200 mA {254 2 h, 5% i 5 5k =
Yo B 1 h, 43 %4 E-cad (1: 2 000), N-cad (1:
2000), «-SMA(1:2000).COL I (1:500).p-Smad2
(1:1000). p-Smad3 (1:1 000 ). Smad4 (1:1 000 )
—Pr4 CWEEKR, —Pt (1: 5000) ZHERHHEE
1h, WSZIFRHEEIIEG T RGEAHE T

7.4 ELISA 35 A W ifn W Fn i 2 21 4] J

COPDZH.

7 < B { e
o 1
- g A
o > <

[ERREAN NS i N L SN

TGF-B 1 /K F  KEWE T3k, 2 500 r/min 2.0
20 min, WAEIMT . BURFEIGZHZL 50 mg BY#E, A
4 CTHIRI PBS, 244U aki%, 12 000 r/min
B0 5 min, WM. R ELISA A4
KR At 25028 h TGF-B 1 K-

8 itk KA SPSS 22.0 4iit # ) ik
BRI HT, THEERILL X +s &R, 4 LR
One-Way ANOVA 78, PR LLE T 2255 # K /)y
WE(EYE LSD ¥, T EASTE R Dunnett's T3 72,
P<0.05 RS A G E X,

# R

1 FAKRMIIRELE (£1) Ho=[4ll
&, COPD 41 fil PM2.5 41 MMEF [% ik, FRC 7} &%
(P<0.05, P<0.01), 5 COPD 4 It %&, PM2.5 4
FRC T} (P<0.05), 5 PM2.5 4 [b#, 414y 7541
MMEF 75, FRC [#{ik (P<0.05, P<0.01); Z 456
41 FRC F#{IX (P<0.01),

®1 SHEKRBINREILE (X+s)

215 n MMEF (mL/s) FRC (mL)
=H 10 87.20 + 3.62 3.09+0.33
COPD 10 72.71+12.67* 3.72 +0.35"
PM2.5 10 68.72 +6.77** 4.33 045~
B i 10 86.69+9.35* 2.98+0.4244
R 10 80.31+£12.52 2.70+0.3944

T 5 {4 R, "P<0.05, **P<0.01; 5 COPD 41 I 4%,
4P<0.05; 5 PM2.5 #1145, *P<0.05, **P<0.01

2 HBAKEIHZIECM i (K1, £2) 5
75 M 4 b B, COPD 41 il PM2.5 4 K &l fifi 2 21
a-SMA. COL T . COL M#E 1A m (P<0.05,

B SAREIHHE ECM [ (fEdifl, %x400)
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5 COPD 4 It %, PM2.5 4] o-SMA,

a-SMA. COL I . COL IM#E k&% (P<0.01),
£2 KHAKRFMHHL COL T . COLM. «-SMA L

(10D, x+s)
4159 n coL 1 coL I o -SMA
25 6 44.59+5.61 59.76 +5.98 43.00+0.82
COPD 6 81.89+13.20"" 117.45+46.00°  86.27 +5.17**
PM2.5 6 113.43+9.82%*" 18273 +3.41%*" 144.37 + 11.12"***
M) 6 46.14+1.59*  77.99:+10.05* 64.00+17.26*
B 6 40.54+11.25% 5252:061*  29.97+3.61*

%3)
ifi 2 21 E-cad % [1 3R ik FE Ik (P<0.01), PM2.5 44
N-cad. «-SMA ik, COPD 4 «o-SMA %Kik
W (P<0.05), 5 PM2.5 41, 2H43 77 4K UG
141 E-cad F£ikHE NI, N-cad, «-SMA, COL I %
TRRRAG, S 2541 COL 1 #E3AREIL (P<0.05),

Frieds (K3, %4, 5)
FI PM2.5 4 A BUALTE A ZH LU A3 0 TGF-B 1 /K.
filigH 2 p-Smad3 . Smad4 &k (P<0.05,

H: 5% (A4l kg, "P<0.05, *YP<0.01; 1 COPD 41 It %,

#P<0.05, ““P<0.01; 55 PM2.5 44, *P<0.01

3 K4 KRS EMT #HCHs R bEs ([ 2,
525 (94 ¥, COPD 41 fil PM2.5 4 Kk il

& B P o

% NRVIEIN %
@0 (9\ Q&_\ ‘%5% V{;g”}-'

coL I ¥ | 000

GAPDH | SN S S s o | 5/

B2 £4KEM44 E-cad. N-cad, «-SMA, COL |
A RR AT

4  HHKBIZHL TGF-B 1/smad i f§HH G158
5254l tbE, COPD 4]

P<0.01), PM2.5 41 p-Smad2 £ i5 14 /i1 (P<0.01),
5 COPD 4 4%, PM2.5 2H Jk Bl IfiL 375 i 4 21 5 3¢
H TGF-p 1 K FTHE (P<0.01), 5 PM2.5 41145,
4153 J7 HHURV S R T AL I 3 A 4 25 0 rf TGF- B 1
K- BiZH4 p-Smad2 ., Smad4 F k[ (P<0.05,
P<0.01), #4354 p-Smad3 £k (P<0.05),

ik QW% “5& ;f‘@ ;f’\g‘&%y

Q> (JQQ Q@ F “%5% ‘/@{%

p-Smad2 j ‘l l L_‘ 52 kD

% . 60 kD

B3 SARBEML TGF-B 1/smad il AT r LR

R4 BARRMEMIG41L15% TGF-81 K F (pg/mL, X+s)

2H 31 n 3% TGF-pB 1 filigH 259 TGF- 1
s 10 2662.83 +299.76 450.47 +39.05
COPD 10 4 409.46 + 251.66* 660.64 + 46.29*
PM2.5 10 5365.31 +263.51%" 734.00 + 11.71%4
Hodi 10 3975.81+287.37* 517.54 + 40.45*

A5 10 4 048.09+272.50* 507.09 + 28.30*
T 5 H4A R, "P<0.01; 5 COPD 4 ks, “P<0.01; 5
PM2.5 41 [t#:, *P<0.01

15 I 5

PM2.5 JgBese “HNAR” Juls, A, . 5
Mz, REGETH, MELE. /FK, PM2.5 H
& BRIA, w00 T, % W T
P48 MR, BHAFSHL, MR ERE, AR
RIRBUR, HULE B WRAE; MR, RN,
MLATHSHE 5 PSR SO B AR, FES M3 BHURS i,
i S A5 5 5 B RRIE K, AT AE, AR MR
VAT PM2.5 5U L “HREgR R, RIENAS,
NS EN, HA—E A 1

HMii 25 15 7 IR £ 6T COPD e i) “filier
SRR H ULEHL, LA R REIT e LiAE

x 3 SUKFEMAL EMT HOCER L (X+s)

5 n E-cad/GAPDH N-cad/GAPDH o -SMA/GAPDH COL 1 /GAPDH
ZH 6 1.30+0.23 0.52+0.14 0.60+0.13 0.58 +0.11
COPD 6 0.68 + 0.24* 0.69 +0.08 1.12+0.15" 0.67 +0.18
PM2.5 6 0.58 + 041™* 0.93+0.16" 1.13+0.22" 0.90+0.15
Mo 6 1.03+0.13° 0.53%0:20° 0.70 £0.17¢ 0.51+0.08%
R 6 0.64 +0.05 068+0.14 0.86.£0.09 0.36.£011%

T 5 A e, "P<0.05) **P<0.01; 5 PM2.5 4114 © P<0.05
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£ 5 HUAKEIGLIL p-Smad2. p-Smad3. Smad4 HEIHNEEE (X+s)

415 n p-Smad2/GAPDH p-Smad3/GAPDH Smad4/GAPDH

H 6 0.40 +0.11 0.39+0.06 0.41+0.10

COPD 6 0.56 +0.05 0.63 +0.09* 0.69 + 0.09*

PM2.5 6 0.81+0.12** 0.63 +0.11* 0.77 £ 0.14**

W T7 6 0.45+0.13%4 0.38+0.05* 0.31+0.06**

A 6 0.53+0.06* 0.43+0.11 0.39+0.10**
F: HEAHE, "P<0.05, **P<0.01; 5 PM2.5 4{It#:, *P<0.05, **P<0.01

PG A AR A R, T 3 I COPD
SR AR i R BORURE B L R I A R A
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D7 s e A Ml 25 B Semt B R AR B A . Ry
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PR Bk, AS A R HAaHig 7 s @,
P e 20 A A S E O AYZGBRVE . B
T AEAAR P A S 36 v 35 T AT R 0 25 1755 ) AR S
ARG B, X TR PM2.5 i S 2 e 4
A o« B i A e R i 2 S S R 0 0 R
WAER ®2, BB T RAMIREY, BA
e . PLEALRAEYTENE, MR E S S 1R
SEARDT . MR E . PR B RVE A W AP A
PUEALIE P * % A RTINS EE, Kb 2R
20 43 )5 Al B E s PM2.5 7551 COPD 485E [
SEAL RS GBI AR i Y

EMT J& <38 ¥ i 2 B A 17, #£ COPD
BB ORI B /INSE A A W i EMT B4 01
5 COPD i & %1 % P M1 56 . PM2.5 i G < i
AR, A O e A AN A Pk, 7
B4 i B EMT 830G, 255000 BE 47 4 1L Fn 3
JE, i EASGE R D RE AT R R, B ST
UESE, PM2.5 28 ] #49 <3E b B 20 i i B8 Fn i 28
AE 77, W EMTY, 76 EMT i #2 b, b4 sE
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