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(BE) BE # 7 EARF 7 x5 5 2 B BCA A% 8 I8 £ 8 (lipopolysaccharide, LPS) |/ Jf % 1+ & & 8 (porcine pan-
creatic elastase, PPE) &4 A R 3EAT T, U E b & & SAC(mucinSAC,MUCSAC) 1E X i 48 4, M = fifi 41 42 MUCSAC &
B E A% mRNA F3k, IF0E 4 R EE, Fik 4§ 64 R SPF R SD A R MMEA & 1 B G, AL 52 R#EATHAH
WA R T JE B 50 R AL LAY 4 (R ) M KR4 (015 mgrkg!) K AT 7 5 (28 gokg?) P (14 gokg!) MK(T g-kg!) FIE
41,459 10 R, 510 R KR XA (EEA), 15 d BAK RSFRERA, HE Z 6 W22 K B 4 407 32 % & b ELISA A4
M i 40 42 MUCSAC K-F ; RT-PCR 43U fiff 41 24 MUCSAC mRNA % 3k /K F; Western blot 43 fif 41 48 MUCSAC % & &3k ; %2 K
He U 4 28 MUCSAC Rk oA A%, SR BA 4K R AL R G B 25 503K, i 1 3 R 18] i AR B 3k M 32 0 5 3 2 K AR 41 R [
AR 7 &K B A LI Z AR R A PR MR ER R, b X R4 AR, H R4 4 MUCSAC 48375 (P0.05); 51 A
4 Ph AT M 2 KA 4 R AR T 7 & B 21 MUCSAC 48 & MUCSAC mRNA 53k 34 T 1 (P<0.05) , b 28 Kk b 28 B [ AR o 77 3
F R 4 MUCSAC & B & 3k 1K (P<0.05), 4 B %8 6T WL, MUCSAC KA 4 B s kik AHERNA FEARFH X

EEARTPwm AR P BAEAY, REBERART , i B AT 7 ok 518 0 T2 0 s A ALK BB i 41 SR ZE 44,
H A MUCSAC 4-& | T MUCSAC mRNA %3k B MUCSAC & Ak, L EAKRAEERE 2 IGRA
(K8 18P E MR R; B AT 7 8% 8 SAC; R B RCR &
(B4 25 )R256.1 (XEkFRERD)A (XE4RS )doi:10.3969/j.issn.1674-070X.2024.04.006

Effects of Guben Pingchuan Formula on MUCSAC level in the airway of

chronic obstructive pulmonary disease model rats
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(Abstract] Objective Using Guben Pingchuan Formula (GBPCF) to intervene the rat model established by cigarette smoke
exposure combined with tracheal instillation of lipopolysaccharide (LPS) and porcine pancreatic elastase (PPE), taking mucin 5AC
(MUCS5AC) as the evaluation indicator, so as to measure its content, protein expression, and mRNA expression in the rat lung
tissue and evaluate the airway mucus secretion intensity in each group. Methods After one week of adaptive feeding of 64
SPF-level SD rats, 52 of them were randomly taken for modeling. After successful modeling, 50 model rats were randomized
into model group (distilled water), dexamethasone group (0.15 mg-kg™), and GBPCF high— (28 g-kg™), medium— (14 g-kg™), and

low—dose groups (7 g-kg™), with ten rats in each group. Another ten rats were selected as control group (distilled water). After
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15 days, the rats were euthanized and specimens were collected. HE staining was used to observe the pathological changes in
the lung tissue of rats, ELISA to determine the level of MUC5AC in the lung tissue, RT-PCR to measure MUC5AC mRNA
expression level, Western blot to examine MUCSAC protein expression, and immunofluorescence to check the distribution
pattern of MUC5AC expression. Results The pulmonary tissue structure of the model group was notably damaged, with a large
amount of inflammatory infiltration in the alveolar cavity and pulmonary interstitium. The degree of alveolar damage and tissue
inflammatory infiltration was reduced in the dexamethasone group and GBPCFEF groups of various doses. Compared with the
control group, the content of MUCSAC in all other groups increased (P<0.05). Compared with the model group, the content
and mRNA expression of MUC5AC in the dexamethasone group and GBPCF groups of various doses decreased (P<0.05), and
the MUCSAC protein expression in the dexamethasone group, the high—-and medium—dose groups of GBPCF decreased (P<0.05).
Immunofluorescence of the lung tissue revealed strong MUCSAC expression in the model group, weaker expression in the
dexamethasone group, and successively decreased expressions in the low—, medium -, and high —-dose groups of GBPCF.

Conclusion GBPCF can alleviate the pathological damage of lung tissue in model rats of chronic obstructive pulmonary

disease (COPD), effectively reduce MUCSAC content, downregulate MUCSAC mRNA expression, decrease MUCSAC protein

expression, and improve the high secretion state of airway mucus in rats.

(Keywords] chronic obstructive pulmonary disease; Guben Pingchuan Formula; mucin 5AC; airway mucus
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PEHUARE 7 JRI#E SPEF 2% SD K iled4 H (& Ml
PE) AR T (200420) g, B Fh T e I e A S g
WA IR A R, SE8 S A P VR AT IE S S SCXK
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(1) BAS-ig Jr . 562 10 g, B 30 g, H
AR 10 g, K% 15 ¢, 75K 10 g, bR 6 ¢, #MFHE 10 ¢,
B2 F 10 g, 510 g, 0 F 10 g, 215K 10 g,
KHE 6 g, MWT MR B2 K2%5 s = B rh
2557 S RIAE 2 UK, 4RI 10 8 (5K, 45 BlE
1 h, B9 2 G, IR R UT0E , BT UB I, 2R R0k
WEFZIME L 1 ¢, BHEET 4 CrkH
#5 FH, W JFE T PR 28 A8 7 T i e e e B

(2)HB TR R A7 T R A WL 3R 1 24 1
25 HET R H33020822, A4 77 4it 5o 210330, MLA% K
0.75 mg/F .,
1.3 FERF

2% % B b 24 (L AR P WAk Tl A5 RN A
fit5 :57-33-0) ;4% 2 T A ([ BiosharpZy
A, 1t 5 :30525-89-4) ; MUCSAC ELISA {5 & (VT
IR AE YR A BRA ] 5 . 2206M09 ) 5 1355 5%
W& (bt e AR R A BR A | S
CW2569) ; %R Yk (b 38 A1) SR 5 R B4 A B 2
Al it PBI1141); & 1 B AESE ol | Tris—-HC1 %
W LT AR SR 3K 1 1gG (P Abiowell 23
A, 35 AWB0055 , AWB0073 . AWS0002) ; MUC5AC
St (32 [E ThermoFisher 23 7], it 5 . PA5S-79705) ;
HRP-IIE405  CY3 LLEHT5R LG (TR ST Akt
AR5 : AFTHC003  AFSA006) ; & gt
R (porcine pancreatic elastase, PPE)(_'IffAcmec/y
A] 41t :39445-21-1) ; l5Z M (lipopolysaccharide, LPS)
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(3£ Sigma-Aldrich A7), b5 . 1.2880-100MG ) ; [
VPR RS PR TV BRSRATA R A3 . 10 mg,
MM :0.8 mg, IR —F LR 12 mg, 751
+5:6901028191135) ,
14 FENGE

TR SRR A TR (T [ SR 28 ], A
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2.1 BRI
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AR FR A R =5 b, dRUEE 4 BRI A,
H 8 TR R IE S0 IRZE 35, e s H A 14 H
A W% LPS \PPE,

S NTHTE LPS \PPE #:/E 73 . BB 1%
PG L Z25 (40 me/kg) I T 5 BRI, T KR, 34
FHERER MG HIIBYIF I TR B4 R
SRR 1 mL SR E I 0.3 mL 2R, 5
BHHEL LPS(0.1 mg/0.1 mL) A PPE(10 U/0.1 mL)
Pk i A BeRE B2 KR, i LPS PPE 115753
A WU, B e T F 0 T A AR SR e, AR
J5 7 d B HHE &R WG D X T
551 HASE 14 HAE NI SR ER K,

TERISE R , 37 BT B AT COPD A rh
Sy IBEALAER 2 HHEFTRI . o3 BIFRE i 5%, R
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H S 2 RS 5 B R B SRR A T B AL 1T
HE Yt WS ZUE L, K BRI 2 S <4

PERENG R SRR | it (] B G v | e e
SRRA T R RO 7R AR ™,
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2 BEHLAER 2 HR BRI A 2L 26 kx| WL it A
T, XTI Ar 10 HRR, B A 58 5 19 50
R BAL LA RIE 5 R S A AR b FE K
FAZH e [ Ay sy b ARGRI R4, B4 10 2 S
e,

HE AL AT 7 S IR S iR 2E ),
R IR B 4 5 R T 5, 45 5 [ AP
Wi I RN H 252558 137 ¢ 4224760 ke, 115
IS NAE H s 250k 2.28 o/kg, Fi IR R AR
s LU PRSI Y 2 % 1A% 12 A5 5 15 10 A
Wi /7t o ARGRI R 2E R 4 ) Ry 28,147 kg H [E]
ARy 7 FHZ8 88 7 1 vk 25 R I VA JEE R A T S A
Xof BEZH RSS20 R B ) 46 5 i 28 ARDOKIE S 1 2
W 14 d, HIEERMAE NS K RERmEYTE,
PL0.15 mg/kg SiiR/KHES FF2E 14 d, %65 15 HAMSE
SN
23 IRAEWE

BHIEA 2R, seis, L 3 000 /min
B0 10 min(B0E12 8 em) ¥ FIEW AT EP
B, BT -80 CUKAE 1 LLE& MUCSAC 2 A,
WA A K B i et | rh i 49 22 58 WSS ViR
WO TR 8, B2 KRB I i
RO EP B h, 20 AR VRAL B, SR 5 4 ik
A-80 CIKFETEHIAT, LIiHEFT RT-PCR ,Western
blot FI S AT
24 WEISHR
2.4.1 HE Qe g KRG ZUR 2= A8k [
JE S KBRS i ZH 20K ol 30 min, BRBE S
B K , R CEEE I iR A S D) AT
Yot i, AR Il 2 SV B AR AL
2.42 ELISA JEK I i 2041 MUCSAC K R
ELISA 3271 & 6 I Jifi 21 21 MUCSAC 7K F-, J™ 4% 4%
TR G U B AT R TR
243 Western blot FlifiZH4! MUCSAC 3Rk

PR RIZZ 25 mg, FIVKHLA PBS PELLZL, It A

300 wL RIPA 2@ 4% 10 min;4 °C .12 000 t/min
B 15 min(BOFR 9 em) . HIEHE 200 wL /&
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H IR UK, KA G I 7 e B2 ) g g
B A IxPBST fhi 17k, IFH 1xPBST ALl 5%
JRNE W Ry, 12 B, ZEIRCE 90 min; —PT (FRE LA
4 1:1 000)FF ,4 Cil &, K H &= RS 30 min;
PBEEAH, IxPBST ¥k 3 ¥, B K 15 min, —HT (Fike
LA 1:5 000) 97 90 min, JFF 453, 1xPBST ¥
3K, AR 10 min, 5 ECL B ABHE, BER MR R
St
2.4.4  FPEDSERE I il 21 MUCSAC KRB A
P UK SRR T 15 min 5 AL B R e
U B B A PBS IR R B e 3 Kk, B
5 min; JBT PBS, % 10%5 i.3E £ /41 30 min,
FR AP, I —PT (B B & 4 CIR T
o W EBUAIG IR T PBS ¥ 3 K, 5K 5 min,
Yl R f BT Ja e R i n 5 — A Fh = Y HRP
FRICH T (FRBEELIh 1:200) , ZIEIFE 50 min,
PBS Pk 3 ¥k, BHK 5 min, JIIA 47,6- " kHE-2-K
JE 15| W (47, 6 —diamidino -2 —phenylindole , DAPT) (1:
400) ZF IRMFF 10 min, PBS ¥k 3 ¥, £:K 5 min,
Y T AER NN B & DS EEEKG], I E 5 min,
B JE K Pk 10 min 53R 986 B T g I
E{
2.4.5 RT-PCR #lliliZHZH MUC5AC mRNA ik
BUtiZHZ 20 mg, iTA 1 mL Trizol TAJH 257
PP SR RS R E IR A% 5 min, &ICE RNAJS
PAZHZUS mRNA SRR 3005 5% cDNA | fi 5 #4794
JtE B PCR N, RN 254295 CHiAEYE 10 min,
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550 B LU, AR ZE Hb FE R AN K [ AR Bt
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Jr IR MUCSAC S THE (P<O.05), [ A 7
A L] MUCSAC &7 REFRFIR(P<0.05) 5 5 ATy )5
G 7R e 2 L, T A S i 5 g 71 B ZH MUCS AC
B EFER (P<0.05), TEWRLFE 1,

®1 ZSAXRMAL TS MUCSAC SELEE

(P<0.05) ; 5 [ A R 75 R0 e 2 LG A 1A P 7
H E R MUCSAC 5 R IARR R (P<0.05) ;5
fE] A By 7 v 751 et 2 EGAE T AR S i v 7 A
MUCSAC & F1EIAREAR (P<0.05), TEIL3 3 & 2,

*x3 BEAKXRIEALP MUCSAC BEEFKIELLE (3s,n=10)

(x+s,n=10,ng/mL) 915 MUCSAC ZE [ 35 ik 5t
215 MUCSAC Papiise| 0.100+0.043
oyt 18.581.90 il 0.430£0.0174
HimIZ 473542174 AN 0.263+0.0464®
B IEKANL 1188440149 #4120 71 e 2L 0.360£0.0564*
e T pox I AR i 7 Ho 55 e 2 0.240+0.0104°"
Eii;jﬁ;éi szi:“ | A -y e 7 ek 24 0.127:0.0724*m*

[ A Wy e 5 e 4 26.43+3.6740+me
. ST HR LA, AP<0.05; S RIZH LR, ®P<0.05 ; 5 H ZE KA
21 HRAE, *P<0.05 ;5 R AR - Wi 75 IR s 4 B A, ™P<0.05 5 5 1 AR -

Wi 5 PP 4 L8, *P<0.05

3.3 RVAKBRMAL MUCSAC mRNA FRiktbi
55T RELH LA, U FE RN ZH I [ AR
J7AE R4 MUCSAC mRNA 2635718 (P<0.05) ;
SRR LA, M T KA 2 R [P AR ST 45 79 i 4
MUCS5AC mRNA £IEFEIK(P<0.05) ; 55 ZEKALH
T [ AR SF-Witg 5 I Fp R e A LA B AR S i s 5
HAMUCSAC mRNA FKIEFER(P<0.05), TEILE2,

F2 VAKRATHLZFH MUCSAC mRNA
RIEELBE (35 ,n=10)

51 MUC5AC mRNA Fik&
papiises:| 1.00£0.10
REAILH 6.65£0.774¢
Hh FEARFAL 3.65:0.414®
(6] A% - i 50K 5 4 4.96x1.164®
[#5] A< Y- Wiy 7y v s 2 4.75+1.154¢
#6125 711 2 0.71x0.02°*=

. GXHRYL RS, AP<0.05; 54 LA, ®P<0.05; S 2Kk
20 LBAL , *P<0.05 ;5 AP Wi 7 (IG5 i 40 LA, ™P<0.05 5 5 [l AR
Wiy 7 R A HE A, *P<0.05,

34 BAKRFE MUCSAC EERIALLR

S50 RRAH L B2 b FE RN K [ A Wi
5% F i 4H MUCSAC H H R IR THE (P<0.05) ;5
RRARUZ LA , M SEK AL B2 [ AT v v 791 e 2
MUCSAC # 1 R IE K (P<0.05) ; 5 b ZEK AN 4 L
B, ARG 7GR 20 MUCSAC B A FA T (P<
0.05) , [FASE- i 5 T Al 4 MUCSAC 2B 1 #6k AR

. GXHRAL S, AP<0.05; SHIUA] AR, ®P<0.05; S ZE KA
ZH LA, *P<0.05 5 5 [ APt 7 (I i 40 LA, ™P<0.05 5 5 [l AR
Wiy 77 R R 3, *P<0.05

Mucsac [T TS 70 s
A B C D E F
B2 SAARMMAEL MUCSAC EEEHE
T AT HRA  BARAUZH 5 C.HOFERARZH 5 D. [ AR - Wi Jy e 770 £ 20
EL ARy 75 v i 20 5 F ARy 75 (5] i 2

3.5 BAKXBMALEERNLERIER
MUCSAC 7EXf BEZH K U2 2N 2 55 3K 36, 3R
IRy 240 ¢ T 248 Tt v ) R VR O 5 TEABE A 2
K EUH i IR R TE | W 5980 7 b 28K
FAZH b 2R B S G 5 8 [ AP Mg 7 KL v
2 Y PO EE U SS . TEILE 3,

4 g

AR 2% S5 EE M AR A R, copD iR
B RN 43R B, BE T AT DLAH SR LUK
Z0 IR AR 2L LAy 3 A 45 S AR R IR G I 2
AV ET 2 U6 A S80S e A | A RE BRI
JiR S ARAR A M3 £ B, S WA TTHE | JE N 431 i
BRI B BRI A COPD FR 5 i T B PR
i, X 0 R A AE T IC MR PSR A COPD
A KRR R AT R SR E L B RERE
5, 51 R RSB D) BE T B, 3 — 5 s <GE PH2E
JS2 W RO P A 240 D A, B R BN,
SFETE 2D 3 AR R G FNRE V ie5 4 Wh
COPD Hyphs7 Ak 2R, 1M MUCSAC W& < 0E
(1) EZ I E R R (1, O TR MY A2
HAE MR A A mRNA 5% 5K OP 2 M 5 TE R



570 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2024 4F5R 44 3
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(B AR - W7 ARG 79 e 2

Gy VBT ) TR LR AR,

SIE R = 3 W VR T ML B2 4% TR
[ MAE AR R AR R Y A R SR
AR, Hrh SREAK 32K (epidermal growth
factor receptor, EGFR) {553 18 22 JI K 62
F5 vk A Y 5 2 1 B (neutrophil elastase, NE) |
FFARARSS A0 B e AN R B R A I 4 175
MUCSAC HEPE 32308 1 e [ 3 15 | 2 359 s 70 W0 1Y) B
Wi A2, 2RO AT MAPK {5 5%, b
i MUCSAC FER G IR B Al >, BRAEE A
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WA PR HEVE R, BASTRI R - FA B 22 B A7 7 Hp [l
R 53 Ak NE S B S AN A S R R
Sy AT E R A K -a TR KEGER,,
FEH MUCSAC mRNA P30 [F]if NE i feidE
TR 230 L J50 AR AR 1A 280 R v A2 LG AT R JR
JLInTE L EGFR TS il MUCSAC mRNA ik, i
HERG 5 3 1,
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I8 A% Sy v 3 4
B3 HAKXRBIMALR MUCSAC BEFRIE LB (HEHOLYL(, x200)

HZEARAYT

(B Y-y 7 e 79 ek 2
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T H L, 5 8 EERE O A AN A 2 ) 5 IR
R, 5 EORIL MR, R R, R
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fERARALIE | 1E %R 2 325 L s #MEF IR A 22 TR
B RSO SR A LR Al o
I AR IHER | %P 5 205K ] 25
(IR0 o i e o oy Vi VN T R = F P
i PR DAL

ABIFFEA FH A T Ry 5 % A AR AR 25 2 R A<
HERE LPS \PPE BERER BREAT T 9, A o 5
BEAYZH K BRURT DL 20 2 2544 W W R 3R £F5 COPD
P BECAR  [EAST- i 7 T30, R BRI s i ik R
BN BRI R R E IR IR A A
EHESIAR XS 5 H AR VR AR AR 4R [
AR I3 R B COPD A58 R LAY At ZH U 40 3
A RAFIRER, [T, L MUCSAC AE M 5 b5
D5 121 MUCSAC %5t .mRNA Rk HAFRA K
FE A DOESREE , VRN 45 41 A B B or Who E  45
SN, MR 2 i 2 23 H MUCSAC & 5 S MUCSAC
mRNA K3k HRB EETOCH A T X IR
2 4 2 T M KA R A S i 7 g k2
KAl 21 MUCSAC & i | N MUCSAC mRNA
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ik > MUCSAC & &L 55 MUCSAC 4
FI R

25 TR | AP 7 AT i COPD AR ALK R
14 Jiti 28 295 345 407 , A 00> MUCSAC & & | R
5 MUCSAC mRNA ik &K MUCSAC HEH#EKIE,
WK BRACE R S IR . AR 75 A B AR
& COPD ¥t BIRYT 254 B L EARVE AL S A 7 i
— AT

S Sk
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