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(Abstract]) Objective To investigate the effects of Liuwei Buqi Formula (LWBQF) on cellular autophagy and alveolar epithelial
cell senescence, and its mechanism in treating chronic obstructive pulmonary disease (COPD). Methods Rats were randomized into
the following groups using a random number table (=10 per group): normal control group (Group N), model group (Group M),
Guilong Kechuanning group (Group GL), and low—, medium—, and high—dose LWBQF groups (Groups LL, LM, LH). A COPD
experimental animal model was established using cigarette smoke exposure and intratracheal instillation of lipopolysaccharide (LPS).
After drug intervention, rat lung function was measured. Morphological changes in bronchial and lung tissues were observed by HE
staining The expression levels of cyclin-dependent kinase (CDK) 4 and cyclin D1 (CyclinD1) in lung tissue was detected by immunohist-
ochemistry. The levels of p21 and p53 in serum and bronchoalveolar lavage fluid (BALF) were measured by ELISA. The protein
expression levels of Beclin-1, autophagy-related gene (ATG) 14, and microtubule-associated protein 1 light chain 3 (LC3)-1I/LC3-1
ratio in lung tissue were detected by Western blot analysis. Results Compared with Group N, Group M exhibited significant
decreases in forced vital capacity (FVC), forced expiratory volume at 3 seconds (FEV;), FEV:/FVC ratio, and peak expiratory flow
(PEF) (P<0.01). It also showed pathological changes of chronic bronchitis and emphysema, reduced positive area ratios and
histochemistry scores (H-scores) for CDK4 and CyclinD1 in lung tissue (P<0.01), increased levels of p21 and p53 in serum and BALF
(P<0.01), and downregulated protein expression levels of Beclin-1, ATG14, and LC3-IVLC3-I ratio in lung tissue (P<0.01). Compared
with Group M, all drug intervention groups exhibited increased FVC, FEV;, FEV;/FVC ratio, and PEF (P<0.05, P<0.01), alleviated
pathological changes in lung tissue, increased positive area ratios and H-scores for CDK4 and CyclinD1 in lung tissue (P<0.01),
decreased levels of p21 and p53 in serum and BALF (P<0.01), and upregulated protein expression levels of Beclin-1, ATG14, and
LC3-II/LC3-I ratio in lung tissue (P<0.01). Compared with Group GL, Group LL showed decreased FVC, FEV;, FEV;/FVC ratio, and
PEF (P<001), reduced positive area ratios and H—scores for CDK4 and CyclinD1 in lung tissue (P<0.01), increased levels of p21 and
p53 in serum and BALF (P<0.01), and downregulated protein expression levels of Beclin—1, ATG14, and LC3-II/LC3-I ratio in lung
tissue (P<0.01). Group LH showed increased FVC, FEV;, FEV,/FVC ratio, and PEF (P<0.05). Groups LH and LM showed increased
positive area ratios and H-scores for CDK4 and CyclinD1 in lung tissue (P<0.01), decreased levels of p21 and p53 in serum and
BALF (P<001), and upregulated protein expression levels of Beclin—1, ATG14, and LC3-IVLC3-I ratio in lung tissue (P<0.01).
Compared with Group LH, Groups LL and LM exhibited decreased FVC, FEV;, FEV,;/FVC ratio, and PEF (P<0.05), reduced positive
area ratios and H-scores for CDK4 and CyclinD1 in lung tissue (P<0.01), increased levels of p21 and p53 in serum and BALF (P<
001), and downregulated protein expression levels of Beclin-1, ATG14, and LC3-IVLC3- ratio in lung tissue (P<0.01). Conclusion
LWBQF can accelerate cellular autophagy, delay lung tissue damage and alveolar epithelial cell senescence, alleviate airway
inflammation, and enhance lung function. The mechanism may be that LWBQF induces the expression of CDK4 and CyclinD1,
reduces the levels of p21 and p53, and upregulates the expression of Beclin—-1, ATG14, and LC3-II/LC3-I ratio, thereby promoting
autophagy and inhibiting cell senescence.
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A TELERF U PN ST A0 OR A7 240 i 7 T i # DC HEAE
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b SASP HYRERL , IR B S AE AR F 2 48T
IR H A9, Beclin-1, F BEAISEIE M (au-
toph-agy-related gene, ATG)14 FIFAEAHEEN 1 %
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LC3)VE ML FI W28 B i R g b, 02 T S ke
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B, BAAMIIRI] BRI RERY DAL, A7t
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1.1 B RAIAFFING

SPF 9l SD KRR 65 H, Bl A 5~8 A,
AT i 160~200 g, W11 5 7 52 DL 2R b4 I
WA BRA ], S84 rTUES . SCXK (2 )2020-0005
YR C B R 2 R AR R ot A E
it S B HE S . AHUCM —rats—2024002 , 7] 35 #0155
WF R 18~26 C, HXHBIE 40%~70% , 38 X3S,
8~12 ¥K/h,
12 Z

ANHAMTT TN B 15 ¢ B2 10 g,
FAT10 g #2816 g WREZ 6 o A3 g, T4
AHEBET b, FE RN T R (R L2 A7 R
o8], E 25T 720050149, H4% :340 mex60 F/8L) o

1.3 RFIRALEE

&£ 8% (lipopolysaccharide, LPS) (& AE &A= 1
BHE A BR AT 45 . BSO04) ; MW s 7 40 (T rh
M TV ATPRTAT AR S . 2T YC901028207881);p21 |
p53 Rl & (IR T ARG R A
L5 : CC12409202143  CC12409202265 ) ; 4 il JE 101 2
4K 6 PE 33 B (cyclin—dependent kinase, CDK)4$1
T 2R EAER 1 D1 (CyelinD 1) BT ATG14 HLiA |
LC3- I HifAk LC3- I HTiA L4 o 1eG Hilk (SEH
Abcam 2\ F) , 5 . ab108335 ,ab134175 .ab133528 .
ab192890.ab137375 .ab6939) ; Beclin—1 HifA& B-actin
LA ULBAT A RHE A PR A | it 5 . WL05350
WLO01362).,

FHEEFR (F ) 5 It e eI (A st D == 1
8] TS Ani Rws 2005) ; A1 51 R HL(FEE Leica
AT RS  RM2016) 5 L DKAX Fe BAS ( 1 i R et
HABRA T, H-S  EPS300 . VE-186) ; Y62 i i s
(HA OLYMPUS A H], 45 . BX53)
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Uives)B7]) 8 I R\ b S % 7y N 7 I e M
M5 1 RS 14 K, LA 3% B He 240 30 mg/kg fiE
JEE TS IRRE, TR BB E S, M ENITEA T mg/
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FRUET A ISR S8k 20 SCRAITIR A 100 ¢
RS, B HAHE 1K, K 30 min, F72E 5 A, LA
B TIRE T B LA B S S I UK A 18 R R
IS S 3L A S R AR )

1.5 YT

THEPILL 60 kg MHE AR H 151 HLIG IR
FHETHEPLL 40 LM 4 \LH 240 KB 5 B H
FRIE PR Y 5,10 15 A5, Be il ik B 0.26
0.53.1.06 g/kg HYAE | i ) 2 (0 7S R AN T TR &
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N 210 M 2R B R N A8 0GR o 10 AR 45
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#H LM 21 LH 50500 2 T AR R 25 e E | B H
1 R4 24 30 d,
1.6 ER#t SHRACAbIE
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BALF) , BL.OHC L  BUR Ze il #8r HEUVE T 4%K)
ZRWWEPEE , KRR A il EUT- 1 R e ORAT
FIF Western blot #:1,
1.7 MiERR
L7.1 JSORERIN  SRAY NSRRI R it
151 (forced vital capacity, FVC){H % =FMH J10F
458 (forced expiratory volume at 3 seconds, FEV;)
{8 .FEV; /FVC [EFIFS U 3 (peak expiratory flow,
PEF)H.
1.7.2  HE B U IR ZUE S8tk R [
JE J5 B ZUH HL SRR FE I K R IRE D, £ i
A, S5 pum YR HE Je( B B8 T 0
R EMAHLOE S FE 4k,
1.7.3  SReH AR it 44 21 CDK4  CyclinD1 & H
RRKF B AET e RUBAS SUsE 3%H,0,
WER L 109% L 3 M35 2P 5 CDK4 —Hi Al Cy-
clinD1 —$T 37 CH#H 1 h(FHEHEI 1:100),4 C
VKR I AL ZEARIC ) 90 37 CIFH 1 h; BiAR
MEbRC B B0 (1 2 37 CER 30 minsDAB .
IIARER G K B BT, Ui T W, Bk
F FEALER 5 At MEF R, R ] GraphPad Prism
10.1 BAFBEAT 20, THSA BV 40 L 3R (PR M4 i
Buan g @ 5o 158 20 21 AE 22 PF 43 (histochem
istryscore, H—score), WFEETKYTF PN BHPE A LR A
Y €8, 50 B2 AL R AR N IR, K 31X 2 2 S e e

0 BHPE R N BH P 22 /0 1 5 TR AT 2521 A 1 43
By 5 g,
1.7.4  ELISA &K BRI K BALF o p21 il p53
Tt He MR ELISA 327 £ I vk A I I v 2
BALF 1 p21 f1 p53 &, BEFR(Y 450 nm M OD
(B, LABRVE G B (X) A1 OD B (V) L& IS 505
PR TR B I T 7 RS AR IR B R 2L
1.7.5 Western blot #illl filiZHZ{h Beclin—-1 ,ATG14
ALC3- /LC3- T SRR R i & 2H il
PLUHATRR, T 4 CTELJFE SR, 5 i E
FIEH, F BCA XU 8 (T i, SR
WA UK IR BT S AR B —$T Beclin—
1(1:1 000) ATG14(1:1 000).LC3- I (1:1 000) . LC3-1I
(1:100),4 CREARIR, ARSI —HT(1:10 000),
FIIEE 2 h, MR RO WY, A Im
age] B S IR EE AR, LA B YR UK BE(E/ N 2
B-actin JKJEE HUAE MM e 204558
1.8 GITZESHT

JH SPSS 22.0 AT 4e o3 A, i OB T
“xas"FRoR o FFEIESSME H 5 2555, 24N LA
HH One—way ANOVA K3, WIS LR LSD ¥4
B s AFFE IES MG RTHESBUGS, LL P<0.05 2
ERAGIFE N,

2 &R

2.1 HNEHEKRMINETH

5 N A M AR R RES % FVC 1A
FEV, {§ .FEVy/FVC {61 PEF {H F % (P<0.01) ;5
M 2 Fb%%, LL LM \LH GL 21 K BUiti Th B2 % FvC
{8 .FEV, {d .FEV:/FVC {E#1 PEF {8 I Tt (P<0.05,
P<001);5 GL 4l b4 ,LH K RUMIIRES$L FVCIE |
FEV, { .FEV,/FVC {E il PEF {H 434 %55 (P<0.05),LL

®1 BHXRMINEESHLE (vss)

Table 1 Comparison of rat pulmonary function parameters among different groups (x+s)

215 n FVC/mL FEV:/mL FEV:/FVC/% PEF/(mL/s)

N4l 10 13.28+2.14 12.15+1.81 91.74+4.26 48.93+5.96

M4 10 4.4120.91%* 2.08+0.51%* 47.0245.11%% 16.89+1.81%
LL# 10 7.02+0.347%% 2440 4.1240.16%+ 2440 58.89:+5.04# A AA0 26.73+2.87+AAAO
M 4 10 9.12:0.767%# 440 6.79+1.00%%440 74.15+4,77#5% 500 31.98+1.83%#440
LH 4 10 9.70+1.02%544 8.16+0.96%44 84.08+3.05%444 39.36+3.75%444
GL#H 10 7.80£0.33 %44 5.44+0.31%%50 69.9024.47#550 30.4322.64%500

5 NAHHE, *P<0.05,%%P<0.01; 5 M 4 H A, 2P<0.05, 22P<0.01; 5 GL 4 H# , 4P<0.05, 44P<0.01; 5 LH £ %8, °P<0.05,
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HR BT RESEEVC (EH FEV, { \FEV,/FVC {EF1
PEF {H¥) N (P<0.01); 5 LH 41 Heds  LL 4081 LM
YR FITIRESEL FVC A FEV; {H FEV/FVC {HA
PEF {H¥ FF%(P<0.05), TEWLFE 1,
2.2 HE #BHRNSEXRZSEMBALARSETL
N K R RESS M 50 8 I R LB
Wy, S Bt 2 2 50 8 | R D0 S RE 40 BRI i 96 [ ol
KSR o 5 N A A M RS AR s,
it Y R 7 2 Y HACAE D I il 1 T i g ) ol
Fi, i ALY K 5 A 20 S SRR L
PRI Jifr ) 248 B B i VR % | A 22 8 I N T UL A i 4
L, 20 WL AR S A A N PR B PR B e S
BRI, bR BB B 18 1 S U R KT e
R FREEREIE 5 M 4 LA LL LM\ LH 2401 GL 4K
BRI ZE 2 ) [ S R VR D i B i JE

it 6 [ o 18 i (1 A B 55 Y B AR /N s Al S A RS I
B 240 JfL K I R EE DR | A i 20 B | il vt A R
PR RR R FRAG , i 4L 2006 B 2245 3] T R [ RE B i ke
e HP DL LH s W R, LA 1,
23 GREBEAUKNZEXRBRMAL P CDKL, Cy-
clinD1 B FRIEKF

5 N A B M 20K BUS 2H 24 rh CDK4  Cy-
clinD1 A PAPEE AL LR AN H-score ¥ N[ (P<0.01) ;
5 M 4 A, & 259 T Wi KR ZL 21 b CDK4 |
CyclinD1 FYBHPEIFL A H-score 4 1 TH(P<0.01) 5
5 GL A #, LL AR 4148 h CDK4  CyclinD1
(49 BH 4 T AR EE R Al H—score ¥ R (P<0.01) ,LH
LM 41 CDK4 CyclinD1 & BH P i B HE 2R Fl H-score
¥ ETH(P<0.01) ;5 LH 4] Hed , LL 41 (LM 2 K i)
iifi 26 20 b CDK4  CyclinD1 4 BH % 1 A2 e R A H-

Bl SEXRISEMARLEFZW(HE,*200,45=50 pwm)
Fig.1 Morphological changes of rat bronchial and lung tissues in each group (HE,x200, scale bar=50 pm)
TE:AN 2 ;BM 4 ;C.GL 20 ;D.LL 2 ;E.LM 4 ;F.LH 4,

4 FTik (g

204k, %200, F5/L=50 pum)

Fig.2 Expression of CDK4 in rat alveolar epithelial cells in each group (Immunohistochemistry, x200, scale bar=50 pm)
TE:AN 2 ;BM 4 ;C.GL 240 ;D.LL 2H;E.LM 4 ;F.LH 4,
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3 BEKRREE LA CyclinD] ik (FFEAIL,x200,FRR=50 pm)
Fig.3 Expression of CyclinD1 in rat alveolar epithelial cells in each group (Immunohistochemistry, x200, scale bar=50 pm)
AN 41 ;B.M 41 ;C.GL 41;D.LL 40 ;E.LM 4 ;F.LH 41,

F2 BHEKRIELP CDK4,CyclinD1 BIPEMEEFREL ZF0 H—score (x4s)
Table 2 The positive area ratios and H-scores of CDK4 and CyclinD1 in rat lung tissue of

each group (x+s)

415 n CDK4 FHME AL /% CDK4 H-score/J} CyclinD1 PHYEEIFR LL%/% CyclinD1 H-score/5}
N4 10 13.43+0.36 22.93+1.51 7.26+0.69 23.27£1.99

M 4 10 3.66+0.15%+ 4.87+0.15%* 0.88=0.01%* 4.87+0.15%*

LL 41 10 7.2620.29% 444400 15.6141,1 6% 04400 2.5020.06%# 44400 14.4021,07%x404400
LM 21 10 10.78+0.11##504400 18.55+0.58%#A54400 3.84:40.207 5444400 18.55:£0.59 444400
LH 4 10 11.660,17#52044 20.02+0.70% 5044 5.16+0.52# 0044 20.02:£0.70%*A 444
GL 4 10 9.1220.23%%4% 17.190,32#%20 3.3220.28%44 17.17+0.34%550

W5 N4, *#P<0.01; 5 M 4 R, 22P<0.01; 5 GL 4H L%, 44P<0.01; 5 LH 41 L%, °°P<0.01,

score P TR (P<0.01), TEWIE 2—3,3% 2,

2.4 ELISA #&iN&HKXRIMFR BALF 1 p21,p53
HEE

241 A REUAGE F p21 . p53 K& 5 N4
oA, M 4K BUALYE 7 p21 . p53 Bk ¥ BT
(P<0.01); 5 M 4L IHR, 25 259+ P 20 K R v v
p21 .p53 K& H ) R (P<0.01); 5 GL A 4, LL
AR T p21.p53 M & 1 FH(P<0.01),LHA
FLM 4R BUALE o p21 pS3H a3 FRE(P<0.01)
5 LH 4%, LL 20 LM 20K RIS p21 .p53 1Y
SR ETH(P<0.01), FEWLFE 3,

242 FH KB BALF o p21 pS3 U&= 5N
ZH LA, M AR B BALF H1 p21,p53 7Ky 1
TH(P<0.01); 5 M A LS, &2 T 20 KB BALF
p21.p53 AU B TR (P<0.01) ;5 GL 4l Hed LI
KELBALF H1 p21 p53 1553 [ FH(P<0.01) ,LH 4

£3 HAKXRMFED p21 7 p53 A E LB (pg/mL, x4s)
Table 3 Comparison of the levels of p21 and p53 in the

rat serum in each group (pg/mL, x+s)

415 n p21 p53

N4l 10 457.00£29.12 1 565.00+55.67

M4 10 785.70+31.88%* 2 198.00+100.10%*
LL#H 10 720.10£11.71%%524400 2 (§3,00+37.8]%# 24400
LMZ 10  537.20£12.07+%°24400 1 924,00+30.93%% /4400
LHZ 10 508.40+5.66%204 1 771.00£101.50%+ 2044
GL#H 10  663.50£14.61%*"% 1 947.00+23.79%#2

.5 N, #P<0.01; 5 M 4 H#, 24P<0.01; 5 GL 41 kb,
A4p<0.01; 5 LH 41 kb4, °°P<0.01,
FLM 41K BALF /1 p21 p53 &R FF(P0.01) ;
5 LH 4%, LL 40 1M 4K Bl BALF 1 p21 p53
(&g ETRH(P<0.01), PEWLE 4,
2.5 Western blot ¥ il & 48 fii 2 22 & Beclin -1,
ATG14 #0 LC3-11/LC3- | BARIEKTE

5 N A M 4H KB4 2 Beclin-1,
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ATG14 F1 LC3- IT/LC3- 1 Tk TR (P<0.01) ;
5 M 4 i, £ 259 ALK R4 21 Beclin—
1  ATG14 1 LC3- [ /LC3- 1 Fih/KFE T (P<
0.01); 5 GL 4114, LH 411 LM 2H K Uit 2 41
Beclin-1 ATG14 F1 LC3- [[/LC3- T kK T+
(P<0.01),LL #HifiZH 41 F Beclin—1  ATG14F1 LC3-
I/LC3- T RKIKXAKFEIH T (P<0.01), 5 LH 4L
L4 IM 41K U241 H Beclin-1 ATG14 #ll
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