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Abstract. Objective

and degradation in lung fibroblasts of chronic obstructive pulmonary disease (COPD) rats by regulating the neurogenic

To investigate the effects of celastrol ( Cel) on airway remodeling factors, collagen synthesis
locus notch homolog protein ( Notch) pathway. Methods A total of 30 rats were randomly divided into 3 groups:
animal control group (normal feeding) , animal model group (COPD rat model established by smoke exposure combined
with lipopolysaccharide tracheal instillation) and animal experimental group (intraperitoneal injection of 0.01 mg - kg ™' Cel
after successful modeling). The bronchial fibroblasts (BF) cells were isolated from rats in the animal model group and
randomly divided into cell control group (no treatment) , cell experimental group (2 wmol - L™' Cel) and inhibitor
group [ 1 mmol - L™" valproic acid( VPA) ]. Pulmonary function was assessed in rats using invasive pulmonary function
testing methods; Western blot was used to detect the expression of Notch signaling pathway — related proteins in each
group of cells; real — time fluorescence quantitative polymerase chain reaction (qRT — PCR) was used to detect mRNA
expression of airway remodeling — related factors ; enzyme — linked immunosorbent assay ( ELISA) was used to detect the
contents of matrixmetalloproteinase —1 (MMP - 1) and tissue inhibitors of metalloproteinase —1 (TIMP — 1) in each
group of cells. Results
animal experimental group were (6.74 +£0.87), (3.28 £0.51) and (4.94 £0.83) mL, respectively; the forced
expiratory volume in 0.1 second (FEVO0.1) were (3.94 £0.45), (1.05 £0.16) and (2.41 £ 0.37) mL,
respectively ; the peak expiratory flow (PEF) were (28.09 +4.60), (16.63 £3.21) and (21.55 +4.02) L - min"',

respectively. Significant differences were observed in the above indicators between animal control group and animal

The forced vital capacity (FVC) of rats in animal control group, animal model group and

model group, and between animal model group and animal experimental group (P <0.01,P <0.001). The relative
expression levels of ( Notchl ) protein in cell control group, cell experimental group and inhibitor group were
1.00 £0.19, 0. 12 £0. 02 and 0. 38 = 0. 06, respectively; the relative expression levels of Notchl receptor intracellular
binding domain ( NICD1) protein were 1.00 + 0.17, 0.72 +£0.12 and 0.85 + 0. 13, respectively; the relative
expression levels of serrated typical Notch ligand 1 ( Jaggedl ) protein were 1.00 + 0.15, 0.71 £ 0.11 and
0.84 +0. 12, respectively; the relative expression levels of hair and enhancer of split 1 ( Hesl ) protein were
1.00 £0.11, 0.69 +0.08 and 0.81 =0.09, respectively; the relative expression levels of MMP — 9 mRNA were
1.00 £0.16, 0.59 = 0.08 and 0.73 + 0.11, respectively; the relative expression levels of type [
(Col T ) mRNA were 1.00 £0. 14, 0. 67 £0.09 and 0. 86 +0. 14, respectively; the relative expression levels of o —
smoth muscle actin (o — SMA) mRNA were 1.00 £0. 16, 0.41 £0.07 and 0.78 +£0. 13, respectively; the relative
expression levels of transforming growth factor — 3 (TGF - 8) mRNA were 1.00 £0.18, 0.53 £0.09 and 0.75 0. 14,
respectively; the contents of MMP — 1 were (1.19 +0.17), (0.80 =0.15) and (1.06 +0.15) ng - mL™",
respectively; the contents of tissue inhibitor of protease —1 (TIMP —1) were (219.78 £30.24), (131.94 £18.15)
and (167.51+21.01) ng - mL™', respectively. There were all statistically significant differences in the above

collagen

indicators between cell control group and cell experimental group, as well as between cell experimental group and
inhibitor group (P <0.05,P <0.01,P <0.001). Conclusion

pulmonary pathological damage in COPD rats, reduce the levels of inflammatory cells and inflammatory factors, and

Celastrol can effectively improve lung function and

improve the imbalance of airway remodeling — related factors and collagen synthesis/degradation in BF cells, which may
be related to its inhibition of Notch signaling activation.
Key words: celastrol; chronic obstructive pulmonary disease; neurogenic locus notch homolog protein pathway;

airway remodeling; fibroblast; collagen synthesis and degradation
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W45 BALF r NO L -5 IL -8 FI IL - 17 By &t
2.6 HFE L% R ( bronchial fibroblasts, BF )
KIS B ISR RAMS A5 B E

PRI SD R BRALSEIS , U SE R R U S
I ZHER  RHAE A 1% 5568 211 PBS b, #15
SCREHL, IR BT RE, T BEIR S IR AL + dHEUR
WBEVE T 37 °C 5% CO, M TR, 25t 3 d il
1 A I IS AR RO . e i S 2
X B A KA BE 41, BERL I3 A 40 o BEZH 20 i S
oy A AR 2 o 20 B X BEZE S AT Aol AL B B
N 40 SE B Z4H ] 2 wmol - L™ Cel 4bFH BF 41 Jifg
(G 3 79092 56 8 52 2 pmol - L7 Cel RUR fc i)
LA 1 mmol - L1 VPA AbBRAN IS5 2 AN .
2.7 SRERAERNMAEH Vimentin 70 FSP1 fRE
ikl

BT 7 S5 4y B BE R 10 BE 4, A 4% 2R |
% [ %2 20 min 0. 1% Triton X — 100 E{E1%E4L 5 min,
FREIRE M 1 h, flIA Vimentin FIl FSPL —#i (34
1:500) ,4 CHEHE &, VE3, A TSGR IC I 3L
(1:1000) ,#EEHFHE 1 h, ek M 47,6 - k3 -
2 — AR\ T R B, A A A T
2.8 FEBERENEZQNEAMEMA Notch 15518 B
HEEAMFE™

IRE2H BF A AR R ), - T
WREI 58 , BUREAS 20 wg FEAT R IK I B HT, A
Notchl \NICD1 ,Jagged1 1 Hesl —37i (4 1: 1 000),
14 CHEF IR, BRSBTS AW BRI /Y
THU(1:2000) , = EEF 2 b, YEE, ALEROLIR R,
T3] Tmage J BRAFXF H AR AR 0 0 BE (ELEEA T 204 o
2.9 qRT-PCR EKRNZAMMSKESTEHXLETF
R & B #1547 mRNA ik

JH Trizol j&l RNA 4 BUialR| 4 25 41 BF i g i)
&k RNA L FRHE H A I cDNA R A7 9738 S it DA il
W5 -3 — W R U O PO B S0 2 7 B A
o 4k 40 i A K A F 4 (fibroblast growth factor 4,
FGF -2) MMP -2 MMP -9 1 B J5 4 1 ( collagen
type 1, Col 1), Col M. - F# WAL &HE A
(o —smooth muscle actin, o — SMA) FIFs LA KK+ - B
(transforming growth factor — beta, TGF — 3) mRNA ff)
FAXFFIEAKF . FGF -2 FJjf# 5’ — CTCTGTGGACTG-
TAGGTTCCG - 3', T i 5' - GAGGCGTATGTGTTG-
TAGCC -3";MMP -2 | 5" - TGTCTTGCGTCTGA-
CACTGC - 3’, F i 5' - CTCCTTTGGGCTAGG-
TATCTCT - 3'; MMP - 9. LI Jif 5 - GCAGAG-

GCATACTTGTACCG -3', F il 5’ - TGATGTTATGAT-
GGTCCCACTTG - 3"; Col 1 : F % 5' - GCTCCTCT-
TAGGGGCCACT -3', Rt 5" - ATTGGGGACCCTTAG-
GCCAT -3";Col Il : I3 5" — CTGTAACATGGAAACT-
GGGGAAA - 3', K Wi 5 — CCATAGCTGAACT-
GAAAACCACC -3";0 —SMA: [ 5’ — CCCAGACAT-
CAGGGAGTAATGG -3', R 5’ — TCTATCGGATACT-
TCAGCGTCA -3";TGF - B: E]f# 5’ - CTTCGACGTGA-
CAGACGCT - 3', F it 5 - GCAGGGGCAGTGTA-
AACTTATT - 3" HhiE -3 - WEmR =l Filr 5" -
AATGGATTTGGACGCATTGGT - 3', R 5’ — TTTG-
CACTGGTACGTGTTGAT -3,
2.10 ELISA %N &AM PR MMP - 1 0
TIMP -1 &8

e sESE B JM)S WA A SR, B0 5 X
R ER, FRAE AR R, ELISA 32055 6 SCHA 5 A5 TRAS I 441 g
it MMP — 1 H1 TIMP — 1 [+,
3 GritFEaeE

F SPSS 26. 0 A 24T e it 4 M, 11 2 Bk DA
xxsFoR, AR LB R/ DR EEZR R
(LSD -1t) .

# R
1 BERERLEX COPD X B fifi T B8 A fifi 28 47 7 32

KERZ M

et BREH SR RIZE N S iy FVC 435
F7(6.74 £0.87) . (3.28 +0.51) F1(4.94 £0.83) mL,
FEVO. 1 43 51 % (3.94 = 0.45) . (1.05 = 0.16) fI
(2.41 £0.37) mL, PEF 4 5}y (28.09 = 4.60) .
(16.63 +3.21) F1(21.55 +4.02)L - min "', 531y
XTREZHAH LG, SRR 20 K B FVC FEVO. 1 1 PEF
KR E T P <0.001) ; 53RV A 1L, Zh ¥
R 41k By FVC,FEVO.1 1 PEF ¥y & 2 | 7}
(P <0.01,P<0.001),

HE 3010 715« % BEZH R Bl 2H 23 e B I 2 7k 40
JL IS0, 200 A HE 2] o 5 S A A RE R LI R S
FRULH R B BE I SR 30 5, 8 T LR 0 i 235 ) e
W, SCRERE T A R R AN IR s sh ik g 4H
KBRS ek s, SRR RE R Y
J&E R AT Ao iR, LA 1
2 FREELEZT COPD X BALF H ik i 4 i &
RAE B F B30

55l BAAH L, sh AR 20 KB BALF rhtk
L2 A R 200 g TR P 4 T | L I A i L NO)
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IL-5IL-8 filIL-17 {y& B B2 F 5 (P <0.01,
P <0.001); 53 ¥y w20 A0 L, 3l 0k 50 41 K R
BALF HH bk B0 20 A L ks 200 B | 8 R PR b 4 MY L I
YL NO IL -5 IL - 8 il IL — 17 {4 ¥ 5 2% F %
(P<0.05,P<0.01,P<0.001), 00351,

3 ERISERAFLEMBBEOLEE

FH G PE DL Y 78 Bl AR TR 4 R UM S R 4y
BIRESRI BE 4, A AW S Vimentin F1 FSP1 M
SEPHME, Vimentin 25 176 40 3 rp B2 FHPE R GK, R
SRAA YN FSPL A 10 78 40 o S S BH R e £, R
WAL T, VLB BF ARG 7
4 FBELZEN BF 4058 Notch 5 S/

2 AR B 4 | 20 A S 56 AL 2 T ] 570 4 H Notehl
AN kK205 1.00 £0.19.0. 12 +0. 02
10.38 £0.06, NICD1 Z& [ A XF & ik 7K F 43 5
$71.00 £0.17 ,0.72 £0.12 1 0.85 = 0. 13, Jaggedl
T AR A K205 1..00 £0. 15,0 71 0. 11 F
0.84 = 0.12, Hesl # [ AH X} 3 ik /K F 43 5 by
1.00 0. 11.0. 69 +0. 08 F10. 81 +0. 09, 540fux} R
ZHAH L, A 5250 20 40 i H Notchl (NICD1 | Jagged1 I
Hes1 £ [FIAHX 2R 35 K13 10 3 B AR (3P <0. 001 ),
55 440 i 52 36 4R L, 4900 61 790 4 248 e e Notehl (NICD1
Jaggedl FlI Hesl F [1AHXf KX KB EHA S
(P<0.05,P<0.01),

5 FBABAEY BF MRSESEHEXEFHIEME

qRT — PCR 7R : 240 % FRZH 40 i 52 9 28 S 41 il
R4 ) FGF — 2 mRNA AH X 3 ik 7K °F 43 il
1.00£0.15, 0.67 + 0.09 FI 0.84 =+ 0.13,
MMP -2 mRNAFH X} 323K K40 524 1.00 +0.12

0.74 £0.09 F10. 84 0. 10, MMP -9 mRNA H%f ik
K43 41.00 £0. 16 .0.59 +£0.08 F10.73 £0. 11,
54 M %5 BT AH B, 20 A S 0 2H A M FGF - 2,
MMP - 2FIMMP -9 mRNA AH X} 315 7K 34 5 2 FE A
($4 P <0.001) ;15 4 i 5255 41 AH EL , 490 3] 550 20 240 it opo
FGF =2 MMP -2 1 MMP -9 mRNA A%} 321k K45
BT (P <0.05,P<0.01)
6 TREELIEX BF MR & B AN AR
qRT - PCR % ELISA 7R : 5 41 il %f B2 AH L,
Y S 5 41 0 40 L Col T Col T, o — SMA FhI
TGF — 8 mRNA %t 7535 7K F % MMP -1 TIMP -1 [
T EREAR(P <0.05,P <0.001) ; 5 21 i 52 5
HAREE, MR LA A0 Col T\ Col Il ,o — SMA Fil
TGF — 8 mRNA X} AKX MMP -1 TIMP -1 [
SEYBETE(P<0.05,P<0.01,P <0.001), I
#£2,

Animal control

Animal experimental
- et Y,

A ( % 100)
Figure 1  Pathological changes in lung tissues of rats in each
group detected by hematoxylin and eosin (HE) staining ( x 100)
Animal control group: Normal conditions; Animal model group: Established

a rat COPD model; Animal experimental group: Received intraperitoneal

injections of 0. 01 mg - kg ™! Cel.

R1 BARKBEVENREREGER (BALF) HhAE AT R SR IN T & R A LA (x £ 5)

Table 1
(BALF) of each group of rats (x +s)

Comparison of the counts of inflammatory cells and the contents of inflammatory factors in the bronchoalveolar lavage fluid

Lymphocytes Neutrophils Eosinophils Macrophages
Group (x107 cell - L") (x107 cell - L°1) (x107 cell - L") ( x107 cell - L71)
Animal control 10 2.08 +0. 31 3.47 £0.47 0.29 +0. 04 5.91 +0. 86
Animal model 10 5.89 1. 14"~ 6.59£1.35" "~ 2.38£0.32""" 13.76 £2.29* * *
Animal experimental 10 4.26 0. 72" 4.47 £0. 71" 1.09 0. 16™* 9.27 1. 77"

NO IL-5 IL-8 IL-17

Group n

(uM - L") (ng- L") (ng- L1 (ng - L")
Animal control 10 26.19 £3.21 38.49 £6.02 417.79 £52. 10 63.80 +6.98
Animal model 10 65.41 £9.83*** 49.95 +8.17** 771.57 £132.04* " * 81.78 £10.56* * *
Animal experimental 10 49.83 +8. 62* 42.39 +7.25* 542. 08 +88. 27" 71.24 +9. 45*

NO: Nitric oxide;IL; Interleukin; Compared with animal control group, ** P <0.01, ***P <0.001; Compared with animal model group, *P <0.05,

#P<0.01, #P<0.001.
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R2 AN A B SCAE bR mRNA AR IR AP K B0 S A Al ( MMP) — L RIER (A2 UM 5~ - L(TIMP - 1) &%

B (x £5)
Table 2

Comparison of mRNA relative expression levels of collagen synthesis — related indicators and the concentration of matrix

metalloproteinase(MMP) — 1 and tissue inhibitors of metalloproteinase — 1 ( TIMP - 1) in each group of cells (x )

Group n Col 1 Col Il a — SMA TGF - MMP -1(ng - mL=') TIMP -1(ng - mL~")
Cell control 10 1.00 £0. 14 1.00 £0. 17 1.00 £0. 16 1.00 £0. 18 1.19 £0. 17 219.78 +£30. 24
Cell experiment 10 0.67+0.09*** 0.82=+0.14" 0.41 +£0.07*** 0.53+0.09" "~ 0.80+0.15*** 131.94 £18. 15" * *
Inhibitor 10 0.86 £0. 14™ 0.96 0. 15" 0.78 £0. 137 0.75 £0. 14" 1.06 £0. 15% 167.51 £21. 017

Cell control group: Consisted of BF cells without any treatment; Cell experiment group; Treated with 2 pmol + L~' Cel; Inhibitor group: Treated with

1 mmol + L ™" VPA based on the cell experiment group; Col I ; Collagen type [ ; Collll ; Collagen type Il ; o — SMA: o —smooth muscle actiny TGF - B

Transforming growth factor — B; Compared with cell control group, *P <0.05,

#p<0.01," P <0.001.
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