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0.05), M TNF-o« KV RGPS 7 d<3A¥7JE B (P<C0.05) ;X R4 1L-6 KV RIBIF IR 7 d<Jh
5 AT 1 d<IAYTET, HAR M MRS B R e, 22 J7R 5 d<TRYTF R 1 d<IRJT T, HAT B P ke
S G AR L (P<<0.05) s X IRAH TNF-a KV 8L ZERALG %2 L (P<<0.05), 2745 J7 24>
WBITIE 7 d<URYT)E 5 d<RYT)E 1 d<TRJTET. HAE  Frgi R R WS AEIT S 1.5.7 d CRPLTNF-o.IL-
WA S, 2R AR FE L (P<0.05), 6 KFHMFHFMA, ZRFWAERITEEL(P<
WEEAL TL-6 KFARIT IR 7 d<TRJT )R 5 d<UAJr)e 0.05), W3R 5.6.

1 d<TAYTHT . HAL PR 61 8, 22 S A ge it
F 4 HRFTFRIEAE M E L SIERIEE (2 £5)
Pa0, (mmHg)
20 51 n
IRYTHT HWITkE 1d WBITIE 5 d WBITIE 7 d F P

MEEA 60 55.0746.56 63.8546. 70" 83. 4047, 14" 89. 4547, 27" 171.064  <C0.001

XHHRZL 60 54.91+6.63 58.43+6. 75" 70.3947. 21" 83.144:7. 33" 279.179  <<0.001

F 0.016 53. 942 98.766 22. 456

P 0. 900 0.001 <<0. 001 <€0. 001

Pa0,/FiO,
28 51 n
NEpRg i BITE 1d RITE 5 d WBITE 7 d F P

MEEH 60 220. 41414, 06 231. 42414, 36° 287. 47415, 52* 306. 95+16. 87" 472,441 <€0.001

WA 60 219.55+13. 45 225. 4314, 21° 268. 9615, 76™ 289. 64416, 03™ 784.589  <<0.001

F 0.117 5.271 41,974 33.160

P 0.733 0.023 <<0. 001 <£0. 001

W5 RHBTRTILE, *P<<0. 05 S RIMIATF 1 d H#k,"P<<0. 05; 5 RHAFE 5 d I, P<<0.05,
x5 WERTHBENLSERNESNEFTESH (2 £s)
CRP(mg/1) TNF—a(pg/mL)
215 n
TRYTHT WE L RFRESd RIFRTd EvEgil] WIFE LA RIS WITIE 7 d

MZEA 60 183.4674-12.43 144.93411.58 75.6448.96  45. 965,39 30.1743.45  26.74+3.28 18.63+F2.44  10.711.51

ot 4 60  185.634:12.77 150.884-12.04 81.664-9.12 49, 7745.41 30.224:3.56  28.7143.19  22.63+£2.51  13.9241.77

F o/ P 21. 948/<20. 001 81, 621/<20. 001

Futin/ Pag 4 717.185/<20. 001 963. 030/ <<0. 001

Foy /Pyy 1.038/0. 370 11. 118/<20. 001

IL—6(pg/mlL)
28 51 n
AT HI HITE 1d HITIE 5 d WITIE 7d

W5% 60 60.41+5.63 53.18+4.97 37.96+4. 25 25.18+2.59

ot R 41 60 60.83+5.55 56,645, 29 44,9344, 38 30. 2842, 44

F oy /P g 1 242.525/<20. 001

Fupig / Pug 95.563/<C0. 001

Fon /Py 11. 085/<C0. 001

*6 BRI EAE M R M SIEFREE (2 +5)
TNF-a(pg/mL)
4150 n
bEyigin) HWIYE 1d BITE 5 d WITE 7 d F P

WEA 60 30.1743.45 26.74+3. 28" 18,6342, 44" 10. 7141, 51" 540.339  <C0.001

XHER4L 60 30.22+3.56 28.71+3. 19" 22.6342.51" 13.9241. 77" 696.405  <<0.001

F —0.006 —11.010 —78.421 —114. 230

P 0.938 0.001 <0. 001 <£0. 001
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&k 6 RABTRIEAER S MSIBEIRIEE (2 +5)

1L-6(pg/mL)

251 n

RITHT HITIE 1d BRI 5 d WRITIE 7d F P
MEEH 60 60.4145.63 53,1844, 97" 37.96+4. 25" 25.18+2. 59 990.573  <<0.001
X4l 60 60.83+5.55 56. 6445, 29" 44,9344, 38" 30. 2842, 44 1205.116  <C0.001
F —0.169 —13.633 —78.212 — 124,202
P 0. 681 0. 001 <20. 001 <20. 001

W S RAIBIT T . P<<0. 05 SAIEIFE 1 d . P<C0. 05; S M4LEIF)E 5 d ik .<P<C0. 05,

2.5 W4LIBYrAT)E WVLWI ) PVPI i & &
B AR B 46 7 M EVLWI 7 78 it
6] L2 ) W38 BN (P<<0.05), PRPK 26 55T %
AT EE R R, W] EVLWI RIGIF G 7 d<BJF
JG 5 d<URYTJE 1 d<VARYT I, HAT 2P0 I ) 0 b A
Z R G E L (P<<0.05); %4 EVLWI K

WY R 7 d<GRITIE 5 d<IRYT A 1 d<JRJT R, HAT
BEET RS R, 2R WA G HE L (P <<0.05),
LA ENMERE R, WEHRIT G 1.5.7 d
EVLWI L F XA, 2R B H S22 L (P <
0.05), W3k 7.8,

x=7 WAERTHE WYVLWI R PVPIERESNE R ESH (2 £5)

EVLWI(mL/kg) PVPI

21 5 n

VR ITHIT WITE 1d WBIFESd WITRETd YRIT T WA 1d WBIFESd WITRETd
W 2% 21 60 15.7742.25 12.1342.04 8.18+1.57 6.43+1.21 3.48+0.61 2.5540.47 1.7740.35 0.9440.17
it B 4 60 15.837422.24 14.61£1.88 10.6141.63 7.2941.18 3.5140.59 2.6124:0.41 1.9620.43 1.244-0.22
F i /Py 68.383/<C0.001 11.238/0.001
Fusin/ P 627.859/<C0. 001 738.747/<20. 001
Foo /P yry 14. 245/<20. 001 2.858/0.055

x38 WABRTAEARR A WVLWI Eb8 (2 +5,mL/kg)

28 51 n VR IT T BIT)E 1d BITE 5 d WBITIE 7 d F P
ML 60 15.7742. 25 12. 1342, 04" 8.18+1.57 6. 4341, 21" 316.180  <<0.001
XTHRAL 60 15.8342. 24 14. 6141, 88" 10.614+1. 63" 7.2941. 18" 331.137  <<0.001
F —0.015 —48.320 —69.172 —15. 660
P 0. 903 <<0. 001 <<0. 001 <<0. 001

T 5 W A AT L4 “ P <<0. 05; S RI4LIAIT R 1 d b8, " P<<0. 05; SR 41E 57 )5 5 d L4k, P<C0. 05,

3 9 ®e
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AMS {4k o 325 10 98 A% 5 0 I 390 ) 48 AE 2 6 L o %
Jili 25 2B 453403 » 30 T R IR T RIGR

RIS R W IR IR IT 5 25 B [E] 8 4 PaO, K&
PaO, /FiO, HJEIGITHT &I & WA ERIT G
& BFRLS PaO, K& PaO,/FiO, ¥ T X B, $2R
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JE 22 A 0 0 MRk A5 R )R, BB T 82 M A 2 L Y
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B, 7K <% A o 98 75 Nrf2/ TGF-81/ERK i J% 3
BRIGZWHE S S0 . R Gkl £
T it 368 4 A AN B 55 4 5 80T B0 R ML AR 2 PRkt
it 53 49 2 BE L i H R 3% PTG Nef2 BH Br 48 3
TGF-B-Smad {55 5 1% 5 1 177 96k 5% JE 25 4k 4k B 7, BH 1E
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Bt G IR LT AR BT S 40 B DR B S
W5 SAP A I Bl 5 4 00 g B AR PGS R LA Y
FISEHEN L Wi ASHE 58 45 R 8o MIBR I T . B 41A
JT 5 4% I 1] 55 CRP, TNF-o 11-6 ¥ 5 25 [ A% ; H AR
X MR L5 2 ol B R A O 3 SRR R RGBS
W W R AT A R AR SAP A I il 45 3 1Y R
I 23X 5 2 TR 5T 45 R o — 8

SAP A I Wi 4t 4 8 AE KL 01 E DL OB P i K i
A I A ARFAIE , H: ¢ B A il 6 40 I P B 40 5 i v b
F 240 6 5 R 1) 38 7 M 2 R Ml I i T 5 N R R K
R . EVLWI I B Ak B 7K i i) B8 A8 36 45, Al
S5 W fii 7K Jieb 72 B, PVPT AT Sz e il 6 40 1L % /N 43 T
W JO P A 1 L T Bk 22 0 5 IR S 5 I A ) A
K RHBYIY . AW L PR IBIT SAP 4 I i 16
A3 FB A A IS K e R S AR B L kO PR Ol R R
R i iz 6 6 B RO 4 VR S 8 i 0 9% RE RN
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M E.BH KREELARFAT THRES W R4, 5 %%%%Er,fawﬁéz/%w&(MAPK)/émwr
ZERAFTEOHEBERK ZFTERNFHOAERAERERBG IR, Fix #&K 60 R ALHFLTHRK
(SPF) % BALB/c &, . 3T IR 20 weg 20 | ﬁ"“}]%’éﬂ&‘ﬂ £ # R, (Selumetinib) 28, £ 40 15 R . A 3h 4604 M /)
RE 0.15 A A FAEZR(FEV, ) K& FAARR(PEF), #ARE-Fa(HE) &%l ) R4 2 0% 2 3
A, Masson £ &M FHE-FHIE AL IR R ARKTE, Western blottmg o A 2e 22 MAPK .ERK ., Bec-
linl A& %X H a4 3(LC3N)EO KT, B MRMALFHEMNMNMAL P MAPK, ERK & & K F,

HR Larmarii, g a ) f FEV, , .PEF ¥ Bk, fﬁiﬁﬁeﬁ1+¢iX(P<O 05); H5e¥wiartsn, &%
é]#%céﬂ FEV, s .PEF 343§, 2 739 A%t 5 &L (P<<0.05), HE X &4 R 2=, 2 A AT L AETE
R KAMZARFFRESIHAEATG; LA TIHRKREFRH EHH A E, Masson 2 EL R R+,
g R EAEFENEE AL ABTLRRREAR:; ZLAHR IR LAT RN AR E, AR K
JRITAR M, Y, Western blooting %M & R 2 7, 52 B &, % w0 K482 MAPK,ERK, Beclinl .
LC3 Ak RKFHEm, ZFH AL FENL(P<0.05); 5w bR, £ & 344/ M4 P MAPK,
ERK,Beclinl \LC3 [l &k K-F Bk, 2 FH A %15 &L (P<0.05), Har@as,gma X FEV, ;.
PEF B1&,MAPK .ERK .Beclinl \LC3 Il & & & A K-F ¥, £ F ¥ A %t FEXL(P<0.05), 5%wmak
#5,Selumetinib 28 FEV, ,; .\PEF 3434 72 ,MAPK .ERK ,Beclinl \LC3 [l & & & ix K -F ¥ Bk, £ F 39 A %it 5
BN (P<C0.05), &it ZEaA4FTHRE% W DKWY, LAH Ta 5 MAPK/ERK 12 5 i@ %/~ 345 A %
e

KR Ew; WS R84 MAPK/ERK 5@, A%
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Mechanism of montelukast in improving lung injury in asthmatic mice through
autophagy based on MAPK/ERK signaling pathway "
LIN Yanyan',PEI Jian®,XIA Yandong®

1. Department of Pharmacy sthe Third Hospital of Tangshan,Tangshan , Hebei 063000,China ;

2. Department o f Neurosurgery ,Tangshan Gongren Hospital , Tangshan , Hebei 063000,China ;

3. Clinical Laboratory Department , Kailuan General Hospital , Tangshan , Hebei 063000,China
Abstract:Objective To investigate whether montelukast can improve lung injury in asthmatic mice,and
to explore its possible protective mechanism based on autophagy mediated by mitogen-activated protein kinase
(MAPK) /extracellular signal-regulated protein kinase (ERK) signaling pathway. Methods Sixty specific
pathogen free (SPF) BALB/c mice were randomly divided into control group, asthma group, montelukast
group and Selumetinib group,with 15 mice in each group. Forced expiratory volume in 0. 15 second (FEV, ;)
and peak expiratory flow (PEF) were measured by pulmonary function analyzer. Hematoxylin-eosin (HE)
staining was used to detect the pathological morphology of lung tissue. Masson staining was used to detect the
proliferation of smooth muscle and collagen deposition in lung tissue. The protein levels of MAPK, ERK, Beclinl
and microtubule-associated protein light chain 3[[ (LC3I) in lung tissue were detected by Western blotting. The pro-
tein levels of MAPK and ERK in lung tissue were detected by immunohistochemistry. Results Compared with the

control group,FEV, ;; and PEF in the asthma group were decreased,and the differences were statistically sig-
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nificant (P<C0. 05). Compared with the asthma group,FEV, ; and PEF in the montelukast group increased,
and the differences were statistically significant (P<Z0. 05). The results of HE staining showed that the mice
in the asthma group had pathological morphological damage such as bronchial wall thickening and inflammato-
ry infiltration. The pathological changes of lung tissue were improved in the montelukast group. Masson stai-
ning showed that the bronchial smooth muscle of the asthma group was thickened,and a large amount of col-
lagen was deposited around it. In montelukast group,bronchial smooth muscle hyperplasia and collagen depo-
sition were reduced. Western blotting showed that compared with the control group,the asthma group had sig-
nificant increases in the protein expressions of MAPK, ERK, Beclinl and LC3 Il in lung tissue (P <C0. 05).
Compared with the asthma group, the montelukast group had significant reductions in the expression of
MAPK,ERK,Beclinl and LC3 I in the lung tissue (P<C0. 05), Compared with the control group,FEV, ;; and
PEF in the asthma group were decreased,and the protein expression levels of MAPK,ERK, Beclinl and LC3 [l
were increased,and the differences were statistically significant (P<Z0. 05). Compared with the asthma group,
FEV, ;s and PEF in the Selumetinib group were increased,and the protein expression levels of MAPK, ERK,
Beclinl and LC3 [l were decreased,and the differences were statistically significant (P <C0. 05). Conclusion

Montelukast can improve lung injury in asthmatic mice,and its mechanism may be related to autophagy medi-

ated by MAPK/ERK signaling pathway.

Key words:asthma; lung injury; montelukast;
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KRB 2N 7l Finepointe-RC % Jili Ty B X W4 [ 3
BUXCO A #],

MAPK/ERK signaling pathway; autophagy
1.3 Kk
13,1 B/ EUBCAL R g Ny B L B A AR

5 Selumetinib /NS 0.7.14 d M B E 5
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(FEV, 5) I m A (PEF) .

1.3.3  JRARZE-PHL (HE) e (06 I /)y 5T 20 2055 #
UG B K AR A R A5 N BRI ZH 80 R
64 CHEEE 10 min, KK AE — H R F AT 8RB £ BV
W PEATIE B K . K AL 2] R oK AR S ST i R
AREZEJW 3 min, BA KA S SR 5 TE 41 /N K T +¢
ZE Pk 15 min, 3G B YW 3 min, KRB AR
TT0 BE 2 TSt YRR — FP 2 b A7 T K 3 B 3 o
LR A | P U e S Rald X W 5= D VU =S54
Ja B N A IR,

1.3.4  Masson G4 {8 K5 I /)N BRI 20 20 rp S 3 L3S A=
S5RFETORUE O B A5 4l /N B 41 2100 7 8 0 4% Ak
HE H KK BE% Regaud FR ARAE L 5 min, ff H7&
K Ve E R 42 V) i3 A Masson i & 40 iR PE & 41
W 5 min, FHRA 220 0KBS R W T 3 min, 1208
7K 3 min, B INA B 5 YL 4 5 min, 32 A 0. 2% VK R



HIEF 5K 2024 £ 10 A% 21 %% 20 3 Lab Med Clin, October 2024, Vol. 21, No. 20 + 3035 -

W 3 min, PRI A B BE OB TS W OR
VR TP K G B Al R PR e S S R R S A R
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N A0, 8 PBST ¥ Wk J5 8 I & 6 W g O i S
W45 RO G AT e Hr gt .

1.3. 6 4 2U4k 2 g o ke i /N B 4 40
MAPK .ERK & K i 45 45 309 45 41 /)N B
HAYF 64 CHEME 10 min, KRB A W EBE S
b BE 2 T WP K AT S L RS R LR B B
Smin, FFA L) H AR 1S FH 25 08 K I Uk L T 2t
S AL 6 L BT 00 7 10 min, 15 VRS T I — BT F 60
min, {f GE G P8 E 20 min, 0 DAB B H 1
min, 37 A ZEE K 20k WAL % 75 K FE 3min e 40
MIA% AR R 2 B W o Ak 3 s S B K wh vk S B
K GBI PR B R B OUER .

1.4 Siib2eabs SR SPSS23. 0 48 i 4 3 17 %K
LTV s o T 4 T sl e F N 1 S D
xts Fon AL ] BRI ST FEAS ¢ R 0, 2 4 )
LA R R B R 2R T 22 40 BT 22 A Ta) B PR B AR
LSD-¢ k5. THECT R LB B sk i o R KRR, 4L E

MR KK, DL P<<0.05 NERAZIT¥E L,
2 & S
2.1 XPHRAH eERRAH =S R R4 FEV,  JPEF Lk
5 g, B 41/ R FEV, ;L PEF # %
K, 2R WA G 5 L (P<T0.05); 5 B4 1L,
W B HFE4 FEV, ; JPEF BB, 22 5 ¥H Gi it 5
X (P<C0.05), W3 1, HE JLa2h R 5 ox, BG4/
BURT WL S2 R4 BERG TR R R 12 T B 35 46 95 P2 B S B
i 5 B A 4R 2H AT UL i 2H 200 B 208 S B T s
(F 1A)., Masson a5 1 g 7R, 2 41/ BSOS
SF- Vi WL JE L L HC ] PR AT AL A o R s o R R
A /N BRSSO T T DL AR e, TR R D e B O 2
(K 1B),
2.2 XPHRAH NG 2H E A A R4 MAPK . ERK ., Bec-
linl . LC3 Il #£iA/K 8  Western blooting 46 | 45
R, 5 IR A, B i 2 /N BRUS 20 2 MAPK
ERK.Beclinl \LC3 Il £ H & IkK 10, 22 786 50
THF R (P <C0. 05) s 5 M 4 HL A, o & Rl AR AL/ R
Jiti 20 21 v MAPK .ERK ,Beclinl .LC3 [l & [ %35 K F
FEAR . Z S A G # R L (P<<0.05), W3 2,

£1  BEANREIEELLE(x+s)

2 n FEV, ,;(mL) PEF(mL/s)

papiistii 15 1.18+0. 25 10. 7541, 30
W Wit 2. 15 0.50+0. 10" 4.94+1, 25"
W F R AL 15 0.79+0.08" 8.26+0. 83"
F 12. 87 19. 46

P <<0. 001 <<0.001

TE 50 IR L # L P<C0. 05 ; SR mR 4 [ 4%, P<C0. 05,

T A H-E YR 0/ U ZH 200 P24 508 3 B S Masson 34 60 85 /N BUF- 1 LG A 5 I R0 BUK 7,
B 1 FBHNMRMBRREBFERE (200X ,#R 100 pm)



