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Effects of ambroxol hydrochloride on IL-17/STAT3 pathway and airway
hyperresponsiveness in mice with bronchiolitis
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Abstract: Objective To investigate the effects of ambroxol hydrochloride on airway hyperresponsiveness and interleukin-17
(IL-17)/signal transduction activator of transcription 3 (STAT3) pathway in mice with bronchiolitis. Methods Seventy-two Balb/c
mice were randomly divided into control group, model group, budesonide group (20 mg/kg), high, medium and low dose ambroxol
hydrochloride groups (60, 30, 15 mg/kg) according to the random number table, with twelve mice in each group. Except for the control
group. The mice in other groups were made into bronchiolitis model by nasal drip of respiratory syncytial virus (RSV) suspension.
After modeling, mice in the drug groups were given the corresponding dose of drugs, while mice in the control group and model group
were inhaled with normal saline, once a day, for 7 d. The airway resistance (SRaw) in conscious mice was measured by dual chamber
plethysmography. The levels of serum IL-17, IL-6, and 1L-23 were detected. The virus titer in lung homogenate were measured by
plagque method. The pathological changes of lung tissue were observed by HE staining, the expression of IL-17, p-STAT3, and STAT3
in lung tissue were detected by Western blotting. Results Compared with those in the control group, sRaw, levels of serum IL-17, IL-6
and IL-23, virus titer in lung homogenate, protein expression of IL-17 and p-STAT3/STAT3 of mice in model group were significantly
higher (P < 0.05), the structure of bronchus and alveoli of lung were destroyed, a large number of inflammatory cells infiltrated, and the
bronchial airway became narrow. Compared with those in the model group, sRaw, the levels of serum IL-17, IL-6, and IL-23, virus titer
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in lung homogenate, protein expression of IL-17 and p-STAT3/STAT3 of mice in budesonide group, high and medium dose ambroxol
hydrochloride groups were significantly lower (P < 0.05), the inflammation of lung tissue was significantly reduced. Conclusion
Ambroxol hydrochloride can inhibit the expression of inflammatory factors, reduce airway inflammation and airway

hyperresponsiveness in mice with bronchiolitis, and its mechanism may be related to blocking IL-17/STAT3 pathway.

Key words: ambroxol hydrochloride; bronchiolitis; airway inflammation; airway hyperresponsiveness; interleukin-17/signal transduction
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CERAE T2 N T L SO I e ARG SR R
PaTT, ACRRE, WEHEERTXRERE,
CRIBRE R, (RER AR FE, RRRI P ZE,
PRI D REIETY; [ ] A A= v S SN 58 P A
TR Wb B B, SR BLA A RN R
17 (L-17) fEBSCE R B LR LIS T K-
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T fi ) SPF 2% Balb/c /MR, 72 1, 6~8 Jaiit,
R 18~22 g, I H G si E B HIR A A,
HHAES y SCXK (%) 20140007, A shi e
ALY TR SR, RN (24£2)  C,
BN 50%~60%, 12 h BHIEAE®, H HIKK R
o BhWSEES 7 28 CUil i i me R 2 B A 7L R
OB BRI F 25 ol stk JBE (SEREY)
(3 BN 57 ) o
1.2 A&, WFIRILEE

ih R & IR R % W ( Boehringer Ingelheim
Espana, S.A., _yFEARAS B 8 25 A R A & 5
$¢, 2mL 1 15mg, A5 201806); RSV (1L

REWE AT MHBRERNSIEZH QL ARG
NEHIZGER AT, 01 mo/dk, Erits.
20170016); ANEijE (HeLa) 4ifls (ATCC, Lifg
MEH LR ARA A D) BRW w8 75 5 10 4
NB-150U [ ‘RiE s L F-ihilis (Raid) ARRAR J; W
R R IC R G0 CRR U TE FHL g i o7 44 6 )
&L, % [E Buxco Electronics); HE Zetfik .
RIPA R A1 BCA IFl& CGEaRAEMRHHA
"], fit5 %4 C0105. PO013B. P0012S); /I
B IL-6 (MU30044). IL-17 (MU30074). IL-23
(MU30073)ELISA 55 &350 B B3 I S A1)
BHEH R AT %P0 IL-17 (ab79056). 5 51& %
B WOE AT 3 (STAT3, ab68153). p-STAT3
(ab76315). p-actin (ab8227). 11 ¥ Hifk IgG H&L
(HRP, ab205718) ¥y H %E Abcam A H]; £
IhREMEbR1X (iMark680, Bio-Rad A#]); 26T
s (HA Olympus 24 7).

2 Rk

2.1 RSVIEE&RMHIF

HeLa 4t }fd 52 755 , WX 50 uL RSV £ T~ Hela
giME, MA MRS IA S 70%~80%H, AR
IR, —80 ‘CHI 37 ‘C/REVRRL 3K, 4 C.
10 000 r/min &> 10 min, B BB, 25 PEvE 2 7
BRI, TR R Y 1108 PFU/mL, —80 C
UKFEDRAT 25 H
2.2 TP ERIEEGI&

KHBENLE TR0 72 J/NREERL > X8
. BRI, A AL (20 mglkg) . HRERIRE
B . {KFE (60, 30, 15 mg/kg) I, AR
12 Ho BRXtHRALAh, HAR &2 /N S B Sck g 702
F RSV VR BRI 5592 2 ) B A SV 98 /N RS,
FE/IN BRI B2 Y3 N RSV JRE 100 uL, X R4
K55 Hela 4G 72 HISWom &, 1 kid, &
W 2d, 28 3 RMERBEALE L/ R HIZ i s
VU AR L, WP, TEBN SIS, B
BF /) RS B ) £ ) o
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2.4 BMANFERRAGN
241 R ICEA I BRAERR /) (sRaw)
B RS THERI /N BB BEIRES T 1) sRaw, £
T8 v SR, AR S AR e SR AR A ZE T
HosRaw fH. &R /NS ANA 21 EE KRR B i
B4 ) 2T E AR (3.125. 6.25. 12.5. 25, 50 mg/mL)
1 min, LabChart Pro 8.0 {3 Jll1ic>% sRaw 5 min, H(F
BIE A ZIRFE R sRaw.
2.4.2 ELISA K ME IL-17.1L-6. IL-23 /K X
TERH A e G, 254/ BB, 1 000 r/min &5
L 5 min, 73 B L7, ELISA K& i 1L-17.1L-6.
IL-23 K-
243 MHZURFEMENE HBULfE, AN,
M, B /NG, Tk EHERFART]
RN 385y, —HMrE TGS, —80 CfR
fF; — 8 A% 2 SR E; 55— mAT
A KIS, &0, W SR, RWEYE
FRBCR It 2R 50 3 3 TR RE AN [RR BERR FE,
A F % HeLa 4Hfafr) 96 FLAR 1, S5 T W41
1L, TS 7 RG2S I R
2.4.4 HE Bl 2t B 4% 2 K H
M e RIZHZY, CRERRREIK, A e, #8)) 3
um R, RGO, BREEEERZR 1 min, ZEIEK
M. WL HE Guth, DB TSI AL
2.4.5 Western blotting A& fifi 2H 24 rp AH 5C 28 F 3R

ik HG-80 CUKFHLRAFIINGLHL, A RIPA 2
WS, BTUKE, BEEEC, R EERA
BEARH. H BCA ENEEAWEFINERE
FREES (30 ng/fL), SDS-PAGE Bl Huvk, TR4%
TRERIE, 5% RE IR P, AR —HT (IL-17.
p-STAT3. STAT3 %[ 1:1 000 LLfpldksrFifs.
B-actin #% 1 : 5 000 LL#liEAT#RE) T4 CTHE
R, HRPARICFEPif 1gG —H1 (1:5000) =
EWHE 1Lh, ECL &, Ll B-actin NNZ, HidEH
WNSKEELE, 15 H B B EH A R IE K
25 GtESHh

IR SPSS 22.0 #4741, iHEE
BIPAX s Ko, PIAIRIELECRH 1G5, 24t
RPN E 7204 (One-way ANOVA), 4 A]
A Z5E—0 R A SNK-q £ 5:; PLP<<0.05 HZE 7
Bt Lo

3 4R
3.1 HEEREX/ER sRaw BIFZM

LGt HRdAALE, BN sRaw B TR (P<
0.05); SHEAHM L, fitth 73 AR PR EIRER &
H RGN sRaw BE R (P<0.05); 5
MR AL, HRERRE A EL /DR sRaw
RS EE S R L.

32 EERFREX/NRIMFE IL-17, IL-6 IL-23
IK B2

XM, BIRA/NR MG 1IL-17. 1L-6.
IL-23 KT RETHE (P<<0.05); SHERIIAHLL, A
M R AR R = P RN R
IL-17. IL-6. 1L-23 /KPR RFEK (P<0.05); HAf
R EEA AL, FRREIRE S EA M 1L-17,
IL-6. IL-23 /K PFERTEF IR WK 2.

F1 HBRREREN/NE sRaw HISNE ( x£s,n=12 )
Table 1 Effect of ambroxol hydrochloride on sRaw in mice ( x s, n =12 )

sRaw/(s-cmH.0)
4151 FE/(mg-kg™) A ik T FR R,
3.125mgmL™? 6.25mgmLt 125mgmLt 25mgmL? 50 mgmL?

pagit — 0.86+0.10 1.25+0.13 154+0.17  2.08+0.25  2.67+029  3.51+0.42
Y — 1.47+0.16°  1.88+0.19" 289+0.31" 3.75+040" 4.62+048" 6.13+0.57"
i Hh S 1l 20 1.31+0.14"  1.46+0.15%  1.87+0.22"% 245+0.26" 3.05+0.32* 3.87+0.46"
SR EIRE 60 1.29+0.13°  1.49+0.47%  1.92+0.24™* 251+027% 2.97+0.33% 3.94+0.45"

30 1.38+0.16"  157+0.16™* 2.34+029"** 2.89+0.32"* 3.77+0.39"* 4.55+0.50"

15 142+015"  159+0.18"* 257+0.28%* 3.27+0.38"%* 4.23+045"%* 587+0.53"

SRRl "P<<0.05; SHIRILLLEL: P<0.05; SATHAEELALLLEL: “P<<0.05; 1cmH,0=0.098 kPa
P <0.05 vs control group; “P < 0.05 vs model group; *P < 0.05 vs budesonide group; 1 cmH,O = 0.098 kPa
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*2 EBMESREMNRME IL-17¢ 1L-6 1L-23 KFEHISNE ( xxs,n=12 )
Table 2 Effect of ambroxol hydrochloride on serum IL-17, IL-6, and 1L-23 levels in plasma of mice ( X s, n=12 )

2H 51 Fil &/ (mg-kg™) IL-17/(pg mL™1) IL-23/(pg ML) IL-6/(pg mL™)
it R — 42.25+7.21 48.55+7.33 56.21+9.15
it — 95.14+8.32" 115.63+13.26" 138.25+12.08"
Fiipeip 20 55.21+6.14™ 72.06+8.18" 71.38+£9.23"*
HIREIRE 60 57.77+£7.35% 75.15+9.74* 75.49+8.67**
30 83.324+8.37"%4 86.88+8.58"#* 93.03+£10.91"#4
15 88.43+9.14™#4 97.74+10.72"#* 115.14+11.88"*

XA "P<0.05; SR *P<0.05; SAiMiAEmEALE: “P<0.05
P < 0.05 vs control group; *P < 0.05 vs model group; “P < 0.05 vs budesonide group

3.3 EhESEEZEN/NELATLALR S 2 RS BB * 3 HEBEEEEMIRMEAAIRFESEENEN

E X IR AR, B /N B4 23 2] O B 1 (X#s,n=12)
HEEZEHAE (P<0.05); SHERIHMEL, fFHEs Table 3 Effect of ambroxol hydrochloride on virus titer in
HMER AR R = P AR/ RS K lung homogenate of mice ( X +s,n =12 )
995 BRI T S I (P<<0.05); S5 i As fl M L, 413 FIE(mgkg™) I /(X 105 PFU-g )
R RSN EAMHLA SRR TRHEEZRLS dH — —
ARG W& 3. g — 4.14+0.28"
3.4 BRREFURFRIN/NRAMELARIEE LR it 2 4 20 2 89+0.23"%

HE ettt RIE IR, I ZH /)N 5T 2H 25 ity 25 AR 60 3.07+025%
Hagese, ROLRPEANIEE: SX AL, B % 33140035
/NGRS R B S R, KR e o 2642034

é “'g'“‘f, 7?E #i EI’ 7?5 He . . E #%U
MR, R, BT K SR SRR P<0.05; UL P<005: SAiHbZE

AL, A2 AR E R . TAIRAN ps. soenos
SR ZHZA 98 RE B B s, RMegipuig, KERE *P < 0.05 vs control group; *P < 0.05 vs model group; “P < 0.05 vs

SO BBCT L KRR R WL 1. budesridegroup

HIREIREK 60 mgkg™? HRIRAIRZ 30 mg-kg * HIREIRE 15 mg-kg*

1 EBMEUREX/DRMALNREERAFMm (X100, HE)
Fig. 1 Effect of ambroxol hydrochloride on pathological changes of lung tissue in mice (<100, HE)
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Western blotting 25 B i ~, SXIRAMEL,
RYH /NI R A 1L-17. p-STAT3/STAT3 Fik
FItm (P<<0.05); SHEIAIAHAHLL, Az fEsH A

MMERR . PRIELANRGHS R IL-17,
p-STAT3/STAT3 FKIAHEFEK (P<<0.05); HAilth
RIEHAEE, FRREIRZ m R EAMMAL T 1117,
p-STAT3/STAT3 FHHKRIAER LA I FE L 4R
W 2. % 4.

L1y »— CEEED @ —— Gy e—

PSTATI v . ——. — RN GRS
STATS e S <Saeee> AN SN s

pctin (D D G GRS TS S

PO PR A 60 30 15

HREIRERI(mgkg™)

2 HFEEIRFMNEAELF IL-17, p-STAT3, STAT3 ERAFREMFM
Fig. 2 Effect of ambroxol hydrochloride on expression of I1L-17, p-STAT3, and STAT3 protein in lung tissue of mice

® 4 BEREURZRINNRAEAR

IL-17, p-STAT3. STAT3 EEFEHIEM (X £s,n=12)

Table 4 Effect of ambroxol hydrochloride on the expression of IL-17, p-STAT3, and STAT3 protein in mouse lung tissue

(Xx*s5,n=12)

A5 FIE/(mg-kg™) IL-17 p-STAT3/STAT3

it iR — 0.38+0.04 0.4540.07

L] — 0.8940.07" 0.9340.12"

i Hh % 1 20 0.54+0.06™ 0.6840.08"
60 0.57+0.05™ 0.7240.07"

HREIRE 30 0.69+0.05™4 0.82+0.10"*
15 0.8440.07* 0.89+0.11"*

SRR LR "P<0.05; SHERAILE:: *P<0.05; SAiihZEA L “P<0.05
P < 0.05 vs control group; *P < 0.05 vs model group; *P < 0.05 vs budesonide group

4 g

RSV & 5| A Bkya el A 2240 ) LT WP B g
Bid s IR E R . BT R RSV BEYLE, Wit
RNA BEERFSAFAE THUAN, SLEKIAE M RIE %
SEAE R SOV TE (AHRD, o BAZRIN e 0 S
BN L4 5] TS R P e M il (COPD) 13141, 3%
AEERAN 20K P s BB LSO EE R, NS E £ 4

R IRZ NIGIRH FH IR 29, I ER
Iz T BMSCRE RIGTT, SRS H
JTRUYI, B R RE R LIRS TR . o R L
S P T N i i v e N SN 2= =
HFEAE A, IS AR T, DR A
JIFET AL 1617, ACHIF 5T 38 RSV i & 4 8/ BB 4

TARERER, SR RDER/NR sRaw. IL-17.
IL-6. 1L-23 /K-S 35 Fhvm, Jfis S U S e 6 4
BN, KRERMAIZT, XREREERE
Ay HIHA S KRB R E & T IEE /NS, W
B RSV JEHLE S/ B B 5 A S S A A
ARIE R M . AL E SRR I B GH SR 9 8L
Mg IL-17 fFEEERIE, SARMAL R —5%. m
BTHRARE TG, /D sRaw. IL-17. IL-6.
IL-23 KB S BRA, il 2H S 9ORE BE S ek, R
FiRERE . ARSI, K SRR, B
LS IR D PG, SR R IR R AT
BB SR KK RAIE RORE SN E 5 B
Py AEILAE WL A B
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IAER L 243 K IL Th17 1 IL-17 5 RSV &
Lff e E RS YIAROE, M HORBL B SR % R
JUANE I Th7 Hf AN 1L-17 /K735 S e ik e,
IL-17 & —Fh E B Th17 A RE £ I8 7, %
hiE BRI RE B, e S R AR
EJRE R TR B K A I L, T BEAE ST 980
AIE RN PPIRGE B L BT B RS R
ZJ7 %5 RSV B SE RV AR E AT
FLIRIFE I RSV B T/ B 1L-17 FAfiti 23
IL-17 BARIEEEH & T IEF /AR, mHImE IL-6.
IL-23 7K~F-F1 p-STAT3/STAT3 & 1 F ikt B T
PR B SCRE KRR STAT3 G B 4 B0 -
STAT3 &2 —FiE 516 3 S FWE R+, W LLEYF
A5 TS R R R P EOE KIEER, IL-17 7
fie it STAT3 IIBEIRAL, X T il dl 2L b R 821 K E 22
S E TN, FHIKT IL-17/STAT3 4% af 15 & LK 1
MERIE, A RANHISIERIER), Ma 2RV BT
IL-17 BB/ T, p-STAT3. IL-6 ik /KP4 BEAK,
BAAR IL-17 FO7K PRI 3] STAT3 O3 1M SRR
TR AR I A A K BRI ZZR Thi7/Treg Vi,
PR SR R R NI, AR TR LGS T LR
IR G /DR 1IL-17. p-STAT3/STAT3 &
IR B R B, o SRR 2 IR & 1T A8 38 1ok BH Wy
IL-17/STAT3 i&4%, Wil J 1R ¥Rk .

AT, ERRRE IR R T 2 PE R TR
1K, PR B H S A /) BB AOE IR AN RTE
SR HAE LS AT AE S5 FE I IL-17/STAT3 i&1%
Ko AWFICEZENSIIIKFIAT THEEHF T, F
— 5 DAR SN LK i3 — DR AR T IR IR R
o BYH S SE R S IL-17/STAT3 {5 5B BR A R4

FBRR HAGEAFAREEF SN R

SEEk

[1] Mersine AB, Amy T, Zhou C, et al. Associations between
quality measures and outcomes for children hospitalized
with bronchiolitis [J]. Hosp Pediatr, 2020, 10(11): 932-
940.

[2] Regina G C, Bibiane R P B, Priscilla H C A F, et al.
High-flow nasal cannula versus continuous positive
airway pressure in critical bronchiolitis: A randomized
controlled pilot [J]. J Pediatr Intens Care, 2020, 9(4):
248-255.

[3] Emilya E, Tugge T , Tugba E, et al. The incidence and
clinical effects of Bordetella pertussis in children

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

hospitalized with acute bronchiolitis [J]. Turk J Pediatr,
2020, 62(5): 726-733.

Omendra N, Anthony B, Katie M, et al. Updated
cost-effectiveness analysis of palivizumab (Synagis) for
the prophylaxis of respiratory syncytial virus in infant
populations in the UK [J]. J Med Econ, 2020, 27: 1-13.
Adenike O, Michael A O, Matthew | A. Microsphere
formulations of ambroxol hydrochloride: influence of
Okra (Abelmoschus esculentus) mucilage as a sustained
release polymer [J]. Prog Biomater, 2020, 9(1/2): 65-80.
Liu H B, Wang W X, Gao X J. Comparison of the
efficacy of ambroxol hydrochloride and N-acetylcysteine
in the treatment of children with bronchopneumonia and
their influence on prognosis [J]. Exp Ther Med, 2020,
20(6): 130.

A, Bk, B B & BIREIRRIRTHEIL
Jits 2 1) PR A ABLBIF 98 ek UG SE A [3]. 254 vRAR AT
7, 2019, 42(5): 952-955.

Li L, Xu L H, Wu X P, et al. Effect of Daigin
phlegm-expelling pill on development of inflammation in
rats with chronic obstructive pulmonary disease induced
by lipopolysaccharide and smoke [J]. J Tradit Chin Med,
2019, 39(1):59-64.

ARICHE, =K, MR, 5 BEREREILML
IL-4. 1L-10. IL-17 B3R R S [I]. Hh e A e
4L, 2020, 31(5): 649-652.

Zeng Z Y, Wang L, Ma W H, et al. Inhibiting the Notch
signaling pathway suppresses Thl7-associated airway
hyperresponsiveness in obese asthmatic mice [J]. Lab
Invest, 2019, 99(12): 1784-1794.

BRI, FEk, SREER, & HBREIRE X S LR
FHAZEAME R BATE 4L Rs2me [3]. b B R 2 B
Z:7E, 2020, 36(1): 26-28.

SRR, K, RARFY, 5. AALA) TS B g i Tkt
BN REBHVER D] P EAN TR,
2021, 25(7): 991-995.

Carlotta B, Alessandro R, Giulia P, et al. Rhinovirus
infection in children with acute bronchiolitis and its
impact on recurrent wheezing and asthma development
[J]. Microorganisms, 2020, 8(10): 1620.

Pio L, Gianfranco M. Nasal high frequency oscillatory
ventilation for respiratory failure due to respiratory
syncytial virus bronchiolitis: Case report [J]. AJP Rep,
2020, 10(3): 253-254.

Fli &%, PEROY. AR RIS iR IR R F AR
X B B UEREIN K S ThRE SR [0 2
RIGAREET, 2019, 32(6): 527-528.

TR, AR, SRR, & ERIREIRE N SR



F6HEFEH 2021F6 A

LY S

Drugs & Clinic

Vol. 36 No. 6 June 2021 - 1131

[17]

(18]

[19]

[20]

FHLRGIER BUMLTAEAL g2 [J]. oo I R 24 2 2
F=E, 2020, 36(1): 26-28.

Shota Y, Masanao Y, Keiko Y, et al. Effects of the
expectorant drug ambroxol hydrochloride on chemically
induced lung inflammatory and neoplastic lesions in
rodents [J]. J Toxicol Pathol, 2018, 31(4): 255-265.

CIS T I (= 1)) 0~ AN S B a2t i OB R RS S
HHR R B SCUVE R PEER []. T RE Y,
2019, 40(20): 2876-2879.

Li L, Wu Z H, Wu M, et al. IBI112, a selective
anti-1L23p19 monoclonal antibody, displays high efficacy
in 1L-23-induced psoriasiform dermatitis [J]. Int
Immunopharmacol, 2020, 89(Pt B): 107008.

Kim S H, Hong J H, Yang W K, et al. Herbal
combinational

medication of Glycyrrhiza glabra,

Agastache rugosa containing glycyrrhizic acid, tilianin

[21]

[22]

(23]

inhibits neutrophilic lung inflammation by affecting
CXCL2, interleukin-17/STAT3 signal pathways in a
murine model of COPD [J]. Nutrients, 2020, 12(4):
926.

Ma M, Huang W, Kong D H. IL-17 inhibits the
accumulation of myeloid-derived suppressor cells in
breast cancer via activating STAT3 [J]. Int Immunopharmacol,
2018, 59: 148-156.

Hu Z Q, Luo D, Wang D D, et al. IL-17 activates the
IL-6/STAT3 signal pathway in the proliferation of hepatitis
B virus-related hepatocellular carcinoma [J]. Cell Physiol
Biochem, 2017, 43(6): 2379-2390.

R, w2 1 % HREIRERIRT KR
THEAL Ve I BT 7T B ot TGF-B/Smad/ERK 15 54 5
JEEEFN Th17/Treg AU RATRISZMT [ A IR 231
2 5IR97 5, 2018, 23(11): 1201-1208.

[Fitmid & i]



