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Abstract: [ Objective] To compare the effects of metformin and montelukast on airway inflammation and remodeling
in the acute and chronic house dust mite (HDM) —induced asthma mouse models. [ Methods] HDM—induced acute and
chronic asthma mouse models were established and treated with 1mg/kg of budesonide, 200 mg/kg of metformin, or 10 mg/
kg of montelukast, respectively. The drugs were administrated via intranasal instillation or intraperitoneal injection 1 h or

30 min prior to each HDM challenge. Hematoxylin—Eosin and Masson’s trichrome staining were used to analyze the lung-
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pathological characteristics of mice. The score analysis of airway inflammatory cell infiltration and collagen deposition and
the measurement of bronchial morphological parameters including bronchial wall thickness and bronchial smooth muscle
thickness were determined by Image J software. Total serum IgE level, mRNA transcription level of inflammatory factors
IL-4, IL-5, and IL-13 were detected by ELISA and qRT—PCR.[Results] HDM-induced chronic model had significantly
increased total serum IgE level, airway collagen deposition and thickness of airway smooth muscle than the acute model (P
<0.05). Budesonide significantly attenuated airway inflammation in the HDM-induced acute model (P<0.05). Metformin
significantly improved airway inflammation (P<0.05) and had no significant effect on airway remodeling (P>0.05) in the
HDM-induced acute model. Both metformin and montelukast had no significant effect on airway inflammation and remodel-
ing (P>0.05) in the chronic model. [ Conclusion] Compared with the 26—day acute model, the 59—day chronic asthma
mouse model has a higher level of serum Igk, pulmonary Th2 cytokine transcripts and airway collagen deposition. Metfor-
min can effectively ameliorate airway inflammation in the HDM~-induced acute mouse model, and montelukast has no sig-
nificant effect on airway inflammation and remodeling in the HDM~-induced chronic mouse model.

Key words: chronic house dust mite (HDM ) —induced asthma mouse model; airway inflammation; airway remodel-

ing; metformin; montelukast
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Fig.1 Protocol of HDM-induced acute and chronic asthma mouse models
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Gene Forward Reverse

IL-4 5’-CTGGATTCATCGAGAAGCTG-3’ 5’-TTTGCATGATGCTCTTTAGG-3’
I1L-5 5’-CTCTGTTGACAAGCAATGAGACG-3’ 5’-TCTTCAGTATATCTAGCCCCTG-3’
I1L-13 5’-CTTAAGGAGCTTATTGAGGAG-3’ 5’-CATTGCAATTGGAGATGTTG-3’
Rpli3a 5’-CCTATGACAAGAAAAAGCGG-3’ 5’-CAGGTAAGCAAACTTTCTGG-3’
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=101.500, P<0.000 1; & 2C) A FLIE % 41/ B,
HDM 20 /] Bl 20 21 <18 9 0 12 1 3 40 1 (0.07+
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/N, HDM + BD 2l /)N VST 26 iE 12 1 40 B R AR
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0.13, P>0.05; 3.80+0.13 vs. 3.5320.23, P>0.05;
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#n 2 B S AE H FHERAKE

K ELISA J7 346 I /I BRI T & T 7K P, RA
TPA 2 Rty /)N BB RRY rp 25 21/ B 2 SR, BIZNER
AN X HDM 1555 LA K 259 1 145 5 | Ak 1) 28 25 S
BRI KT o 2P N P A 70 45 A B 2 5 X o
IE 5 21V 3 TgE K AR EAR 15 0 X 0 A9 22 b A%
B AE 2 /N BB AL (F, =104.400, P<<0.000 1;
B 3A)H A U IE A 41/ R, HDM 270N BRUMLIE & TgE
KIS E AR RO K, 22 7 B G122 & L (1.00+
0.08 vs. 9.89+0.63,P<<0.000 1; €] 3A) ; #H L HDM 41
/NG, HDM + BD 217N BRI 6L TgE KB AIG, 25 53
B A 43 % = X (9.89+0.63 vs. 1.67+0.09, P<
0.000 1; %1 3A) , HDM + Met ZH/N BRI 375 . TgE 7K -
FEAG, 22 5 AT 4o it 2% & L (9.89+0.63 vs. 2.99+
0.47,P<0.000 1;& 3A),HDM + BD 21 /)N ELIfiL 75 &
IgE K V- FEARFR RS SR . FEMB PR /N BB AL (F
=11.640, P<<0.000 1; ¥ 3B) v, #H Lb 1E 5 41 /N,
HDM 20 /N BRIl 5 Lok A3 s A Ao, 2 7 A
F 4 it % 2= X (1.00+£0.06 vs. 59.07+10.20, P<
0.000 1; & 3B) ;A It HDM 20 /N )., HDM + BD £/
BRI T BN IgE K- BEAR, 2 R B A St 2 X
(59.07+10.20 vs. 13.60+3.82, P=0.00 1; & 3B) , i
HDM + Met 21 F1 HDM + Mont 2H /> B IfiL 775 . TgE 7K
T, Z 5 EA G E L (59.07£10.20 vs. 38.74=+
7.12,P>0.05;59.07+10.20 vs. 34.68+7.15,P>0.05;
K 3B) iz 45 R 5 A RIEVE A — 8. = H UK
B T T 2 o P 2 i A5 75 v T I 250 il HDM
5T 10 6 TgE AP 7R 18 A A vh — HOSUNOR o 6
AR BRI B IgE K o FRATTIE X S v g
P e P ¥ D R A6 4% Ao 3 2 /N BRI T A T K R
B AR HEAT AR B X ¢ A5, AT ULAH He S ad fekk
I M A TR PSS TR /)N BRI Y7 A T 7K -3 5 7K1
g 2% (HDM 41 : P=0.001, HDM + BD 41 : P=0.014,
HDM + MetZH : P=0.001; % 3C) .

S5 AT ST 20 RN A e 0 M S A 4% Ak
PHZF H A [A] 19 9 i 240 i 922 1 R B0 RN A TgE K-, &
PEREARL AT UL SUNIORD o 6 ) Rk A 100 0 3
M3 HDM 3755 19 98 RE R0, RN 3k #5052 g i 7E 12
BRI AU ZE 21 2 3 A E . FRATTE— 20X &
P 2o B 2 g /N R4S 2 2 78 9 0E TR I st K
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Saline HDM + BD
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HDM + Met HDM + Mont
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5+ 2)

4+ (X )

LAl

Saline HDM  HDM+BD HDM+Met B

N

-

Airway inflammatory cells
inflitration score

Airway inflammatory cells
inflitration score

Saline HDM HDM+BD HDM+Met HDM+Mont C

(A) showed representative pictures of H&E staining lung sections of each group. The black arrows indicated the infiltrated inflam-

matory cells. B&C showed the airway inflammatory cells infiltration score of acute (B) and chronic (C) HDM-induced asthma model,

respectively. Data were presented as mean + SEM (n=5/group). Tukey’ s multiple comparison test after ANOVA was used to compare

different treatment groups in acute or chronic. Unpaired t—test was used for comparison between the same treatment groups of acute and

chronic. " P<0.01,”P<0.000 1, ns stands for no significance. S: Saline; H: HDM; H+B: HDM+Budesonide; H+M: HDM+Metfor-

min; H+Mo: HDM+Montelukast.

E2 HDM SRS MmN FRAREL A i 40 R B 4 IE AN R AE TR 5

Fig.2 Lung histopathology and inflammatory score of acute and chronic HDM-induced asthma mouse models
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TAUHE IL-4 IL-5 IL-13 ) mRNA %% 55K SE-25 4 T+
15 (IL-4: 1.08+0.21 vs. 17.07+0.86;IL-5: 1.03+0.12
vs. 8.7620.79; IL-13: 1.08+0.24 vs. 182.57+19.05,
P <0.000 1; ¥l 3D) ; #H [t HDM 4 , HDM + BD 2
IL~4 IL-5 IL~13 i) mRNA % 5% 7K By A4 B AR (1L~
4: 17.07+0.86 vs. 2.23+0.57; IL-5: 8.76+0.79 uvs.
1.70+0.37; IL-13: 182.57+19.05 vs. 17.87+1.94,
P <0.000 1; & 3D) ; #H k. HDM 4 , HDM +Met 21
IL~4 IL-5 IL—13 # mRNA ¥ 5% 7K - ¥4 [ AR (1L~
4: 17.07+0.86 vs. 6.33x1.30; IL-5: 8.76+0.79 us.
3.80+0.53; IL-13: 182.57+19.05 vs. 83.85+5.98,
P <0.000 1;E13D) ., 7EAPE b St 2 iy 1) 25 Ak 3
ZHrf, AH L Saline 41, HDM 20 fi4 2 % 48 5iE IR 74 4%
IL—4 IL-5 . IL~13 (") mRNA 5% 5K SE- 254 T (11—

4: 1.0220.05 vs. 74.69+7.78; IL-5: 1.04+0.09 us.
33.65+2.86; IL-13: 1.18+0.25 vs. 548.94+63.26,
P <0.001; % 3E) ; # tk HDM 41, HDM + BD 41 IL-
4 IL-5 IL-13 ) mRNA 5% s K V- 35 4 BEAK (IL-4:
74.69+7.78 vs. 13.87+1.30; IL-5: 33.65+2.86 uvs.
5.26%1.30; IL-13: 548.94263.26 vs. 102.57+15.13,
P <0.01; % 3E) ; # - HDM 4 , HDM + Met 4 IL-4
mRNA %% 5% 7K S [ AR (IL-4: 74.69+7.78 vs. 50.36+
7.18,P <0.05; 181 3E) ,IL-5 IL-13 mRNA %% 5 /K F
2R LG 2 X (IL-5: 33.65+2.86 vs. 46.71=
7.95; [L-13: 548.94263.26 vs. 416.99116.74, P >
0.05; [ 3E) ; #H tk HDM 41 , HDM + Mont 4 I1—4
mRNA %% 5% 7K S [ AR (IL-4: 74.69+7.78 vs. 45.82+
479,P <0.01; K 3E) ,IL-5 .IL-13 mRNA %% K F-
Z R LGB X (IL-5: 33.65+2.86 vs. 18.68+
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A&B showed the total IgE level in serum of acute (A) and chronic (B) HDM-induced asthma model, respectively. (C) showed the different total
IgE levels from each treatment group of between acute and chronic HDM-induced asthma mouse. D&E showed the mRNA expression level of type 2 cy-
tokines, including IL-4, IL-5 and IL-13 in acute (D) and chronic (E) HDM—induced asthma model, respectively. (F) showed the different type 2 cy-
tokines mRNA expression levels, including IL—4, IL=5 and IL-13 from each treatment group of between acute and chronic HDM~induced asthma
mouse. Data were presented as mean + SEM (n=5/group). Tukey’ s multiple comparison test after ANOVA was used to compare different treatment
groups in acute or chronic model. Unpaired t—test was used for comparison between the same treatment groups of acute and chronic. 'P<0.05, ¥P<
0.01, YP<0.001, ¥P<0.000 1, ns stands for no significance. S: Saline; H: HDM; H+B: HDM+Budesonide; H+M: HDM+Metformin; H+Mo:
HDM + Montelukast.
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Fig.3 Comparison of total IgE level and type 2 response in acute and chronic HDM—-induced asthma mouse models
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Table 2 Bronchial wall thickness between acute and chronic allergic asthma mice [ (¥ + s), n=5, mm ]

Groups Acute Chronic
Saline 0.014 61 + 0.001 12 0.018 00 + 0.000 79

HDM 0.038 03 + 0.006 42 " 0.038 64 +0.00394
HDM+BD 0.024 08 + 0.001 03 ™ 0.031 02 +0.004 58 ™
HDM+Met 0.024 37 + 0.003 98 ™ 0.036 71 + 0.005 16 ™
HDM-+Mont 0.055 22 +0.003 20 ™

Y"P<0.01, ns: stands for no significance.
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(A) showed representative pictures of Masson’s trichrome staining lung sections of each group. B&C showed the collagen deposi-
tion score of acute (B) and chronic (C) HDM-induced asthma model, respectively. D showed the different collagen deposition score
every same treatment group of between acute and chronic HDM—induced asthma mice. Data was presented as mean + SEM (n=5/
group). Tukey’ s multiple comparison test after ANOVA was used to compare different treatment groups in acute or chronic. Unpaired
t—test was used for comparison between the same treatment groups of acute and chronic. "P<0.05, YP<0.01, ¥ P<0.000 1, ns:
stands for no significance. S: Saline; H: HDM; H+B: HDM+Budesonide; H+M: HDM+Metformin; H+Mo: HDM+Montelukast.
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Fig. 4 Comparison of collagen deposition levels in HDM—-induced acute and chronic asthma mouse models.
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Table 3 Bronchial smooth muscle thickness between acute and chronic allergic asthma mice [ (¥ + s),n=5, mm |

Groups Acute Chronic
Saline 0.007 05 + 0.000 48 0.008 49 + 0.000 66

HDM 0.025 46 + 0.005 34 * 0.036 73 + 0.004 48 ¥
HDM+BD 0.014 01 + 0.001 33 ™ 0.019 99 +0.003 10
HDM+Met 0.015 56 + 0.001 88 ™ 0.023 31 +0.003 00
HDM-+Mont 0.034 11 +0.002 22 ™

Tukey s multiple comparison test after ANOVA was used to compare different treatment groups in acute or chronic. Unpaired (—test was used

for comparison between the same treatment groups of acute and chronic. 'P<0.05, ?P<0.01, *’P<0.000 1, ns: stands for no significance.
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