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Review on the Effects of Herbal Medicine on Respiratory Diseases in
In Vivo Particulate Matter Models

Seong-cheon Woo', Su-won Lee’, Yang-chun Park
Division of Respiratory Medicine, Dept. of Internal Medicine, College of Korean Medicine, Dae-Jeon University

ABSTRACT

Objective: This study was conducted to review the effects of herbal medicine on respiratory diseases induced by the
treatment of particulate matter in in vivo animal models.

Methods: Literature searches were performed in seven databases (Pubmed. Embase. Cochrane Library. KISS., KTKP,
OASIS, and ScienceON). After the searched studies were screened based on the inclusion/exclusion criteria, the publication
date, origin, used animals, induction of particulate matter models, herbal medicine used for intervention, study design, outcome
measure, and results of studies were analyzed.

Results: Among a total of 972 studies primarily searched, 34 studies were finally included in our study. Of this number. 29
studies induced animal models by using only particulate matter, and 5 studies induced animal models with respiratory diseases,
such as asthma and chronic obstructive pulmonary disease, by using particulate matter and other materials. In the selected
studies, the treatments of herbal medicine in particulate matter models suppressed oxidative stress and inflammation in lung
tissue, bronchoalveolar lavage fluid, and blood as well as lung injury in histological analysis.

Conclusion: The results of this study suggest that herbal medicine is effective in treating respiratory diseases induced by
particulate matter. These results are also expected to be useful data for designing further studies. However, more systematically
designed in vivo studies related to particulate matter are needed.
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972 records identified through database searching
(PubMed: 507, Embase: 378, Cochrane Library: 10
KTKP: 47, KISS: 10. OASIS: 7. ScienceOn: 13)

A4

752 records screened

Y

220 records after duplicates removed

A 4

34 records included

Fig. 1. Flow diagram for selection of studies.

Number of articles

0

2017 2018 2019 2020

Fig. 2. Publication date of studies.

2021 2022 2023

PM2.5 2021, PM10 4%, Urban PM(SRM 1648a) 2
H, Coal+Fly ash+Diesel exhaust particle 2%,

718 studies excluded:

Not related to particulate matter (n =463)
Not in vivo studies (n= 139)

Not using herbal medicine (n=57)

Not related to respiratory system (n=40)
Not written in English or Korean (n = 6)
Full article could not be obtained (n = 13)

PM4 1922 =ik A 552 A=A 9
Fo 7ZE% intratracheal 15%,
intranasal-tracheal 2%, oral-nasal 13, nebulizerel
©] 3t inhalation 1822 FA=SIcH(Table 1).
oE BAE 3% A 5 ol F mAd
A 2E3A7 dFE SR I F 499 dAF
oA w2 ¢ ovalbuming Folste] ztzh 2%
A QAN o ar) AAPBS gulslgl o,
v A] 1H19] 7ol A= Cigarette smoke, Klebsiella
pneumonias So33ted R 2| A 5l A FH(chronic
obstructive pulmonary disease, COPD)& itgh
F njA Al =2 A nAwAY o A2
S EAg A3 AA] 58 2dE 343 499
T &, 299 3P M= ovalbuming E734)
ARgE o] & wlH W x| ¢} ovalbumine intranasalZ
A Folsiglen, ymz 23e) d7i¥gae
7] o E A mdE fE3 & FUpHoE
intranasal2 PlAM Ao =ZFAZ. COPD 5%
2d& G238 199 d7%)ME Cigarette smoke
9% @A Klebsiella pneumonias intranasal 2
8§57 Boddl & Zypd oz PM25E whole-body
exposure chamber® 3 857+ %A ZH Table 2).
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Table 1. Studies Using Animal Models Induced by Particulate Matter

Author Animal Group Used PM Intervention
(year) (sex. age. . . ) route and duration of route and duration Results
origin weight) b off Uil 2 oty PM administration  of administration
Lung : IL-4, IL-6, 111-8. 1L-10, IL-17, IL-1B8, TNF-a,
IgA, HMGBI1, KGF
Jing Y®  ICR mouse 1) Normal (20) PM25 ® X o BALF ¢ secrctory Ied |
(2017) (F. NR.  2) PM (20) Foul'i'imes %‘” Sui‘;"“e Lung inflammation in histological analysis |
China 22-26 g)  3) PM+BFHX 0.82 g/kg (20) D g P Pulmonary fibrosis in Masson’s trichrome staining |
ay 1, 8, 15, 22) ig, 22d Lung inspi . . .
ung inspiratory resistance, Lung expiratory resistance |
Dynamic lung compliance, Peak expiratory flow rate 1
1) Normal (4)
2) CFD (4)
17 3) CFD +Trichosanthis Fructus 200 mg/kg (4) CFD (Coal+ GHH .
L?ZO%V;] BALB/c mouse 4) CFD +Armeniacaeamarum Semen Fly ash+DEP)  (Gwaruhaengryeon- %KEF ‘TI(EJE%X MF[IJ\]%S_AC ' _
: : , a, CXCL-1. MIP2 |
Korea (M, 7w, NR) 200 me/kg (4) L hvan) Lung inflammation in histological analysis |
5) CFD+Coptidis Rhizoma 200 mg/kg (4) NR ig, 10 d
6) CFD+GHH 200 mg/kg (4)
7) CFD+N-acetylcysteine 2 mg/kg (4)
Zhang J* Kunming mouse 1) Normal (10) PM2.5 g . BALF : Albumin, LDH, ACP, AKP, MDA, NO,
2007 (M, 68w, 2) PM (10) in. N%moﬁmg iNOS, IL-6. TNF-a | / SOD 1
China 20-22 g 3) PM+Stemonine 45, 90, 180 mg/kg (10 each) 7d ’ Lung inflammation in histological analysis |
1.
19 1) Normal (5)
bt M BALB/c mouse 2) KOK 06 g/kg (5) PM25 KOK  BALF : Total leukocyte, TL-6, TNF-a |
(M, 7w, 27 g) 3) PM (5) L (Ky‘ong Ok-Ko) Vascular permeability in Evans blue dye |
Korea 10 d 1g., 10 d
4) PM+KOK 0.05, 0.1, 0.15, 0.3, 0.6 g/kg
(5 each)
Lung : IL-1B8, TNF-a, O-phospho-L-threonine,
Hypotaurine | / 4-Hydroxy pyrrolidine-2-carboxylic,
L-Arginine 7 / iNOS, Arg-1 : Not significant
PM25 BALF : Leukocyte, Eosinophil, Lymphocyte,
Liu T% SPF SD rat 1) Normal (8) 't. Coll .. .. Neutrophil. IL-18, TNF-a |
(2018) (M. 68w, 2) PM (8) T - " ona C"ﬁ” #I Blood : CD8* | / CD4*/CD8" ratio 1
China 180-220 g)  3) PM+Colla corii asini 1, 2. 5 g/kg (8 each) V}'l()e Weekly Le. LW Lung inflammation in histological analysis |
or 11 w . . . —
Tidal volume, Expiratory volume, Minute ventilation
volume, Expiratory flow at 50% tidal volume, Peak
inspiratory flow, Peak expiratory flow, Respiratory rate |
/ Inspiratory time 7
.. Lung : TNF-qa, IL-6, IL-13, IL-17, MCP-1 |
Wz 1) Normal (10) PM25 Number 2 Felbi g/ INOS, TL6, TL-13, TL-17, TNF-a, MCP-1 |
istar rat Lt Recipe
(2018) (NR, NR. NR) 2) PM () Four times NR, once a week / GPx
China ’ ’ 3) PM+Number 2 Feibi Recipe 10 ml/kg (20) (Day 5. 11. 17. 23) ’ for 4 Lung inflammation in histological analysis |
ay o, LA osw Body weight 1
YQFM Lung : MPO. TLR4, MyD88, LC3-2. Beclin-1 | /
Xia Y2 057 mouse 1) Normal (6) Urban PM (YiQiFuMai) pmTOR 1
(2018) (M. 8 w 2) PM (6) (SRM 1648a) Intravenous BALF : NO, IL-18, TNF-a |
China 18:22 g)' 3) PM+YQFM 0.33, 0.67, 1.34 g/kg (6 each) Lt. (via tail veins 30 Lung injury score |
4) PM+DEX 5 mg/kg (6) One time minutes after PM  Lung wet/dry ratio |
injection), once  Autophagic vacuoles in cytoplasm |
Zhang % BALB/c mouse %; gﬁ“ﬁlo)(w) P Tubeimogige 1 L€ ¢ INOS. MDA NO | /80D 1
(2018) (M. 8 W,y by beimoside T 45, 90, 180 me/k Three times ig,21q  DALF : Albumin ACP. AKP, LDH, IL6 TNF-a |
China 22-25 g) T &/ke £ Lung inflammation in histological analysis |

(10 each)

(Day 7. 14, 21)
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Fei Y* SPF SD ra
(2019) (M, NR,
China 180-200 g)

1) Normal (NR)

2) MXD 164 g/kg (NR)

3) PM (NR)

4) PM+MXD 4.1, 82, 164 g/kg (NR)

PM2.5
Lt.
Five times
(Day 1, 3.5. 7.9

MXD
(Ma Xing Shi Gan
Decoction)
ig.5d

Lung : MDA, MPO. HMGBI. TLR4, MyD88, p-p65 |
BALF : Protein, Total cell, Macrophage, Neutrophil,
IL-1B8, IL-6, TNF-a |

Serum : IL-1B, IL-6, TNF-a, |

Pathological score in lung, Lung water content |

Group 1
1) Normal (5)
2) Rgd 15 mg/kg (5)

PM2.5
Lee WH? 3) PM (5) . . . ~ -
(2019) BALB/c mouse 4) PM+Red 1. 2 4 75. 15 me/ke (5 each) (DEP N'IST 1650b) G1nspnos1de Rg4 BALF : Total lel}lfocyte, IL-6, TNF-a |
(M, 7w, 27 g) it ig. 10 d Vascular permeability in Evans blue dye |
Korea Group 2 10 d
1) Normal (5)
2) PM (5)
3) PM+Rgd 1, 4, 7.5, 15 mg/kg (5 each)
Li ¢¥ Mouse ;; gﬁlﬁ%;w) PM25 Ursolic aid ~ BALF : Albumin, ACP, ALP, LDH, MDA, NO, NOS,
(2019) (M. BW. ) by holic acid derivative 10, 50, 100 me/k in. derivative  IL-6 TNF-a | /SOD f
China 18-22 g) (10 each) T me/xe 7d NR. 7d Lung inflammation in histological analysis |
1) Normal (NR)
Xu Y¥ Mouse 2) PM (NR) PM25 Lead compound
(2019) (M. NR. NR) 3) PM+1-methylhydantoin (NR) Ln. 1-methylhydantoin Lung inflammation in histological analysis |
China ' ' 4) PM+Aspirin (NR) NR ig. 3d
5) PM+Coumpound 2 (NR)
LAM
Han SH? 1) Normal (8) Coal fly ash+DEP .(Nature heyb. Blood : Leukocyte, Lymphocy‘.ce, Mgnocyte, Neutrophil,
ICR mouse Intranasal-tracheal — mixture containing IL-18, IL-6, IL-8, TNF-a, Histamine, Prostaglandin
(}ggfg; (M. 5 w, NR) g; Eﬁ +(I?/)XM 900 400 me/ke (8 cach) Two times Laminaria japonica E2, 1gE |
! &/Ke (Day 17, 20) Areschoung) Phenol red secretion in trachea |
ig. 14d
PM10 .
Lee VS 1) Control (NR) (ERM-CZ120) ‘ PMOIL} Lung : IL-1B, IL-8, IL.-17 l
(2020) C57BL/6 mouse 2) PM (NR) it ig., Six times  BALF : Total cell, Eosinophil, Lymphocyte,
Korea (F, 7w, NR) 3) PM+PM014 50, 100, 200 mg/kg (NR each) Four‘ t‘imes (Day 0. 2.5, Macrophage. Neutrophil |
4) PM+DEX 10 mg/kg (NR) (Day 0. 2. 7. 9) 7.9, 12) Lung inflammation in histological analysis |
Wang YV 3D rat 1) Normal (NR) PM2.5 MXD
s 2) MXD 16 g/kg (NR) it. (Ma Xing Shi Gan Lung : TUNEL-positive cell. Cytochrome ¢, C-caspase-3 |
(2020a) (M, NR, . o) s l
China 200-250 ) 3) PM (NR) Four times D.ecoctlon Lung injury score
4) PM+MXD 4, 8, 16 g/kg (NR each) (Day 1, 3,5 7) ig, 7d
Lung : TGF-B, p-Smad3 | / Claudin-5, E-cadherin,
Vimentin, Z0-1 1
Wang ¥ SPF §D rap 1) Normal (NB) PM2S MED . BALF : Total cell Protein content |
- 2) MXD 16.4 g/kg (NR) it. (Ma Xing Shi Gan . ;
(2020b) (M, 5-6 w, . . Pathological score in lung |
China 180-200 ) 3) PM (NR) Four times Decoction) Lung water content |
4) PM+MXD 4.1, 8.2, 164 g/kg (NR each) (Day 1, 3,57 ig, 7d .
Body weight 1
Clinical score |
1) Normal (8) GHX02 . . + ‘ ‘
Yang WK* BALB/c mouse 2) PM+DEP (8) PMI?;DEP (Gwaruhaengryeon- ]élgf%%i%wf Total cell, CD4'/CD3", CD8'/CD3",
(2020) (M, 6-8 w, 3) PM+DEP+GHX02 100, 200, 400 mg/kg Three times . hwan) BALF : Neutrophil, IL-17, TNF-a, MIP2 |
Korea NR) (8 each) (Day 4, 7, 10) & &V other day Lung inflammation in histological analysis |
4) PM+DEP+DEX 3 me/ke (8) ya i for 12 d ¢ ¢ Y
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1) Nomal (7) Lung © MDA. LC3B, p62 p-PI3K. p-AKT. p-mTOR.
2) AS-IV 100 mg/kg (7) .

3 . PM25 Cytoplasmic and nuclear p65 | / CAT, SOD 1
Pei C SD et 3) PM (7) it ASTV BALF : C-reactive protein. IL-6, TNF-a |
(2021) (M, NR. 4) PM+AS-IV 50, 100 mg/kg (7 each) Two. t.imes (Astragaloside IV) Lun in"ur score lp ’ ’

China 120-150 ) 5) PM+3-methyladenine 15 mg/kg (7) ip.34d 8 LIy Score
(Day 1, 2) Lung wet/dry ratio |
6) PM+AS-IV 100 me/ke+ Autophagic vacuoles in alveolar macrophages |
3-methyladenine 15 mg/kg (7) phag phag
Group 1
1) Normal (6)
2) PM (6)
3) PM+RUS 0.1, 0.3, 1 mg/kg (6 each) RUS (Ruscogenin) Lung : p-p65. TLR4, MyD88 | / VE-cadherin |
” 4) PM+DEX 1 mg/kg (6) Urban PM . 8 BALF and Serum : MPO. NO, IL-18. IL-6 |
Wang Y ICR mouse i.g., 1 h prior to .
Group 2 (SRM 1648a) . Lung injury score |
(2021) (M, NR, . PM treatment+1, 3, .
China 18-22 9) 1) Normal (6) Lt. 6. 12 h after PM Lung wet/dry ratio |
8 2) PM (6) One time ! treatment Vascular permeability in Evans blue dye |
3) PM+RUS 1 mg/kg (6) Average optical density in lung |
4) Normal+TLR4-knockout (6)
5) PM+TLR4-knockout (6)
6) PM+RUS 1 mg/kg+TLR4-knockout (6)
. . 1) Blank control (10) Lung : 4-HNE |
Cao L% Wistar rat o) Normal saline 1 ml/ke (10) PM25 Rhodiola wallichiana BALF and Serum : 1L-1B, IL-6. TNF-a, 4-HNE,
(2022) (M, NR, it ) .
China 190-220 ¢) 3) PM (10) Once a week for 4 w ip., 14 d 8-OHdG, Protein carbonyl content |
g 4) PM+ Rhodiola wallichiana 4 ml/kg (10) Lung inflammation in histological analysis |
Lung : Caspase-1. ASC, HMGBI, NLRP3 |
Deng [ BALB/cJ 1) Normal (6) PM25 . Lung, BALF. Serum : IL-1, IL-18, TNF-a |
mouse 2) PM (6) Baicalin ; . ) .
(2022) - - Oral-nasal . Spleen index, Lung index. Histological score |
China (M. 7-8 w. 3) PM+Baicalin 25. 50. 100 g/kg (6) 6w ig. 6w Minute volume, Specific airway resistance, Functional
20£2 g) 4) PM+Claricid 65 mg/kg (6) . N ’
residual capacity |
Lung @ MDA, MPO, p-IxBa, p-p65, NLRP3, ASC.
1) Control (7) cleaved caspasel/pro caspasel, cleaved
- PM2.5 GSDMD/GSDMD., cleaved 1L-18/IL-18 | / SOD 1
Huang D¥ ~ CV/BL/6 20 ASTV 100 me/ke (7) it AS-IV BALF : IL-1B, IL-6. IL-18, TNF-a |
(2022) mouse 3 PM (D) Two times (Astragaloside IV) Serum : LDH |
. (M. 6-8 w. 4) PM+ AS-IV 50, 100 mg/kg (7 each) L . .
China (Before sacrification ip. 3d Lung injury score |
20-22 g) 5 PM+ AS-IV 100 mg/kg .
W 12h 36 h) Lung wet/dry ratio |
+Nigericin 4 mg/kg (7) .
Survival rate 1
Pyroptosis rate in lung |
Lung : MDA, MPO, a-smooth muscle actin, Collagen I,
GB7K HMGBL. p-p65 | / GPx, SOD 1
Hou W* BLAB/c mouse 1) Control (10) PM2.5 (Gu-Ben-Zhi-Ke-Zh BALF : Total cell, Neutrophil |
(2022) (F, NR, 2) PM (10) in. ong-Yao) BALF and Serum: IL-1B. IL-6, TNF-a |
China 18-25 g) 3) PM+GBZK 8, 16. 32 g/kg (10 each) 4w igg i w Lung injury score |

Lung wet/dry ratio |
Pulmonary fibrosis in Masson’s trichrome staining |
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Group 1

1) Normal (10)

2) SsnB 0.4 mg/kg (10)
3) PM (10)

4) PM+SsnB 0.04, 0.1, 0.2, 0.4 mg/kg (10)
5 PM+SsnB (10) 0.4 mg/kg+
LY294002 7.5 mg/kg (10)

6) PM+DEX 5 mg/kg (10)
Group 2

1) Normal (NR)

2) SsnB 0.4 mg/kg (NR)
3) PM (NR)

Lung : MPO. LC3. Beclin 1. ATG3, ATG5, ATGI2,

SsnB
4) PM+SsnB 0.4 mg/kg (NR) . . TLR2, TLR4, MyD88, p-mTOR. p-Akt, p-PI3K |
Kim CY® BALB/ 5) PM+SsnB 0.4 mg/kg+ (l?\ﬁ;?ll, }l)é\gng) (S}I)a:stolonln B) BALF : Total protein, Total cell, Total lymphocyte,
202y ¢ MOUSE  1,Y294002 7.5 mg/kg (NR) : ALIAVENoUs. - No, TNF-a, IL-18 |
Korea - 7w NR) 6) DEX 5 mg/kg (NR) L. one time Lung injury score |
One time (30 minutes after .
7) PM+DEX 5 mg/kg (NR) PM treatment) Lung wet/dry ratio |
Group 3 Vascular permeability in Evans blue dye |
1) Normal (NR)
2) SsnB 0.4 mg/kg (NR)
3) PM (NR)
4) PM+SsnB 0.4 mg/kg (NR)
Group 4
1) Normal (NR)
2) SsnB 0.4 mg/kg (NR)
3) PM (NR)
4) PM+SsnB 0.2 m, 0.4 g/kg (NR)
5 DEX 5 mg/kg (NR)
6) PM+DEX 5 mg/kg (NR)
RML Lung : Total cell, COX-2, NOS-1I. TNF-a, MUC5AC,
Kim SH* 1) Normal (NR) PM10+DEP (Rehmanniae Radix TRPV1, TRPAL |
(2022) BLAB/c mouse 2) PM+DEP (NR) Intranasal-tracheal Mori Folium. Liriopié BALF : Total cell, IL-17A, CXCL-1 |
Korea (M, NR. 7 w) 3) PM+DEP+RML 100, 200 mg/kg (NR) Three times Tuber mi;{ture) Serum : Neutrophil, Symmetric dimethylarginine | /
4) PM+DEP+DEX 3 mg/kg (NR) (Day 10, 13, 16) . Lymphocyte, Monocyte 1
Lg, 11d . . . .
Lung inflammation in histological analysis |
. PM10 GR30
Lee JS 1) Normal (8) Inhalation by (Ethanolic Extract .
(2022) ?QLE/SV mﬁ)%s)e 2) PM (8) compressor nebulizer of Lycium chinense é‘;ﬁi} _T,II?L I‘Za?'lflgx ii
Korea ' ' 3) PM+GR30 200, 400 mg/kg (8 each) One time Root) '
(Day 22) 1g. 21 d
Lung : Total cell, Eosinophil, Leukocyte, Lymphocyte,
SPF/VAF Monocyte, Neutrophil, Lipid peroxidation, Reactive
Park SM" Tnbred BALB/ ;; gﬁlﬁ%;w) P 0 dempfsza Sirota ONVEED pecies, TNF-0. IL-6, CXCL-L, CXCL-2, NF~<B,
(202) - cARNCHOR ) gy ASE 100, 200, 400 me/ke (10 cach) Two times Root Bxtract) o5 BaX MMP-0, MMP-12, MUCSAC, MucsB | /
orea mouse 4) PM+DEX 075 mg/kg (10) (Day 0, 2) 2. 10d CAT, GSH, SOD, Acetylcholine, Bcl-2, Substance P 1
(M, 6 w, NR) Lung weight |

Congested region in lung |
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OIMIEHZ] in vivo ZRIIM S&7| Zetof CHEE stere] oatof et AT & M
Group 1
1) Normal (7)
2) Sipeimine 30 mg/kg (7)
3) PM (7)
4) PM+Sipeimine 15, 30 mg/kg (7 each)
, lc‘)mf\}grial o Lung : MDA, 4-HNE, Tissue iron | / GSH. GPxd,
Wang Y¥ SD rat 9 PM (7) PM2.5 Siveimi Nrf2, HO-1, Ferritin heavy chain 1, SLC7AIL 1
(2022) (M. 8w, Do it. IPAMINE BALF : IL-1B. TNF-a |
China 110-150 g) 3) PM+Sipeimine 30 me/ke (7) 2d ip. 3d Lung injury score |
4) PM+Sipeimine 30 mg/kg+RSL3 10 mg/kg (7) L P o |
Group 3 ung wet/dry ratio
1) Sipeimine 30 mg/kg (7)
2) PM+Sipeimine 30 mg/kg (7)
3) PM+LY294002 5 mg/kg (7)
4) PM+Sipeimine 30 mg/kg+
1Y?294002 5 mg/kg (7)
Lung : Total cell, NOS, IL-6, IL-17, TNF-a, COX-2,
CXCL-1, MUC5AC, MCP-1, MIP2, TRPA1, TRPV1,
Interleukin-1 receptor-associated kinase 1, CD11b",
CD4'/CD69", CD4'/CD62L*/CD107a" |
1) Normal (NR) PM4+DEP BALF : Total cell, Eosinophil, Neutrophil, IL-17, IL-18,
Yang WK* BALR/, 2) PM+DEP (NR) . Korean Red TNF-a, CXCL-1, MIP2, CD3*/CD4", CD4'/CD69",
023y Nf{ mﬁl‘és)e 3) PM+DEP+Korea Red Ginseng Extract 75, Threle'nﬁmes Ginseng Gr-1°/CD11b" |
Korea ’ : 150, 300 mg/kg (NR) (Day 4. 7. 10) ig. 12 d Blood : Eosinophil. Monocyte, Neutrophil in blood |

4) PM+DEP+DEX 3 mg/kg (NR)

/ Leukocyte, Lymphocyte 1

Index number degree of normal to damage (alveolar,
blood, tracheol, inflammatory, collagen) |

Mean number of PAS-positive cell in bronchiolar
basement membrane |

Table 2. Studies Using Animal Models Induced by Particulate Matter and Other Materials for Targeting Respiratory Diseases

Materials used for inducing

ML ] Target disease group animal models Lo
(yga_r) (Se)‘(. ges (number of animals in group) route and duration of PM o an_d‘durafmon of Results
origin weight) administration administration
1) OVA
?“bi‘gine%‘;s (Day 1) Lung : TRPAL TRPV1 |
Asthma 2 oﬂ'/ A v BALF : Eosinophil. Neutrophil, IL-13,
Wang P BALB/c mouse 1) Normal (15) NR SAD Prostaglandin D2, Nerve growth factor | /
2) PM+0OVA (15) . . . Substance P : Not significant
(2019) (F, 8-12 w. 3) PM+OVA+SAD 09, 1.8 g/ke Daily for 15-28 th day+ (San'ao decoction) Blood : Eosinophil |
China 202 g) R every other day for 3042 th day  1.g.. 29-42 th days -
(15 each) 3) PM25 Lung injury score |
4) PM+OVA+DEX 0.75 mg/kg (15) " : Airway resistance |
Four times Lung compliance 1
(Day 29, 33, 37, 41)
Lung @ IL-1B, IL-4. IL-5, IL-6, IL-8, IL-13.
Allereic asthma 1) OVA IL-17A. TNF-a, p-JAK-1. p-STAT6 | / NF«B
D Ngormal 7 Lp. BHT in nuclear and cytosol, p-IxB-a : Not significant
5 . .
NEEI;OQ(%{ BALB/c mouse 2) OVA+PM (7) '(I‘Il)lzee (‘;ln;esl 8 (Banhahubak-Tang E?lifo 'hi? Oial cell. Lymphocyte. Macrophage.
K (F.5 w, NR) 3) OVA+PM+BHT 6.29, 62.9. 629 y o 6 tablet) P
orea 2) OVA+PM . Serum : IgE, 1gG |
mg/kg (7 each) LI, lg. 24d Pulmonary fibrosis in Masson’s trichrome staining |
4) OVA+PM+DEX 3 me/ke (7) 21-23 th day Epithelial thickness in lung and trachea |

PAS-positive cells in lung and trachea |
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1) Cigarette smoke
(Inhalation, twice daily for 8 w)
+ Klebsiella pneumonia

Lung : CAT, SOD2, Nrf2, HO-1, Forkhead box
class 03a 1

Chronic obstructive pulmonary disease ECC-BYF BALF and Serum : MDA | / SOD 1

Li J*® 1) Normal (8) suspension (Effective-component Lung injury score |
SD rat (it., once every 5 days) s . . ,
(2021) (M. 69 w. NR) 2) Model (8) 9) PM25 compatibility of Bufei Mean linear intercepts of alveolar |
China ’ ’ 3) Model+ECC-BYF 5.5 mg/kg (8) By (;sure of PM25 Yishen formula)  Mean alveolar number in lung |
4) Model+N-acetylcysteine 108 mg/kg (8) atrﬁos here in wh.ole*bo d ig. 8w Tidal volume, Peak expiratory flow, Expiratory
. Oséie haher y flow at 50% tidal volume, FVC, FEV03,
8“’” FEV0.3/FVC 1
Lung : IL-18, IL-4, IL-6, IL-13, TNF-a, TGF-B,
1) OVA MMP-1, MMP-2, MMP-9, Collagen type 1
Asthma ) AEO alpha 1, Collagen type Il alpha 1, Periostin,
5 o (Asarum sieboldii ~ Snail. Vimentin, N-cadherin, Fibronectin | /
Han JM 1) Normal (6) Three times . A .
BALB/c mouse . Radix Essential Oil) E-cadherin 1
(2022) "5 'NR, NR) 2 OVA*PM (6) (Day 21, 28, 35) Nasal inhalation by BALF : Total cell, Eosinophil, Lymphocyte
Korea R 3) OVA+PM+AEO 00002, 0.02% (6) 2) OVA+PMI0 1 mhatation by ' + OSIOPAL, LYMPROCYLe.
4) OVA+PM+DEX 2 me/ke (6) . nebulizer, 3 times per Macrophage, Neutrophil |
4.6;48 th da week for 7 w Serum : IgE. 1gG2a |
y Pulmonary fibrosis in Masson’s trichrome staining |
Epithelial thickness, goblet cell in lung and trachea |
1) OVA
. Lp. ST ~ R . _
Allergic asthma Two times (Day 0. 14) Lung : IL-1B8, IL-6, IL-7A, p-ERK., p-p38,
1) Normal (5) 2) OVALPM MUC5AC |
Ko HM® 2) OVA (5) i Rosa laevigata BALF : Total cell, Eosinophil, Lymphocyte,
(2022) BALB/c¢ mouse 3) OVA+PM (5) 2.1;26 th da 1) ig. 27d Macrophage, Neutrophil |
Korea (F, 6 w. NR) 4) OVA+PM+Rosa laevigata (i.g.) 3) PM y 2) it., Two times Serum : IL-4, IL-5, TNF-a, Total IgE, Eotaxin |
50, 100 mg/kg (5 each) n (Day 3. 17) Inflammatory index, Epidermal thickness |
5 OVA+PM+ Rosa laevigata 'i‘\.zvo times Spleen weight to body weight |

(intratracheal) 50, 100 mg/kg (5 each) Lung weight to body weight |

(After last OVA+PM
treatment at 6h intervals)

ACP : acidic phosphatase, AKP : alkaline phosphatase, ATG : autophagy related 3, BALF : bronchoalveolar lavage fluid, CAT : catalase, CD : cluster of
differentiation, COX-2 : cyclooxygenase-2, CXCL : chemokine (C-X-C motif) ligand, d : day, DEP : diesel exhaust particle, DEX : dexamethasone, F :
female, FEV0.3 : forced expiratory volume in 0.3 second, FVC : forced vital capacity, GSH : glutathione, GPx : glutathione peroxidase, h : hour, HMGBI1
. high mobility group box 1, Ig : immunoglobulin, ig. : intragastric, IL : interleukin, in. : intranasal, iNOS : inducible nitric oxide synthase, ip. :
intraperitoneal, i.t. : intratracheal, JAK : Janus kinase, KGF : keratinocyte growth factor, LDH : lactate dehydrogenase, M : male, MCP-1 : monocyte
chemoattractant protein-1, MDA : malondialdehyde, MIP2 : macrophage inflammatory protein 2, MMP : matrix metalloproteinase, MPO : myeloperoxidase,
mTOR : mammalian target of rapamycin, MyD88 : Myeloid differentiation primary response 88, NF-xB : nuclear factor kappa B, NO : nitric oxide, NOS
: nitric oxide synthase, NR : not reported, Nrf2 ' nuclear factor erythroid 2-related factor, OVA : ovalbumin, PI3K : phosphoinositide 3-kinase, PM :
particulate matter, p- : phosphorylated, SD : Sprague Dawley, SOD : superoxide dismutase, SPF : specific pathogen free, STAT6 : signal transducer and
activator of transcription 6, TGF-B : transforming growth factor-beta, TLR : Toll-like receptor, TNF-a : tumor necrosis factor-alpha, TRPA1 : transient
receptor potential ankyrin 1, TRPV1 : transient receptor potential cation channel subfamily V member 1, VAF : virus antibody free, w @ week, 4-HEN :
4-hydroxynon
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