\.Journal of

.\\ ‘Biomedical and

\\\ Translational Research
) PISSN 2508-1357 €ISSN 2508-139X

Original Article

] Biomed Transl Res 2023;24(1):1-9
https://doi.org/10.12729/jbtr.2023.24.1.1

L)

Check for
updates

Anti-inflammatory effects of Rhizopus spp.
fermentation products on ovalbumin-induced
asthma in mice

Sanghun Kim', Bohye Kim', Sohi Kang', Jeongmin Lee', Jeongju Oh',

In-Sik Shin', Changjong Moon', Sung-Ho Kim', Yun-Soo Seo”,
Joong-Sun Kim"

"College of Veterinary Medicine and BK21 Plus Project Team, Chonnam National University, Gwangju
61186, Korea
2Herbal Medicine Resources Research Center, Korea Institute of Oriental Medicine, Naju 58245, Korea

Received: Dec 25, 2022
Revised: Jan 11, 2023
Accepted: Jan 11, 2023

*Corresponding author

Yun-Soo Seo

Herbal Medicine Resources Research
Center, Korea Institute of Oriental
Medicine, Naju 58245, Korea

Tel: +82-61-338-7146

E-mail: sys0109@kiom.re.kr

Joong-Sun Kim

College of Veterinary Medicine and

BK21 Plus Project Team, Chonnam
National University, Gwangju 61186,
Korea

Tel: +82-62-530-2815

E-mail: centraline@jnu.ac.kr

Copyright © 2023 Research Institute
of Veterinary Medicine, Chungbuk
National University. This is an Open
Access article distributed under the
terms of the Creative Commons
Attribution Non-Commercial License
(http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted
non-commercial use, distribution, and
reproduction in any medium, provided
the original work is properly cited.

ORCID

Sanghun Kim
https://orcid.org/0000-0002-8165-7789
Bohye Kim
https://orcid.org/0000-0002-0970-1079
Sohi Kang
https://orcid.org/0000-0003-4689-5797
Jeongmin Lee
https://orcid.org/0000-0002-4535-2312
Jeongju Oh
https://orcid.org/0000-0002-1904-3129
In-Sik Shin
https://orcid.org/0000-0002-7343-426X
Changjong Moon
https://orcid.org/0000-0003-2451-0374

http://www.jbtr.or.kr

Abstract

Fermentation by Rhizopus spp. has been used as a traditional medicine for treating various
inflammatory diseases. Allergic asthma is a chronic respiratory disease that is caused by an
exaggerated immune response. This study was conducted to ascertain the anti-inflammatory
effects of Rhizopus spp. fermentation extract (RU) on a mouse model of ovalbumin (OVA)-in-
duced asthma. The animals were intraperitoneally injected OVA on day 1 and 7, followed by
OVA intranasal inhalation on days 14 to 18. The animals were treated daily with RU (100 and
200 mg/kg) by oral gavage from day 18 to day 23. RU significantly decreased eosinophilia
and the production of inflammatory cytokines and OVA specific immunoglobulin E in animals
with asthma, along with reducing airway inflammation and mucus secretion in lung tissue.
Histological changes in the lungs and levels of inflammatory mediators of allergic airway
inflammation were evaluated. The regulatory effects of RU on type 2 helper T (Th2) cell ac-
tivation were investigated. RU administration attenuated asthmatic changes such as inflam-
matory cell infiltration and mucus production, decreased the levels of Th2-related cytokines,
and reduced Th2 cell activation. Administration of RU effectively reduced allergic responses
in asthmatic mice, which is associated with regulating Th2 cell activation and differentiation.
These results indicate that RU can attenuate the respiratory symptoms of asthma.
Keywords: Rhizopus sp.; asthma; ovalbumin; cytokines; mice
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Fig. 1. Effect of RU on histology of lung tissue in OVA-induced mice model of asthma. (A) The lungs were
stained by H&E (x 100), PAS (x 100). The percentages of (B) inflammation index. The data was expressed as
means = S.D. (n = 5). NC: PBS treatment and PBS challenge; OVA: PBS treatment and OVA challenge; DEX:
dexamethasone (5 mg/kg) treatment and OVA challenge; RU100 and 200: RU (100mg/kg and 200 mg/kg,
respectively) and OVA challenge. * p<0.001 versus NC, "~ p<0.05 and p<0.005 versus OVA. OVA, ovalbumin;
DEX, dexamethasone; RU, Rhizopus spp.; H&E, hematoxylin & eosin; PAS, periodic acid-schiff; NC, normal
control; PBS, phosphate buffered saline.
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Fig. 2. Effects of RU on infiltration of inflammatory cells in BALF from OVA-challenged animals. NC:
PBS treatment and PBS challenge; OVA: PBS treatment and OVA challenge; DEX: dexamethasone (5 mg/kg)
treatment and OVA challenge; RU100 and 200: RU (100mg/kg and 200mg/kg, respectively) and OVA challenge.
The values are shown as the mean + S.D. (n = 5). ¥ p<0.01 and " p<0.001 versus NC, """ p<0.05, 0.01, and
0.001 versus OVA. OVA, ovalbumin; DEX, dexamethasone; RU, Rhizopus spp.; BALF, bronchoalveolar lavage
fluid; NC, normal control; PBS, phosphate buffered saline.
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Fig. 3. Effects of RU on IL-4 levels in BALF and total IgE and OVA-specific IgE levels in serum from OVA-
challenged animals. (A) IL-4, (B) total IgE, (C) OVA-specific IgE. NC: PBS treatment and PBS challenge; OVA:
PBS treatment and OVA challenge; DEX: dexamethasone (5 mg/kg) treatment and OVA challenge; RU100 and
200: RU (100mg/kg and 200mg/kg, respectively) and OVA challenge. The values are shown as the mean +
S.D. (n = 5). ™ p<0.001 versus NC; """ p<0.05, 0.01, and 0.001 versus OVA. BALF, bronchoalveolar lavage
fluid; OVA, ovalbumin; DEX, dexamethasone; RU, Rhizopus spp.; NC, normal control; PBS, phosphate buffered
saline.

QIstgick. B3] FeiAY IFUSL Belat

o} s olea] 0 2 asHs AL S 4 AT

HEHIRDIo 2 QS MA OIRA Bl H| ZX|0|A CD4+ T ME &4t 0|X|= FE

RUZ} OVAR 8 A4 upe-A9] o Ao A TA|RZ2] E3le} /) w|A|= JF= &
QIst7] sl FAIE EARE ol-&sto] w22 U WAL Bl&Z ZRlstqlon, sig 2
= Fig. 40 e ATE. Th2 Al 2] subtype marker(GATA3)Q} T A 2] B = ulA (L2
84|, CD25)E 53 &43} Ho] Q1 Th2 Al E9] B8-S 3Ig 23} OVA 9 39,
2ol FE=gof wheh CD25+GATA3+A| 2] Hl&o] NCof H]3) fold o= oot 2=
3kolgt 4= QIitt. DEX ¥ RU100 w, RU200 9] CD25+GATA3+ A3 H|&-L °FE
Aol w2k OVA wol| HIs §-9] 4 0 & ZHaste A SRl

DISCUSSION

£ ARAAE 714, ) 5o WA B8, G, R 59| M=o Fotilo}
159 A5 Y AHgE0] & ANE BPo| F5Fo] Y3 WA ol ANE 2

)ll
N

N
&

181

N
S
D25

o

o

GATA3

CD25+GATA3+ cells in CD4+ T cells (%)
s

NC OVA DEX RU100 RU200

Fig. 4. Effects of RU on activation of Th2 cells in lung from OVA-challenged animals. NC: PBS treatment
and PBS challenge; OVA: PBS treatment and OVA challenge; DEX: dexamethasone (5 mg/kg) treatment and
OVA challenge; RU100 and 200: RU (100mg/kg and 200mg/kg, respectively) and OVA challenge. The values
are shown as the mean + S.D. (n = 5). " p<0.001 versus NC; "~ p<0.05 and 0.01 versus OVA. NC, normal
control; OVA, ovalbumin; DEX, dexamethasone; RU, Rhizopus spp.; Th2, T helper type 2; PBS, phosphate
buffered saline.
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