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Anti-inflammatory Effects of Haepyoijin-tang
in Aspergillus Oryzae Protease Induced Respiratory Inflammation Model

Bo-In Kwon™?, Joo-Hee Kim?**

1: Department of Pathology, College of Korean Medicine, Sangji University,
2 : Department of Acupuncture & Moxibustion, College of Korean Medicine, Sangji University,
3: Research Institute of Korean Medicine, Sangji University

Haepyoijin-tang and its main components have been used for phlegm, cough and dyspnea. Using a respiratory
inflammation model, we intend to reveal the anti-inflammatory effect and pharmacological mechanism of
Haepyoijin-tang. We induced the respiratory inflammation model by Aspergillus oryzae protease and ovalbumin
administration. Female Balb/c mice (8 weeks old) were classified into four groups as follows: saline control group,
aspergillus oryzae protease and ovalbumin induced respiratory inflammation group (vehicle), inflammation with
Haepyoijin-tang (200 mg/kg) administration group, inflammation with dexamethasone (5 mg/kg) administration group
(n=7). To identify the anti-inflammatory effects of Haepyoijin-tang water extracts, we measured the inflammatory cell
number in bronchoalveolar lavage fluid (BALF) and total live lung cell number. In addition, we checked eosinophil
ratio and number in BALF. And Interleukin (IL)-5 level was also measured in lung cell culture supernatant. To
confirm the mechanism of anti-inflammatory effects, we analyzed the activated helper T cell (CD4'CD25" cell) and Th2
cell (CD4'GATA3" cell) ratio and number in lung by using flow cytometry. Finally, we attempted to confirm the immune
mechanism by measuring the ratio and number of regulatory T cells (CD4'Foxp3' cell). Haepyoijin-tang extracts
treatment diminished inflammatory cell, especially, eosinophil number in BALF and total live lung cell number.
Moreover, IL-5 level was reduced in Haepyoijin-tang treated group. Surprisingly, Haepyoijin-tang extracts
administration not only decreased the activated helper T cell but also Th2 cell population in lung. Additionally,
regulatory T cell population was increased in Haepyoijin-tang administration group. Our findings proved that
Haepyoijin-tang extract have anti-inflammatory efficacy by suppressing Th2 cell activation and promoting regulatory T

cell population.

keywords : Haepyoijin-tang, Aspergillus oryzae, Eosinophil, Type 2 helper T cell, Regulatory T cell
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Table 1. Composition of Haepyoijin-tang

. . . Ratio (%) /
Herbal latin name Place of origin Supplier Amount (g)
Pinelliae Tuber China Omniherb 9.09/2
Citri Unshius Pericarpium Republ(ljcejzg Korea Omniherb 9.09/2
Poria Sclerotium China Omniherb 9.09/2
Perillae Folium Republic of Korea Omniherb 9.09/2
(Yeongcheon)

Ephedrae Herba China Omniherb 9.09/2
Armeniacae Semen China Omniherb 9.09/2
Mori Radicis Cortex Republic of Korea Omniherb 9.09/2

(Yeongcheon)
Asteris Radix et Rhizoma China Omniherb 9.09/2
Fritillariae Cirrhosae Bulbus China Omniherb 9.09/2

Republic of Korea Omniherb 9.09/2

Platycodonis Radix (Yeongcheon)

Zingiberis Rhizoma Recens Republic of Korea Omniherb 9.09/2

(Andong)
Total 100(22)
2. 524
) 3871 43 #% % 25
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(Dex)o 2 FEsIYt. % =8 ¢Ioi AP 5 pgdl OVA 25 pg
£ 49 7tAo =2 5¥ (Day 0, 4, 8, 12, 16) H]7Z} Ui(intra-nasal)
2059 chFig. 1). dj&o]XI&7} Dexamethasone2 OpA|9t 7Y
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ofESickFig. 1). 2E A Y L 52 AL A 5
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Lung dissociation kit (Miltenyi Biotec, Bergisch-Gladbach,
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9] A (total live lung cell= TC20 automated cell counter
(Biorad, 72| ZUol, U})E ol8stel Sateict. A BAL
ol AToIA L83 Yoz NASIAHY. SAx BHL s
eyt 7o P4 FAES o] 85l FMSIACE. Fluorescence
(FITC)-conjugated anti-CD4 (GK1.5),
phycoerythrin  (PE)-conjugated anti-GATA3 (16E10A23),
Allophycocyanin (APC)-cy7 conjugated anti-CD25 (PC61),
Alexa 647 conjugated anti-Foxp3 (MF-14) (Biolegend, 7R2]x&
Yo, u]2)2 olgsto] Axo] FAIS sttt LSRFortessa
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4) Interleukin (IL)-5 &4
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0 4 8 10111213 141516 17

Haepyoijin-tang & Dexamethasone (day 10-16)

Fig. 1. Experiment protocol for respiratory infllmmation induction
and drug administration
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Fig. 2. Effect of Haepyoijin-tang on total inflammatory cell counts in
BALF and total live lung cell counts. (a) Effect of Haepyojjin-tang on
total cell counts in BALF cells. (b) Effect of Haepyoijin-tang on total live
lung cell counts. SC, saline control group; A, Aspergillus oryzae and
ovalbumin induced respiratory inflammation with vehicle group;
Haepyoijin-tang, Aspergillus oryzae and ovalbumin induced respiratory
inflammation with Haepyoijin-tang group; DEX, Aspergillus oryzae and
ovalbumin induced respiratory inflammation with dexamethasone group.
Data are expressed as the mean = SEM (n=7). *P<0.01, **P<0.0001
compared with the SC group, 'P<0.05, ""P<0.0001 compared with the A

group.
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Fig. 3. Effect of Haepyoijin-tang on eosinophil counts in BALF. (a)
Effect of Haepyoijin-tang on proportion of eosinophils in BALF cells. (b)

Effect of Haepyoijin-tang on counts (number) of eosinophils in BALF cells.
SC, saline control group; A, Aspergillus oryzae and ovalbumin induced
respiratory inflammation with vehicle group; Haepyoijin-tang, Aspergillus
oryzae and ovalbumin induced respiratory inflammation  with
Haepyoijin-tang group; DEX, Aspergillus oryzae and ovalbumin induced
respiratory inflammation with dexamethasone group. Data are expressed
as the mean + SEM (n=7). ¥P<0.01, **P<0.0001 compared with the SC
group, “P<0.01, ""P<0.001 compared with the A group.
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Fig. 4. Effect of Haepyoijjin-tang on IL-5 in lung. (a) Effect of
Haepyoijin-tang on IL-5 in lung (spontaneous culture). (b) Effect of
Haepyoijin-tang on IL-5 in lung (antibody re-stimulation). SC, saline control
group; A, Aspergillus oryzae and ovalbumin induced respiratory
inflammation with vehicle group; Haepyojjin-tang, Aspergillus oryzae and
ovalbumin induced respiratory inflammation with Haepyojjin-tang group;
DEX, Aspergillus oryzae and ovalbumin induced respiratory inflammation
with dexamethasone group. Data are expressed as the mean + SEM (n=7).
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Fig. 5. Effect of Haepyoijin-tang on activated helper T cell in lung. (a)
Representative plots of a single individual from each group. The number
inside the plots indicate the frequency of CD4°CD25" cells. (b) Effect of
Haepyoijin-tang on counts of activated helper T cell in lung. SC, saline
control group; A, Aspergillus oryzae and ovalbumin induced respiratory
inflammation with vehicle group; Haepyoijin-tang, Aspergillus oryzae and
ovalbumin induced respiratory inflammation with Haepyojjin-tang group;
DEX, Aspergillus oryzae and ovalbumin induced respiratory inflammation
with dexamethasone group. Data are expressed as the mean + SEM
(n=7). #P<0.01 compared with the SC group, ‘P<0.05 ~“P<0.0001
compared with the A group.
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Fig. 6. Effect of Haepyoijin-tang on type 2 helper T cell in lung. (a)
Representative plots of a single individual from each group. The
number inside the plots indicate the frequency of CD4"GATA3" cells.
(b) Effect of Haepyoijjin-tang on counts of type 2 helper T cell in lung.
SC, saline control group; A, Aspergillus oryzae and ovalbumin induced
respiratory  inflammation  with  vehicle group; Haepyojjin-tang,
Aspergillus oryzae and ovalbumin induced respiratory inflammation with
Haepyoijin-tang group; DEX, Aspergillus oryzae and ovalbumin induced
respiratory inflammation with dexamethasone group. Data are
expressed as the mean + SEM (n=7).
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Fig. 7. Effect of Haepyoijin-tang on regulatory T cell in lung. (a)
Representative plots of a single individual from each group. The
number inside the plots indicate the frequency of CD4"Foxp3™ cells. (b)
Effect of Haepyoijjin-tang on counts of regulatory T cell in lung. SC,
saline control group; A, Aspergillus oryzae and ovalbumin induced
respiratory  inflammation  with  vehicle group; Haepyojjin-tang,
Aspergillus oryzae and ovalbumin induced respiratory inflammation with
Haepyoijin-tang group; DEX, Aspergillus oryzae and ovalbumin induced
respiratory inflammation with dexamethasone group. Data are
expressed as the mean + SEM (n=7).
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