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ARTICLE INFO ABSTRACT

Edited by M. Dutschmann Ganoderma, a fungal genus, is a traditional medicine with immuno-modulating effects. Asthma is an inflam-

matory disease of airways, and the main trigger of asthma is allergic inflammation. In this study, the effects of

Keywords: Ganoderma (an anti-inflammatory agent) given via oral administration (G/O) or intraperitoneal injection (G/IP)
Allergy on asthma was evaluated.

glia;jlzamt:m Forty BALB/c mice were divided into four groups, including the control, OVA-challenge, OVA-challenge + G/
Traditional medicine O, and OVA-challenge + G/IP. To determine AHR, the MCh challenge test was done. The levels of IL-1p, -4, -5, -6,
Airway -8, -10, -12, -13, -17, -25, -33, -38, Cys-LT, LTB4, and hydroxyproline were measured. Finally, lung histopa-

thology was evaluated to determine eosinophilic inflammation, goblet cell hyperplasia, and mucus hyper-
secretion.

Treatment with G/O and G/IP could significantly reduce the levels of IL-1p, -5, -6, -8, -17, -25, -33, and -38; the
levels of IL-4 and IL-13 had no significant changes, but the levels of IL-10 and IL-12 were enhanced. The mice
treated with G/O and G/IP showed decreased levels of Cys-LT, LTB4, peribronchial and perivascular inflam-
mation, but no significant changes were observed in AHR, hydroxyproline level, goblet cell hyperplasia, and
mucus hyper-secretion.

Ganoderma can be applied as an immunomodulatory and anti-inflammatory agent for managing asthma.

1. Introduction

Ganoderma, a fungal genus, is consumed as a traditional medicine in
some countries of Asia for its beneficial health effects on a number of
diseases. It is known as Lingzhi in China and as Ling-chi mushroom in
other countries, used as a complementary and traditional medicine.
During the last decade, Ganoderma has been used globally because of its
biological effects. Considering the need for developing new treatments
for complicated diseases and the growing interest of populations in

traditional medicine, it is essential to investigate the useful and possible
deleterious effects of Ganoderma (Chen et al., 2004; Sui et al., 2016; Ren
et al., 2021). Ganoderma has immunomodulatory effects mainly due to
its polysaccharides. Both the intracellular and extracellular poly-
saccharides of Ganoderma have shown antioxidant activity (Chen et al.,
2004; Sui et al., 2016). These polysaccharides have been shown to exert
immunomodulatory effects on B and T cells. In fact, -glucan of Gano-
derma, which is not expressed in mammalian cells, is recognized as a
PAMP by PRRs (Ren et al., 2021). Therefore, it can direct T cell immune

Abbreviation: AHR, Airway hyperresponsiveness; Akt, Protein kinase B (PKB); B, Lymphocyte B; BALf, BronchoAlveolar lavage fluid; Bcl, B-cell lymphoma/
leukemia; Btk, Bruton’s tyrosine kinase; Ca?*, Calcium; Card, Caspase recruitment domain family member; CD, Cluster of differentiation; CR, Complement receptor;
Cys-LT, Cysteinyl leukotriene; DC, Dendritic cells; EOS, Eosinophil; ELISA, Enzyme-linked immunosorbent assay; ERK, Extracellular signal-regulated kinases; H&E,
Hematoxylin and Eosin; G/IP, Ganoderma extract via intraperitoneal injection; G/O, Ganoderma extract via oral administration; GPCR, G protein-coupled receptor;
IFN, Interferon; Ig, Immunoglobulin; IL, Interleukin; IP, Intraperitoneal; ITAM, Intracellular immunoreceptor tyrosine-based activation motif; JNK, c-Jun N-terminal
kinases; Kg, Kilograms; LT, Leukotriene; Malt, Mucosa-associated lymphoid tissue; MAPK, Mitogen-activated protein kinase; MCh, Methacholine; Mg, Milligrams; M,
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responses towards the Th1 branch.

Asthma is a common inflammatory disease of airways, especially in
children. It is a complex lung disease presented by bronchial inflam-
mation, bronchoconstriction, and dyspnea. When asthma attacks begin,
airways’ smooth muscle cells develop spasm accompanied with the
stimulation of airways’ sensory nerves and their mediator receptors on
the cell surface. For the relaxation of smooth muscle cells, signaling from
these receptors and nerves should be inhibited. The main trigger of
asthma is allergic inflammation. Furthermore, Th2 and Th17 have
important roles in asthma pathogenesis. While Th2 lymphocytes pro-
duce type 2 cytokines and manage allergic responses in airways, acti-
vated Th17 cells regulate pulmonary inflammation. The number of Th17
cells has been reported to positively correlate with pulmonary injury
(Athari et al., 2017; Lankarani et al., 2017; Athari and Athari, 2014).
Therefore, in the present study, the therapeutic effects of Ganoderma, as
an anti-asthma and anti-inflammatory agent, were evaluated in mice
models of asthma.

2. Material and methods
2.1. Animals and treatments

Forty 8-week-old male mice (BALB/c) were bred in an animal labo-
ratory under standard conditions. The mice were divided into four
groups. Mice in the control group were sensitized, challenged, and
treated with PBS. In the OVA-challenge group, the animals were sensi-
tized and challenged with OVA without Ganoderma treatment. The third
group included OVA-challenged mice treated with Ganoderma extract
(300 mg/kg via IP injection on days 25th and 29th). Finally, in the
fourth group, OVA-challenged mice were orally fed with Ganoderma
extract (300 mg/kg on days 25th and 29th). The preparation and dosage
of the treatments were done according to previous reports (Wang et al.,
2002; Andoh et al., 2010) that has been used for oral gavage only
(Andoh et al., 2010) and the same dose was used as IP administration in
this study. Also, a dose-response curve was not drawn in this study.
Ganoderma extract was obtained according to previously described
method (Wang et al., 2002). Mice models of airway inflammation and
allergic asthma were produced according to a previously described
method (Masoume Athari et al., 2018). Briefly, the mice were sensitized
with OVA plus aluminum hydroxide via IP injections on day 1st and
again on day 14th, followed by OVA challenge (aerosolized nebulizing)
on days 24th, 26th, 28th, and 30th. The AHR test was done 30 min after
the last OVA challenge on day 30th, and then the samples of blood, BALS,
and the lung tissue were taken on day 31th.

2.2. MCh challenge

To assess AHR, the MCh challenge test was performed 30 min after
the last challenge on day 30th by determining the Penh value. The mice
were anesthetized (with ketamine and xylazine) and intubated, and then
the tube was connected to a ventilator (Inspira ventilator, Harvard
Apparatus, Holliston, MA, USA). All the groups were exposed to PBS and
MCh aerosols with a series of doubling concentrations (6.25, 12.5, 25,
and 50 mg/mL). Finally, the results were analyzed.

2.3. Cytokines
The levels of IL-1p, 4, 5, 6, 8, 10, 12, 13, 17, 25, 33, and 38 were

measured in BALf supernatant by ELISA kits according to the manu-
facturer’s instructions (R&D, USA).

2.4. Eicosanoids

Cys-LT and LTB4 were assayed by ELISA kits (Cayman Chemical, Ann
Arbor, USA) in BALf supernatant.
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2.5. Hydroxyproline assay

The total collagen content of the lung was estimated by measuring
hydroxyproline level. Saline solution (1.5 mL) was added to the pe-
ripheral part of the left lower lobe of the lung tissue (30 mg). After
homogenizing the sample on ice, hydroxyproline content of the ho-
mogenate was measured by spectrophotometry (Ji et al., 2016).

2.6. BALS cells

BALS cells were separated to prepare slides by the cytospin method.
The slides were stained with Giemsa, and eosinophil percentage was
determined.

2.7. Histopathology

After separation, lung tissues were fixed to prepare histopathological
slides, which were then stained with H&E and PAS. The slides were
examined for inflammation, goblet cell hyperplasia, and mucus hyper-
secretion by light microscopy. Histopathological evaluation was per-
formed by two pathologists who were blinded to the experimental group
of the tissues. Mucus production was determined by assigning the score
0 to the absence of any observable stained mucus, as well as the score
0.05 for low-level mucus production; score 1 when approximately 25 %
of the bronchial space was filled with mucus; score 2 for 50 %; score 3 for
75 %, and score 4 when 100 % of the bronchial space was filled with
mucus. Moreover, goblet cells were quantified per 100 epithelial cells in
several randomly selected microscopy fields (GCI), which was classified
into four groups as follows: score 0 for GCI < 5%, score 1 for 5% < GCI <
25 %, score 2 for 25 % < GCI < 50 %, score 3 for 50 % < GCI < 75 %, and
score 4 for 75 % < GCI < 100 %. For peribronchial and perivascular
inflammation, score 0 was given to the absence of eosinophils, score <1
for one incomplete layer, score 2 for 1-2 complete layers, score 3 for
three complete layers, and score 4 for more than three complete layers
(Athari et al., 2016; Athari et al., 2012).

2.8. Statistical analysis

The data were analyzed and presented as mean + SD using SPSS
version 21. One-way ANOVA was used as an inferential test, and the
data of AHR were analyzed by two-way ANOVA. GraphPad prism was
used to draw graphs, and P < 0.05 was considered statistically
significant.

3. Results
3.1. AHR

The Penh values for AHR significantly increased in the non-treated
OVA-challenged group compared with the control group for all MCh
concentrations (p < 0.05). G/O- and G/IP-treated OVA-challenged
groups displayed no significant changes in the Penh value (P > 0.05)
compared with the OVA-challenged group without G/O and G/IP
treatments (Fig. 1).

3.2. Cytokines

The levels of IL-18, 4, 5, 6, 8, 13, 17, 25, 33, and 38 significantly
increased in the OVA-challenged group in comparison with the control
group (P < 0.05); however, a reverse trend was found for IL-12 (P <
0.05) and IL-10. Treatment with G/O and G/IP significantly reduced the
levels of IL-1, 5, 6, 8, 17, and 38 compared with the non-treated OVA-
challenged group (P < 0.05). There was no significant difference be-
tween the treated and non-treated OVA-challenged groups in terms of
IL-4, 10, 12, 13, 25, and 33 levels (P > 0.05). Treatment with G/O and
G/IP enhanced the levels of IL-10 and IL-12 compared with the non-
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Fig. 1. The Penh value in the MCh challenge test. After being anesthetized,
seven mice from each group were exposed to a series of doubling concentrations
of MCh (PBS, 6.25, 12.5, 25, and 50 mg/mL) to study AHR changes on day 30.
There was no significant difference (p > 0.05) between the treated and non-
treated OVA-challenged groups.

treated OVA-challenged group, but the increase was not significant (P >
0.05).

3.3. Eicosanoids

The levels of Cys-LT and LTB4 significantly decreased in the OVA-
challenged groups treated with G/O (598.3 + 38.4 and 78.4 + 6.8 pg/
mL, respectively) and G/IP (601.9 + 44.7 and 69.7 + 10.3 pg/mlL,
respectively) compared to the non-treated OVA-challenged group
(952.4 £ 29.2 and 127.3 + 11.9 pg/mL, respectively) (P < 0.05, Fig. 2).

3.4. Hydroxyproline

Treatment with G/O and G/IP had no significant effect on the hy-
droxyproline level in the lung compared with the non-treated OVA-
challenged group (P > 0.05, Fig. 3).

3.5. BALf cells

Eosinophil percentage significantly (P < 0.05) increased in the OVA-
challenged group (71 + 11 %) compared with the control group (6 +
2%). Treatment with G/O and G/IP significantly (P < 0.05) diminished
eosinophil percentage in BAL fluid (G/O: 27 + 8% and G/IP: 25 + 9%).
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Fig. 2. Eicosanoid level. The levels of Cys-LT and LTB4 were measured in the
control, treated, and non-treated allergic OVA-challenged groups on day 31.
There were seven mice in each group. Treatment with G/O and G/IP could
significantly (p < 0.05) decrease Cys-LT and LTB4 levels (* and ** symbols
show significant differences between the groups, p < 0.05).
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Fig. 3. Hydroxyproline assay. For estimating lung collagen content, hydroxy-
proline level was measured by spectrophotometry in all the experimental
groups (n = 7 per group). There was no significant difference (p > 0.05) be-
tween the treated and non-treated OVA-challenged groups.

3.6. Histopathology

The number of goblet cells and mucus hyper-production significantly
increased in the airways of OVA-challenged mice compared with the
control group (P < 0.05). Treatment with G/O and G/IP had no signif-
icant attenuating effects on goblet cell hyperplasia and mucus hyper-
production (P > 0.05). Nevertheless, G/O and G/IP treatment signifi-
cantly decreased peribronchial and perivascular inflammation
compared with the non-treated OVA-challenged group (P < 0.05, Figs. 4
and 5).

4. Discussion

Ganoderma, as a basidiomycete fungus, has been used in traditional
Asian medicine for centuries. It was found that the polysaccharides
purified from Ganoderma primed Thl-polarized adaptive immune
response and could suppress allergic asthma development by controlling
AHR, OVA-specific IgE and IgG1 production, airway inflammation, and
Th2 cytokines’ production (Pi et al., 2014; GuanMin-chang et al., 2014).
The immunostimulatory activities of Ganoderma’s polysaccharides are
related to their structural characteristics, such as molecular weight and
the composition, conformation, and branching degree of glycosidic
bonds (Gao et al., 2020; Liu et al., 2016; Kuo et al., 2006). PS-F2, is a
Ganoderma polysaccharide can act as an adjuvant, prime Thl immune
response and attenuate Th2-mediated immunopathology. PS-F2 reduces
IL-4 level in BALF, stimulates DCs to produce IL-12 and IL-10 and also,
effectively suppresses the development of allergic asthma in mice.
Therefore, PS-F2 administration can suppress Th2-mediated airway
inflammation and the development of AHR in asthma (Pi et al., 2014). In
another study, organic selenium that was extracted from Ganoderma
could control chronic airway inflammation and improve oxi-
dant/antioxidant equilibrium in asthma and is able to counteract the
asthma in an experimental asthma model by using a variety of testing
systems (GuanMin-chang et al., 2014). In this study increased AHR was
not controlled by G/O and G/IP treatment and similar result was
observed in the IL-4 level between the treated and non-treated OVA--
challenged groups. in our study, Ganoderma could not reduce IL-4 and
in result, could not control early allergic reactions that are responsible
for the immediate allergo-immune response and AHR. We could not find
related reasons but it may be explained that in this study, we did not use
pure PS-F2 or high dose of organic selenium in treatment protocol.
Specific polysaccharides or organic trace elements may have effect of
AHR and it needs more researches and deeper evaluations. On the other
hand, CD4+ Th2 cells play a pivotal role in orchestrating ongoing
immune-mediated allergic diseases, and in contrast, Th1 CD4+ cells can
change the immune response balance from Th2 towards Th1 dominance.
Therefore, predominant Th1 responses can modulate allergic reactions.
Ganoderma supplementation has been reported to direct the Th1/Th2
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Fig. 4. Histopathological examination. Eosino-
philic inflammation in the peribronchiolar and
* ¥ perivascular areas, hyperplasia of goblet cells,
* and mucus production were evaluated in all the
experimental groups, each including seven
mice. Treatment with G/O and G/IP could
significantly (p < 0.05) decrease peri-
bronchiolar and perivascular inflammation but
had no significant (p > 0.05) effects on goblet
cell hyperplasia and mucus production
compared with the non-treated OVA-challenged
group (* and ** symbols show significant dif-
ferences between the groups, p < 0.05).
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Fig. 5. Histopathology. Lung tissue sections were stained with H&E (A, B, C, and D in the first row, 100X) and PAS (E, F, G, and H in the second row, 400X).
Eosinophilic inflammation is indicated around bronchi (the black arrow) and vascular areas (the red arrow). Goblet cell hyperplasia is shown by the green arrow, and
the yellow arrow shows mucus secretion. A and E: control, B and F: G/O, C and G: G/IP, D and H: OVA-challenged group.

balance towards Th1-skewed responses (Hsiao et al., 2008). Ganoderma
extract could activate cellular and humoral immunity, and its poly-
saccharides were reported to potentiate the production of cytokines,
including IL-18, -6, -12, and TNF-a, by monocytes and macrophages and
IFN-y and TNF-a by T cells (Ren et al., 2021). In the present study,
treatment with G/O and G/IP could reduce the levels of IL-1p, 5, 6, 8,17,
and 38, reflecting the immunomodulatory effects of Ganoderma. How-
ever, G/0O and G/IP treatments had no significant effects on the levels of
IL-4, 13, 25, and 33, suggesting that the immunomodulatory effects of
Ganoderma may be more pronounced on the Thl than Th2 branch. It
was noted that Ganoderma induced IFN-y, TNFa, IL-12, 23, 10, and 17
but had no effect on IL-4 production (Ren et al., 2021), supporting our
observations in terms of IL-4 and IL-17 levels. Therefore, treatment with
Ganoderma seems to be effective in reducing the inflammation and wall
thickness of airways.

Polysaccharides of Ganoderma (especially mannose and glucose) are
recognized by cell surface receptors, such as TLR 2 and 4, dectin-1, CR3,
MR, and scavenger receptors. Dectin-1 activation by Ganoderma’s
polysaccharides promotes glucan-independent binding to T cell subsets
and is involved in triggering their proliferation and modulating cytokine
and chemokine production (Ren et al., 2021). The activation of some

TLRs (including TLR-4, 7, and 9) results in IL-12 production, skewing the
cytokine balance from Th2 to Thl responses (Pi et al., 2014; Berovic
et al., 2003). Ganoderma’s polysaccharides exert immunomodulatory
functions not only through binding to dectin-1, TLRs, and/or MR on
mononuclear phagocytes, but also by interacting with CR3 on gran-
ulocytes and NK cells, indicating anti-inflammatory and
immune-effector-cell enhancing effects. Also, Ganoderma’s poly-
saccharides activate dendritic cells (DCs) and increase the production of
IL-2 and IFN-y (Ren et al., 2021; Huang and Ning, 2010; Pan et al.,
2013). The immune stimulating effects of Ganoderma are amplified
through TLR4/ROS/PI3K/Akt/MAPKs/NF-kB-dependent pathways,
proposing Ganoderma as an immunomodulatory agent. The
TLR4/ROS/PI3K/Akt/MAPKs/NF-kB signaling pathway is responsible
for activating macrophage and inducing TNF-a production (Ren et al.,
2021; Yin et al., 2009; Athari, 2019).

ERK1/2, JNKs, and p38 are the most common MAPK subunits, and
the MAPK pathway can regulate immune responses. Moreover, the
PI3K/Akt pathway, which can be activated by Ganoderma, shares a
main role in controlling the differentiation and survival of DCs (Wanga
et al., 2019). Ganoderma was reported to promote B cells’ proliferation
and increase antibody production. The bioactive polysaccharides of
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Ganoderma possess B cell-stimulating activity, up-regulating CD71,
CD25, PKCa, and PKCy expression and antibody secretion (Ren et al.,
2021; Athari, 2019). The binding of Ganoderma’s polysaccharides to
dectin-1 induces the receptor’s ITAM and Syk phosphorylation, acti-
vating the PI3K/Akt pathway. Then Card9/Bcl10/Maltl signalosomes
activate the NF-«xB signaling route, which is linked with the innate and
adaptive immune responses and GPCR signaling. Furthermore, dectin-1
interacts with Vav and Btk, which are related to phagocytosis initiation
and autophagy (Ren et al., 2021; Athari, 2019; Esmaeilzadeh et al.,
2020). In this study, we did not investigate allergy- and asthma-related
signaling pathways; however, a number of inflammatory mediators such
as Cys-LT and LTB4 were found to be decreased in the mice models of
asthma treated with Ganoderma.

Recently, IL-33 treatment has been reported to have no impact on the
expression of Th2-associated IL-4 (Luo et al., 2020; Lin, 2005). In this
study, IL-33 and IL-4 decreased after Ganoderma treatment, but there
was no significant difference in the levels of these cytokines between the
treated and non-treated groups. Further, IL-5, as the main cytokine
involved in eosinophilic inflammation, decreased significantly in both
G/O- and G/IP-treated groups compared with the non-treated OVA--
challenged group. Treatment with G/O and G/IP; however, could
decrease neither goblet cell hyperplasia nor mucus production, but there
were significant reductions in peribronchial and perivascular eosino-
philic inflammation. These observations can be attributed to the control
of IL-5 secretion from Th2 cells. On the other hand, failure to control
goblet cell hyperplasia and mucus production may be related to
persistently high levels of IL-13.

It was shown that the methanolic extract of Ganoderma inhibited
scratching, an itch-related response, in mice models of allergy. The oral
administration of Ganoderma extract could control allergic itch; how-
ever, mast cells and H1 histamine receptors were not the action sites of
the antipruritic effects of Ganoderma, but it inhibited histamine release
from mast cells (Andoh et al.,, 2010). In our study, treatment with
Ganoderma had no effect on AHR, which may be attributable to its lack
of effective role in controlling the impacts of allergic mediators on
smooth muscle cells, leading to failure in attenuating airways’ spasm
and obstruction. However, Ganoderma spores, as airborne allergens, are
associated with asthma attacks and increase the severity of allergic re-
actions, especially in environments with high humidity (Jedryczka et al.,
2015). Generally, it should be noted that fungi and their modified orally
consumable products may have allergenicity and inflammatory effects
(Athari, 2013; Yavari et al., 2016).

In this study, Ganoderma could control LTs levels and also harness
inflammation (around airways and vessels) in the asthmatic lung. G/O
and G/IP had significantly anti-inflammatory effects and both of G/O
and G/IP had similar effects on controlling and decreasing of inflam-
mation. Ganoderma administration to the asthmatic mice could control
inflammation (as main asthma pathophysiology) and can be used as
anti-asthma agent to cure of airway inflammation and control of asthma
pathology. It may have anti-remodeling effect and may prevent lung
fibrosis that was not evaluted in this study. It was observed that rout of
Ganoderma administration (G/O or G/IP) in same dosage had no sig-
nificant difference on control of allergo-inflammation in lung and can be
used with both rout according to conditions of the asthmatic patient. In
conclusion, Ganoderma has anti-inflammatory effects, and these effects
are not limited to asthmatic inflammation. Therefore, Ganoderma can be
used in other inflammatory diseases; however, the effects of this fungus
should be studied and confirmed in these conditions. In asthma, Gano-
derma and its polysaccharides can be used to modulate the host’s innate
and cellular and humoral adaptive immunity responses. In our study,
Ganoderma had no effects on the Penh value (an indicator of AHR) and
hydroxyproline level (a lung remodeling factor), so more studies are
needed in this area to confirm these observations. Moreover, as a com-
plementary remedy, the molecular mechanisms of the anti-asthmatic
and anti-allergic effects of Ganoderma need to be deeply investigated.
The interactions of Ganoderma with multiple receptors on immune cells
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should be further divulged. Also, the allergenicity of Ganoderma and its
spores should be noted.

In this study, we had some limitations. In general, the Penh value is
not areliable parameter to determine AHR, and it is better to use specific
airway resistance tests. However, we could not use specific airway
resistance tests. Thus, our results regarding the effects of Ganoderma on
bronchoconstriction responses (MCh and AHR) and airway sensory
nerves may not be conclusive. In this study, we only determined
eosinophil percentage in BALf, and other differential cell counts were
not performed. Finally, we enrolled two additional OVA-challenged
groups that were treated with Tris buffer, as the Ganoderma extract
solution, via the oral and IP routes; nevertheless, the results of these
groups were not presented because they showed no significant differ-
ence compared with the OVA-challenged group.
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