MOLECULAR MEDICINE REPORTS 15: 3674-3680, 2017

Anti-inflammatory effects of dihydromyricetin
in a mouse model of asthma
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Abstract. Dihydromyricetin (DHM) is a plant flavonoid and is
the primary active ingredient isolated from the medicinal herb,
Ampelopsis grossedentata. DHM has been shown to possess
various pharmacological activities, including anti-inflamma-
tory effects. However, the possible role of DHM in asthma
treatment remains to be elucidated. The present study aimed
to investigate its anti-inflammatory properties in mice with
symptoms of allergic asthma. The C57BL/6 mice were sensi-
tized and challenged with ovalbumin (OVA) to induce asthma.
DHM or phosphate-buffered saline treatment was adminis-
tered 1 h prior to the OVA challenge. The levels of interleukin
(IL)-4, IL-5 and IL-13 in the bronchoalveolar lavage (BAL)
fluid were measured by enzyme-linked immunosorbent assay
(ELISA), and OVA-specific serum IgE and IgGl levels were
also determined by ELISA. Histopathological staining was
performed to evaluate the infiltration of inflammatory cells into
the BAL fluid, lung tissues and goblet cell hyperplasia. DHM
treatment significantly reduced the total number of inflam-
matory cells, including eosinophils, neutrophils, lymphocytes
and macrophages, in the BAL fluid. DHM also reduced the
levels of 1L-4, IL-5 and IL-13 in the BAL fluid, and reduced
the secretion of OVA-specific IgE and IgGl in the serum.
The histological staining demonstrated that DHM treatment
effectively suppressed the OVA-induced inflammatory cells in
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the lung tissues and in the mucus hypersecreted by goblet cells
in the airway. These results showed that DHM had a potent
anti-inflammatory effect in an OVA-induced mouse model of
asthma, offering potential as an anti-inflammatory agent for
the treatment of asthma.

Introduction

Asthma is one of the most common chronic respiratory
diseases, characterized by variable airflow obstruction, airway
inflammation and remodeling, bronchial hyperresponsiveness
and mucus hypersecretion, excessive infiltration of leukocytes
(particularly eosinophils) into the airways, and intrapulmo-
nary overexpression of Th2 cytokines, including interleukin
(IL)-4,1IL-5 and IL-13 (1,2). Increasing evidence has indicated
that the incidence of asthma has markedly increased world-
wide, and its morbidity and mortality rates have increased in
previous decades, despite advances in understanding its patho-
physiological mechanism (3,4). In addition, although asthma
treatment has improved by the implementation of management
guidelines, and the use of inhaled corticosteroids and -2
agonists as the first line treatment for asthmatics (5), current
treatments and the well-known side effects of corticosteroids
are not always satisfactory in clinical practice (6). Therefore,
novel or alternative approaches for the treatment of asthma are
potentially useful and increasingly critical.

Dihydromyricetin (DHM) is a plant flavonoid
component isolated from the tender stem and leaves of
Ampelopsis grossedentata, which is widely used in traditional
Chinese medicine in South China for preventing and treating
hepatitis, chronic nephritis, vomiting, acid regurgitation,
polyorexia and halitosis (7,8). The chemical structure of DHM
is shown in Fig. 1A, which is similar to that of myrecetin, a
natural flavonoid found in berries, grapes, vegetables, herbs,
fruits and other plants with anticancer activities (9,10).
Previous studies have indicated that DHM exhibits a range
of biological and pharmacological activities, including
hepatic protection (11,12), attenuation of cardiomyocyte
hypertrophy (13), antimicrobial activity, anti-oxidation and
antitumor effects (14-17).

In previous years, the anti-inflammatory effect of DHM
has attracted increased interest. DHM supplementation has
been found to exert anti-inflammatory activity in patients
with nonalcoholic fatty liver disease through decreased
levels of serum tumor necrosis factor-a, cytokeratin-18 and
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fibroblast growth factor 21 (18). Additionally, studies have
suggested that DHM possesses anti-inflammatory effects
via inhibiting the activity of nuclear factor kB (NF-kB) and
mitogen-activated protein kinase (MAPK) signaling path-
ways (19,20). However, no information is currently available
on the effect of DHM treatment on a non-infectious mouse
airway inflammatory model. Therefore, in the present study,
an ovalbumin (OVA) -induced asthmatic model was used to
evaluate whether DHM has a distinct anti-inflammatory role
in asthmatic mice.

Materials and methods

Preparation of DHM. DHM was purchased from Sigma-
Aldrich; Merck KGaA (Darmstadt, Germany), dissolved in
ethanol and prepared as a 10 mg/ml stock solution, which
was diluted to the final concentration with sterile phosphate-
buffered saline (PBS; pH 7.4) immediately prior to use.

Animals. Female C57BL/6 mice (4-6 weeks old) were
purchased from Beijing Biocytogen Company (Beijing,
China), and maintained in a pathogen-free animal room at a
constant temperature (25°C) in 12:12-h light:dark cycle with
access to water and standard chow ad libitum. The guidelines
of the Animal Care and Use Committee (ACUC) of Nanjing
Chest Hospital (Nanjing, China) were adhered to in strict
accordance, and the experimental procedures were reviewed
and approved by the ACUC.

Sensitization and treatment protocols. The mice were
divided into four groups, each containing eight mice:
Negative control group; OVA group, OVA+dexamethasone
(Dex; Sigma-Aldrich; Merck KGaA) group; and OVA+DHM
group. The induction of asthma in the mice treated with
OVA (grade III) was performed as described previously (21).
Briefly, each mouse was sensitized with 20 ug of OVA in
1 mg aluminum hydroxide by intraperitoneal injection on
days 0, 7 and 14. On days 21-27, the OVA-challenged mice
were exposed to inhalation with 5% OVA solution, which
was aerosolized using an ultrasonic nebulizer for 1 h per day.
The mice in the negative control groups were sensitized and
challenged with an equal volume of PBS, instead of the OVA
and drug treatment. The other three groups of asthma-induced
mice were administered intraperitoneally with 10 mg/kg of
DHM, based on preliminary experiments and a previous
study (6), or 2 mg/kg of OVA as a positive control between
days 14 and 27.

Collection of bronchoalveolar lavage (BAL) fluid. Following
the final challenge, the mice were sacrificed and the thoracic
cavity was immediately opened by careful dissection. The
trachea was then exposed, and BAL fluid was collected by
lavage of the lung through the trachea infused with three
aliquots of PBS (0.3, 0.3 and 0.4 ml) in a total volume of 1 ml.
The fluids were then centrifuged at 400 x g for 5 min at 4°C,
and the pellets were recovered for cellular analysis. The super-
natants were stored at -80°C until biochemical analyses.

Counts of inflammatory cells in BAL fluid. The cell pellets
were resuspended in 500 ul of PBS, and the total number
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of viable cells were counted using a hemocytometer through
Trypan blue exclusion. Cytological examination was
performed as described previously (22). Briefly, cytospin
preparations were produced using a Cytospin (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and stained
with modified Wright's stain. Differential cell counting was
performed on at least 200 cells in each slide using standard
morphological criteria under a light microscope (CX41;
Olympus Corporation, Tokyo, Japan).

ELISA. The expression levels of OVA-specific IgE and IgGl1 in
the mouse sera and cytokines in the BAL fluid were measured
using the ELISA method, according to a previously described
method (2) with modifications. Briefly, blood samples were
immediately collected from murine orbita following sacrifice
of the mice on day 28, followed by centrifugation at 1,000 x g
for 15 min at 4°C. Aliquots of the serum were then stored at
-80°C until analysis. For OVA-specific IgE and IgG1 analysis,
microplate wells were respectively coated with purified rat
anti-mouse IgE (ab99574; 1:300; Abcam, Cambridge, UK) and
IgGl1 (ab99656; 1:300; Abcam), followed by incubation with
blocking buffer at room temperature for 1 h and subsequent
washing with PBS. Subsequently, mouse sera were added to
the microplate wells and incubated for 2 h at room tempera-
ture, followed by incubation with biotin-labeled anti-mouse
IgE or IgGl for 1 h at room temperature. The reactions were
read using an automated spectrophotometric plate reader
(PerkinElmer, Inc., Waltham, MA, USA) at 450 nm. The levels
of IL-4,IL-5 and IL-13 in the BAL fluid were also determined
using corresponding specific ELISA kits (BD Biosciences,
Franklin Lakes, NJ, USA).

Lung tissue histopathology. Following collection of BAL
fluid, lung tissues were excised from the mice and fixed in
10% (v/v) formalin overnight. The tissue was then embedded
in paraffin and cut into sections of 5 ym thickness, followed
by deparaffinization and rehydration. The sections were then
stained with hematoxylin and eosin (H&E) for detecting the
infiltration of inflammatory cells, and stained with periodic
acid-Schiff (PAS) staining to measure mucus production
under a light microscope (CX41; Olympus Corporation).

Measurement of airway hyperresponsiveness (AHR). AHR
was measured as described previously (23). Briefly, 24 h
following the final OVA challenge, conscious and unre-
strained mice were used to evaluate AHR using whole-body
plethysmography (Buxco Electronics, Inc., Wilmington,
NC, USA). Each mouse was placed in a single chamber and
subjected to exposure of aerosolized PBS, followed by 5, 10,
20 and 40 mg/ml solutions of aerosolized methacholine in
PBS for 3 min each time (n=4), and the interval duration
between each exposure was 30 min. Following each exposure
of methacholine at different concentrations, bronchoconstric-
tion was recorded using whole-body plethysmography. The
results were calculated as the proportion of the respective
basal Penh values obtained from the PBS-challenged control
mice.

Statistical analysis. Data are expressed as the mean + standard
deviation. Statistical analysis was performed using the SPSS
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Figure 1. Effect of DHM on OVA-induced inflammatory cells counts in
BAL fluid. (A) Chemical structure of DHM. (B) Recovered cells from BAL
fluid were counted following Wright's staining. Data are expressed as the
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Figure 2. Effects of DHM on OVA-induced IgE and IgGl in serum. Mouse
serum was collected 24 h following the final OVA challenged and the
levels of OVA-specific (A) IgE and (B) IgGl in serum were determined
using enzyme-linked immunosorbent assays. Data are expressed as the
mean + standard deviation (n=8), “P<0.01, vs. OVA. DHM, dihydromyric-
etin; OVA, ovalbumin; Dex, dexamethasone.

statistical software package (version 11.0; SPSS, Inc., Chicago,
IL, USA) using Student's two-tail #-test. P<0.05 was considered
to indicate a statistically significant difference.
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Results

Effect of DHM on the infiltration of inflammatory cells in
BAL fluid. Alterations in cellular components, particularly
eosinophils, are critical in the development of asthma. To
evaluate the anti-inflammatory effects of DHM, inflammatory
cells, including eosinophils, macrophages, lymphocytes and
neutrophils, in the BAL fluid of mice challenged with OVA
were stained with Wright's stain and counted. The results
demonstrated that OVA challenge resulted in an apparent
increased influx of eosinophils, macrophages, lymphocytes
and neutrophils into the BAL fluid of the OVA-sensitized mice.
However, DHM challenge significantly reduced the number
of these inflammatory cells in the BAL fluid, compared with
OVA-challenged mice (Fig. 1B).

Effect of DHM on the release of OVA-specific IgE and IgG1
into serum. In the pathogenesis of the allergic response, IgE
and IgGl are associated with inflammatory cells. Therefore,
the levels of OVA-specific IgE and IgGl in the serum were
determined using ELISA. As shown in Fig. 2, the results
demonstrated that the levels of IgE (Fig. 2A) and IgG1 (Fig. 2B)
in the serum were markedly increased in the OVA-treated
mice, compared with the control mice. However, DHM treat-
ment significantly decreased the OVA-specific levels of IgE
and IgGl, compared with the OVA-challenged group.

Effect of DHM on cytokine levels. To determine the effect of
DHM on the release of cytokines in OVA-challenged mice, the
levels of IL-4, IL-5 and IL-13 in the BAL fluid were measured
using ELISA 24 h following the final challenge. As shown in
Fig. 3, the results demonstrated that OVA sensitization and
challenge resulted in marked elevations in the production of
IL-4, IL-5 and IL-13 in the BAL fluid of the mice, however,
these elevated levels of IL-4 (Fig. 3A), IL-5 (Fig. 3B) and IL-13
(Fig. 3C) were significantly downregulated by treatment with
DHM and the positive control, Dex.

Effect of DHM on OVA-induced inflammatory cells in lung
tissue. To evaluate the anti-inflammatory effect of DHM, asth-
matic lung tissue was collected from the mice 24 h following
the final OVA challenge, and stained with H&E solution.
The results showed that no inflammatory cell infiltration was
observed in the normal lung tissue of the control mice (Fig. 4A).
By contrast, in the OVA-challenged mice, the infiltration of
inflammatory cells, which were predominantly eosinophils,
were found in the peribronchial and perivascular areas of the
lung tissue (Fig. 4B). However, DHM treatment and positive
control (Dex) treatment effectively inhibited the infiltration of
inflammatory cells into the lung tissues of the OVA-challenged
mice (Fig. 4C-D).

Effect of DHM on airway goblet cell hyperplasia and mucus
production. To evaluate the effect of DHM on mucus over-
production caused by goblet cell hyperplasia, lung tissue
sections were stained with PAS staining. As shown in Fig. 5,
the results demonstrated that mucus hypersecretion and goblet
cell hyperplasia were observed in the bronchi of the airways in
the OVA-challenged mice, but not in the control mice (Fig. 5SA
and B). However, mucus production and the number of goblet
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Figure 3. Effects of DHM on cytokine levels in BAL fluid. BAL fluid was
collected following the final OVA challenge, and the levels of (A) IL-4,(B) IL-5
and (C) IL-13 were analyzed using enzyme-linked immunosorbent assays.
Data are expressed as the mean + standard deviation (n=38), "P<0.05 and
“P<0.01, vs. OVA. DHM, dihydromyricetin; OVA, ovalbumin; Dex, dexa-
methasone; IL, interleukin.

Figure 4. Effect of DHM on the recruitment of inflammatory cells in lung
tissue. Lung tissues were obtained from the mice following the final OVA
challenge, and was fixed, embedded, cut into sections and stained with hema-
toxylin and eosin solution to detect the infiltration of inflammatory cells.
(A) phosphate-buffered saline-challenged mice; (B) OVA-challenged mice;
(C) asthmatic mice treated with dexamethasone (2 mg/kg); (D) asthmatic
mice treated with DHM (10 mg/kg). Magnification, x200. DHM, dihydro-
myricetin; OVA, ovalbumin.

Figure 5. Effect of DHM on mucus production. Lung tissues were fixed,
embedded, cut into section, and then stained with periodic acid-Schiff solution
to identify mucus hypersecretion. (A) Phosphate-buffered saline-challenged
mice; (B) ovalbumin-challenged mice; (C) asthmatic mice treated with dexa-
methasone (2 mg/kg); (D) asthmatic mice treated with DHM (10 mg/kg).
Magnification, x400. DHM, dihydromyricetin.
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Figure 6. Effect of DHM on AHR. AHR in the mice treated with increasing
concentrations of methacholine (0-40 mg/ml) was measured using
whole-body plethysmography 24 h following the final OVA challenge.
Penh values are expressed as mean + standard deviation (n=5). "P<0.05 and
“P<0.01, vs. OVA. DHM, dihydromyricetin; OVA, ovalbumin; Dex, dexa-
methasone; AHR, airway hyperresponsiveness.

cells were markedly decreased in the Dex-treated (Fig. 5C)
and DHM-treated (Fig. 5D) asthmatic mice.

Effect of DHM on AHR. To determine the inhibitory effect
of DHM on AHR, the OVA-challenged mouse model, in
which methacholine served as an AHR promoter, was used.
AHR was calculated by Penh values (enhanced pauses). The
results showed that, in the OVA-challenged mice, the Penh
value was higher, compared with that of control group when
the concentration of methacholine increased between 5 and
40 mg/ml. Treatment with the positive control (Dex) or DHM
significantly decreased the Penh value, compared with that in
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the OVA-challenged group at a methacholine concentration
range of 10-40 mg/ml (Fig. 6).

Discussion

Asthma is one of the most common inflammatory diseases
of the airways, characterized by increased infiltration of
various inflammatory cells into the lung airways, bronchial
hyperresponsiveness, reversible airway obstruction and
reduced respiratory function (24). Due to the prevalence
of asthma worldwide and the various side effects resulting
from the long-term use of corticosteroids and (-2 agonists,
it is necessary to investigate effective therapeutic agents
for the treatment of asthma. DHM is a major bioactive
flavonoid, originally isolated from the medical herb,
Ampelopsis grossedentata, which has been found to possess
various pharmacological activities (8). However, the effect
of DHM treatment on asthma remains to be elucidated. In
the present study, the anti-inflammatory effect of DHM in
an OVA-induced asthmatic mouse model was investigated.
It was found that DHM effectively suppressed the infiltration
of inflammatory cells into the airways of the asthmatic
mice, decreased the numbers of eosinophils, macrophages,
lymphocytes and neutrophils into the BAL fluid, and
inhibited the elevated levels of 1L-4, IL-5 and IL-13 in the
BAL fluid. In addition, reduction in the levels of OVA-specific
IgE and IgGl1 was observed in the serum of mice challenged
with DHM. The present study is the first, to the best of our
knowledge, to evaluate the effects of DHM in a non-infectious
mouse model of asthma.

Previous studies have indicated that asthma was
originally considered to be a Th2-mediated disease (25).
Accordingly, Th2 cytokines have distinct and significant
effects in the pathogenesis of asthma. Their overproduction
induces the inflammatory response and airway remodeling,
and contributes to the initiation and pathogenesis of acute
asthma (26). Therefore, cytokines have become a major target
of novel therapies for asthma. In the present study, it was
found that the levels of IL-4, IL-5 and IL-13 in the BAL fluid
were markedly elevated in OVA-challenged mice, but were
decreased following DHM treatment. In a previous study,
DHM was demonstrated to possess anti-inflammatory activity
through reducing the production of tumor necrosis factor-a
and cytokeratin-18 in patients with non-alcoholic fatty liver
disease (18). Proinflammatory cytokines, including IL-4,1L-5
and IL-13, expressed by Th2 cells are directly involved in the
initiation and maintenance of allergic disease (27). IL-4 may
be responsible for the production of IgE (28). IL-5 promotes
the mobilization of eosinophils from the bone marrow, and
recruits eosinophils into the airways (29). IL-13 is important
in eosinophilic inflammation, mucus hypersecretion and
airway luminal narrowing (30). The data in the present
study suggested that DHM treatment decreased the levels of
IL-4, IL-5 and IL-13 in the OVA-induced asthmatic mouse,
which at least contributed to the anti-inflammatory effect of
DHM.

Eosinophilia is a major hallmark of allergic diseases.
Eosinophils are the predominant inflammatory cells in asth-
matic lung tissues, and are known principal effector cells in the
pathogenesis of allergic inflammation (31). The recruitment of
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eosinophils into the airways is a multistep process, which is
coordinated by various cytokines and adhesion molecules (32).
The results of the present study demonstrated that DHM
treatment effectively reduced the number of eosinophils in
the BAL fluid of the OVA-challenged mice. Other leukocytes,
including neutrophils, macrophages and lymphocytes, are
also important mediators for the inflammatory response. In
the present study, DHM treatment ameliorated airway eosino-
philia, as shown by the decreased numbers of eosinophils,
macrophages, lymphocytes and neutrophils in the BAL fluid
and lung tissues of the OVA-sensitized mice. Additionally,
the findings demonstrated that DHM treatment significantly
decreased mucus hypersecretion. A previous study indicated
that mucus hypersecretion was increased by hypertrophy of
goblet cells in the lung tissue of asthma, which is involved in
airway obstruction (33).

Increased levels of serum IgE and IgGl are a hallmark
of the Th2 immune response, and it generally observed
in OVA-challenged animals, similar to the increase in
pollen-specific IgE in hayfever sufferers (34). The biological
activity of IgE is mediated through its interaction with its high
affinity IgE receptor on mast cells and basophils (22). It has
been reported that the neutralization of IgE decreased the
recruitment of eosinophils into the airway following allergen
challenge (35). In the present study, DHM treatment inhibited
the increased serum production of IgE and IgGl, which
suggested that the anti-allergy effect of DHM was associated
with the decreased production of IgE and IgGl.

AHR is a useful marker of airway abnormality in asthma,
and its development involves various inflammatory cells and
mediators. The data obtained in the present study demon-
strated that DHM significantly suppressed the OVA-induced
AHR to inhaled methacholine. IL-5-mediated eosinophilia
is important in AHR development by generating various
proinflammatory products, including cysteinyl-leukotrienes,
major basic protein, eosinophilic cationic protein and other
lipid mediators, which are closely associated with AHR (36).
Additionally, IL-4 and IL-13 have been reported to induce
AHR in mouse asthma models (37). Thus, the DHM-mediated
reduction of AHR may be associated with reduction in the
production of IL-4, IL-5 and IL-13.

Previous studies have indicated that the production of
several inflammatory cytokines is regulated by MAPKs and
NF-«B (38-40). The MAPK signaling cascade is important
in the activation of inflammatory cells. Suppression of the
extracellular signal-regulated kinase (ERK) signaling pathway
may be a therapeutic target for the treatment of allergic airway
inflammation (4). In addition, when NF-xB is activated,
several inflammatory cytokines are upregulated in asthmatic
airways, and the AHR and mucus secretion are enhanced in
allergic inflammation (41). Previous studies have suggested
that DHM inhibits the activation of NF-xB and the phosphory-
lation of p38 and c-Jun N-terminal kinase, but not ERK1/2,
in lipopolysaccharide-stimulated macrophages (18,20,42). In
the present study, it was hypothesized that DHM inhibited the
inflammatory response in the asthma model through a similar
mechanism; however, this requires clarification in future
investigations.

In conclusion, the present study showed that DHM treatment
effectively inhibited the increased number of inflammatory
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cells, including eosinophils, macrophages, lymphocytes and
neutrophils, in the mouse asthma model induced by OVA,
and also effectively suppressed the elevated levels of IgE
and IgGl, and of the IL-4, IL-5 and IL-13 cytokines in the
OVA-challenged mice. Additionally, histological staining indi-
cated that DHM treatment markedly inhibited the infiltration
of inflammatory cells in the lung tissue and reduced mucus
hypersecretion by goblet cells in the airway. These findings
suggested that DHM may have inhibitory effects on airway
inflammation and may be a potential therapeutic agent for the
treatment of asthma.
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