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Abstract: Asthma is the most prevalent chronic respiratory disease worldwide. Garlic extracts
have long been used as a food source and in traditional medicine. Crude extracts of garlic are
used as an anti-inflammatory agent and have been reported to exhibit antiasthmatic prop-
erties. However, molecular mechanisms of garlic extracts in the context of antiasthmatic
airway inflammation are still unclear. In this study, the antiasthmatic effect of garlic extracts
on Thl, Th2, and Th3 cytokine profiles and immunoregulatory mechanism were explored
using an animal model of allergic asthma. Garlic extracts significantly reduced total in-
flammatory cell counts and eosinophil infiltration and decreased the production of Derma-
tophagoides pteronyssinus IgE in serum and Th1/Th2/Th3 cytokine in bronchoalveolar fluid.
Enzyme-linked immunosorbent assay analysis demonstrated that garlic extracts down-
regulated the levels of cytokines and chemokines, namely Th2-related IL-4, IL-5, and IL-13;
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but they simultaneously upregulated Thl-related IFN-y, IL-12, and Th3-related IL-10 and
TGF-f expression in BALF. The mechanism may be ascribed to the modulation of Thl-,
Th2-, and Th3-related cytokine imbalance.

Keywords: Garlic; Dermatophagoides pteronyssinus; Bronchoalveolar Fluid; Th1/Th2/Th3
Cytokines; Airway Inflammation.

Introduction

Asthma is a chronic bronchial disease with an etiology that remains poorly understood.
However, its most common cause is known to be allergic asthma triggered by allergens. It
manifests as a form of chronic respiratory tract inflammation that is experienced as re-
versible airflow obstruction, airway inflammation, airway hyper-responsiveness, and air-
way remodeling (Ross ef al., 2018). Whether someone is affected by asthma depends on
both their genetic predisposition and particular environmental factors (Wisniewski ef al.,
2018). Asthma may in part be caused by exposure to environmental irritants, such as
pollution, mold, pollen, animal dander, dust mites, and other allergens (Terl ef al., 2017).
Research has demonstrated that most asthma patients are sensitive to dust mites. The effects
of this specific allergen on sensitization, bronchial hyper-responsiveness, and asthma
continue to be extensively studied (Lombardi et al., 2016).

Allergic asthma is a condition of chronic bronchitis caused by infiltrating inflammatory
cells such as eosinophils, mast cells, T lymphocytes, neutrophils, and macrophages. The
incidence of allergic asthma has steadily increased in developing countries (Hirota er al.,
2014; Mulligan et al., 2017). Under normal physiological conditions, the immune
mechanisms of Th1 and Th2 cells remain homeostatic. However, whenever perturbation of
a predisposed individual occurs due to the presence of allergens, the disease condition
presents. Relevant literature confirms that asthma is the result of Thl or Th2 imbalance
(Kay, 2001). Thl-related cytokines, particularly the secretion of interferon gamma (IFN-y),
directly affect the severity of asthma (Kumar ez al., 2006), and interleukin (IL) 12 (IL-12)
signals for the presence of Thl cells in the region of asthmatic bronchitis (Manetti et al.,
1993). Otherwise, Th2-related cytokines include IL-4, IL-5, and IL-13, which play crucial
roles in the pathological development of asthmatic disease (Allswede ef al., 2016). IL-4
regulates immunoglobulin E (IgE) levels in a concentration-dependent manner, which may
trigger the migration of inflammatory cells in the region of the allergen. IL-13 induces an
increase in inflammatory cells within the region of the bronchioles, which leads to ex-
cessive mucus secretion, epithelial hyperplasia, thickening of the basement membrane, and
activation of B cells (Hershey, 2003).

Inhaled corticosteroids are commonly used to suppress asthma symptoms. Although
effective for reducing the symptomology of asthma, these pharmaceuticals have other
systemic side effects. These side effects may prove extremely detrimental to the health of
the user in the long term. When the side effects of a medication prove to be more detri-
mental to the patient than the disease is, medical research should elucidate the mechanisms
of the disease in a more useful manner. As such, one effective Dermatophagoides
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pteronyssinus (Der p) strategy for reducing asthma symptoms is to manipulate the Thl
immune responses and simultaneously inhibit Th2 differentiation to restore Th1/Th2 bal-
ance (Yuan et al., 2013).

Since ancient times, consumption of medicinal herbs has been an important method
for treating disease (Grela et al., 2014; Alaca et al., 2017). The medical uses of garlic
(Allium sativum) have been extolled for centuries (Nasiri et al., 2017). Research has
indicated that garlic modulates immune responses (Ge et al., 1999; Dong et al., 2011;
Cloarec et al., 2017). One study demonstrated that aged garlic extract reduces the
symptoms of allergic airway inflammation while increasing the level of IFN-y in
bronchoalveolar lavage (Zare et al., 2008). The mechanism through which aged garlic
extract exerts an effect on asthma remains unknown; as such, research into this promising
natural medicine is warranted.

Research indicates that the mouse animal model may be useful for understanding the
mechanisms of asthma, as it was found that introducing house dust mite extract into the
mouse trachea induces acute respiratory tract inflammation. When the house dust mite
extract was inoculated into the trachea multiple times, it induced the infiltration of in-
flammatory cells into the mouse respiratory tract. Simultaneously, increases occurred in the
levels of IgE and IgGl in the alveolar lavage fluid, the Th2 type cytokines, and serum. In
addition, pathological sections of the lungs revealed an increase in the number of mast cells
near the trachea and bronchial mucosa of the mice. These results indicated that house dust
mites can induce an allergic inflammatory response in vivo (Blyth ef al., 1998; Zare et al.,
2008). For this study, a BALB/c mouse with Der p-induced asthma was used to analyze the
possible antiasthmatic effects of garlic extracts and their mechanisms.

Materials and Methods
Preparation of Extracts

The garlic was collected in Taichung, Taiwan, weighed, and the dry outer hull was re-
moved. The garlic pulp (10kg) was extracted with 70% ethanol three times. The filtrates
were collected and concentrated under reduced pressure with a vacuum rotary evaporator to
obtain the garlic extract (770 g).

Experimental Animals

Specific-pathogen-free, 6- to 8-week-old male BALB/c mice were used in this research
(BioLASCO Taiwan CO., Ltd). Mice were housed and fed with standard laboratory animal
diets and water ad libitum in a specific-pathogen-free animal laboratory. The temperature
was controlled at 22 4 1°C with the relative humidity set at 55% % 5% with a 12-h light—
dark cycle. All animal experimental procedures were conducted in accordance with the
internationally accepted principles for laboratory animal use and care. Approval of the
protocol from the Institutional Animal Care and Use Committee of Da-Yeh University
(Permit Number: 104010) was obtained.
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Establishment of Allergic Asthma Model and Treatment

The animals were separated into five groups (n = 8). Group 1 received 0.9% saline water
orally. Group 2 received 0.9% saline water orally. Groups 3 to 5 received oral garlic extract
doses of 100, 150, and 200 mg/kg, respectively. The investigator was blinded to the
treatment groups.

First, Groups 2 to 5 were subcutaneously injected at the base of their tails with a 50-uL
emulsion containing 50 pg of Der p in incomplete Freund’s adjuvant (Difco, Detroit, MI,
USA) on days 0 and 7, and Group 1 were subcutaneously injected with 0.9% saline. After
14 days, mice were lightly anesthetized and injected intraperitoneally with 20 mg/kg body
weight of tiletamine—zolazepam (Zoletil® 50, Virbac Corporation, Carros, France). The
mice received intratracheal instillation with 50 pL of Der p for the allergen induction (Yuan
et al., 2013; Lee et al., 2018).

Preparation of Bronchoalveolar Lavage Fluid and Inflammatory Cell Count

Mice were sacrificed using phenobarbital injection 72 h after the last Der p induction. The
lungs were lavaged using a syringe containing 1 mL of sterile ice saline solution. This
process was repeated three times, and then the lavage fluid was collected to obtain 3 mL of
lavage fluid in total (Lee er al., 2018). The collected lavage fluid was subjected to 10-min
centrifugation at 4°C and 1200 rpm. Immediately after centrifuging, the supernatant was
stored at —80°C in a freezer and the pellet was collected and reconstituted to determine
total cell count.

Histological Assessment of Lung Tissue

Histological assessment of inflammatory changes in lung tissues was made in each animal.
The chest of the mouse was opened, and a 70% alcoholic formalin solution was injected via
the trachea into the lungs. After the lungs were inflated, the lungs of the mice were
removed and immersed in a 70% alcohol formalin solution, after which they were stored
for 24 h. The lung material surrounding the trachea was dissected, placed in the specimen
box, and stored in a 10% neutral formalin fixative. After progressive alcohol dehydration
and paraffin embedding, the specimen was cut into 0.4-mm thick slices by microtome,
fixed on a slide, and stained with hematoxylin and eosin. Slides were evaluated by mi-
croscopy and inflammatory changes were observed in a double-blind manner with two
independent researchers. The peribronchial and perivascular inflammation was determined
following the guidance noted before (Guo er al., 2014).

Measurement of Cytokine Concentrations in BALF

The levels of IFN-y, IL-12, IL-4, IL-5, IL-10, TGF-B, and IL-13 in the lavage fluids of
lungs from control, Der p, and garlic extract-fed mice were determined using enzyme-
linked immunosorbent assay (ELISA) kits for mice (BioSource, Camarillo, CA).
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Subsequent analyses of the levels of IFN-y, IL-12, IL-4, IL-5, IL-10, TGF-f, and IL-13
were determined using a Bio-Plex assay and read on a Luminex-100 machine, then ana-
lyzed using Bio-Plex Manager software (Bio-Rad Laboratories, Hercules, CA).

Der p-Specific Serum IgE/IgG1/IgG2a Concentrations

The concentrations of serum IgE, IgG1, and IgG2a were measured using the appropriate
ELISA kits, according to the manufacturer’s instructions (Promega, Madison, WI, USA).

Statistical Analysis

Results are presented as the mean += SEM for the sample number (n) of each group.
Analysis of variance was used to evaluate the corresponding significance between multiple
groups. Once significance was established between groups, Duncan’s multiple range test
was used to compare mean values of two specific groups using SPSS for Windows, version
17 (IBM, Chicago, IL, USA) with P < 0.05 considered significant.

Results
Effects of Garlic Extract on Der p-Specific IgE, IgGl, and IgG2a Levels in Serum

The garlic extracts at doses of 100, 150, and 200 mg/kg significantly attenuated the serum
IgE levels in asthmatic mice (Figs. | and 2). Similarly, the garlic extracts at doses of 150
and 200 mg/kg significantly increased the serum IgGl and decreased the serum IgG2a
levels in asthmatic mice (Figs. 2 and 3).

Effects of Garlic Extract on Der p-Induced Histopathological Changes

Histopathology results revealed that mice exposed to Der p exhibited moderate inflam-
matory cell infiltration. This consisted of mainly eosinophils and lymphocytes appearing
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Figure 1. Effects of garlic extract on IgE in serum of Der p-induced allergic asthmatic mice. Data are expressed as
the mean = SEM. *p < 0.05, **p < 0.05 vs. Der p.
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Figure 2. Effects of garlic extract on IgG1 in serum of Der p-induced allergic asthmatic mice. Data are expressed
as the mean = SEM. ***p < 0.01 vs. Der p.

around perivascular and peribronchial spaces compared with the control group (Fig. 4A).
Bronchial epithelial hyperplasia and goblet cell modification in the bronchus were observed
alongside macrophage aggregation in the terminal bronchioles and alveolar space
(Fig. 4B). In contrast with the Der p-induced group, the garlic extract-treated mice
receiving doses of 150mg/kg and 200 mg/kg exhibited decreased inflammatory cell
infiltration in the lungs and trachea.

Effects of Garlic Extracts on Der p-Induced Cytokine and Chemokine Levels in BALF

Compared with the Der p-induced group, the levels of IL-12 (Fig. 5A) and IL-10 (Fig. 5B)
in the bronchoalveolar lavage fluid of Der p-induced and garlic extract-treated mice sig-
nificantly increased at 150 and 200 mg/kg of garlic extract, respectively. The IFN-y
(Fig. 5C) levels in the bronchoalveolar lavage fluid of sensitized mice significantly in-
creased after garlic extract treatment with doses at 100, 150, and 200 mg/kg. By contrast,
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Figure 3. Effects of garlic extract on IgG2a in serum of Der p-induced allergic asthmatic mice. Data are expressed
as the mean + SEM. ***¥p < 0.001 vs. Der p.
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(4) Garlic extract 150 mg/kg  (5) Garlic extract 200 mg/kg

(A) Lung tissue
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(2) Vehicle (3) Garlic extract 100 mg/kg

(4) Garlic extract 150 mg/kg  (5) Garlic extract 200 mg/kg
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Figure 4. Effects of garlic extract on airway inflammation in the lung (A) and bronchial airway (B) tissue in Der
p-induced allergic asthmatic mice. (1) normal control group; (2) Der p group; (3) 100 mg/kg from garlic extract
treatment group; (4) 150 mg/kg from garlic extract treatment group; (5) 200 mg/kg from garlic extract treatment
group (H&E staining, original magnification 400x).

the alveolar lavage fluid in the Der p-induced group treated with doses at 100, 150, and
200 mg/kg garlic extract exhibited a marked decrease in the levels of IL-4 (Fig. 5D), IL-5
(Fig. 5E), IL-13 (Fig. 5F), and TGF-B (Fig. 5G).

Effects of Garlic Extract on Der p-Induced Inflammatory Cells in BALF

After Der p induction in mice, the total number of cells in the alveolar lavage fluid had
greatly increased (Fig. 6). At doses of 100, 150, and 200 mg/kg of garlic extract, the total
number of cells was significantly reduced in a dose-dependent manner.
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Figure 5. Effects of garlic extract on Thl, Th2, and Th3 chemokine levels IL-12 (A), IL-10 (B), IFN-y (C), IL-4
(D), IL-5 (E), IL-13 (F), TGF-B (G) in BALF of Der p-induced allergic asthmatic mice. Chemokine data are
expressed as the mean == SEM. *p < 0.05, **p < 0.01 vs. Der p.
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Figure 5. (Continued)
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Figure 6. Effects of garlic extract on the number of total cells in BALF of Der p-induced allergic asthmatic mice.
Data are expressed as the mean £ SEM. **p < 0.01, ***p < 0.001 vs. Der p.

Discussion

Allergic asthma is an airway inflammation syndrome involving various inflammatory cells,
cytokines, and inflammatory mediators. Allergic asthma has consistently been the most
common chronic respiratory disease in children and adults (Yuan er al., 2013). Researchers
have identified anti-inflammatory activity associated with garlic extract (Gdula-Argasinska
et al., 2017; Metwally et al., 2018). This study showed that the levels of serum IgGl,
IgG2a, and IgE increased in mice in response to Der p challenge in an experimental allergic
asthma model. In addition, this research demonstrated that garlic extract is effective for
reducing systemic IgG2a and IgE antibodies in Der p-induced mice. The inhibitory effect
of garlic extract on airway inflammation in Der p-induced asthma was a result of signif-
icantly reduced airway inflammation and inhibition of eosinophil infiltration. Furthermore,
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Der p-induced mice treated with garlic extract exhibited lower levels of the Der p-specific
IgE in serum and Th2-related cytokines in BALF.

Exposure to indoor allergens such as pets, mold, mites, and house dust mites is strongly
correlated to the incidence of asthma (Kim ez al., 2010). A number of studies have verified
that most asthmatic patients are allergic to the byproducts of two common house dust mite
species, D. pteronyssinus and D. farinae, and also exhibit positive skin-test responses to
house dust mites. In addition, high IgE antibody content was observed in human subjects
after exposure to the dust mite allergen, exposure which resulted in increased acute
wheezing among asthmatic patients (Ohshima ez al., 2002; Jia et al., 2017). The findings of
this study support those of other studies, particularly the assessment of IgE reactivity
profiles. This verified finding may be relied upon in the medical community, guiding the
prescription of specific immunotherapy. Similarly, analysis for allergen-specific IgE and
IgG responses and reactivity in both adults and children may improve predictive diagnosis
accuracy with respect to allergies, including asthma (Resch er al., 2015). This study
demonstrated that garlic extract significantly reduced the expression of Der p-specific IgE.
Also, the significant increase of Der p-specific IgG2a was detected in the serum of Der
p-induced mice.

A close relationship has been suggested between the imbalance of Thl and Th2 cells
and their characteristic cytokine profiles (Liang ef al., 2017). The cascade of effects is
triggered by the Th2 cell response to allergens, initiating the activation of IL-4, IL-5, and
IL-13. This results in elevated serum IgE and the recruitment of eosinophils to the airways,
further inducing histamine, leukotrienes, and prostaglandin (Palomares ef al., 2017). In
addition to promoting the production of IgE antibodies in B cells in vivo, the multiple
cytokine signals released by Th2 also signal for eosinophil and other inflammatory cells to
accumulate in the respiratory tract (Hwang er al., 2017; Palomares e al., 2017). This
combination of cytokine-induced signaling results in airway hyper-responsiveness and
increased mucus secretion, resulting in the potentially lethal symptoms of asthma. In
comparison with Th2 cytokines, the Th1 cytokines, such as IFN-y and IL-12, are involved
in antagonizing Th2 cellular response and IgE synthesis, which acts to inhibit the pro-
gression of asthma (Racke er al., 1994).

This study examined the cytokine and chemokine levels associated with airway in-
flammation of BALF using ELISA to elucidate the effect and potential immunomodulatory
mechanisms of garlic extract. The results indicated that garlic extract markedly inhibited
the activation of Th2 cytokines (IL-4, IL-5, and IL-13) and increased the levels of Th1 and
Th3 cytokines (IFN-y, IL-12, IL-10, and TGF-f). Allergic asthma is primarily mediated by
Th2 cells, which secrete the characteristic cytokines IL-4, IL-5, and IL-13. IL-4 promotes
the activation of Th2 cells, which results in stimulation of mucus secretion from epithelial
cells in the airways, increasing the expression of vascular endothelial cell adhesion
molecules and promoting the production of IgE antibodies by B cell class switch. IL-13
influences bronchial hyper-reactivity, inflammation, and airway remodeling (Tomasiak-
Lozowska et al., 2010). IL-5 activates eosinophils to promote degranulation and regulate
their growth, maturation, adhesion, secretion, and apoptosis (Akdis et al., 2011; Molfino
et al., 2012). In contrast to Th2 cells, Thl cell secrete IFN-y and IL-12, which promote the
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activation of Th1 cells and inhibit Th2 cell activity. The main effect of [FN-y and 1L-12 is
to inhibit the homologous conversion of B cells to produce IgE, which is responsible for
allergic reactions (Natarajan ef al., 2014). The results also demonstrated that garlic extract
was able to downregulate levels of IL-4, IL-5, and IL-13 and to upregulate IL-10 ex-
pression in BALF. These findings suggest that garlic extract might offer clinical advantages
or benefits as a supplementary component to enhance asthma treatment. As well as
modulating the immune responses of Thl and Th2 cells, garlic extract might exert an
antiasthmatic effect through regulation of other cytokines.

Research demonstrated that the induction of regulatory T cells upregulates the immu-
noregulatory cytokines IL-10 and TGF-B, which have been implicated in the down-
regulation of allergen-specific T cell proliferation (Jutel er al, 2003). Another study
investigated the regulatory cytokines IL-10 and TGF-f, which were found to be involved in
tolerance to immunogen-induced airway manifestations of asthma in vivo (Ma et al., 2010).
Garlic extracts acted to regulate the expression of IL-10 and TGF-f in BALF. The multiple
effects of garlic extract and its capacity to mediate the inflammatory response of Der p
warrants investigation into the active components.

Under normal physiological conditions, the Th1-Th2 cells of the auxiliary sputum
lymphocyte subsets are in homeostasis. When the Th1-Th2 cell balance is perturbed, a
Th1-Th2 type drift results, which can cause disease. Patients suffering with allergic asthma
exhibit an unbalanced Th1-Th2 ratio (Shi ef al., 2011). The perturbation of the Th1-Th2
ratio is confirmed to be one of the initial factors that increases airway inflammation and
leads to asthma (Carneiro er al., 2010). Research suggests that garlic extract corrects an
imbalance of Thl and Th2 cells. Garlic extract significantly reduced the activation of Th2
cytokine-mediated responses and increased the activation of the Thl cytokine-mediated
cascade. As such, the Th1-Th2 ratio was restored to near normal levels by garlic extract.
These findings strongly suggest that garlic extract could mediate the cytokine signaling of
Th1l and Th2 and reduce the inflammatory response that is indicative of asthma.

Conclusion

Garlic extract acts to inhibit Der p-induced asthmatic response through the cytokine-mediated
response mechanism, leading to reduced airway inflammation and modulating IgE and IgGla
levels. Garlic extract restores the balance of Th1l and Th2 cytokines by increasing Thl and
decreasing Th2. The current results suggest that garlic extract exhibits antiasthmatic activity
through regulation of the Th1-Th2 balance and restoring the expression of IL-10. Based on
the current results regarding garlic extract and its effect on lung tissue, benefits may be
obtained for individuals suffering from airway hyper-responsiveness.
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