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Abstract

Since the late 20™ century, environmental exposure to endotoxins has been very low and type | allergic disease has increased. In addition, we have increased exposure
to PM2.5 and other chemicals. Recently, there is concern that the daily use of hygiene products containing antimicrobial substances is associated with an increased
prevalence of allergies. It has been noted that these antimicrobial substances may exacerbate allergies. In our study, we confirmed that intratracheal administration of
agqueous mite solution as an inhaled antigen and antimicrobial substance as an aggravating chemical induced much stronger allergic bronchial asthma in mice than in
mice that received intratracheal mite solution alone. Thus, allergies have been found to be exacerbated by simultaneous exposure to both environmental antigens and
man-made chemicals (adjuvants). Next, we analyzed 16S rRNA of the gut microbiota of triclosan-treated mice that developed an allergy. The bacterial gene abundance of
16S rRNA of Deltaproteobacteria, Erysipelotrichi and Clostridia was increased in a dose-dependent manner in triclosan-treated mice, while Bacteroides were decreased in
these mice. The composition of the gut microbiota was altered after triclosan treatment and correlated with the exacerbation of asthmatic disease in these mice.

In conclusion, because triclosan exacerbated the condition of allergic asthma in mice that inhaled mite antigens and were given triclosan to drink, and this condition
was associated with an increase or decrease in certain bacteria in the gut, we suspect that if allergy sufferers continue to use triclosan, they will inhale dust mites and
house dust on a daily basis, which may aggravate their allergy symptoms. Overall, the overuse of antimicrobials and preservatives in current daily life risks further
increasing the number of allergic patients. The authors believe that it is time to rethink this lifestyle.

Introduction systems are exposed to environmental antigens in an immature
state without encountering environmental endotoxins,
The hygiene hypothesis and allergic diseases resulting in a predominance of the Th2-type immune system
and an increased susceptibility to allergic diseases. Examples
Since the late 20™ century, there has been an increase of this are the decrease in the prevalence of tuberculosis
in type I allergic diseases involving IgE antibodies, such as and the decrease in parasite carriers and the increase in the
atopic dermatitis, bronchial asthma, and hay fever. Since incidence of allergic diseases [1]. Epidemiological studies have
ancient times, humans have maintained a balance of health also shown that the prevalence of hay fever (at ages 11 and 23)
by living in harmony with various microorganisms, such as is lower with the number of older siblings at age 11 [2] and
parasites and bacteria, that inhabit our living environment that the American Amish, who reject modern civilization, have
[1]. It has long been suggested that exposure to environmental about half (5%) the incidence of asthma as the same race of
microorganisms suppresses allergic diseases such as asthma, people living in urban Switzerland [3]. In addition, a significant
and this is known as the hygiene hypothesis. The hygiene decrease in allergic diseases has been observed in children born
hypothesis proposes that when we humans spend our neonatal to pregnant mothers who work in the dairy industry, which is
and infant years in a hygienic environment, our immune used as evidence to support the hygiene hypothesis [4].
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Hay fever, also known as allergic rhinitis, is a common
allergic condition characterized by symptoms such as sneezing,
runny or stuffy nose, itchy eyes, nose, or throat, and fatigue. It
is caused by an immune system response to allergens such as
pollen, dust mites, and animal dander.

The prevalence of hay fever worldwide ranges from about
10% to 30% of the population [5]. Some Asian and European
countries are known to have high prevalence rates of hay fever.
In Japan, hay fever is a serious problem, with an estimated
29.8% to 49.2% of the population suffering from hay fever.
During the season when hay fever symptoms worsen, many
people take measures such as wearing masks [6].

Chemicals aggravate the allergic disease

Recently, there have been concerns about the aggravation
of allergic reactions caused by the inhalation of Particulate
Matter (PM2.5) from mainland China and Polycyclic Aromatic
Hydrocarbons (PAHs) in diesel exhaust. PM2.5 is smaller than
Suspended Particulate Matter (SPM: particles of 10 pm or
less), for which environmental standards have been set and
countermeasures taken [7]. It has also been found that inhaling
PM2.5 and other chemicals attached to the particles can cause
a narrowing of the airways and a decrease in heart rate as
the parasympathetic nervous system, which regulates the
respiratory and circulatory systems, becomes more dominant.
There is also concern about the effects of diesel exhaust
exposure on cardiac function [8].

In our study, we confirmed that intratracheal administration
of aqueous mite solution as an inhaled antigen and diesel
exhaust extracts as an aggravating chemical simultaneously
induced much stronger allergic bronchial asthma in mice
than in mice that received intratracheal mite solution alone
[9]. Thus, allergies have been found to be exacerbated by
simultaneous exposure to both environmental antigens and
man-made chemicals (adjuvants).

Recent studies have suggested an association between
changes in the gut microbiota and the exacerbation of
chronic respiratory diseases [10]. In particular, the daily use
of antimicrobial agents in hygiene products has been found
to exacerbate the Thi/Th2 immune system [11]. Therefore,
prolonged daily use may aggravate asthma. To avoid the
deterioration of the Th1/Th2 balance, the intake of functional
foods has been suggested as a fundamental way [12,13].

To prevent allergy

Based on these findings, the authors have been working
on the prevention of allergic diseases through the intake of
functional foods, believing that in order to prevent allergies, for
which no basic treatment has been established, it is necessary to
take preventive measures to avoid becoming allergic in the first
place. For example, limonene, which is abundant in the rind of
yuzu (Citrus junos ex. Tanaka), has been shown to be effective
in reducing allergic bronchial asthma when inhaled daily in a
mouse model of asthma [14]. In the limonene inhalation plus
mite antigen sensitization group, IL-5, IL-13, eotaxin, MCP-
1, and TGF-B1 levels in bronchoalveolar lavage fluid were
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reduced compared to the non-inhalation group (mite antigen
sensitization only). Lung goblet cell hyperplasia, airway smooth
muscle thickness, and airway fibrosis were also significantly
reduced. In addition, airway resistance to acetylcholine (AHR)
was significantly improved in limonene-treated mice. Other
functional ingredients with anti-allergy activity include gallic
acid in Goishi tea, a fermented tea produced in Kochi Prefecture
[15] and daily consumption of beta-sitosterol in loquat seed tea
[16], which has also been shown to reduce allergic bronchial
asthma in a mouse model of asthma. It is expected that active
consumption of such functional food ingredients will help
people acquire a constitution that is less prone to allergies.

In addition, functional foods containing lactobacilli and
bifidobacteria have recently been widely promoted in TV
commercials and newspapers, claiming that they can reduce
allergic diseases by regulating the intestinal environment
[17-19]). It has also been found that Clostridium IV and
Clostridium XIVa groups, which are representative intestinal
bacteria, promote the production of TGF-B from colonic
epithelial cells and induce the differentiation of helios-negative
induced Treg (iTreg) and act in an allergy-suppressing manner
[20]. These findings suggest that the gut microbiome plays an
important role in allergy suppression.

The impact of antimicrobials and preservatives on the
gut microbiome

We use a variety of hygiene products on a daily basis,
including medicated soaps, gargles, dishwashing detergents,
mouthwashes, toothpaste, hand sanitizers, and cosmetics
containing antibacterial and antiseptic agents. These products
have become indispensable for us to live hygienically in our
modern society. However, we wonder if the antimicrobial
agents and preservatives we use, when absorbed into the body
through the skin or oral cavity, may disrupt the balance of
the gut microbiome and kill beneficial bacteria, leading to an
increase in allergic diseases.

With this concern in mind, the authors examine the
association between the frequency of use of the antimicrobial
triclosan and the antiseptic parabens and the prevalence of
allergies. In particular, triclosan is known from animal studies
to be an endocrine disruptor that can affect the thyroid, the
female hormone estrogen, and the male hormone testosterone
[21-23] and it has also been suggested that it may increase
resistance to antibiotics. Furthermore, because medicated soaps
do not have superior bactericidal efficacy compared to regular
soaps, in September 2017, the US Food and Drug Administration
(FDA) banned the sale of antibacterial soaps for general use
that contain 19 different bactericides, including triclosan [24].
However, this action does not apply to commercial hygiene
products.

Adjuvant effect of triclosan to exacerbate allergy

Triclosan is still used despite the fact that its harmful
effects on the human body have been pointed out, but what
kind of negative effects does it have when used by people prone
to allergies? This has not been clear.

(o]

Citation: Hirota R (2023) Relationship between gut microbiome and allergic asthma. Glob J Allergy 8(1): 001-006.

DOI: https://dx.doi.org/10.17352/2455-8141.000025



P PeertechzPublications

The authors’ group injected mite antigens into the
trachea to induce allergic bronchial asthma in wild-type mice
(presumed to be allergic) and gave them the antibacterial
agent triclosan to compare with mice that were not given
triclosan [25] (protocol: Figure 1A,1B) (result; Figure 2A). All
of the experimental procedures were performed in accordance
with the guidelines of the Laboratory Animal Research Kochi
Medical School and were approved by the Institutional Animal
Care and Use Committee of Kochi Medical School (J-0058,
28-0039). Triclosan-exposed mice received triclosan solution
and were actively challenged with intratracheal instillation of
Dermatophagoides Farinaeplus (Der f) on days 1-2-7-8-14-
15-21-22, for a total of eight times. On day 23, we measured

( A) Wild type BALB/cJ mouse
TLR2 (-/-) BALB/c mouse
Five-week-old males

Triclosan 0, 5, 50, 500 mg/kg/d

Experient 1: Wild type + Der f + Triclosan W w w W
1 7 14 21
l
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airway hyperresponsiveness (AHR) to acetylcholine under
anesthesia and collected blood, Bronchoalveolar Lavage Fluid
(BALF), lung tissue, and fecal samples. We measured serum
allergen-specific IgE levels and BALF cytokine levels by ELISA,
inflammatory cell counts in BALF, and histopathology of lung
tissue. DNA from fecal pellets was amplified using 515 F and
806R primers targeting the V4 regions of bacterial 16S rRNA.
The 16S rRNA gene was sequenced using Illumina MiSeq (500
cycles v2 kit), paired reads were assembled using Geneious
software (Biomatters, Auckland, New Zealand) and taxonomic
unit (OTU) selection and diversity analysis were performed
using Quantitative Insights into Microbial Ecology (QIIME)
software.

Der f or (PBS)

(oral gavage) 28 (Day)
| | | |
Experient 2: TLR2 (-/-) + Der f + Triclosan Triclosan A
Trigosan 500 mg/kg/d Measurements
(oral gavage) on day 23

- Allergen (Der f) or PBS

- Positive control: Der f + Diesel exhaust particles (adjuvant)

(B) (Experiment 1) Wild type + Der f + Triclosan

Wild type BALB/cJ mice
Five-week-old males (n=36)

PBS Der f + Diesel exhaust
(Normal) particles (asthma model)

Derf + Der f+ Der f + Der f+
0 mg/kg/d 5 mg/kg/d 50 mg/kg/d 500 mg/kg/d

(Experiment 2) TLR2 KO + Der f + Triclosan

TLR2 (-/-) BALB/c mice
Five-week-old males (n=12)

Der f + 0 mg/kg/d

Der f + 500 mg/kg/d

Figure 1: Research Protocols.

Two experimental protocols (A, B): In the first experiment, wild-type BALB/c mice (n = 36) were used. They were exposed to triclosan (TCS; 0, 5, 50 or 500 mg/kg TCS
group) and either Der f (allergen exposure group) or PBS (normal group) twice a week for 4 weeks. In the second experiment, TLR2 knockout BALB/cJ (TLR-2(-/-)) were

used. Animals were exposed to TCS (500 mg/kg / day) and either Der f, PBS or Der f + diesel exhaust particles (adjuvant). On day 23, they were anesthetized with sodium
pentobarbital (60 mg/kg, intraperitoneally), airway hyperresponsiveness was induced by acetylcholine, Bronchoalveolar Lavage (BAL) and BAL fluid eosinophil counts, IL-4
and IL-13 in BAL were measured by ELISA. Blood and lung samples were collected for serum anti-Derf IgE measurement and histopathology, respectively. In addition, Tregs

were measured in peripheral blood.
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Figure 2: Airway hyperresponsiveness, gut bacteria in triclosan-treated mice.

(A). Triclosan enhances airway hyperresponsiveness in Der f sensitized mice.

AHR in mice after intravenous administration of acetylcholine (ACh). Co-exposure of wild-type mice to triclosan and Der f induced an airway response to intravenous
acetylcholine. Bronchoconstriction to ACh (%) was measured among the three groups, and in wild-type mice, compared to wild-type + Der f mice, co-exposure to triclosan

and Der f significantly increased AHR (p < 0.01). Values represent the mean + SEM of 6 mice per group. Dose-response curve for ACh (dose: 62.5-2000 mg/kg). ##; p < 0.01
vs. wild type + df.

(B). Taxonomic profiles showed that the microbial communities in the gut microbiota were altered at the family level in triclosan-treated Der f-sensitized mice. The horizontal
axis shows the group name and the vertical axis shows the relative abundance of 16S rRNA gene copies.

(C). The copy number of bacterial 16S rRNA genes of c__Deltaproteobacteria, c__ Clostridia and c__Erysipelotrichi in triclosan-treated Der f-sensitized mice increased in a
triclosan dose-dependent manner. In contrast, the copy number of bacterial 16S rRNA genes in c__Bacteroidia decreased.
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As a result, wild-type mice exposed to allergens and
triclosan clearly exhibited the characteristics of airway asthma:
exacerbated airway hyperresponsiveness, accumulation
of eosinophils in the lungs, increased levels of Th2-type
cytokines (IL-4 and IL-13) in lung lavage fluid, and increased
serum allergen-specific IgE antibodies. In addition, increased
collagen and eosinophils in lung tissue and increased goblet
cell hyperplasia were observed. On the other hand, Toll-like
receptor 2-deficient mice, which are genetically unresponsive
to tick antigens (assuming they are not allergic), showed no
asthmatic features at all when fed both tick antigens and
triclosan.

Next, we analyzed bacterial genes in the feces of each
experimental group of mice and found that in mice fed both
tick antigen and triclosan, the copy numbers of bacterial 16S
rRNA gene of c_Deltaproteobacteria, c_Clostridia and c_
Erysipelotrichi in TCS-treated Der f-sensitized mice increased
in a dose-dependent manner, whereas it markedly decreased
in c_ Bacteroidia (Figure 2B,2C).

A recent study concluded that fecal samples from triclosan-
exposed mice showed changes in the composition of the gut
microbiota characterized by an increase in harmful bacteria,
including sulfate-reducing bacteria and Bacteroides, and a
decrease in protective probiotics, butyrate-producing bacteria
[26].

The role of regulatory T cells (Treg) in suppressing allergic
responses is becoming better understood. Recent studies have
reported that the Clostridium genus induces the accumulation
of induced Treg cells in the intestinal tract of mice, and
Clostridium butyricum infection activates TGF-p through the
Smad pathway [27], suggesting that Clostridium suppresses
allergic disease. In the present study, Clostridium was not
classified in the samples, and there was no difference in the
percentage of peripheral blood Treg cells between samples.
Therefore, it was not possible to determine whether triclosan
exposure reduced the number of Treg cells.

The authors’ data showed that the bacterial gene
abundance of 16S RNA of Deltaproteobacteria, Erysipelotrichi,
and Clostridia was increased in a dose-dependent manner in
triclosan-treated mice, while Bacteroidia was decreased in
these mice. The composition of the gut microbiota was altered
after triclosan treatment and correlated with the exacerbation
of asthmatic disease in these mice. These data suggest a
potential relationship between triclosan-treated allergen-
sensitized mice and the gut microbiota.

As noted above, certain species of Clostridium and
Lactobacillus have been implicated in regulating the gut
environment and suppressing allergies [17,18,28,29]. Whether
the gut microbiota in this study is directly involved in allergy
suppression needs to be clarified in future studies.

In conclusion, because triclosan exacerbated the condition
of allergic asthma in mice that inhaled mite antigens and were
given triclosan to drink, and this condition was associated with
an increase or decrease in certain bacteria in the gut, the author
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suspects that if allergy sufferers continue to use triclosan, they
will inhale dust mites and house dust on a daily basis, which
may aggravate their allergy symptoms.

A recent study concluded the effect of early life exposure
to antimicrobial agents on the risk of asthma and eczema in
children [30,31].

Therefore, the authors believe that the use of antimicrobials
in daily life should be risk managed by balancing the benefits
of disinfection with the disadvantages of allergy induction.

Conclusion

In a recent epidemiologic study, the authors found that the
frequency of paraben use was significantly higher in allergic
patients, raising concerns about the negative effects of parabens
on the gut microbiota [32]. To understand this mechanism, we
administered parabens to mice and confirmed that parabens,
like triclosan, have an exacerbating effect on allergies. Thus,
the microbiome and asthma were found to be closely linked,
suggesting that proper maintenance and management of the
microbiome may lead to asthma prevention and treatment.
According to the authors and their research team, the overuse
of antimicrobials and preservatives in current daily life risks
further increasing the number of allergic patients. The authors
believe it is time to rethink this lifestyle.
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