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Abstract

In this study, we investigated the relationship between seven types of hot spring water and the itch-transmission
mechanism of dermatitis and itching in mice.

It is clear that activation of the transcription factor STAT3 in sensory nerves plays an important role in the transmission
of itch associated with dermatitis. In this study, we compared new natural hot spring waters for itch such as dermatitis,
and it is expected to contribute to their development. We demonstrated that IL-31, which is deeply involved in
dermatitis itch, causes itch by acting on receptors expressed in sensory nerves ™. We also showed that activation of the
transcription factor STAT3 downstream of the IL-31 receptor is important for itch induction. Furthermore, we found
that STAT3 in sensory nerves is important for the expression of IL-31 receptors and neuropeptides involved in itch
transmission. It was also suggested that STAT3 in sensory nerves is important not only for IL-31-dependent itch but also
for IL-31-independent inflammatory itch>'?. These results suggest that the development and improvement of STAT3

inhibitors may lead to new improvements in itch.
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Figure 1. Role of STAT3 in sensory neurons that transmit itch in relation to the inhibitory effect of hot spring water on itch
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1. Purpose of study

Itch is defined as an unpleasant skin sensation that
causes the desire to scratch, and is a sensation specific
to the skin and some mucous membranes. Itch is one of
the symptoms of various skin diseases (atopic dermatitis,
contact dermatitis, urticaria, psoriasis, allergic diseases,
etc.) and systemic diseases, especially visceral diseases
(chronic renal failure, cholestasis, etc.). Itch is very
unbearable, and scratching behavior caused by itching
partially transforms the unpleasant sensation into a
pleasant sensation, and partially promotes the release
of endogenous prurigenic substances, leading to an
increase and intensification of itching. This vicious cycle
of itching is called the "itch-scratch cycle." Continued
scratching due to this vicious cycle leads to further
deterioration of symptoms such as dermatitis (cataracts
in the eyes). In addition, because itching is an unpleasant
sensation, it leads to a decrease in quality of life (QOL).
For these reasons, suppressing itching is one of the most
important treatment goals in clinical practice. However,
in the case of such clinically problematic pruritus caused
by skin diseases, antagonists of histamine receptors (H1
histamine receptors), which have long been considered a
mediator of pruritus, are often ineffective. Therefore, the
development of novel antipruritic drugs is desired.

In this study, we conducted objective evaluations
using animals, focusing in particular on behavior, and
investigated whether various hot spring waters have the
effect of reducing itching substances that induce itching
in mice.

In this study, we investigated the inhibitory effect of
hot spring water on itch using ICR mice, NC/ Nga mice,
and NC/ NgaSlc mice. In addition, H1 histamine receptor
antagonists are often ineffective against itch in chronic
pruritic skin diseases. Therefore, histamine is unlikely
to be the main itch mediator, and we explored whether
hot spring water is a new itch mediator. Therefore,
based on the results of itch research using mice, we also
investigated the background to our focus on optimal hot
spring water, rather than mast cells, and the involvement

of optimal hot spring water in the occurrence of itch.
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2. Research method

Itching is one of the main symptoms of many skin
diseases. If itching cannot be suppressed, it becomes
painful, and scratching due to itching aggravates the skin
symptoms. Therefore, suppressing itching and scratching
is an important treatment goal for pruritic skin diseases.
Until now, histamine released from mast cells has been
thought to play an important role as an endogenous itch
factor, but H1 histamine receptor antagonists are often
ineffective against the itch of such skin diseases. This
suggests that there are mediators and mechanisms of itch
other than the mast cell-histamine system '>*”.

Therefore, we established an evaluation system for itch
using mice, and research using various itch model mice
revealed that hot spring water optimal for the epidermis
produces and releases leukotriene B4, thromboxane A2,
nociceptin, nitric oxide, and hydrogen peroxide, which
are responsible for itch.

Intradermal injection of 5T hot spring water in mice
induces scratching behavior with the hind paw at the
injection site, which is an itch-related behavior, and
nitric oxide enhances the scratching behavior induced
by intradermal injection of a prurigen. Thromboxane A2
and nociceptin produced and released from optimal hot
spring water may enhance itch in addition to their direct
effect on primary sensory nerves. It is generally known
that IgE plays an important role in allergic itch. Recently,
it has been revealed that high-affinity IgG receptors are
expressed in primary sensory nerves, and that in addition
to the direct effect of antigen-IgG complex formation on
primary sensory nerves, the existence of a mechanism
for the generation of itch responses due to the activation
of optimal hot spring water has been revealed *'?.
Therefore, in this study, we will study the effects of hot
spring water from Sakakibara Onsen (5T) on suppressing

itch in mice and examine its improving effects.

2-1. Research Method
(1) Immunoglobulins

It is well known that the IgE mast cell system is
involved in immediate allergic itch. However, in a
mouse model of atopic dermatitis, serum IgE levels

were examined. In a mouse model of mosquito-induced
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allergic itch, the inhibitory effect of H1 histamine
receptors on the allergic scratching behavior was also
examined. In addition, serum IgE and IgG1 levels were
measured in comparison with non-sensitized mice. Mice
without mast cells (mast cell-deficient mice) were also
sensitized and showed the same degree of scratching
behavior as healthy mice with mast cells that had been
sensitized to the same antigen. These findings suggest
the existence of a mechanism for the development of
allergic itch other than the IgE mast cell system. We have
revealed that high-affinity IgG receptors are expressed
in primary sensory nerves, and that in a sensitized state,
antigens bind to primary sensory nerves in the skin, that
the formation of antigen-IgG1 complexes stimulates the
primary sensory nerves, and that substance P is released
from the nerve terminals *".

Therefore, in this study, we will investigate the effects
of hot spring water from Sakakibara Onsen (5T) on
suppressing itching in mice and examine its ameliorative

effects.

(2) Animal rearing environment

In order to allow the animals to become accustomed to
the breeding environment (room temperature 22 + 3°C,
humidity 60%, indoor lighting on for 14 hours, off for
10 hours), they were kept for one week as preliminary
breeding, and the experiment began when they were 6
weeks old. Water (Tap water) and food (CA-1: CLEA

Japan) were given free access.

(3) Research on IgG and IgE

IgE were measured using ICR mice, NC/ Nga mice, and
NC/ NgaSlc mice. The total IgG and IgE in mouse serum
were measured by enzyme immunoassay (hereinafter
referred to as ELISA) using Mouse IgE ELISA Quantitation
Kit and Mouse IgG ELISA Quantitation Kit manufactured
by Eppendorf Laboratories, Inc. The ELISA method uses
antibodies and enzymes as detection agents for target
substances (IgG and IgE in this experiment) and determines
the concentration of the target substance by the antigen-
antibody reaction of antibodies that specifically bind to a
specific substance and the degree of color development by

the enzyme. The specific measurement procedure is as

follows: first, whole blood is collected from the heart of
an anesthetized mouse using a Terumo syringe (needle:
23G), and then heparinized (5 units/mL) to prevent blood
coagulation, and then centrifuged (Time: 15 min, 1.5 x
1000 rpm) to separate only serum from the whole blood.
100 uL/well of solid-phase antibodies diluted 1/100 with
Coating Buffer were dispensed into a 96-well microplate
and incubated at room temperature for 60 minutes.

After incubation, the coating buffer was discarded and
the plate was washed twice with wash solution. Next,
200uL of postcoat solution was dispensed per well to
immobilize the antibody. After incubation for 30 minutes
at room temperature, the postcoat solution was discarded
and the plate was washed twice with wash solution.
100pL of serum diluted 50-fold with sample dilution
solution and standard serum of known concentration
were dispensed per well and incubated for 60 minutes
at room temperature. After incubation, the serum was
discarded and the plate was washed four times with wash
solution.

100uL of enzyme-labeled antibody diluted 1/120,000
with conjugate dilution solution was dispensed per
well to perform enzyme labeling. After incubation for
60 minutes, the enzyme solution was discarded and
the plate was washed four times with wash solution.
After washing, 100pL of enzyme substrate solution
was dispensed per well and incubated for 15 minutes to
develop the enzyme color. After dispensing 100 uL of
reaction stop solution per well to stop the color reaction,
the absorbance was measured using a microplate reader
MPR A4 (wavelength: 450 nm) manufactured by Toyo
Soda Co., Ltd. A standard curve was created from the
absorbance of the standard serum to determine the
concentrations of total IgG and IgE in serum. For statistical
analysis, because the concentrations of total IgG and IgE
in serum showed normality, a parametric #-test between
two groups was used to test for significant differences
in the concentrations of IgG and IgE. In this study,
we investigated the effects of hot spring water from
Sakakibara Onsen (5T) on the suppression of itching in

mice and investigated its improving effects >,

(4) Research on IL-31
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Serum IL-31 was measured using ICR mice, NC/ Nga
mice, and NC/ NgaSlc mice. IL-31 in mouse serum was
measured by enzyme immunoassay using Mouse IL-
31 ELISA Quantitation Kit manufactured by Eppendorf
Laboratories, Inc. ELISA is a method that uses antibodies
and enzymes as detection agents for IL-31, and measures
the concentration of the target substance by the antigen-
antibody reaction of the antibody that specifically
binds to a specific substance and the degree of color
development by the enzyme.

The specific measurement procedure is as follows:
first, whole blood is collected from the heart of an
anesthetized mouse using a Terumo syringe (needle:
23G), and heparinized (5 units/mL) to prevent blood
coagulation, and then centrifuged (Time: 15 min, 1.5 x
1000 rpm) to separate only serum from the whole blood.
100 pL/well of solid-phase antibody diluted 1/100 with
Coating Buffer was dispensed into a 96-well microplate
and incubated at room temperature for 60 minutes. After
incubation, the Coating Buffer was discarded and the
plate was washed twice with Wash Solution.

Next, 200uL of postcoat solution was dispensed per
well to immobilize the antibody. After 30 minutes of
incubation at room temperature, the postcoat solution
was discarded and the plate was washed twice with wash
solution. Serum diluted 50-fold with sample dilution
solution and standard serum of known concentration
were dispensed at 100pL per well and incubated at
room temperature for 60 minutes. After incubation, the
serum was discarded and the plate was washed four
times with wash solution. Enzyme-labeled antibodies
diluted 1/120,000 with conjugate dilution solution
were dispensed at 100uL per well for enzyme labeling.
After 60 minutes of incubation, the enzyme solution
was discarded and the plate was washed four times
with wash solution. After washing, 100uL of enzyme
substrate solution was dispensed per well and incubated
for 15 minutes to develop the enzyme color. After
dispensing 100 pL of stop solution per well to stop
the color reaction, the absorbance was measured using
a microplate reader MPR A4 (wavelength: 450 nm)
manufactured by Toyo Soda Co., Ltd.

A standard curve was created from the absorbance of
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the standard serum, and the serum IL-31 concentration
was calculated from the standard curve **”. For
statistical analysis, since the serum IL-31 concentration
showed normality, a parametric 7-test between two
groups was used to test for significant differences in
the IL-31 concentration. In this study, we investigated
the effects of hot spring water from Sakakibara Onsen
(5T) on suppressing itching in mice and investigated its

improving effects.

(5) Observation of mouse skin

(5)-1. Microscopic image analysis of mouse dorsal skin
Skin photography was performed using a Canon Eos

KISS Digital IV equipped with an EF-S18-S 5mF 3.5-

5.611 USM lens. Corneal cell exfoliation was measured

at Pola Chemical Industries, Ltd. after the preparation of

the exfoliated specimens.

(5)-2. Analysis of mouse skin by H&E staining
(5)-2-1. Preparation of frozen slide specimens

After 18 weeks of oral administration, mice from each
group were cervically dislocated, blood was removed
by perfusion of saline (1 mL/min) through the left
ventricle, and fixation was performed by perfusion of
10% formalin solution (1 mL/min, 15 min). The brains
were removed and immersed in 10% formalin solution
for 24 hours (4°C), 10% sucrose/0.1 M PBS (4°C) for 4
hours, 20% sucrose/0.1 M PBS for 4 hours (4°C), and
finally immersed in 30% sucrose/0.1 M PBS overnight
(4°C)**,

Next, the brains were embedded in OCT compound
(embedding medium for freezing), sliced into 9 um slices
using a cryostat, and attached to glass slides. After that,
the skin was dried with cold air for more than 1 hour,
immersed in 50% EtOH for 30-60 minutes, washed with
running water for 2-4 minutes, and then histological
examination was performed using each staining method.
In this study, the skin was thinly sliced according to the
method described by David et al.

(5)-2-2. Staining method for skin sections (hematoxylin
and eosin (HE) method)

The procedure for HE staining is shown in Fig. 2A, and
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A. B.

[ Mayer’ s hematoxilin 5 min ] [ 70 % EtOH 10 sec ]
v v

[ Running water 20 min ] [ 80 % EtOH 10 sec ]
v v

[ 1% Eosin Y 2~4 min ] [ 90 % EtOH 10 sec ]
v v

[ Water 10 sec x 2 ] [ 95 % EtOH 10 sec ]
v

[ 99 % EtOH 10 sec x 2]
v

[ Xylene 1 min x 2 ]

Fig. 2. Protocol of HE stain (A) and alcohol dehydration and
penetration (B).

the method for alcohol dehydration and clearing is shown
in Fig. 2B. After preparing mouse brain slices from
each group, they were stained with Mayer's hematoxylin
solution for 5 minutes and washed with running water
for 20 minutes. Next, they were stained with 1% eosin
solution for 2-4 minutes, lightly washed with water for
about 10 seconds to wash off excess eosin solution, and
this procedure was repeated twice. The specimens were

immersed in 70%, 80%, 90%, 95%, and 99% (I and II)

ethanol for 10 seconds each to distinguish and dehydrate
them, and then cleared with xylene I and II, and mounted

using Eukit.

2-2. Statistical analysis

All results are shown as mean =+ standard error. In the
short-term administration study, the significance test was
performed using paired Dunnett test and #-test, with a

significance level of 5% or less in a two-sided test.

3. Research result

3-1. Microscopic image analysis of mouse dorsal skin
Microscopic images of the skin on the back of the mice

are shown in Fig. 3. Compared to the (D itch + control

group, (@ itch + Sakakibara Onsen 5x group showed

significant improvement.

3-2. Histopathological analysis of H&E stained images
of itchy skin

Histopathological analysis of H&E stained images of
mouse skin that had been induced to be itchy are shown
in Fig. 4. Significant improvement was observed in the
itching + Sakakibara Onsen 5x group .

Analysis of the biochemical mechanism of itching
caused by histamine H1 receptor levels (% control)
The results of the analysis of the biochemical mechanism
by the amount of histamine H1 receptors (% control) that
caused itching in mouse skin are shown in
Fig. 5. Compared to 100% of the itching
+ control group, (@ 91 % of the itching
+ Sakakibara Onsen 5x group showed

significant improvement.

itch + control group

Figure 3. Microscopic image analysis of itchy skin

Analysis of the biochemical mechanism

itch + Sakakibara Onsen 5x group

of serum IgE -induced itch The results

itch + control group

itch + Sakakibara Onsen 5x group

Figure 4. Image analysis of H&E stained skin induced by itching.
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of the analysis of the biochemical mechanism of serum
IgE that caused itching in mouse skin are shown in
Fig. 6. Compared to (D the itching + control group,
@ the itching + 5x Sakakibara Onsen group showed
a statistically significant difference and marked

improvement.

3-6. Analysis of the biochemical mechanism of serum
IgG causing itching
The results of the analysis of the biochemical

mechanism of serum IgG that caused itching in mouse
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Figure 7. Analysis of the biochemical mechanism of serum
IgG inducing itch.
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skin are shown in Fig. 7. Compared to (D the itching
+ control group, (@) the itching + Sakakibara Onsen 5x
group showed a statistically significant difference and

marked improvement.

3-7. Analysis of the biochemical mechanism by which
IL-31 induces itch

The results of the analysis of the biochemical mechanism
of IL-31 inducing itching in mouse skin are shown in
Fig. 8. Compared to (D the itch + control group, () the
itch + Sakakibara Onsen 5x group showed a statistically

significant difference and marked improvement.
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Figure 6. Analysis of the biochemical mechanism of serum
IgE -induced itch.
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4. Discussion

Itching is defined as an unpleasant skin sensation, and
is a sensation specific to the skin and some mucous
membranes. Itching is one of the symptoms of various
skin diseases (atopic dermatitis, contact dermatitis,
urticaria, psoriasis, allergic diseases, etc.) and systemic
diseases, especially visceral diseases (chronic renal
failure, cholestasis, etc.). Itching promotes the release
of endogenous pruritic substances, which increases
itching. In addition, itching is an unpleasant sensation,
which leads to a decrease in QOL. For such clinically
problematic itch caused by skin diseases, antagonism
of the histamine receptor (H1 histamine receptor),
which has been considered a mediator of itch, acts as an
antipruritic agent. In this study, it is hoped that natural
hot spring water can be used as an antipruritic agent by
long - term use """,

It is a peptide of 11 amino acids that is widely
distributed from the peripheral to central nervous system.
In particular, the dorsal horn of the spinal cord is known
to be involved in the transmission of pain information.
It has been suggested that it may be involved in pruritic
skin diseases such as atopic dermatitis. One of the
mechanisms suggested to be a pathway mediated by
histamine released by degranulation of mast cells 36-42).
This study also showed that scratching behavior is an
itch-related behavior in mice, it is unclear whether this
behavior is entirely a reaction caused by itch. Therefore,
we focused on whether scratching behavior in animals
is a reaction caused by itch. Studies using H1 histamine
receptor antagonists and mast cell-deficient mice revealed
that the mast cell-histamine system is not very involved
in inducing this scratching behavior. These findings
suggest the existence of a previously unknown pathway
for the generation of itch 44-47).

It is well known that the IgE mast cell system is involved
in immediate allergic itch, but in a mouse model of
atopic dermatitis, it is known that serum IgE levels and
the number of scratching movements are related to it.

In a mouse model of mosquito-induced allergic pruritus,
the allergic scratching behavior was not suppressed by
antagonism of H1 histamine receptors. Furthermore,

serum IgE did not increase significantly compared to

non-sensitized mice, and instead the amount of IgG
increased significantly. Mice without mast cells (mast
cell-deficient mice) were also sensitized and challenged
with an antigen, and exhibited scratching behavior to the
same extent as healthy mice with mast cells that had been
similarly sensitized. These findings suggest the existence
of a mechanism for the development of allergic pruritus
other than the IgE mast cell system**”.

IgG receptor RI is expressed in primary sensory nerves,
and that in a sensitized state, antigens bind to the primary
sensory nerves in the skin, the formation of antigen-IgG
complexes stimulates the primary sensory nerves, and
substance P is released from the nerve terminals ***”"

In allergic pruritus mice with predominant antigen-
specific IgG production, scratching induced by antigen
stimulation was suppressed by NKI1 receptor antagonists
and BLT1 receptor antagonists. This suggests that
allergic itch may be caused by two pathways: one in
which antigen stimulation directly stimulates the primary
sensory nerves, causing itch, and the other in which the
primary sensory nerves are mediated by the substance P
keratinocyte system. In skin with chronic pruritic skin
diseases such as atopic dermatitis, the primary sensory
nerves extend into the epidermis, suggesting that they
are involved in skin irritation caused by scratching
and increased sensitivity to substances released from
keratinocytes . These nerves, particularly those containing
substance P and calcitonin gene-related peptide, may be
important pathways for the induction and augmentation
of itch, in addition to the action of substances released
from keratinocytes on the primary sensory nerves, as in
the allergic reaction described above *”*>*”.

Regarding the direct action of IL-31 on sensory
nerves to induce itch, the above experimental results
demonstrated for the first time that IL-31 acts directly on
sensory nerves to induce itch. On the other hand, it was
suggested that the action of IL-31 on keratinocytes has
little contribution to the induction of itch, at least in mice
without dermatitis.

Therefore, this research has demonstrated that hot
spring water may have a variety of benefits for the health
of not only people, but also pets. Below, we can expect

hot springs to have a positive effect on skin diseases

New Food Industry (New Food Indust.) 2024 Vol.66 No.9 7
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‘ Mechanism of epidermal keratinocyte-mediated itching in pruritic skin diseases
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Figure 9. Mechanism of itching mediated by epidermal keratinocytes in pruritic skin diseases
(KC: keratinocyte, SP: substance P, NO: nitric oxide, HO-: hydroxyl radical, NOC: nociceptin, TXA2: thromboxane A2, LTB4: leukotriene B4)

in pets. However, depending on the ingredients and
water quality of the hot spring, it is thought that some
hot springs may be effective against dermatitis and skin
diseases. Simply washing the skin in a hot spring, as if
gently massaging it, may cleanse the skin and relieve
itching and dandruff . In fact, there have been reported
cases where the symptoms of pet dogs with skin diseases
have improved ",

Are also effective in alleviating neurological disorders,
and for dogs with joint inflammation or pain or motor
paralysis, the sedative and buoyant effects of hot
springs may be effective . Drinking hot spring water
may improve decreased gastrointestinal function. In
particular, when using hot springs for pets, it is important
to be careful of the temperature. Also, if your dog has a
medical condition, you should consult a veterinarian. Hot
springs can have a positive effect even if you don't bathe
your dog's entire body, just bathing its hands and feet,
so it is a good idea to use them to promote the health of
your dog. Highly alkaline hot springs in particular have

a natural soap effect, so they easily wash away excess fat

8 New Food Industry (New Food Indust.) 2024 Vol.66 No.9

and dirt from the surface of your dog's skin, cleaning and
sterilizing the skin. They are also very effective against
bacterial and fungal skin diseases such as pyoderma and
seborrhea, and other such diseases. When introducing
your dog to a hot spring facility, it will be necessary
to have the dog have had rabies and mixed vaccine
injections within a year ", Also, dogs that are in heat or
pregnant, or infected with infectious diseases or parasites
such as fleas or ticks, are not allowed to enter the facility.
For dogs, bathing in a hot spring has a relaxing effect
and helps relieve stress, and it is also effective in treating
neuralgia and skin disorders (Fig. 9.) ****.

In this study, based on the results of research into
itching using mice, we focused on the optimal hot spring
water rather than mast cells, and also conducted research
into the involvement of the optimal hot spring water in
the occurrence of itching.A significant improvement in
the itching of the mouse skin was observed in the 2) Itch
+ 5x Sakakibara Hot Spring group compared to the (D

Itch + control group.
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