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Abstract It has been recently reported that the immune
system has been linked to the nervous system. This study
was conducted to investigate the effect of administration of
two components, gamma-aminobutyric acid (GABA) and
Panax ginseng Meyer (GIN), on the production of IgE and
Th1-Th2 dominant cytokines. Antibody and inflammatory
mediator levels in serum, and the cytokines secreted to
spleen cells of ovalbumin (OVA) immunized mice were
analyzed. The group of GABA and GIN mixture signifi-
cantly reduced IgE level and dramatically increased OVA-
IgG2a antibody production. In addition, rising effect on
IFN-gamma and GM-CSF levels related to Thl cytokine
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was observed only in the group of GABA + GIN. The
mixture alleviated allergic symptoms by reducing the level
of histamine and prostaglandin. These studies suggest that
GIN + GABA administration in the allergen-induced
mouse model may regulate the Thl-Th2 balance by
strongly acting on the immune response associated with
Thl.

Keywords Gamma-aminobutyric acid - Immunoglobulin
E - Immunoglobulin G2 - Panax ginseng - Th1-Th2 balance

Introduction

The prevalence of allergic diseases including atopic der-
matitis, allergic rhinitis, and asthma ranges from 18 to 38%
of the population worldwide (Mayba and Gooderham,
2017; Zheng et al., 2015). Typically, T helper 1 (Thl) and
T helper 2 (Th2) cells are known to have the most
important function to regulate the immune response to
foreign materials. Numerous studies have shown that the
imbalance of the Th1/Th2 ratio is associated with many
allergic diseases such as asthmatic atopic dermatitis or
systemic (Ajith et al., 2017; Chen et al., 2018; Liang et al.,
2017; Rogala et al., 2015; Singh et al., 1999; Strzepa et al.,
2018) Therefore, Th1-Th2 balance can be an effective way
to control the prophylactic and therapeutic effect of various
hypersensitivity. The biological function of Thl and Th2
cells is mainly related to cytokine production. Allergic
diseases mainly involve Th2 cells, and IL-4 are excessively
produced in allergic situation. Increased IL-4 subsequently
increases the synthesis of IgE in B cells. On the other hand,
interferon-y (IFN- vy) related to Th1l cytokine is well known
to promote cellular immune responses and suppresses Th2
immune responses (Luo et al., 2003). Complementary and
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alternative medicine has been often used in patients with
allergic disorders due to biological agents’ side effects.
Several natural ingredients used as foods such as acan-
thopanax and ginseng have been developed for the treat-
ment of diseases caused by the regulation of cytokines.

Panax ginseng Meyer (GIN) is widely used as a func-
tional food, and in traditional Asian medicine, it is used in
various treatments such as cancer, allergies and inflam-
matory diseases. Its major constituents are ginsenosides,
saponin molecules that are considered to be the active
pharmacological components of red ginseng. These gin-
senosides including ginsenosides Rhl and Rh2 have
demonstrated anti-allergic and anti-inflammatory effects in
mouse model (Bae et al.,, 2006; Kim et al., 2011). In
addition, nonsaponin compounds including polysaccha-
rides present in red ginseng are also reported to have
antitumor and antiallergic activities (Han and Kim 2020).
Moreover, it has been recently reported that the red ginseng
saponin fraction has a regulatory action on GABA-based
neurotransmission (Chen et al., 2020). Since immune cells
have GABA receptors (Bhandage et al., 2018), it can be
thought that red ginseng is also involved in immune
function through GABA receptor regulation and immune
cells have receptor for GABA.

Gamma-aminobutyric acid (GABA) is a major inhibi-
tory neurotransmitter that exists in the central nervous
system of mammals and is one of the amino acids abun-
dantly present in natural products such as green tea, soy-
beans, and rice brans. GABA has been extensively studied
in neurological disorders, such as epilepsy, anxiety disor-
ders, and schizophrenia. In addition to its main inhibitory
neurotransmitter function, GABA has been reported as a
function of immune cell stimulation, liver protection, and
anti-inflammatory, and thus can be considered as a poten-
tial alternative treatment for the prevention and treatment
of various diseases (Bhandage et al., 2018; Ngo and Vo,
2019). In vitro experiments, it has been recently reported
that the GABAergic signaling linked antimicrobial
responses by activating innate immunity against intracel-
lular bacterial infection (Kim et al., 2018).

GIN is well known for its immunomodulatory function,
and GABA is also reported to be directly involved in the
activation of immune cells. However, the synergistic effect
of GIN and GABA on allergic situation has never been
reported. In this regard, it hypothesized that the combined
oral administration of GABA and red ginseng, which are
already well-known for immunomodulatory functions, may
alter the immune response to antigen. And it was investi-
gated whether the combined oral administration of GABA
and red ginseng induces synergistic effect of inhibiting IgE
production against OVA and of the ability to control the
polarization of dominant Th1 or Th2 cells depending on the
nature of the antigen. Therefore, in this study, the effect of
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GIN and GABA on the allergic reaction was examined in
an ovalbumin (OVA)-induced allergic mouse model.

Materials and methods
Sample preparation

The GABA used in this experiment was 99% pure from
germinated brown rice and was purchased from Organic
Herb Inc. (Hunan, China). The red ginseng used in the
experiment was purchased from Eumseong, Chungbuk.
Ethanol of 10 times the weight of red ginseng was added to
short cut ginseng and extracted at 70 °C for 12 h. The
concentrated ethanol extract under reduced pressure was
added with 10 times the weight of pure water, extracted at
95 °C for 6 h, and the filtrate was concentrated under
reduced pressure. The extract was confirmed that the total
ginsenoside was 27.6 mg/g as the sum of Rbl, Rgl and
Rg3, which was denoted GIN.

Animals

BALB/c mice (5-6 weeks old, female) were purchased
from Saeronbio Ltd. (Uiwang, Gyeonggi, Korea) and
maintained in a specific pathogen-free (SPF) room at
Kyonggi University. Animal experiments were performed
according to the guidelines of the Ethics Committee for
Use of Experimental Animals at Kyonggi University
(2019-004). The mice were supplied with water and pellet
diet ad libitum. The mice were divided into five groups
(n =3 per group): control group, normal saline; OVA
group, OVA + saline; GIN group, OVA + GIN; GABA
group 4, OVA + GABA; and GABA + GIN group,
OVA + GABA + GIN.

Experimental design

BALB/c mice were intraperitoneally injected with 20 pg
OVA (Sigma-aldrich, St. Louis, MO, USA) in a total vol-
ume of 100 uL at day 1 and 14 to induce systemic sensi-
tization. The mice in the GIN group and GABA group
received GIN (20 pg/day, 1 ng/kg/day, checkout) and
GABA (5 mg/day, checkout), respectively. Mice in the
GABA + GIN group were fed with GIN (20 pg) +
GABA (5 mg) mixture daily from 14 days before OVA
immunization to 15 days after immunization. Mice in the
control group received the same schedule for sensitization
and were administered with an equivalent amount of 0.9%
sterile saline instead of OVA.
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Antibody analysis

Mice were sacrificed 2 days after the second immunization
with OVA and immediately after the sera and fecal samples
were collected, the IgGl, IgG2a, IgE and IgA OVA-
specific antibody levels were measured by ELISA. Briefly,
96-well microtiter plates (Thermo Fisher Scientific, Wal-
tham, MA, USA) were coated with OVA (1 mg/mL).
Serum samples were diluted to 5000-15,000 for IgGl,
100-1600 for IgG2a and IgE, and 10-90 times for IgA.
After washing the plate, peroxidase-conjugated secondary
antibodies (Thermo Fisher Scientific, Waltham, MA, USA)
for each subtype of mice were added. After the addition of
2 N H,S0, as the stop solution, the optical densities of the
wells were measured at 450 nm using an automated
microplate reader (Bio-Tek Instruments, Winooski, VT,
USA). The levels of total IgE and IgA in the serum or stool
were quantified using ELISA kits (BD Bioscience, Franklin
Lakes, NJ, USA) in accordance with the manufacturer’s
instructions.

Cell culture and cytokine evaluation

Spleens were collected from the immunized mice at day
16. Single-cell suspended spleen cells were prepared in
RPMI-1640 containing 10% fetal bovine serum (Welgene,
Kyungsan, Korea). Cells (5 x 105/well) were cultured in a
flat-bottom 96-well plate (Corning, Corning, NY, USA)
with or without OVA (50 pg/mL) for 72 h. Supernatants
were collected and IFN-vy, IL-4 IL-5 and IL-10 concen-
trations in the supernatant were measured according to the
manufacturer’s instructions using each cytokine ELISA kit
(BD Bioscience, Franklin Lakes, NJ, USA).

Measurement of plasma histamine
and prostaglandin E2 concentration

Serum samples were collected from the immunized mice at
day 16. Serum was obtained by centrifugation and stored at
—70 °C until use. The content of histamine and pros-
taglandin E2 in plasma prepared after sacrifice of each
group of mice was measured according to the manufac-
turer’s directions using a commercial ELISA kit (ENZO
Life Sciences, Farmingdale, NY, USA).

Statistics

All data values obtained are indicated as mean =+ standard
deviation. The significant difference between groups were
statistically analyzed using student’s test (p < 0.05). All
calculations were performed in SPSS v19.0 (SPSS Inc.,
Chicago, IL, USA).

Results and discussion
Cytokine level of spleen cells

The concentration of GABA was adjusted to 1, 10, and
100 pg/mL in spleen cells, and at the same time, 0.1 and
0.5 pg/mL of GIN was added, and the cytokines produced
was measured. As a result of stimulating spleen cells with
GABA alone, IFN-y and GM-CSF were produced at a
concentration of 10-100 pg/mL, IL-12 was partially
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Fig. 1 Cytokines in the supernatants of cultured normal splenic cells.
Administration of GABA + GIN mixture significantly increased the
cytokine level in supernatants of splenic cells: IFN-y level (A), GM-
CSF level (B), IL-12 level (C). IFN-v, interferon-gamma; GM-CSF,
Granulocyte—macrophage colony-stimulating factor; IL-12, inter-
leukin-12. Data are expressed as mean £ SE. *p < 0.05 or
**p < 0.01 compared with the OVA group
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produced at a concentration of 100 pg/mL (Fig. 1). How-
ever, in the case of stimulation of splenocytes with GIN
0.1 pg/mL, the level of IFN-y and IL-12 significantly
increased in dose-dependent manner of GABA concentra-
tion (Fig. 1a, 1c). The GM-CSF level showed the highest in
GIN (0.1 pg/mL) + GABA (100 pg/mL) mixture treat-
ment (Fig. 1b, p < 0.01). The results at the GIN 0.1 pg/mL
were not observed at the GIN 0.5 pg/mL.

GABA, which is present in various plants, has been
reported to increase in content under stress (Podlesiakova
et al., 2019), and it can regulate the activation of immune
cells since immune cells have receptors for GABA
(Bjurstom et al., 2008). According to a recent report,
GABA acts on macrophages and promotes autophagy of
damaged cells, so it has a function of biodefense against
various intracellular bacterial pathogens (Kim et al., 2018).
It has been also reported that exposure to high concentra-
tions of GABA in T cells (1 uM GABA) contributes to cell
activation, but low concentrations of exposure (100 nM
GABA) inhibited activation and decreased of cytokine
secretion (Bjurstom et al., 2008). The results showing the
increase in the production of cytokines such as IFN-y, GM-
CSF, and IL-12 directly to spleen cells with GABA at a
concentration of 10-100 pg/mL in this study supported the
results of previous reports. Our experiments supported the
results of previous reports by showing the increase in the
production of cytokines such as IFN-y, GM-CSF, and IL-
12 directly to spleen cells with GABA at a concentration of
10-100 pg/mL (Fig. 1). On the other hand, red ginseng
extract (0.1 pg/mL) only did not have a significant
enhancement effect for cytokine production (data not
shown), but as a result of treating GIN and GABA com-
ponents simultaneously, a synergism of cytokine produc-
tion was observed. Interestingly, at 0.5 pg/mL
concentration of GIN, treatment with GABA did not induce
cytokine production and synergistic effect. This suggested
that the ratio between the two components was important to
maintain synergy of cytokine production. As a result of our
in vitro experiment, when the concentration ratio of GIN
and GABA was 1000, cytokine production was signifi-
cantly increased, and at the concentration ratio of 250,
there was no synergistic effect.

Red ginseng is widely known for its anti-allergic prop-
erties (Jung et al., 2013). In addition, it has been reported
that ginsenoside Rbl promotes GABA levels and
GABAergic transmission by binding to GABA receptors in
the prefrontal cortical (Liu et al.,, 2019). And in OVA
induced asthma model, it was suggested that an agonist for
v-aminobutyric acid type A could control allergic symp-
toms by suppressing the inflammatory response by
increasing IL-10 production (Munroe et al., 2010). There-
fore, since GABAergic activity is increased by oral
administration of GABA, and ginsenoside component
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promotes GABAergic transmission, the synergistic effect
for two complexes can be carefully predicted on anti-
allergy.

Serum level of OVA specific IgE

The effect on the production of IgE antibody against OVA
in mice fed the GABA + GIN mixture was investigated.
The total IgE antibody concentration in serum after pri-
mary immunization on day 14 and secondary immunization
on day 2 showed in Fig. 2. After 14 days of primary
immunization, OV A-specific IgE levels were significantly
higher in OVA group (9 mg/mL) than normal 0.4 mg/mL.
Serum IgE level were significantly lower in GABA
(4.5 mg/mL) and GIN (4.8 mg/mL) groups compared to
OVA group (p < 0.01). Moreover, the IgE concentration of
mice fed with GABA + GIN mixture was the lowest at
3 mg/mL. In addition, after the secondary immunization,
the effect on the IgE production between the experimental
groups showed the same tendency as that of the primary
immunization. Overall, it was confirmed that oral admin-
istration of GABA and GIN has the function of inhibiting
the production of IgE antibodies against OVA, and that the
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Fig. 2 IgE production in serum of mice immunized with OVA by
oral administration of GABA + GIN mixture. Administration of
GABA + GIN mixture significantly reduced the level of OVA
specific IgE: primary immunization (A), second immunization (B).
Data are expressed as mean £ SE. **p < 0.01 compared with the
OVA group
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suppression of IgE production is higher when the two
substances are fed together.

As a mechanism for understanding allergic symptoms, it
focuses on two areas consisting of IgE production and
investigation of the type of cytokine induced by Th cells.
IgE is considered one of the main mediators of type 1
hypersensitivity reactions. Allergic diseases, called imme-
diate or type 1 hypersensitivity reactions, have traditionally
been an important factor in the production of IgE. Since
IgE antibodies are involved not only in inflammation of the
initial allergic reaction, but also in late allergic reactions,
there is a direct correlation between serum IgE levels and
allergic symptoms including asthma (Rosenwasser, 2011).
In our study, the oral administration of the GABA + GIN
was significantly lower in the total IgE concentration in
plasma than in the OVA alone immunization group. In
addition, the mixed administration of the GABA and GIN
showed a synergistic effect of inhibiting IgE production
compared with the oral administration of each sample
alone.

OVA-specific antibody production in sera

To monitor the effect of oral administration of GABA,
GIN, and GABA + GIN mixtures, subisotypes of anti-
bodies in serum obtained from each mouse group were
investigated (Fig. 3). OVA-specific IgE and IgG1 antibody
levels in the serum were significantly increased in mice
immunized with OVA alone, while those in the mice fed
the GABA, GIN, and GABA + GIN mixtures were lower
than the control group. In contrast, mice fed the IgG2a
antibody titer GABA + GIN mixture showed significantly
higher levels, while other groups did not show significant
antibody titers. For fecal total IgA level, mice fed with
GABA + GIN mixture showed significantly higher levels
compared to other groups.

The results of antibody isotype analysis, plasma OVA-
specific IgE and IgGl were significantly increased in
immunized mice, while GABA + GIN mixtures alleviated
the level of IgE and IgG1l in OVA mice. Moreover, oral
administration of GABA 4 GIN resulted in significant
increase in IgG2a as well as IgA. In general, IgE produc-
tion is known to be affected by cytokines produced by Th2
cells. Th2 cells are characterized by cytokine-producing
functions such as IL-4, IL-5 and IL-13, and have the
function of recruiting eosinophils and basophils together
with other inflammatory mediators and B-cell switching to
IgE. Meanwhile, an adjvant acting as a TLR ligand such as
CpG inhibits the production of IgE (Alberca-Custodio
et al., 2019), because it not only promotes Thl cytokines
such IFN-vy, but also activates IL-10 and TGF-f8 producing
regulatory T (Treg) cells in the immune response to anti-
gens. It has been reported that an adjuvant such as CpG

increases the production of allergen-specific IgG2a anti-
bodies through increased production of IL-2 and IFN-vy,
and as a result, inhibits IgE antibody production (Bohle
et al., 1999; Majewska-Szczepanik et al., 2016). Our results
supported that oral administration of the mixture
GABA + GIN inhibited the production of IgE against
immunized OVA and increased the significant production
of OVA-specific IgG2.

The immune response to foreign antigens is influenced
by the nature of the helper T lymphocyte (Th) subsets. Thl
cells producing IFN-v inhibit the proliferation of Th2 cells
and IL-4 production and induce cell-mediated immune
response to antigen. During antibody production, Th1 cells
promote immunoglobulin class switching to IgG2a (Cohn
et al., 1999). In our experiment, oral administration of
GABA + GIN induced a marked Th1 response which is an
increase the level in IFN-y and IgG2a antibody subclass.
Interestingly, the beneficial effects of the mixture were
independent of suppression of Th2-mediated immune
responses, by induction of the Thl immune response, the
IgE and IgG2a antibody production were significantly
reversed.

Cytokines level by splenocytes proliferation

The function of effector B cells involved in humoral
immunity is regulated by IL-2 and IFN-y produced by Th1
cells or cytokines produced by Th2 cells such as IL-4, IL-5,
and IL-13. Therefore, to determine whether feeding the
GABA + GIN mixture could alter the Thl or Th2 pre-
dominant immune response, OVA-specific Thl-type and
Th2-type cytokine production by spleen cells from mice
was investigated. The production of IFN-y, an important
Thl-type cytokine, was markedly accelerated in mice
receiving oral administration of GABA + GIN mixture
compared to control mice immunized with OVA alone
(Fig. 4a, p < 0.01). The level of GM-CSF involved in
macrophage differentiation was also significantly increased
in the GABA + GIN mixture group (Fig. 4c). Moreover,
production of IL-2 was significantly increased in mixture
group and GIN group (Fig. 4b). IL-10 which is involved
anti-inflammatory process was also significantly increased
in GABA + GIN group compared to mice with OVA alone
(Fig. 4f). When GABA or GIN was treated alone, IL-2 and
IL-10 showed a result that the production level decreased.
On the other hand, the production of IL-4 and IL-5, a
representative Th2-type cytokine, IL-4 production was
significant decreased in splenocyte treated with GIN alone
(Fig. 4d, p < 0.01). For IL-5, the level was descended
when a single substance was administered (GABA,
p < 0.05; GIN, p < 0.01), and the level in mixture group
was significantly higher than the level of OVA alone
treated (Fig. 4e, p < 0.05).
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Fig. 3 Analysis of subisotypes of antigen-specific antibodies.
Administration of GABA + GIN mixture significantly increased
serum level of IgG2 and fecal level of IgA: IgGl level (A), IgG2a

The group immunized with OVA during oral adminis-
tration of GABA 4+ GIN mixture produced similar con-
centrations of IL-4 and IL-5 compared to the OVA group,
but interestingly, OVA-sensitized mice treated with
GABA + GIN showed dramatically increased levels of
IFN-y production.

To interpret the mechanism involved in the inhibition of
serum IgE production in mice fed the GABA + GIN
mixture, cytokine production in spleen cells was investi-
gated. OVA-immunized mice showed a predominant Th2
immune state, including high levels of IL-4 and low levels
of IFN-y in splenocytes. As a result of comparing the
cytokine and antibody production between the OVA group
and GABA or GIN fed groups, the group administered with
the treatment had lower Th2 type cytokine content as well
as lower serum IgG1 and IgE content than the OVA group.
IL-4, which induces a Th2 cytokine response, is an
important switching factor to produce IgE by B lympho-
cytes along with IL-13, and INF-y inhibits this process
(Lambrecht et al., 2019). In addition, IL-5 has been
reported to play an important role as an inducer of
inflammation such as eosinophil differentiation,
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maturation, activation, and recruitment. IL-5 has been
reported to play an important role as a cause of several
allergic diseases including allergic rhinitis and asthma and
an inducer of inflammation such as eosinophil differentia-
tion and recruitment (Busse et al., 2019) Thl cells that
secrete pro-inflammatory cytokines such as IL-2 and IFN-y
are known to be mainly induce in the activation of cellular
immune response and have antagonistic effect against Th2
immune response (Yoon et al., 2013). Therefore, the pro-
duction of IgE suppressed in the GABA + GIN mixture
group was thought to be due to their ability to induce Thl
immune responses such as excellent IFN- y production
function, although the typical Th2 type cytokine production
of the GABA + GIN mixture administration group was not
inhibited compared to the OVA alone treatment group.
Moreover, in allergic diseases, IL-10 produced by Treg
cells has been proposed to down-regulate the release of
pre-inflammatory cytokines from mast cells and inhibit the
production of IgE (Frossard et al., 2007; Kim et al., 2005).
As a result of our experiments, the production of IL-10 by
spleen cells in mice fed the GABA + GIN mixture was
higher than in the OVA group. Therefore, the increase in
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IL-10 production was thought to be one of the mechanisms
for suppressing IgE production by activating regulatory T
cells.

Serum histamine and prostaglandin E2 levels
The serum histamine levels of the experimental groups are

as shown in Fig. 5. The OVA-immunized mice showed the
highest level of serum histamine, and all treatment groups
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mean £ SE. *p < 0.05 or **p < 0.01 compared with the OVA group

showed significantly lower levels of serum histamine than
the OVA group. In particular, the group fed the
GABA + GIN mixture showed lower serum histamine
levels compared to the group fed each sample (p < 0.01).
In addition, serum prostaglandin E2 level showed the same
pattern as that of histamine. Therefore, oral administration
of GABA + GIN mixture was suggested to alleviate
inflammation associated with allergic symptoms.

@ Springer



1578

J. S. Lim et al.

(A)

Normal
OVA alone
GABA (5 mg) —
GIN (20 pg) —
GABA +GIN —— %
0.60 0.65 O.iO 0.15 0.20 0.25
Histamine (ng/mL)
(B)
Normal B
OVA alone
GABA (5mg)
GIN (20 pg)
GABA + GIN X
250 360 350 460 450

Prostaglandin (pg/mL)

Fig. 5 Serum histamine and prostaglandin E2 levels by oral
administration of GABA + GIN mixture in serum OVA immunized
mice. Administration of GABA + GIN mixture significantly
decreased serum level of histamine and prostaglandin: histamine
level (A), prostaglandin level (B). Data are expressed as mean + SE.
**p < 0.01 compared with the OVA group

The reaction of IgE antibodies to mast cells is associated
with acute allergic symptoms, including anaphylaxis, as
well as inflammation induced by chronic allergies (Galli
and Tsai, 2013). IgE antibody binding to mast cell FceRI
results in the secretion of various biologically active
products associated with the induction of allergic symp-
toms such as histamine and lipid-derived mediators (Bur-
ton and Oettgen, 2011). Prostaglandin (PG), produced by
mast cells, causes inflammation at the onset of allergy, and
also affects T-cell differentiation. PGE?2 is known to have a
function of suppressing an increase in Th2 cytokine, Thl
cytokine production, and differentiation into Treg cells
(Bao et al.,, 2011; Li et al., 2019). In addition, PGE2 has
been reported to inhibit IL-10 production to promote
allergy symptoms (Li et al., 2017). In our experiments, the
inhibition of blood concentrations of histamine and PGE2
in mice fed the GABA + GIN mixture was suggested that
this mixture has the function of suppressing of induction of
allergies including inflammation inhibition.

Measurement of Thl and Th2 related cytokine level
The group fed with GIN produced the lowest IL-4 com-
pared to the mice immunized with OVA alone (Table 1).

The GABA group also showed lower IL-4 levels, but
higher than the GIN group. However, splenocytes from

@ Springer

Table 1 The concentration of IL-4 and IFN-v in the supernatant from
spleen cells and their ratios

Group IL-4 (pg/mL) IFN-y (pg/mL) IFN-y/IL-4
Normal 9.0 + 14.9' 224 £13.0 2.49

OVA alone 93.6 &+ 16.1 80.8 £17.4 0.86
GABA 750 £ 34 136.0 £ 26.1 1.81

GIN 20.6 + 6.7 74.6 £+ 26.1 3.62
GABA + GIN 110.5 £ 15.1 787.2 & 104.2 7.12
Fucoidan 47.8 £ 6.1 1514 +21.7 3.17
'Mean + SE

mouse mice fed the GABA + GIN mixture produced
higher amounts of IL-4 without statistical significance
compared to the OVA group. The production pattern of
IFN- v tended to be different from that of IL-4 level. Mice
fed with GABA showed higher productivity for IFN- v than
OVA group, but IFN- vy level in GIN group showed similar
results to that in OVA group. The group fed the
GABA + GIN mixture showed very high IFN-y level
compared to the other group. In conclusion, the IFN- y/IL-
4 ratio showed 0.86 for the OVA, 1.81 for the GABA
group, and 3.62 for the GIN group, and 7.12 for the
GABA + GIN mixture fed group.

The ratio value of the GABA and GIN mixture is about
twice as high as that fucoidan, which is known to enhance
the effect of the Thl cytokine. In addition, in animal
experiments, administration of GABA showed stimulation
of Thl cells through increased production of IFN-vy in the
blood but did not affect the production of IL-4 produced by
Th2 cell activation (Bhandage et al., 2018). These results
suggested that GABA was primarily responsible for Thl
cell activation.

In conclusion, oral administration of GABA and GIN
mixture significantly reduced IgE level and dramatically
increased OVA-IgG2a antibody production. In addition,
rising effect on IFN- y and GM-CSF levels related to Thl
cytokine was observed only in the group of GABA + GIN.
The mixture alleviated allergic symptoms by reducing the
level of histamine and prostaglandin. However, the mixture
has no alleviating effect on IL-4 or IL-5 production. These
studies suggest that oral administration of GABA + GIN
inhibited the production of IgE via Thl cells increasing
IFN-y secretion against antigens. Therefore, GABA +
GIN mixture suggested that it has the ability or function to
alleviate various allergic symptoms mediated by IgE.
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