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ABSTRACT ARTICLE HISTORY

Lotus root (Nelumbo nucifera) is a popular food in Japan and Received 6 December 2018
southeast Asia. It is reported that lotus root includes dietary fiber, Accepted 22 July 2019
vitamin C, and abundant polyphenolic compounds. In Chinese
medicine, lotus powder is also utilized in anti-tussive or anti-
inflammatory drugs. In this study, we focused on the effects of
lotus root powder on allergy symptoms in mice. First, we assessed
nasal allergy symptoms in 2,4-diisocyanic acid toluene (TDI)-
sensitized nasal allergy model mice. We found that lotus root
powder alleviated nasal allergy symptoms in the mice. In addition,
we estimated serum inflammatory parameters such as serum total
IgE, histamine, and leukotriene B4. Lotus root powder intake
significantly decreased serum total IgE and leukotriene B4
compared with standard food intake. We suggest that lotus root
powder intake may alleviate allergic symptoms.

KEYWORDS
Lotus root; allergic
symptoms; anti-inflammatory

1. Introduction

The rhizome of lotus root (Nelumbo nucifera), an aquatic plant, is a very popular food in
Japan and southeast Asia (Sridhar & Bhat, 2007; Wang, Yen, Liang, & Wu, 2003). There
are some local brands of lotus root on the Japanese market. In Yamaguchi prefecture, an
indigenous brand of lotus root is called “Iwakuni-renkon,” which is white, soft, and sticky.
Iwakuni-renkon’s morphology is unique in that its root has nine holes (water-conducting
tissue), whereas common lotus root has eight holes, although there are individual
differences.

The lotus root includes abundant nutrients such as dietary fiber and vitamin C. Some
studies have shown that lotus root contains abundant polyphenolic compounds and
possesses several beneficial health properties, including hypoglycemic, anti-inflamma-
tory, anti-epileptic, antioxidant activities and therapeutic application in memory dis-
orders (Huang et al, 2011; Khan, Rajput, & Assad, 2019; Mukherjee, Mukherjee,
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Maji, Rai, & Heinrich, 2009; Mukherjee, Saha, Pal, & Saha, 1997; Rajput, Khan, &
Assad, 2017; Yan, Wang, & Peng, 2009). Furthermore, in Chinese medicine, lotus
root is utilized as an anti-tussive and anti-inflammatory drug. Thus, we expected that
intake of lotus root could lead to the improvement of allergy symptoms. In this
study, we examined the influence of lotus root powder intake on allergy onset using
2,4-diisocyanic acid toluene (TDI)-sensitized nasal allergy model mice (Dearman, Bas-
ketter, & Kimber, 1996).

2. Materials and methods
2.1. Animals and housing conditions

Four-week-old female BALB/c mice were reared at 22 +2°C with 50 +10% humidity
under a 12-hour light/dark cycle (lights on at 08:00 and off at 20:00). After the mice
were acclimated for one week, we divided the mice into a nonsensitization group and a
sensitization group. The animals in the nonsensitization group were fed standard food,
while those in the sensitization group were further classified into three groups of 5 mice
each that were fed as follows for 4 weeks: standard food (based on AIN-93G), standard
food containing 5% lotus root powder, and standard food containing 10% lotus root
powder. The lotus root powder was processed and provided by Hironaka Food Ltd.
(Yamaguchi, Japan).

2.2. Experimental procedure

2.2.1. Schedule of sensitization

After the 4-week feeding period, we applied 2 pL of 5% 2,4-diisocyanic acid toluene (TDI)
into a nostril of each animal under anesthesia in the sensitization group for 5 consecutive
days. As a control, we applied ethyl acetate, a solvent of TDI solution, into a nostril of each
mouse in the nonsensitization group. One week after the first sensitization, we carried out
re-sensitization for 5 days in a row using the same method described above. One week
after the re-sensitization, we applied the final drop of 5 pL of 2.5% TDI into each
animal’s nostril under nonanesthetic conditions.

2.2.2. Visual assessment of allergic symptoms

We evaluated the severity of allergic symptoms for 10 min immediately after the final sen-
sitization. As visual characteristics of nasal allergic symptoms, both reddish tinges and hair
loss were observed on the nose. The severity of the nasal allergies was scored on a 4-point
scale from 0 (no symptoms) to 3 (very severe symptoms) by observing the appearance of
each mouse.

2.2.3. Measurement of serum inflammatory parameters

One week after the final sensitization, the mice were sacrificed under anesthesia with pen-
tobarbital (Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan) and their trunk blood
was collected to evaluate the levels of inflammatory parameters such as serum total IgE,
histamine, and leukotriene B, (LTB,). The concentrations of serum total IgE, histamine,
and LTB, were analyzed using three respective ELISA kits: the Mouse IgE ELISA
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Quantitation Kit (Bethyl Laboratories, Montgomery, TX, USA), the Histamine ELISA Kit
(Neogen, Lansing, MI, USA), and the Leukotriene B, EIA Kit (Oxford Biomedical
Research, Rochester Hills, MI, USA). The concentrations were measured according to
the respective manufacturers’ instructions.

2.2.4. Measurement of splenic inflammatory parameters

One week after the final sensitization, the mice were sacrificed under anesthesia with pen-
tobarbital (Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan) and their spleens were
collected. The spleens were weighed, and the ratios of splenic inflammatory parameters,
such as CD45R" cells (B-cells) of splenic lymphocytes, a CD3" cell (mature T-cell), a
CD4" cell (helper T-cell), and a CD8" cell (suppressor T-cell), were measured. Spleen
cells were divided into two test tubes. The cells in one tube were fixed and stained with
FITC-conjugated anti-mouse CD4 mAb and PE-conjugated anti-mouse CD8 mAb. The
cells in the other tube were fixed and stained with FITC-conjugated anti-mouse CD45R
mAD and PE-conjugated anti-mouse CD3 mAb. The samples were analyzed in a flow cyt-
ometer (FACS Calibur, Becton-Dickinson, Franklin Lakes, NJ, USA), and the data were
processed by CELL Quest software (Becton-Dickinson).

In addition, we measured concanavalin A (Con A)-stimulated interleukin-4 (IL-4) pro-
duction. Briefly, spleen cells derived from sensitized or nonsensitized mice were cultivated
for 48 h at 37°C, 5% CO,. IL-4 in the supernatant was measured by ANALYZA Immu-
noassay System mouse IL-4 (Bio-Techne, Minneapolis, MN, USA).

2.3. Statistical analysis

All data were analyzed using one-way ANOVA and were subjected to a post-hoc Fisher’s
PLSD test. The significance threshold was set at P < 0.05. All analyses were performed with
StatView (version 5, SAS Institute, Cary, NC, USA).

3. Results and discussion
3.1. Physical conditions

We tested anti-allergic or anti-inflammatory activity using TDI-sensitized nasal allergy
model mice. Intranasal application of TDI induced nasal allergic symptoms. Before TDI
treatment, mice were given the standard diet or the standard diet supplemented with
either 5% or 10% lotus root powder for 4 weeks. TDI treatment was performed intermit-
tently for 4 weeks. During the whole experimental period including before and after inter-
mittent TDI treatment, food intake and body weight gain were quite similar among all
groups (data not shown). We inferred from these results that lotus root powder does
not affect the food intake or growth of animals.

3.2. Allergic symptoms

We assessed the state of TDI-sensitized nasal allergy symptoms. In TDI-sensitized mice,
the hair loss and redness around the nose were prominent, indicating the occurrence of
severe allergic reactions. Meanwhile, these allergic symptoms were clearly alleviated by
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Figure 1. Typical nasal allergic symptoms in the nonsensitization and sensitization groups. (A) Nonsen-
sitization group; (B) standard food sensitization group; (C) standard food plus 5% lotus root powder
sensitization group; (D) standard food plus 10% lotus root powder sensitization group.
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Figure 2. Scores of nasal allergic symptoms. *Significant difference compared to nonsensitization
group (P < 0.05). Each value is the mean £ SEM (n = 5/group).
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lotus root intake in a dose-dependent manner (Figure 1A-D). The severity scores of aller-
gic symptoms were significantly (P < 0.05) increased in the TDI-sensitized mice than in
the nonsensitized mice (Figure 2). These scores also tended to decrease by lotus root
intake in a dose-dependent manner. These results show that lotus root powder alleviates
nasal allergic symptoms.

3.3. Serum inflammatory parameters

We investigated serum inflammatory parameters. The concentration of serum histamine,
which is released from activated mast cells having an allergic response, differed signifi-
cantly (P <0.05) between the non-TDI-sensitized mice and the TDI-sensitized mice fed
the 10% lotus root powder diet (Figure 3A). Elevated levels of LTB, have been reported
in people suffering from various allergic diseases, and these levels have been related to
disease activity and response to treatment (Ohnishi, Miyahara, & Gelfand, 2008). In
this study, the concentration of serum LTB, was significantly (P < 0.05) decreased in
the TDI-sensitized 10% lotus root powder diet group compared with the TDI-sensitized
standard diet group (Figure 3B). It is reported that not only histamine but also leukotriene
are parameters indicated allergy response. In allergy response, chemical mediators such as
histamine and leukotrienes are released from mast cells. The chemical mediators cause
sneezing, watery rhinorrhea and nasal blockage as an early phase reaction. In addition,
Leukotrienes, produced by inflammatory cells, cause nasal blockage as a late phase reac-
tion, seen at 6-10 h after antigen exposure (Miyake & Karasuyama, 2017; Okubo et al.,
2017; Wedi, Novacovic, Koerner, & Kapp, 1999). The Other studies such these reports
indicated that histamine release and leukotriene production are regulated differentially.
Although lotus powder induce histamine release from mast cells by different regulation,
it is suggest that lotus powder may strongly inhibit LTB, production in inflammatory
cells. The results suggested that the alleviation of allergic symptoms by lotus root
powder intake.
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Figure 3. Serum inflammatory parameters. (A) Serum histamine concentration, *significant difference
compared to nonsensitization group (P < 0.05). (B) Serum LTB,4 concentration, *significant difference
between standard food sensitization group and 10% lotus root powder sensitization group (P <
0.05). Each value is the mean + SEM (n = 5/group).
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Figure 4. Total serum IgE concentration. Differential letters indicate significant difference (P < 0.05).
Each value is the mean + SEM (n = 5/group).

IgE, an antibody produced by the body’s immune system, is associated with allergic
responses. The total IgE test is used to diagnose allergic diseases such as atopic disease
(Celakovské & Bukac, 2016). In this study, the total serum IgE concentration was signifi-
cantly increased by TDI sensitization and significantly decreased in the TDI-sensitized 5%
and 10% lotus root powder diet groups (Figure 4).

3.4. Anti-allergic inflammatory parameters

IL-4 was produced by a splenic lymphocyte and leads to the differentiation of B-cells into
plasma cells (antibody-producing cells). The serum IL-4 level was no significant difference.
However, it was tended to dose-dependent decrease in the TDI-sensitized lotus root
powder diet groups compared to the TDI-sensitized standard diet group (Figure 5).
These results suggested that the decrease in total IgE level was caused by the decrease
in IL-4, which in turn was produced by a splenic lymphocyte.

It is known that CD4" cells (helper T-cells) and CD8" cells (suppressor T-cells) can
contribute to anti-allergic inflammation. It is well established that CD4" T-cells are
required during sensitization (Corry et al., 1998; Koya et al., 2007, 2009). Our experiments
revealed a significant (P < 0.05) increase in the CD4" cell population in the TDI-sensitized
10% lotus root powder diet group compared with the TDI-sensitized standard diet group
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Figure 5. IL-4 production by splenic lymphocytes. There is no significant difference. Each value is the
mean + SEM (n = 5/group).
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Figure 6. Ratio of (A) CD4", *significant difference between standard food sensitization group and 10%
lotus root powder sensitization group (P < 0.05), (B) CD8" to splenic lymphocytes, *significant differ-
ence compared to nonsensitization group (P < 0.05). Each value is the mean + SEM (n = 5/group).
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(Figure 6A). The CD8" cell population differed significantly (P < 0.05) between the non-
TDI-sensitized group and the 10% lotus root powder diet TDI-sensitized group (Figure
6B). Whereas CD4" cells have been demonstrated to have a significant role in the devel-
opment of allergic diseases, the role of CD8" cells is not clear. Some researchers have failed
to find any functional or numerical differences in T-lymphocyte subpopulations in
patients with allergic asthma (Schuyler, Gerblich, & Urda, 1985) while others have
reported decreased numbers of CD8" T-cells (Jensen, Cramers, & Thestrup-Pedersen,
1981; Kus, Tse, Vedal, & Chan-Yeung, 1985; Strannegard & Strannegard, 1978) or no
changed in allergic contact dermatitis (Usuda, Fujii, & Nonogaki, 2016). Other groups
have found imbalances in the T-cell subpopulations in patients with atopic disease (Cano-
nica, Mingari, Melioli, Colombatti, & Moretta, 1979; Zhang et al., 2017). Moreover, CD4"
T-cells/CD8" T-cells was no significant difference between the groups (Figure 7). Based on
these results, we hypothesized this mechanism of alleviation nasal allergy by lotus root
powder. The lotus root powder could be related to the suppression of IL-4, IgE, and
LTB, production (Figure 8).

We further measured some factors relating to allergy. The weight of the spleen and the
number of splenic lymphocytes did not differ among the groups (data not shown). The
CD3" cell (mature T-cell) ratio did not differ significantly among the groups (Figure
9A), whereas the CD45R" cell (B-cell) ratio increased significantly (P<0.05) in the
TDI-sensitized 5% and 10% lotus root powder diet group than in the non-TDI-sensitized
and TDI-sensitized standard diet groups (Figure 9B).
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—_—
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standard food standard food 5% 10 %
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Figure 7. CD4*/CD8+, no significant difference between sensitization group. Each value is the mean +
SEM (n =4 or 5/group).



976 M. KANEYASU ET AL.

.O:_—_’ K

Allergen

Mast cell

Lotus root ’ LTB4* S

Figure 8. The mechanism of alleviation nasal allergy by lotus root powder. The lotus root powder could
be related to the suppression of IL-4, IgE, and LTB4 production.
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Figure 9. Ratio of (A) CD3™, there are no significant differences, (B) CD45R™ to splenic lymphocytes,
with differential letters indicating significant differences (P < 0.05). Each value is the mean + SEM
(n =5/group).

4, Conclusion

Our study revealed that TDI-sensitized nasal allergic symptoms in mice, such as hair loss
and redness around the nose, were prominently alleviated by the intake of lotus root
powder. The results suggested that the alleviation of allergic symptoms by lotus root
powder intake could be related to the suppression of IL-4, IgE, and LTB, production.
These results suggest that lotus root can be utilized to treat allergic symptoms such as
hay fever or food allergy.
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