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Introduction
The human body maintains immune homeostasis through a complex and effective immune system composed

of a network of cells, tissues, and organs that protects it against infections and diseases caused by various external
antigens and pathogens, including bacteria, viruses, fungi, and harmful substances [1]. Immune cells that are
produced in the bone marrow and matured in the thymus, spleen, and lymph nodes mediate immune responses
[2]. Innate immune cells, such as neutrophils, monocytes, macrophages, dendritic cells, and natural killer (NK)
cells, contribute to the onset of immune response and facilitate the activation of adaptive immune responses
through antigen presentation [3]. The adaptive immune response, which is highly specific to pathogens,
encompasses two major categories including cell-mediated immune response driven by T lymphocytes and
humoral immune response mediated by B lymphocytes [4, 5]. T lymphocyte populations include cytotoxic T cells,
killer T cells, and CD8 T cells, which specifically bind to virus-infected host and cancer cells to destroy target cells,
as well as helper T cells, which regulate the activation of other immune cells and mediate immune responses [6]. T
lymphocytes produce cytokines, including interleukin (IL) 2, IL6, IL12, and interferon γ, which are recognized as
immunostimulators and regulators of immune responses [7]. B lymphocytes comprise approximately 15% of the
entire lymphocyte population and produce antibodies specific to foreign antigens [8].

When immune regulatory functions are compromised by various environmental factors, it can lead to T lymphocyte
imbalance and unbridled immune response, thereby decreasing immune homeostasis and contributing to various
diseases driven by chronic or autoimmune responses [9]. Additionally, overtraining syndrome, induced by
irregular or intensive exercise, has been reported to diminish immune function by reducing neutrophil activity,
lowering immunoglobulin production, suppressing lymphocyte proliferation, and decreasing the number and
function of NK cells [10-12]. As a reduction in immobility time indicates improved stamina and endurance for
sustaining swimming, antidepressant, anti-fatigue, endurance, and physical fitness effects are assessed using the
forced swimming (FS) mouse experimental model [13, 14]. As FS induces significant psychophysiological
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YSK-N promotes immune function and has potential as an immunomodulatory agent.

Keywords: Nypa fruticans Wurmb, forced swimming, immune compromised model, natural killer cell

Received: November 7, 2024
Revised: November 18, 2024
Accepted: November 25, 2024

*Corresponding author
E-mail: hsshin@kfri.re.kr

pISSN 1017-7825
eISSN 1738-8872

Copyright © 2025 by the authors. 

Licensee KMB. This article is an 

open access article distributed 

under the terms and conditions 

of the Creative Commons 

Attribution (CC BY) license.

Supplementary data for 
this paper are available on-
line only at http://jmb.or.kr.

Review



2 Kim et al.

J. Microbiol. Biotechnol.

stressors associated with behavioral, physiological, endocrine, and immune function changes, which lead to
alterations in levels of various immune-related markers, this model is an effective assessment tool for screening
immunomodulatory agents [15-17].

Nypa fruticans Wurmb belongs to the Araceae family and is grown in India, Malaysia, Indonesia, and the
Philippines [18]. N. fruticans is traditionally used as a pain reliever, sedative, and treatment agent for leprosy,
tuberculosis, and sore throat [19]. Additionally, N. fruticans contains large amounts of polyphenolic and flavonoid
constituents, such as chlorogenic acid, protocatechuic acid, and kaempferol, which have antioxidant and anti-
inflammatory properties [19]. However, there exists an underutilization of bioactive functions of N. fruticans,
with scope for scientific investigation on the immunomodulatory activity as a previously unevaluated aspect.
Therefore, in this study, the immune regulatory effects of N. fruticans were investigated in an FS-induced immune
compromised mouse model.

Materials and Methods
Plant Material and YSK-N Preparation

N. fruticans Wurmb (2 kg), obtained from Golden Hands Co., Ltd. (Republic of Korea) was rinsed with distilled
water (DW), followed by reflux extraction at 95 to 100°C for 5 h with the addition of 20 L of DW. After filtering the
first extract, a second reflux extraction was conducted on the remaining N. fruticans with the addition of 10 times
the volume of DW for 5 h at 95 to 100°C. The first and second extracts were combined, concentrated at 60°C to
achieve a concentration of 10-15 Brix (optimized for freeze drying), subsequently freeze-dried (YSK-N), and then
stored at −80°C until use.

Cell Preparation from Spleen and Draining and Mesenteric Lymph Nodes of Mice
Five-week-old male BALB/c mice were euthanized according to the guidelines of the Institutional Animal Care

and Use Committee of the Korea Food Research Institute (approval number: KFRI-M-24050). The harvested
axillary, branchial, inguinal, and mesenteric lymph nodes, and spleen were placed in RPMI-1640 medium
containing 10% FBS and 1% penicillin-streptomycin with collagenase D digestion medium. Using a plunger of a
3 ml syringe to homogenize the lymph nodes and spleen, cell suspensions were filtered by passing through a
40 μm cell strainer, and centrifuged at 1,500 rpm at 4°C for 5 min. After washing, cells were seeded into 24-well cell
culture plates at a density of 1 × 106 cells/well, cultured in a humidified atmosphere of 5% CO2 and 95% air at 37°C,
and subsequently used in ex vivo experiments.

Cell Viability and Proliferation Assay
To assess the cytotoxic and proliferative effects of YSK-N on immune cells from draining and mesenteric lymph

nodes, a water-soluble tetrazolium 1 (WST-1) assay was performed. Splenocytes were cultured in 48-well plates at
a density of 2.5 to 5 × 106 cells/well and treated with 25 μg/ml YSK-N in the absence or presence of 1 μg/ml
concanavalin A (ConA). The cells were then incubated at 37oC for 48 h in a humidified atmosphere composed of
5% CO2 and 95% air. After incubation, the cells were centrifuged at 1,500 rpm for 5 min to allow them to adhere to
the bottom of the plate, and the WST-1 solution was mixed with the medium at a ratio of 1:10 in each well.
Subsequently, cells were incubated at 37°C for 30 min, and the absorbance of each well was measured at 450 nm
using an Epoch microplate reader (BioTek, USA).

Measurement of Cytokine Level
Draining and mesenteric lymph node cells were obtained from mice, cultured in 24-well culture plates at a

density of 1 × 106 cells/wells, treated with 25 μg/ml YSK-N and 1 μg/ml ConA, and incubated at 37°C for 48 h in a
humidified 5% CO2 incubator. Culture supernatants were quantified, using a Bio-Rad protein assay kit based on
the Bradford protein assay (Bio-Rad, USA), and subsequently used for ELISA. IL2, IL6, and IL12p40 levels were
measured using an ELISA kit (BD Biosciences, USA) according to the manufacturer's instructions.

Animal Study
All animal procedures were performed according to the Institutional Animal Care and Use Committee

guidelines of the Korea Food Research Institute (approval number: KFRI-M-24050). Four-week-old male BALB/
C mice were obtained from Orient Bio Inc. (Republic of Korea), acclimated for 1 week under specific pathogen-
free conditions in a consistent environment, observing a regular 12 h light/dark cycle, with the temperature and
relative humidity maintained at 23 ± 2°C and 50 ± 5%, respectively, and randomly divided into five groups (n = 5):
negative control, forced swimming (FS), 200 mg/kg red ginseng (RG)-treated (positive control), 200 mg/kg YSK-
N-treated, and 400 mg/kg YSK-N-treated groups. To establish an immune compromised model, FS was modified
utilizing previous studies [10, 14, 20]. Briefly, the mice were conducted daily for 15 days, involving a swimming
session in a container of water with a pump-installed flow rate of 10 L/min for 15 min, followed by a rest for 5 min,
and a second swimming session for 15 min. This setup ensured FS because the forced water current in the
container prevented the mice from floating. From day 1 to day 21, daily treatments were administered orally with
the negative control group receiving 200 μl PBS, while YSK-N groups received 200 mg/kg or 400 mg/kg YSK-N
resuspended in 200 μl PBS. RG (ginsenosides Rg1, Rb1, and Rg3 contents was 16.5 mg/g) was provided by Huons
Foodience Co., Ltd. (Republic of Korea), and at a final concentration of 200 mg/kg was administered daily from
days 1 to 21 as a positive control. The mice were euthanized on day 21 and their blood and organs were collected
for further study. Blood samples from each mouse were analyzed for the hematopoietic compartment and the
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numbers of lymphocytes and white blood cells using an automatic blood cell analyzer (Hemavet 950 FS; Drew
Scientific Inc., USA).

Assessment of Splenic Natural Kller Cell Cytotoxicity
Splenocytes from mice were co-cultured with 4 × 104 cells/well of YAC-1 cells (ATCC, USA) for 4 h in an

incubator at 37oC. Flow cytometry-based cytotoxicity assays were performed using activated splenocytes as
effectors and CellTrace Violet (CTV)-stained YAC-1 cells as natural killer (NK) cell-targeted tumor cells, with an
effector:target (E:T) ratio of 20:1. The cytotoxicity of splenic NK cells towards YAC-1 cells was also analyzed using
CytoFLEX (Beckman Coulter, Inc., USA). The results were interpreted using CytExpert software (Beckman
Coulter, Inc.) and presented as the mean percentage of CTV+ 7-Aminoactinomycin D+ YAC-1 cells.

RNA Extraction and Real-Time Quantitative Polymerase Chain Reaction (RT-qPCR)
To extract mRNA from the spleen tissues, QIAzol Lysis Reagent was added to the individual spleen samples

collected from each group of mice. The tissues were homogenized four times for 20 s at 20 Hz, using a TissueLyser
II (Qiagen, USA), and then extracted using a High Pure RNA Tissue Kit (Roche, Germany), according to the
manufacturer's instructions. Total RNA (1 μg) was reverse transcribed with ReverTra Ace qPCR RT Master Mix
(Toyobo, Japan) using a Bio-Rad C1000 Thermal Cycler (USA). RT-qPCR was performed using SYBR Green PCR
Master Mix (Toyobo) on an Applied Biosystems Step One Plus real-time PCR system (USA) in the presence of
gene-specific primers. The sequences of the primers used were as follows: Il2 forward, 5-GCGGCATGTTCT
GGATTTGACTC-3 and reverse, 5-CCACCACAGTTGCTGACTCATC-3; Il6 forward, 5-TAGTCCTTCCTA
CCCCAATTTCC-3 and reverse, 5-TTGGTCCTTAGCCACTCCTTC-3; Il12 forward, 5-ACGAGAGTTGCC
TGGCTACTAG-3 and reverse, 5-CCTCATAGATGCTACCAAGGCAC-3; Ifnγ forward, 5-CAGCAACAG
CAAGGCGAAAAAGG-3 and reverse, 5-TTTCCGCTTCCTGAGGCTGGAT-3; Gzmb forward, 5-CAGGAG
AAGACCCAGCAAGTCA-3 and reverse, 5-CTCACAGCTCTAGTCCTCTTGG-3; Prf1 forward, 5-ACA
CAGTAGAGTGTCGCATGTAC-3 and reverse, 5-GTGGAGCTGTTAAAGTTGCGGG-3; Rplp0, used as
internal control gene: forward, 5-GCTCCAAGCAGATGCAGCA-3 and reverse, 5-CCGGATGTGAGGCAG
CAG-3.

Quantification of Immunoglobulin and Corticosterone Levels
Serum levels of immunoglobulin (Ig) G, IgA, secretory IgA, and corticosterone were measured using commercially

available ELISA kits (BD Biosciences, USA) according to the manufacturer’s instructions. Briefly, each well was
coated overnight with a capture antibody. Next, each well was washed with a washing buffer and blocked by
adding the assay solution for 1 h. Standards and supernatants were diluted with the assay solution and added to the
appropriate wells for 2 h. The detection antibody and horseradish peroxidase were mixed with reagent diluents
and added to appropriate wells for 1 h. The substrate solution was then added to the appropriate wells for 30 min.
After 30 min, a stop solution was added to each well. The absorbance was measured at 450 nm using an Epoch
microplate reader (BioTek, USA).

Statistical Analyses
All data were analyzed using GraphPad Prism version 10.3.1 (GraphPad Software, USA). The statistical

significance of differences between two groups was analyzed using Student’s t-test, and multiple groups were
statistically compared using one-way analysis of variance (ANOVA) followed by a least significant difference test.
All data were expressed as mean ± standard deviation. A p-value < 0.05 was considered to be statistically
significant (*p < 0.05, **p < 0.01, and ***p < 0.001).

Results
YSK-N Increased Immune Response-Associated Cytokine Production and Splenic NK Cell Cytotoxicity in ex
vivo Experiments

IL2, IL6, and IL12 are immunostimulatory factors that are induced by infections or tissue damage, initiating
hematopoiesis and innate immune responses such as host defense and promoting T lymphocyte proliferation and
activation [21-23]. These cytokines play crucial roles in the development of adaptive immunity and various
immune responses [24]. Additionally, NK cells play a pivotal role in innate immunity, such as infected cells and
tumor cell elimination [25]. Therefore, promoting the NK cell cytotoxicity is regarded as an enhancement of
immune function. To identify the immunomodulatory functions of YSK-N, spleen and draining and mesenteric
lymph nodes of mice, which are widely used in studies on immune function, were utilized in ex vivo experiments
(Fig. 1). As shown in Fig. 1A, YSK-N promoted cell proliferation without cytotoxicity in cells isolated from both
the draining and mesenteric lymph nodes of mice (Fig. 1A). Additionally, YSK-N treatment significantly
increased IL2, IL6, and IL12p40 production in lymphocytes isolated from these draining and mesenteric lymph
nodes following ConA stimulation that used as activate T lymphocytes and immune response [26] (Fig. 1B-1D).
Next, we investigated whether YSK-N affects splenic NK cell cytotoxicity against YAC-1 cells. As shown in Fig. 1E,
treatment with YSK-N at concentrations of 25, 50, and 100 μg/ml significantly increased splenic NK cell
cytotoxicity (24.4%, 26.0%, 27.6%) against YAC-1 cells compared to that in the control (20.9%) (Fig. 1E).
Collectively, our observations demonstrated that YSK-N enhanced the proliferation and function of lymphocytes
and cytotoxicity of splenic NK cells.
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YSK-N Restored Body Weight and Organ Index in FS-Induced Immune Compromised Model
To investigate the immunomodulatory efficacy of YSK-N in an FS-induced immunosuppressed mouse model,

YSK-N was orally administered for three weeks at final concentrations of 200 and 400 mg/kg. As shown in Fig. 2A
and 2B, body weight and body weight gain were significantly lower in the FS group than in the negative control
group on day 21 (Fig. 2A and 2B). However, YSK-N supplementation reversed the FS-induced decrease in body
weight in a concentration-dependent manner (Fig. 2A and 2B). Bone marrow-derived T lymphocytes undergo
differentiation, selection, and maturation in the thymus, a primary immune organ and immune responses to
blood-derived antigens and activation of immune cells occur in the spleen, a secondary immune organ [27, 28].
These organs play major roles in immunity and immune homeostasis, and changes in organ weight are used as
major immune indicators [29, 30]. Accordingly, we assessed the effect of YSK-N on the thymus and spleen index,

Fig. 1. Effect of YSK-N on the proliferation and function of cells derived from draining and mesenteric
lymph nodes, and splenic NK cell cytotoxicity. (A) ConA (1 μg/ml)-stimulated cell treated with 25 μg/ml YSK-N and
viability was assessed using the WST-1 assay (n = 3). (B-D) The levels of IL2 (B) IL6 (C) and IL12p40 (D) were measured using
ELISA (n = 3). (E) Splenocytes (8 × 105 cells/well) from mice were treated with 25, 50, and 100 μg/ml YSK-N for 24 h. After
24 h, splenocytes were co-cultured with 2 × 105 cells/well of CTV-stained YAC-1 cells for 4 h in an incubator at 37oC. The
cytotoxicity of splenic NK cells towards YAC-1 cells was analyzed using CytoFLEX flow cytometry (Beckman Coulter, Inc.).
Data were analyzed using Student’s t-test as mean ± SD values (*p < 0.05, **p < 0.01, and ***p < 0.001). ConA, concanavalin A;
DLn, draining lymph node; MLn, mesenteric lymph node.

Fig. 2. Effect of YSK-N on the weights of body and immune organs in the FS model. (A) On day 21, mice were
anesthetized with isoflurane, and individual body weight was measured (n = 5). (B) Weight gain was assessed using the
following formula: final body weight (g) – initial body weight (g) (n = 5). (C and D) Thymus (C) and spleen (D) index were
evaluated using the following formula: organ weight (mg) / body weight (g) (n = 5). Data were presented as mean ± SD and
analyzed using one-way analysis of variance (ANOVA) (*p < 0.05, **p < 0.01, and ***p < 0.001). FS, forced swimming; YSK-N,
Nypa fruticans Wurmb hot water extract; RG, red ginseng.
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which was defined as the ratio of the weight of these immune organs to the body weight of individual mice. FS
induced a significant decrease in thymus and spleen weights compared to those in the negative control group
(Fig. 2C and 2D). However, the administration of YSK-N recovered the FS-induced decrease in the immune organ
index (Fig. 2C and 2D). Taken together, our results showed that YSK-N reversed the FS-induced decreases in body,
thymus, and spleen weights in a mouse model.

Effect of YSK-N on Hematological Parameters of the FS Model
Next, we examined whether YSK-N affected the mouse hematopoietic cell compartment. As shown in Fig. 3A,

the hematological components revealed no significant differences in red blood cell counts, hemoglobin
concentration, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, and mean corpuscular
hemoglobin concentration under FS conditions in the presence or absence of YSK-N supplementation (Fig. 3A).
Further analysis of the lymphocyte and white blood cell populations in whole blood revealed a significant decrease
in cell number in the FS group compared to that in the negative control group (Fig. 3B and 3C). However, oral
administration of YSK-N recovered the numbers of lymphocytes and white blood cells to those of the negative
control group in a concentration-dependent manner (Fig. 3B and 3C). Collectively, our results showed that YSK-
N recovered the decreased population of immune cells, including lymphocytes and white blood cells, in the whole
blood of mice under FS conditions.

YSK-N Increased Lymphocyte Proliferation and NK Cell Function among Splenocytes from FS-Induced
Immune Compromised Model

As shown in Fig. 1, YSK-N enhanced the proliferation and function of lymphocytes isolated from the draining
and mesenteric lymph nodes of mice following ConA stimulation in an ex vivo experiment (Fig. 1). Therefore, we
investigated whether YSK-N regulated splenocyte proliferation in an FS-induced immune compromised mouse
model. As anticipated, YSK-N restored the FS-induced decrease in splenocyte proliferation (Fig. 4A). Notably,
400 mg/kg YSK-N supplementation significantly promoted splenocyte proliferation compared to the FS group,
which was even higher than that in the negative control group (Fig. 4A). Accordingly, we assessed the effects of
YSK-N on the proliferation of T and B lymphocytes in response to specific stimuli, such as ConA and

Fig. 3. Effect of YSK-N on hematological parameters in the FS model. (A-C) Total blood of mice was individually
analyzed with a Hemavet 950 FS hematology profiling unit (n = 5). Table (A) and graphs (B and C) represent the mean numbers
of lymphocytes (B) and white blood cells (C) in the whole blood with standard deviations (n = 5). Data were analyzed using
one-way analysis of variance (ANOVA). All values have been reported as mean ± SD. (*p < 0.05, **p < 0.01, and ***p < 0.001).
FS, forced swimming; YSK-N, Nypa fruticans Wurmb hot water extract; RG, red ginseng.
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lipopolysaccharide (LPS). T lymphocyte proliferation in splenocytes after ConA stimulation was lower in the FS
group than in the negative control group (Fig. 4B). However, YSK-N supplementation reversed this decrease in T
lymphocyte proliferation in a concentration-dependent manner (Fig. 4B). Consistent with these observations, B
lymphocyte proliferation in splenocytes after LPS stimulation was lower in the FS group than in the negative
control group (Fig. 4C). Interestingly, oral administration of YSK-N elevated B lymphocyte proliferation in a
concentration-dependent manner compared to that in the FS group (Fig. 4C). NK cells are major components of
innate immunity and are responsible for responding to pathogens, such as bacteria and viruses, in addition to
tumor cells [25]. In mice, approximately 2-3 million is the largest number of NK cells reported to be present in the
spleen [31]. Recent studies have demonstrated that NK cells are responsive to exercises, such as running and
swimming, and intense or prolonged physical exertion may reduce the number and hinder the function of
circulating NK cells [32-34]. Therefore, we investigated whether YSK-N affects splenic NK cell cytotoxicity in an
FS-induced immune compromised mouse model. FS significantly impaired splenic NK cell cytotoxicity (32.7%)
against YAC-1 cells compared to that in the negative control group (37.7%), at an E:T ratio of 20:1 (Fig. 4D).
However, YSK-N supplementation at 200 mg/kg (38.8%) and 400 mg/kg (37.3%) significantly elevated NK cell
cytotoxicity compared to the FS group (Fig. 4D). Taken together, our observations showed that YSK-N enhances
both the proliferation of splenocytes, including T and B lymphocytes, and the splenic NK cell cytotoxicity.

Effect of YSK-N on Immunoglobulin and Corticosterone Production in FS Mouse Model
Immunoglobulins produced by B lymphocytes play essential roles in adaptive immunity [35]. IgG is most

abundantly present in the blood (approximately 75%), followed by the lymph, cerebrospinal fluid, and peritoneal
fluid, and it contributes to humoral immunity [36]. IgA and secretory IgA (sIgA) maintain mucosal homeostasis
and serve as the primary barrier protection against pathogenic antigens and enteric toxins [37, 38]. Thus, we
investigated whether YSK-N affects serum immunoglobulin production in an FS-induced immunosuppressed
mouse model. Notably, serum IgG, IgA, and sIgA production was significantly decreased in the FS group

Fig. 4. Effect of YSK-N on lymphocyte proliferation and NK cell activity in the FS model. (A-C) On day 21, mice
were anesthetized with isoflurane, their spleens were excised, and splenocytes were isolated (n = 5). Splenocyte viability (A) was
assessed in the presence of either 1 μg/ml of ConA (B) or 1 μg/ml of LPS (C) using the WST-1 assay (n = 5). (C) Splenic NK cell
cytotoxicity against YAC-1 tumor cells was analyzed using the CytoFLEX flow cytometry system and represented as the mean
percentage of CellTrace Violet+ 7-Aminoactinomycin D+ YAC-1 cells (n = 5). Data were presented as mean ± SD and analyzed
using one-way analysis of variance (ANOVA) (*p < 0.05, **p < 0.01, and ***p < 0.001). FS, forced swimming; YSK-N, Nypa
fruticans Wurmb hot water extract; RG, red ginseng.

Fig. 5. Effect of YSK-N on immunoglobulin and corticosterone production in the FS model. (A-D) Serum levels
of IgG (A) IgA (B) sIgA (C) and corticosterone (D) were measured using ELISA (n = 5). Data were presented as mean ± SD and
analyzed using one-way analysis of variance (ANOVA) (*p < 0.05, **p < 0.01, and ***p < 0.001). FS, forced swimming; YSK-N,
Nypa fruticans Wurmb hot water extract; RG, red ginseng.
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compared to that in the negative control group (Fig. 5A-5C). However, YSK-N supplementation reversed this FS-
induced decrease in serum immunoglobulin production (Fig. 5A-5C). Next, we evaluated the effects of YSK-N on
serum corticosterone production in an FS-induced immune compromised mouse model. Corticosterone plays a
critical role in immune function and stress response, and activation of the hypothalamic-pituitary-adrenal axis
during stress leads to an increase in circulating corticosterone levels [39, 40]. As anticipated, serum corticosterone
levels were elevated in the FS group compared to those in the negative control group (Fig. 5D). Notably,
supplementation with YSK-N significantly reduced serum corticosterone production in a concentration-
dependent manner compared to the FS group (Fig. 5D). Collectively, our findings revealed that YSK-N promoted
serum immunoglobulin production and suppressed the production of the stress-induced hormone, corticosterone
in an FS-induced immunosuppressed mouse model.

YSK-N Elevated Immune Response- and NK Cell Function-Associated mRNA Expression in Splenocytes
from FS Mouse Model

To confirm that ex vivo immune response-related gene production, including IL2, IL6, and IL12p40, with ConA
stimulation (Fig. 1B-1D) was reproduced in the FS mouse model, we used RT-qPCR to quantify Il2, Il6, and Il12
mRNA expression in mouse splenocytes after FS. Il2, Il6, and Il12 mRNA expression was lower in the FS group
than in the negative control group (Fig. 6A). However, supplementation with YSK-N at 400 mg/kg revealed that
significantly increased Il2, Il6, and Il12 mRNA expression compared to that in the FS group (Fig. 6A). Next, we
investigated whether YSK-N affected the expression of NK cell function-related genes in an FS-induced immune
compromised model. As shown in Fig. 6B, Ifnγ, Gzmb, and Prf1 mRNA expression was downregulated in the FS
group in a manner similar to the results of splenic NK cell cytotoxicity analyses (Fig. 4D). Notably, oral
administration of YSK-N elevated Ifnγ, Gzmb, and Prf1 mRNA expression compared to levels in the FS group (Fig.
6B). Consequently, our studies showed that YSK-N increased Il2, Il6, Il12, Ifnγ, Gzmb, and Prf1 mRNA expression
in FS-induced immune compromised mouse model.

Fig. 6. Effect of YSK-N on mRNA expression of genes related to immunostimulatory and NK cell functionality
in the FS model. (A-B) Total RNA from the spleen of each mouse was utilized to quantify Il2, Il6, Il12 (A), Ifnγ, Gzmb, and
Prf1 expression levels (B) using RT‐qPCR (n = 5). Data were presented as mean ± SD and analyzed using one-way analysis of
variance (ANOVA) (*p < 0.05, **p < 0.01, and ***p < 0.001). FS, forced swimming; YSK-N, Nypa fruticans Wurmb hot water
extract; RG, red ginseng.
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Discussion
Our study showed that supplementation with YSK-N, an N. fruticans Wurmb hot water extract, recovered

immune function in an FS-induced immunosuppressed mouse model. The major findings of our study are as
follows: YSK-N promoted the proliferation and function of lymphocytes from draining and mesenteric lymph
nodes without cytotoxicity in ex vivo experiments; YSK-N restored the FS-induced decrease in body and immune
organ weight; YSK-N recovered the decreased population of lymphocytes and white blood cells in the whole blood
under FS conditions; YSK-N improved the proliferation of splenocytes and increased splenic NK cell cytotoxicity
in FS-induced immune compromised mouse model; YSK-N increased serum IgG, IgA, and sIgA production
whereas decreased corticosterone production; and YSK-N increased Il2, Il6, Il12, Ifnγ, Gzmb, and Prf1 mRNA
expression in FS-induced immunosuppressed mouse model. Our observations collectively demonstrate that
YSK-N recovered the suppressed immune status and functions induced by FS in a mouse model. Therefore, our
findings suggested that YSK-N promotes immune function and has potential as an immunomodulatory
functional material.

Irregular and intense exercise reduces the number of lymphocytes and decreases the proliferation of T and B
lymphocytes [41-44]. Similarly, subjecting splenocytes isolated from mice to FS and stimulating them with ConA
and LPS to assess T and B cell proliferation, the FS group exhibited significantly reduced lymphocyte proliferation
[10]. Consistent with these findings, our studies demonstrated that the proliferative capacity of splenocytes in the
presence or absence of ConA and LPS stimulation was significantly reduced in the FS group compared to that in
the control group, and this was accompanied by a decrease in thymus and spleen weights. Studies have shown that
as the impetus and intensity of exercise increase, the incidence of upper respiratory tract infections increases [45,
46]. Similarly, prolonged training or acute intense exercise reduces IgA production and the number and function
of NK cells, which play critical roles in the initial immune response, thereby increasing the susceptibility to upper
respiratory tract infections [47]. Furthermore, intensive exercise is associated with decreased levels of IgA, with
reduced IgA levels reported in the saliva of swimmers. In swimmers, moderate-intensity acute exercise significantly
reduces salivary IgA levels, whereas high-intensity chronic exercise lowers resting IgA levels and significantly
elevates cortisol levels [48]. Similarly, in elite swimmers, salivary IgA levels decreased by 4.1% with each additional
month of training and by 8.5% with each additional kilometer of training distance [49]. Consistent with these
observations, our results revealed that the levels of serum IgG, IgA, and sIgA and the cytotoxicity of splenic NK
cells were significantly decreased in the FS-induced immunosuppressed model, whereas the serum corticosterone
level was increased.

These findings suggest that excessive exercise may impair immune homeostasis and inhibit the proliferation
and activation of immune cells and mediators, thereby increasing susceptibility to infections and contributing to a
higher disease incidence. In contrast, other studies demonstrated that regular, personalized scientific exercise
regimens can enhance adaptive immune responses, including cell-mediated immune responses, in addition to
humoral immune responses that promote antibody production [50-52]. Therefore, further multi-approach
analyses, including epigenetic, metabolomic, and high-throughput analyses of biomarkers and related pathways
across different individuals, sexes, and age groups, are needed to evaluate the immunomodulatory functions of
exercise. Additionally, studies are needed to identify active substances in N. fruticans Wurmb extract using liquid
chromatography-mass spectrometry and to elucidate the physiological activities and associated mechanisms of
the identified substances.

Acknowledgments
This study was conducted with the support of the Ministry of SMEs and Startups [Research Number

1425180380 (00283134_RS-2023-00283134)], and the Main Research Program (E0210202-04) of the Korea Food
Research Institute (KFRI) funded by the Ministry of Science and ICT.

Conflict of Interest
The authors have no financial conflicts of interest to declare. 

References
1. Parkin J, Cohen B. 2001. An overview of the immune system. Lancet 357: 1777-1789.
2. McKenzie ANJ, Spits H, Eberl G. 2014. Innate lymphoid cells in inflammation and immunity. Immunity 41: 366-374.
3. Fritz JH, Le Bourhis L, Sellge G, Magalhaes JG, Fsihi H, Kufer TA, et al. 2007. NOD1-mediated innate immune recognition of

peptidoglycan contributes to the onset of adaptive immunity. Immunity 26: 445-459.
4. Vivier E, Malissen B. 2005. Innate and adaptive immunity: specificities and signaling hierarchies revisited. Nat. Immunol. 6: 17-21.
5. Natoli G, Ostuni R. 2019. Adaptation and memory in immune responses. Nat. Immunol. 20: 783-792.
6. Kumar BV, Connors TJ, Farber DL. 2018. Human T cell development, localization, and function throughout life. Immunity 48: 202-

213.
7. Slifka MK, Whitton JL. 2000. Antigen-specific regulation of T cell-mediated cytokine production. Immunity 12: 451-457.
8. Dorner T, Radbruch A. 2007. Antibodies and B cell memory in viral immunity. Immunity 27: 384-392.
9. Kumar SK, Bhat BV. 2016. Distinct mechanisms of the newborn innate immunity. Immunol. Lett. 173: 42-54.

10. Choi M, Lee JH, Lee YJ, Paik HD, Park E. 2022. Egg yolk protein water extracts modulate the immune response in BALB/c mice with
immune dysfunction caused by forced swimming. Foods 11: 121.

11. Park SJ, Lee M, Yun JM, Kim D, Oh DH, Kim J, et al. 2021. Deer velvet and Eleutherococcus senticosus mixture regulated immune
function in C57BL/6N mice with immunosuppression induced by forced swimming. J. Med. Food 24: 1213-1221.

12. MacKinnon LT. 2000. Special feature for the Olympics: effects of exercise on the immune system: overtraining effects on immunity
and performance in athletes. Immunol. Cell Biol. 78: 502-509.



YSK-N Restored FS-Induced Immune Compromised Mice 9

 2025Vol. 35

13. Connor TJ, Kelly JP, Leonard BE. 1997. Forced swim test-induced neurochemical endocrine, and immune changes in the rat.
Pharmacol. Biochem. Behav. 58: 961-967.

14. Lee SJ, Rim HK, Jung JY, An HJ, Shin JS, Cho CW, et al. 2013. Immunostimulatory activity of polysaccharides from Cheonggukjang.
Food Chem. Toxicol. 59: 476-484.

15. Kumar A, Garg R. 2009. Protective effects of antidepressants against chronic fatigue syndrome-induced behavioral changes and
biochemical alterations. Fundam. Clin. Pharmacol. 23: 89-95.

16. Kubera M, Basta-Kaim A, Budziszewska B, Rogoz Z, Skuza G, Leskiewicz M, et al. 2006. Effect of amantadine and imipramine on
immunological parameters of rats subjected to a forced swimming test. Int. J. Neuropsychopharmacol. 9: 297-305.

17. Korf EA, Kudryavtsev IV, Serebryakova MK, Novozhilov AV, Mindukshev IV, Goncharov NV. 2021. Ammonium salts promote
adaptive changes of rat immune system to ultimate load in the forced swimming model. Bull. Exp. Biol. Med. 170: 714-718.

18. Tamunaidu P, Saka S. 2011. Chemical characterization of various parts of nipa palm (Nypa fruticans). Ind. Crop Prod. 34: 1423-1428.
19. Prasad N, Yang B, Kong KW, Khoo HE, Sun J, Azlan A, et al. 2013. Phytochemicals and antioxidant capacity from Nypa fruticans

Wurmb. fruit. Evid Based Complement. Alternat. Med. 2013: 154606.
20. Lee HA, Han SJ, Hong S, Kim DW, Oh GW, Kim O. 2014. Onion peel water extracts enhance immune status in forced swimming rat

model. Lab. Anim. Res. 30: 161-168.
21. Pol JG, Caudana P, Paillet J, Piaggio E, Kroemer G. 2020. Effects of interleukin-2 in immunostimulation and immunosuppression. J.

Exp. Med. 217: e20191247.
22. Tanaka T, Narazaki M, Kishimoto T. 2014. IL-6 in inflammation, immunity, and disease. Cold Spring Harb. Perspect. Biol. 6: a016295.
23. Liu J, Cao S, Kim S, Chung EY, Homma Y, Guan X, et al. 2005. Interleukin-12: an update on its immunological activities, signaling

and regulation of gene expression. Curr. Immunol. Rev. 1: 119-137.
24. Iwasaki A, Medzhitov R. 2015. Control of adaptive immunity by the innate immune system. Nat. Immunol. 16: 343-353.
25. Vivier E, Tomasello E, Baratin M, Walzer T, Ugolini S. 2008. Functions of natural killer cells. Nat. Immunol. 9: 503-510.
26. Palacios R. 1982. Concanavalin A triggers T lymphocytes by directly interacting with their receptors for activation. J. Immunol.

128: 337-342.
27. Ladi E, Yin X, Chtanova T, Robey EA. 2006. Thymic microenvironments for T cell differentiation and selection. Nat. Immunol.

7: 338-343.
28. Bronte V, Pittet MJ. 2013. The spleen in local and systemic regulation of immunity. Immunity 39: 806-818.
29. Du X, Yan Y, Dai Y, Xu R. 2024. Yogurt alleviates cyclophosphamide-induced immunosuppression in mice through D-lactate.

Nutrients 16: 1395.
30. Ali MS, Lee EB, Quah Y, Birhanu BT, Suk K, Lim SK, et al. 2022. Heat-killed Limosilactobacillus reuteri PSC102 ameliorates impaired

immunity in cyclophosphamide-induced immunosuppressed mice. Front. Microbiol. 13: 820838.
31. Gregoire C, Chasson L, Luci C, Tomasello E, Geissmann F, Vivier E, et al. 2007. The trafficking of natural killer cells. Immunol. Rev.

220: 169-182.
32. Idorn M, Hojman P. 2016. Exercise-dependent regulation of NK cells in cancer protection. Trends Mol. Med. 22: 565-577.
33. Gleeson M, McDonald WA, Cripps AW, Pyne DB, Clancy RL, Fricker PA. 1995. The effect on immunity of long-term intensive

training in elite swimmers. Clin. Exp. Immunol. 102: 210-216.
34. Suzui M, Kawai T, Kimura H, Takeda K, Yagita H, Okumura K, et al. 2004. Natural killer cell lytic activity and CD56(dim) and

CD56(bright) cell distributions during and after intensive training. J. Appl. Physiol. 96: 2167-2173.
35. Meffre E, Casellas R, Nussenzweig MC. 2000. Antibody regulation of B cell development. Nat. Immunol. 1: 379-385.
36. Nimmerjahn F, Vidarsson G, Cragg MS. 2023. Effect of posttranslational modifications and subclass on IgG activity: from immunity

to immunotherapy. Nat. Immunol. 24: 1244-1255.
37. Mantis NJ, Rol N, Corthesy B. 2011. Secretory IgA's complex roles in immunity and mucosal homeostasis in the gut. Mucosa.l

Immunol. 4: 603-611.
38. Cerutti A, Rescigno M. 2008. The biology of intestinal immunoglobulin A responses. Immunity 28: 740-750.
39. Gong S, Miao YL, Jiao GZ, Sun MJ, Li H, Lin J, et al. 2015. Dynamics and correlation of serum cortisol and corticosterone under

different physiological or stressful conditions in mice. PLoS One 10: e0117503.
40. Chen Y, Kong LD, Xia X, Kung HF, Zhang L. 2005. Behavioral and biochemical studies of total furocoumarins from seeds of Psoralea

corylifolia in the forced swimming test in mice. J .Ethnopharmacol. 96: 451-459.
41. Hiscock N, Pedersen BK. 2002. Exercise-induced immunodepression- plasma glutamine is not the link. J. Appl. Physiol. 93: 813-822.
42. Shinkai S, Watanabe S, Asai H, Shek PN. 1996. Cortisol response to exercise and post-exercise suppression of blood lymphocyte

subset counts. Int. J. Sports Med. 17: 597-603.
43. Nieman DC, Henson DA, Johnson R, Lebeck L, Davis JM, Nehlsen-Cannarella SL. 1992. Effects of brief, heavy exertion on

circulating lymphocyte subpopulations and proliferative response. Med. Sci. Sports Exerc. 24: 1339-1345.
44. Tvede N, Heilmann C, Halkjaer-Kristensen J, Pedersen BK. 1989. Mechanisms of B-lymphocyte suppression induced by acute

physical exercise. J. Clin. Lab. Immunol. 30: 169-173.
45. Brines R, Hoffman-Goetz L, Pedersen BK. 1996. Can you exercise to make your immune system fitter? Immunol. Today 17: 252-254.
46. Nieman DC. 1994. Exercise, upper respiratory tract infection, and the immune system. Med .Sci. Sports Exerc. 26: 128-139.
47. Nieman DC, Henson DA, Fagoaga OR, Utter AC, Vinci DM, Davis JM, et al. 2002. Change in salivary IgA following a competitive

marathon race. Int. J. Sports Med. 23: 69-75.
48. Tharp GD, Barnes MW. 1990. Reduction of saliva immunoglobulin levels by swim training. Eur. J. Appl. Physiol. Occup. Physiol.

60: 61-64.
49. Gleeson M, McDonald WA, Pyne DB, Cripps AW, Francis JL, Fricker PA, et al. 1999. Salivary IgA levels and infection risk in elite

swimmers. Med. Sci. Sports Exerc. 31: 67-73.
50. Winker M, Stossel S, Neu MA, Lehmann N, El Malki K, Paret C, et al. 2022. Exercise reduces systemic immune inflammation index

(SII) in childhood cancer patients. Support Care Cancer 30: 2905-2908.
51. Ren T, He J, Zhang T, Niu A, Yuan Y, Zuo Y, et al. 2024. Exercise activates interferon response of the liver via Gpld1 to enhance

antiviral innate immunity. Sci Adv. 10: eadk5011.
52. Nieman DC, Sakaguchi CA. 2022. Physical activity lowers the risk for acute respiratory infections: Time for recognition. J. Sport

Health Sci. 11: 648-655.


