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?;ﬁjg‘édﬂ o024 Cordyceps militaris has been used in traditional medicine due to its immune-boosting
b ieha (')n”ne: functions, especially in elderly and cancer patients. The study aims to assess the
March 13, 2024 impact of C. militaris extract on the immune response in LPS-induced splenocytes
and male Sprague Dawley rats. The study found that CME contains various bioactive
compounds such as adenosine, cordycepin (3' deoxyadenosine), and phenolic
compounds. In vitro studies showed that CME has the potential to enhance CD3* T
cell and CD45RA" B cell populations in LPS-induced splenocytes with a cell viability
of over 80%. Moreover, we found that CME can enhance the immune response in rats
by increasing CD3" T cell proliferation and up-regulating 1L-4, IL-6, and IL-17a
expression, without affecting the rat’s body weight. The findings suggest that CME
could be a promising immune enhancer for patients with weakened immune systems.
However, further animal experiments with varying doses are essential to determine
the optimal dosage for the successful development of CME as a therapeutic agent.
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Introduction of harmful pathogens, including viruses, bacteria,

fungi, parasites, toxins, other foreign substances, as
The immune system is a complex network that well as abnormal cells (Boshtam et al., 2017). The
communicates between lymphoid organs, cells, and invasion of pathogens triggers inflammation within
humoral factors to protect the body against a variety the host body, a response that is regulated by various
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mediators and regulators such as cytokines, growth
factors, eicosanoids, complements, and peptides to
contain and eliminate pathogens or damaged cells.
Cytokines are important proteins that act as mediators
and help in communication for an immune response
in the host body. They play a critical role in
activating cells, promoting division, inducing
apoptosis, and directing cell movement to the site of
injury or infection (Parkin and Cohen, 2001; Turner
et al., 2014; Yahfoufi et al., 2018). To maintain a
healthy immune system, natural agents and bioactive
compounds derived from natural products are used to
stimulate adaptive and innate immunity processes
(Wang et al., 2018). Type 1 T helper cells, also
known as Thl cells, are specialized immune cells that
have a crucial function in defending the body against
intracellular pathogens such as certain bacteria and
viruses. Thl cells produce specific cytokines,
including IFN-y, TNF, and IL-2, which aid in the
immune  response against these  pathogens.
Conversely, Th2 cells stimulate the humoral immune
response, induce antibody production, and promote B
cell proliferation (Parkin and Cohen, 2001; Shin et
al., 2018).

Cordyceps militaris (Scarlet caterpillar club) belongs
to the Ascomycota (family Clavicipitaceae) which has
been used in Asian ethnomedicine for centuries as a
tonic food and herbal medicine (Liu et al., 2014).
This fungus contains various bioactive compounds,

including nucleosides, amino acids, vitamins,
phenolic compounds, and polysaccharides, that
exhibit  diverse  biological  activities  and

pharmaceutical functions, including antioxidative,
antihyperglycemic, antitumor, anti-angiogenic, anti-
inflammatory, and immunomodulatory effects (Das
et al., 2010; Jedrejko et al., 2022; Kang et al., 2014;
Liuetal., 2014; Lietal., 2019; Lou et al., 2019).

Water and ethanolic extracts derived from C.
militaris were found to possess immunomodulatory
properties. These extracts have demonstrated the
potential to enhance an effective immune response in
healthy men by upregulating IL-2 expression and
IFN-y secretion by macrophages via IL-18 (Kang et
al.,, 2015; Kim et al., 2008). Polysaccharides
extracted from C. miliaris exhibit immunoregulatory
properties in animal studies. They effectively
stimulate immune responses by activating the
MAPKSs and NF-xB pathways, resulting in elevated
levels of TNF-a, nitric oxide (NO), and reactive

macrophage function and enhanced spleen
lymphocyte activity (Lee and Hong, 2011; Wang et
al.,, 2012). Lipopolysaccharide (LPS), a major
component of endotoxin derived from the cell walls
of gram-negative bacteria, is widely used in both in
vitro and in vivo studies to evaluate endotoxic shock
and acute systemic inflammation (Choi et al., 2014;
Jo et al., 2010). This study aims to assess the impact
of C. militaris extract on the immune cells including
CD45RA" B cells and CD3" T cells, and the
expression levels of Thl (IFN-y), Th2 (IL-4 and IL-
6), and Thl7 (IL-17a) cytokines in LPS-induced
splenocytes, and animal experiments.

Material and Methods

Chemicals and reagents

The following reagents were used in the experiments:
adenosine, concanavalin A, and cordycepin (3’-
deoxyadenosine) were purchased from Sigma
(Sigma-Aldrich Pte. Ltd, Singapore). FITC anti-rat
CD3 antibody (dilution 0.5 mg/mL), APC anti-rat
CD335 (dilution 0.2 mg/mL), PE/Cy7 anti-rat
CD45RA (dilution 0.2 mg/mL), and propidium
iodide (dilution 0.5 mg/mL) were purchased from
BioLegend (BioLegend, Inc., CA). Super-X Plex™
Flow cytometry assay multi-plex panel (Lot
#1392407) was ordered from Antigenix America Inc.
(USA).

Preparation of C. militaris extract

C. militaris was cultured in 100 mL potato dextrose
broth with 0.25 g/L of ferrous sulfate, 20 g/L of
glucose, and 20 g/L yeast extract in 475 mL glass jars
(dimensions 80 mm x 120 mm) at 25 °C for 28 d
under static liquid fermentation. The mycelia were
harvested and dried at 65°C until constant weight. A
5 g sample of the dried mycelium was pulverized into
a powder and extracted with distilled deionized water
for 1 h using a magnetically stirred mixer, twice. The
extraction was centrifuged for 5 minutes at 5,000 x g
and then filtered through Whatman paper No. 1
(diameter 47 mm). Total phenolic content from C.
militaris extract was measured using the Folin-
Ciocalteu method, following the procedure outlined
by Aryal et al. (2019). Results are expressed as mg
GAE/g dry extract, with data recorded in triplicates.
To minimize interference from each sample, blank
control was also performed, and data was recorded in

oxygen species (ROS). Additionally, these triplicates for each sample.
polysaccharides are associated with improved
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Measurement of bioactive compound profiles
using an HPLC assay

The bioactive compounds obtained from C. militaris
were analyzed using reversed-phase  High-
performance liquid chromatography with a C18
column (particle size of 5 um; dimensions 250 mm x
4.6 mm). Elution was performed by employing a
gradual increase in methanol concentration within a
linear gradient combined with distilled water. The
gradient ranged from 0% to 40% methanol and 100%
to 60% distilled water in 25 min with a flow rate of
1.0 mL/min. The detection of adenosine and 3'
deoxyadenosine (cordycepin), the biomarkers of
interest, was done using an injection volume of 20 pL
and a wavelength of 260 nm.

Animal ethics statement

Male Sprague Dawley (SD) rats (6 weeks old, 250 g
body weight) were obtained from M-CLEA
BIORESOURCE Co., Ltd. (Thailand). All animal
experiments were conducted following the guidelines
of the Institutional Animal Care and Use Committee
of Khon Kaen University, approved under animal
protocol number IACUC-KKU-76/64.

In vitro

Isolation of primary splenocytes from male
Sprague Dawley rats

The spleens were aseptically removed from sacrificed
SD rats and subsequently pulverized using cell
strainers with a 40 pm mesh. The cell suspension was
treated with red blood cell lysis buffer (pH 7.3) to
remove lysed cells. Following multiple washes with
PBS buffer (pH 7.4), the cell pellets were
resuspended in RPMI 1640 medium containing 10%
(v/v) fetal bovine serum, 2.05 mM L-glutamine, and
1% (v/v) penicillin/streptomycin (100 U/mL), and
then adjusted to the final concentration of 1 x 10’
cells/mL.

Cell viability assay

A cell viability assay was conducted using propidium
iodide dye (dilution 0.5 mg/mL) to assess the
cytotoxic effect of CME. Approximately 5 x 10°
cells/well of splenocytes were seeded into a 96-well
plate with varying concentrations of CME (0.01, 0.1,
1.0, and 10.0 mg/mL) and incubated at 37°C with 5%
CO, under humidified conditions for 72 h. After the
incubation period, the CME-treated splenocytes were
stained with propidium iodide dye and measured
using flow cytometry (Attune NXT Acoustic
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Focusing Cytometer,
Scientific).

Invitrogen, Thermo Fisher

Effect of CME on lymphocyte proliferation

To assess the proliferation of T and B cells, Flow
cytometry was performed using specific monoclonal
anti-rat associated with fluorescence dye following
anti-rat CD3-FITC and anti-rat CD45RA-PE/Cy7.
Approximately 5 x 10° cells/well of splenocytes were
seeded in 96-well plates with varying concentrations
of CME (0.02, 0.2, and 2.0 mg/mL) in the presence
or absence of LPS (2.5 pg/mL). The cells were
incubated at 37°C in a humidified environment with
5% CO, for 72 h. After 72 h of incubation,
splenocytes treated with CME were harvested and
stained using specific monoclonal anti-rat antibodies
to measure CD3" T cell and CD45RA™ B cell
proliferation.

In vivo

Animals and experiment design

Ten SD rats were employed to assess the impact of
CME on the immune response. Prior to the
experiment, the rats were allowed to acclimate for at
least 7 d under standard conditions, including a 12 h
light-dark cycle, humidity maintained between 30—
60%, and a constant temperature of 23 = 2°C. We
randomly divided the rats into two groups (n =
5/group): (i) orally administered distilled water
(control group) and (ii) orally administered 50 mg/kg
body weight of CME (Eq. 1) for 14 consecutive days.
During the experiment, the rats had ad libitum access
to water and food. After the treatment, the rats were
euthanized, and their spleens and blood were
collected for measuring the CD3" T and CD45RA" B
cell proliferation.

Animal equivalent dose (AED) mg/kg = (Human dose
mg/kg) x K, ratio  Eg. (1)

The K, ratio values are calculated by dividing the
human K, factor (37) by the animal K., factor (6) or
vice versa. Therefore, the K,, ratio value for a rat is
6.2 (Nair and Jacob, 2016).

Cytokines profiling assay

The Antigenix America Super-X Plex™ multiplex
assay was applied to assess levels of IL-4, IL-6, IL-
17a, and IFN-y production following the
manufacturer’s protocol. Initially, a 96-well flat
bottom plate was coated with antibody beads
designed  for  capturing  multiplex  panels.
Subsequently, 30 pL of assay buffer and 50 pL of
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each rat serum were added individually to their
corresponding wells. Following cytokine capture, a
series of washing steps were performed, and the
captured cytokines were detected using specific
biotinylated detection antibodies. Finally, the
streptavidin-PE conjugate reagent was added and
resuspended in a reading buffer. The resulting data
were analyzed using a flow cytometer.

Statistical analysis

One-way analysis of variance (ANOVA) coupled
with Dunnett’s multiple range test and Two-
independent t-tests were employed to establish the
statistical significance of value between the sample
groups. Differences were considered statistically
significant at a p-value of < 0.05. All values were
expressed as the mean + standard deviation.
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Results

The bioactive compound profiles derived from C.
militaris using an HPLC assay

The RP-HPLC chromatogram displayed noticeable
peaks of adenosine and 3’ deoxyadenosine
(cordycepin) at a retention time of 18.6 and 20.4 min,
respectively (Figure 1A). Our analysis contained the
guantification of cordycepin and phenolic contents,
which may have a significant impact on immune
response. The results indicated that CME contained
9.26 + 3.07 mg/g dry weight of cordycepin and 1.74
+ 0.04 mg GAE/g dry weight of total phenolic
content (Figure 1B).
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Figure-1. (A) RP-HPLC chromatogram of bioactive compound profiles obtained from C. militaris
extraction. The adenosine and 3" deoxyadenosine (cordycepin) were eluted at retention times of 18.6 and
20.4 min, respectively (n=3). (B) Total phenolic content was measured using the Folin-Ciocalteu assay and

expressed as mg/gram of gallic acid equivalent (GAE).
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Cell viability

After 72 h incubation, the cytotoxic effects of CME
were evaluated by applying propidium iodide
staining. The results indicated a dose-dependent
impact on the spleen lymphocyte viability (Figure 2).
At higher concentrations, the % of cell viability
decreased significantly below 15.5%. However, a
concentration that could maintain viability above
80% was considered for subsequent experiments.
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Figure-2. Effect of CME on the viability of spleen
lymphocytes. The cells were treated with indicated
concentrations of CME or without CME. The %
of cell viability was assessed after 72 h by Flow
cytometer using propidium iodide staining and
expressed as the mean + standard deviation of
three independent experiments (n=3). **** p <
0.0001, statistically significant differences versus
the control group.

Effect of CME on lymphocyte proliferation

To investigate the impact of CME on immune
response, rat splenocytes were incubated with CME
in the presence or absence of LPS. The proliferation
of T and B cells was assessed using specific
antibodies targeting CD3" T cells (FITC) and
CD45RA™ B cells (PE/Cy7). The findings
demonstrated that CME significantly stimulated
CD3" T cell and CD45RA" B cell proliferation in
LPS-induced splenocytes (Figure 3).
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Figure-3. Effect of CME on LPS-induced spleen
lymphocyte proliferation. Spleen lymphocyte was
incubated with indicated concentrations of CME (0.02,
0.2, and 2.0 mg/mL) in the absence and presence of
LPS (2.5 ug/mL) for 72 h. The proliferation of (A) % of
CD3" T cells and (B) % of CD45RA" B cells are
presented as the mean + standard deviation of three
independent experiments (n=3). *, p < 0.0332, and **, p
< 0.0021, *** p < 0.0002, and **** p < 0.0001
statistically significant differences against the LPS-
treated control.

Effect of CME on lymphocyte proliferation in
healthy male Sprague Dawley rats

We carried out a study on healthy male SD rats to
assess the impact of CME on the immune response
using two vital types of immune cells: PBMCs and
splenocytes. Within PBMC cells, CME possesses a
potent ability to stimulate CD3" T cells as shown in
Figure 4C. Conversely, there was no noticeable
impact on CD3" T cells and CD45RA" B cells in
splenocytes (Figure 4A and Figure 4B, respectively).
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Figure-4. Effects of CME on spleen lymphocyte and
PBMCs proliferation after 14 days of administered
intragastrically CME (50 mg/kg body weight) and
distilled water once daily. The proliferation of %CD3"
T cells and %CD45RA" B cells were evaluated in
spleen lymphocytes (A and B) and PBMCs (C and D).
Data are expressed as the mean + standard deviation
(n=5). *, p < 0.0332, statistically significant differences
versus a control group.
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Cytokine profiling assay

We confirmed the impact of CME on the immune
response in male SD rats by assessing cytokine
production. The mean fluorescence intensity (MFI)
results indicated a significant elevation in I1L-4, I1L-6,
and IL-17a production in rats due to CME treatment.
Although there was an induction in IFN-y levels, no
statistically significant difference was observed
compared to the control group (Figure 5A-D).
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Figure-5. Effect of CME on cytokines production. The
levels of cytokine were measured using a Super-X
Plex™ Flow cytometry assay Kkit. Levels of (A)
interferon-gamma; (B) interleukine-4; ©
interleukine-6; (D) interleukine-17a are represented as
the mean <+ standard deviation of the mean
fluorescence intensity (MFI) of PE (n=3). *, p < 0.05,
statistically significant differences against control.

Discussion

Cordyceps militaris has potent therapeutic benefits to
enhance the immune system's function in both elderly
people and cancer patients (Friedman, 2016; Lee and
Hong, 2011). Various bioactive substances extracted
from C. militaris have been investigated for their
immunomodulatory effects and pharmaceutical
activities in humans and animals. Previous studies
have reported that bioactive compounds from
mushrooms can stimulate B cells, T cells, and natural
killer cells to enhance the host immune system
(Wang et al., 2012). Herein, bioactive compounds,
including adenosine, cordycepin, and phenolic
compounds were found in CME (Figure 1).
Cordycepin is a nucleoside analog derived from
adenosine that can be found primarily in the mycelia,

g‘t\ Asian ] Agric & Biol. 2024(3)
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fruiting bodies, and fermented broth of Cordyceps
species. This compound has been extensively
researched for its potential therapeutic properties,
including antioxidant, anticancer effects, and anti-
inflammatory (Lee et al., 2020). The attribution of
phenolic compounds and flavonoids is associated
with lymphocyte proliferation in the spleen and
affects the production of cytokines and pro-
inflammatory gene expression, contributing to
inflammation (Lin and Tang, 2007; Yahfouf et al.,
2018).

Spleen is an important organ for the immune system
where thymocytes differentiate into lymphocytes,
which have a crucial role in immunological defense
(Shin et al., 2018; Zhu et al., 2016). The isolated
lymphocytes from the spleen were used as the
preliminary indexes to assess the cytotoxicity. The
regulation of different immune cell types involves
various markers, such as the Cluster of
Differentiation 3 (CD3), which activates CD45RA
(B-cell specific marker) and stimulates both T helper
cells and cytotoxic T cells (Nayak et al., 2009;
Porciello et al., 2022). CD3" T cells can differentiate
into diverse subtypes, including cytotoxic T cells, T
helper cells (Thl, Th2), memory T cells, and
regulatory T cells, each contributing uniquely to
immune responses. Our finding demonstrated that
CME obtained from C. militaris exhibited a dose-
dependent cytotoxicity in splenocytes (Figure 2). It
was also observed that CME significantly induces
CD3" T cell and CD45RA" B cell proliferation in
splenocytes. Furthermore, the animal experiments
demonstrated that CME had no effect on the rat's
body weight, indicating its safety for consumption
(Figure S1). However, we found that CME had
potentially induced the proliferation of CD3" T cells
in PBMCs only (Figure 4).

Herein, we assessed the effects of CME on the
production of Thl, Th2, and Th17 cytokines, which
are secreted in extracellular due to the host immune
response. Our findings indicate that CME effectively
stimulates the immune response by increasing IL-4,
IL-6, and IL-17a production in healthy SD rats
(Figure 5). These cytokines play crucial roles in the
immune response. IL-4, a cytokine produced by
various immune cells including basophils, mast cells,
and T cells, promotes the differentiation of naive T
cells into Th2 cells. This cytokine plays a crucial role
in driving the activation and development of Th2
responses while suppressing Thl differentiation
(Luzina et al., 2012) to maintain immune balance.
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IL-6 is another cytokine that promotes inflammation
and helps regulate the differentiation of immune
cells, specifically B cells that produce antibodies. It
also plays a vital role in hematopoiesis, which is the
process of blood cell formation (Song and Kellum,
2005). The production of IL-6 can be enhanced due
to the immune response process when
lipopolysaccharides are secreted from bacteria (Riaz
et al., 2015). Lastly, IL-17a is a pro-inflammatory
cytokine that links T cell activation to neutrophil
mobilization and  activation  (Zenobia and
Hajishengallis, 2015).

Conclusion

This research has found that Cordyceps militaris
extract can potentially enhance the immune system in
rats by increasing CD3" T cell proliferation and up-
regulating IL-4, 1L-6, and IL-17a production. CME
has shown promise as an immune enhancer for
patients with weakened immune systems. However,
for the successful development of CME as a
therapeutic agent, animal experiments with varying
doses need to be conducted to determine the optimal
dosage. Additionally, studying changes in spleen and
thymus indexes could provide valuable insights into
the underlying mechanisms of CME's immune-
enhancing effects.

Acknowledgment

We would like to thank Dr. Maysaya Thitisaksakul
from the Department of Biochemistry, Faculty of
Science (Khon Kaen University, Thailand) for
advising and supporting the work.

Disclaimer: None.

Conflict of Interest: None.

Source of Funding: This research was supported by
funds from (1) The faculty of Pharmaceutical
Sciences, Khon Kaen University (KKU), Thailand,
(2) the Fundamental Fund of KKU, and (3) the
National Science, Research and Innovation Fund
(NSRF), Thailand.

Contribution of Authors

Mongmonsin ~ U:  Conceptualization,  research
methodology development & validation, software &

Rungsa P: Research methodology development,
writing and editing of manuscript.

Teajaroen W: Research methodology development
and literature review.

Somdee T: Supervision of study, literature review
and editing of manuscript.

Daduang J: Literature review, editing of manuscript
and resource provision for study.

Daduang S: Conceptualization, supervision &
resource provision for study, writing, reviewing &
editing of manuscript, project administration and
funding acquisition.

References

Aryal S, Baniya MK, Danekhu K, Kunwar P, Gurung
R and Koirala N, 2019. Total phenolic content,
flavonoid content and antioxidant potential of
wild vegetables from Western
Nepal. Plants. 8(4): 96.
https://doi.org/10.3390/plants8040096

Boshtam M, Asgary S, Kouhpayeh S, Shariati L and
Khanahmad H, 2017. Aptamers against pro-and
anti-inflammatory cytokines: a
review. Inflammation. 40: 340-349.
https://doi.org/10.1007/s10753-016-0477-1

Choi YH, Kim GY and Lee HH, 2014. Anti-
inflammatory  effects of  cordycepin in
lipopolysaccharide-stimulated RAW  264.7
macrophages through Toll-like receptor 4-
mediated suppression of mitogen-activated
protein  kinases and NF-xB  signaling
pathways. Drug. Des. Devel. Ther. pp.1941-
1953. https://doi.org/10.2147/DDDT.S71957

Das SK, Masuda M., Sakurai A and Sakakibara M,

2010. Medicinal uses of the mushroom
Cordyceps  militaris:  current  state and
prospects. Fitoterapia. 81(8): 961-968.

https://doi.org/10.1016/j.fitote.2010.07.010

Friedman M, 2016. Mushroom polysaccharides:
chemistry and  antiobesity, antidiabetes,
anticancer, and antibiotic properties in cells,
rodents, and humans. Foods. 5(4): 80.
https://doi.org/10.3390/foods5040080

Jedrejko K, Kata K, Sulkowska-Ziaja K, Krakowska
A, Zieba P, Marzec K, Szewczyk A and Sekara
A, 2022. Pytko-Polo nczyk, J.; Muszy nska, B.
Cordyceps militaris—fruiting bodies, mycelium,
and supplements: valuable component of daily

formal analysis, writing of original draft of diet. Antioxidants 2022. 11: 1861.
manuscript. https://doi.org/10.3390/antiox11101861

gf»:-m

%4 Asian ] Agric & Biol. 2024(3). 7/10

Nag?


https://doi.org/10.3390/plants8040096
https://doi.org/10.1007/s10753-016-0477-1
https://doi.org/10.2147/DDDT.S71957
https://doi.org/10.1016/j.fitote.2010.07.010
https://doi.org/10.3390/foods5040080
https://doi.org/10.3390/antiox11101861

Urairat Mongmonsin et al.

Jo WS, Choi YJ, Mm HJ, Lee JY, Nam BH, Lee JD,
Lee SW, Seo SY and Jeong MH, 2010. The anti-
inflammatory effects of water extract from
Cordyceps militaris in murine
macrophage. Mycobiology. 38(1): 46-51.
https://doi.org/10.4489/MYC0.2010.38.1.046

Kang C, Wen TC, Kang JC, Meng ZB, Li GR and
Hyde KD, 2014. Optimization of large-scale
culture conditions for the production of
cordycepin with Cordyceps militaris by liquid
static culture. Sci. World. J.
https://doi.org/10.1155/2014/510627

Kang HJ, Baik HW, Kim SJ, Lee SG, Ahn HY, Park
JS, Park SJ, Jang EJ, Park SW, Choi JY and Sung
JH, 2015. Cordyceps militaris enhances cell-
mediated immunity in healthy Korean men. J.
Med. Food. 18(10): 1164-1172.
https://doi.org/10.1089/jmf.2014.3350

Kim CS, Lee SY, Cho SH, Ko YM, Kim BH, Kim
HJ, Park JC, Kim DK, Ahn, H, Kim BO and Lim
SH, 2008. Cordyceps militaris induces the IL-18
expression via its promoter activation for IFN-y
production. J. Ethnopharmacol. 120(3): 366-371.
https://doi.org/10.1016/j.jep.2008.09.010

Lee CT, Huang KS, Shaw JF, Chen JR, Kuo WS,
Shen G, Grumezescu AM, Holban AM, Wang
YT, Wang JS and Hsiang YP, 2020. Trends in
the immunomodulatory effects of Cordyceps
militaris: total extracts, polysaccharides and
cordycepin. Front. ~ Pharmacol. 11:  575704.
https://doi.org/10.3389/fphar.2020.575704

Lee JS and Hong EK, 2011. Immunostimulating
activity of the polysaccharides isolated from
Cordyceps militaris. Int.
Immunopharmacol. 11(9): 1226-1233.
https://doi.org/10.1016/j.intimp.2011.04.001

Lin JY and Tang CY, 2007. Determination of total
phenolic and flavonoid contents in selected fruits
and vegetables, as well as their stimulatory
effects on mouse splenocyte proliferation. Food
Chem. 101(1): 140-147.
https://doi.org/10.1016/j.foodchem.2006.01.014

Li X, Liu Q, Li W, Li Q, Qian Z, Liu X and Dong C,
2019. A breakthrough in the artificial cultivation
of Chinese Cordyceps on a large-scale and its
impact on science, the economy, and
industry. Crit. Rev. Biotechnol. 39(2): 181-191.
https://doi.org/10.1080/07388551.2018.1531820

Liu X, Huang K and Zhou J, 2014. Composition and
antitumor activity of the mycelia and fruiting
bodies of Cordyceps militaris.J. Food Nutr.

&‘f‘tb\"‘
AW ;' Asian ] Agric & Biol. 2024(3).
Nage’

Res. 2: 74-79. http://doi.org/10.12691/jfnr-2-2-3

Lou H, Lin J, Guo L, Wang X, Tian S, Liu C, Zhao Y
and Zhao R, 2019. Advances in research on
Cordyceps  militaris  degeneration. Appl.
Microbiol. Biotechnol. 103: 7835-7841.
https://doi.org/10.1007/s00253-019-10074-z

Luzina IG, Keegan AD, Heller NM, Rook GA, Shea-
Donohue T and Atamas SP, 2012. Regulation of
inflammation by interleukin-4: a review of
“alternatives”. J. Leukoc. Biol. 92(4): 753-764.
https://doi.org/10.1189/j1b.0412214

Nair AB and Jacob S, 2016. A simple practice guide
for dose conversion between animals and
human.J Basic Clin  Pharm. 7(2): 27.
https://doi.org/10.4103/0976-0105.177703

Nayak BN, Friel JK, Rempel CB and Jones PJ, 20009.
Energy-restricted diets result in higher numbers
of CD4+, CD8+, immunoglobulins (A, M, and
G), and CD45RA cells in spleen and CD4+,
immunoglobulin A, and CD45RA cells in colonic
lamina propria of rats. Nutr. Res. 29(7): 487-493.
https://doi.org/10.1016/j.nutres.2009.06.010

Parkin J and Cohen B, 2001. An overview of the
immune system. Lancet. 357(9270): 1777-17809.
https://doi.org/10.1016/S0140-6736(00)04904-7

Porciello N, Franzese O, D’Ambrosio L, Palermo B
and Nistico P, 2022. T-cell repertoire diversity:
friend or foe for protective antitumor
response?. J. Exp. Clin. Cancer. Res. 41(1): 1-16.
https://doi.org/10.1186/s13046-022-02566-0

Riaz MS, Shaheen T, Batool N, Saleem S, Haris A,
Hayat F and Riaz R, 2015. Modulation of
immune system by taking probiotic bacteria:
Especially focus on lactic acid bacteria. Asian J.
Agric. Biol. 3: 74-77.

Shin JS, Chung SH, Lee WS, Lee JY, Kim JL and
Lee KT, 2018. Immunostimulatory effects of
cordycepin-enriched WIB-801CE from
Cordyceps militaris in  splenocytes and
cyclophosphamide-induced  immunosuppressed
mice. Phytother. Res. 32(1): 132-139.
https://doi.org/10.1002/ptr.5960

Song M and Kellum JA, 2005. Interleukin-6. Crit.
Care Med. 33(12): S463-S465.

https://doi.org/10.1097/01.ccm.0000186784.62662.al

Turner MD, Nedjai B, Hurst T and Pennington DJ,
2014. Cytokines and chemokines: At the
crossroads of cell signalling and inflammatory
disease. Biochim. Biophys. Acta. Mol. Cell. Res.
1843(11): 2563-2582.
https://doi.org/10.1016/j.bbamcr.2014.05.014

8/10


https://doi.org/10.4489/MYCO.2010.38.1.046
https://doi.org/10.1155/2014/510627
https://doi.org/10.1089/jmf.2014.3350
https://doi.org/10.1016/j.jep.2008.09.010
https://doi.org/10.3389/fphar.2020.575704
https://doi.org/10.1016/j.intimp.2011.04.001
https://doi.org/10.1016/j.foodchem.2006.01.014
https://doi.org/10.1080/07388551.2018.1531820
http://doi.org/10.12691/jfnr-2-2-3
https://doi.org/10.1007/s00253-019-10074-z
https://doi.org/10.1189/jlb.0412214
https://doi.org/10.4103/0976-0105.177703
https://doi.org/10.1016/j.nutres.2009.06.010
https://doi.org/10.1016/S0140-6736(00)04904-7
https://doi.org/10.1186/s13046-022-02566-0
https://doi.org/10.1002/ptr.5960
https://doi.org/10.1097/01.ccm.0000186784.62662.a1
https://doi.org/10.1016/j.bbamcr.2014.05.014

Urairat Mongmonsin et al.

Wang K, Conlon M, Ren W, Chen BB and Baczek T,

the

2018. Natural products as targeted modulators of
immune system. J. Immunol.
Res. https://doi.org/10.1155/2018/7862782

Wang M, Meng XY, Le Yang R, Qin T, Wang XY,

Zhang KY, Fei CZ, Li Y, Liang Hu Y and Xue
FQ, 2012. Cordyceps militaris polysaccharides
can enhance the immunity and antioxidation
activity in immunosuppressed mice. Carbohydr.
Polym. 89(2): 461-466.
https://doi.org/10.1016/j.carbpol.2012.03.029

Yahfoufi N, Alsadi N, Jambi M and Matar C, 2018.

The immunomodulatory and anti-inflammatory
role of polyphenols. Nutrients. 10(11): 1618.

P

(<)

- J Asian ] Agric & Biol. 2024(3).

o

https://doi.org/10.3390/hu10111618

Zenobia C and Hajishengallis G, 2015. Basic biology

9/10

and role of interleukin-17 in immunity and
inflammation. Periodontology 2000. 69(1): 142-
159. https://doi.org/10.1111/prd.12083

Zhu ZY, Meng M, Sun H, Li Y, Ren YY and
Zhang Y, 2016. Immunostimulatory activity of
glycopeptides from Paecilomyces sinensis under

normal and  cyclophosphamide  induced
immunosuppressive  conditions  in  mice
models. Food Funct. 7(8): 3566-3576.

https://doi.org/10.1039/C6FO00667A


https://doi.org/10.1155/2018/7862782
https://doi.org/10.1016/j.carbpol.2012.03.029
https://doi.org/10.3390/nu10111618
https://doi.org/10.1111/prd.12083
https://doi.org/10.1039/C6FO00667A

Urairat Mongmonsin et al.

Supporting information

450
[ ] Control
B CME
Bl
- 300 —L
F~
.%‘ B
2
.’l
2 150
-]
0
Week 0 Week | Week 2

Figure supplementary-1. Body weight changed in healthy rats after 14 days of administered
intragastrically CME (50 mg/kg body weight) and distilled water once daily.
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