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Analyzing the health benefits of coffee using Essential Nutriproteomics
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Abstract

Coffee, a beverage consumed worldwide, has been the subject of numerous studies demonstrating various health benefits for
daily drinkers. However, for coffee to contribute to the prevention of age-related diseases, there must be a mechanistic link
between its chemical components and the functional proteins involved in these conditions. Recently, Kuang et al. reported that
coffee consumption alters the blood levels of dozens of proteins. In this study, to better understand the relationship between
essential nutrients in foods and functional proteins, we apply a new nutritional concept, Essential Nutriproteomics, to coffee and
propose its importance for elucidating the connections between diet and disease.

Key Words : essential nutrients, functional proteins, coffee, coenzymes, cofactors
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Abstract
Objective: This study was designed to evaluate the impact of a 12-week dietary intervention with lactosucrose (LS;
lactosyl fructoside) on the skin barrier function in healthy individuals.

Methods: A randomized, placebo-controlled, double-blind, parallel-group trial was conducted. Among healthy Japanese
adult men and women who provided informed consent and met the eligibility criteria, individuals with relatively high
transepidermal water loss (TEWL) at baseline were randomly assigned, using computer-generated sequences to receive
either the LS-containing food or a placebo (n = 30 per group). The participants consumed 2 g/day of LS or placebo for
12 weeks at breakfast. The evaluation parameters were TEWL and skin surface hydration, while the primary outcome
was TEWL after 12 weeks of intervention.

Results: The full analysis set comprised 58 participants (LS group: n = 30; placebo group: n = 28), excluding two
individuals who withdrew after allocation but prior to the intervention. Although no significant difference in TEWL was

observed between the groups at week 12, skin surface hydration was significantly higher in the LS group than in the
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Effect of Lactosucrose Supplementation on Skin Barrier Function:
A Randomized, Placebo-Controlled, Double-Blind, Parallel-Group Comparison Study

placebo group (estimated marginal mean =+ standard error: placebo: 54.7 £ 2.9; LS: 69.0 + 2.8; estimated marginal mean
difference: 14.3; 95% confidence interval: 6.2-22.4; P = 0.001). No adverse events were observed under the conditions
of this study.

Conclusions: These results suggest that 12-week LS supplementation improves skin barrier integrity by maintaining

skin surface hydration in healthy individuals.

Trial registration: UMIN000057384
Foundation: ENSUIKO SUGAR REFINING CO., LTD.

Key Words: Skin barrier function, Randomized, placebo-controlled, double-blind, parallel-group comparison study,
Lactosyl fructoside, Lactosucrose, 4°-B-D-galactosylsucrose
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Abstract

Pyrroloquinoline quinone (PQQ) and its derivative imidazopyrroloquinoline (IPQ) are nutritionally important, vitamin-like
compounds that exert various physiological effects, including cell-growth promotion, neuroprotection, and stimulations of
mitochondriogensis. PQQ and IPQ may act as potential anti-aging compounds that promote the extension of healthy lifespan. In
this study, we investigated the effects of lifelong intake of 0.02% (w/w) PQQ and 0.02% (w/w) IPQ starting from weaning on
lifespan and age-related changes of muscle function in male senescence-accelerated mouse-prone 8 (SAMPS8) mice. The survival
days at the 75th percentile was prolonged by 73% and 36% in the PQQ and IPQ groups, respectively, compared with that in the
control. In addition, significant delays in the appearance of aging and age-related muscle function decline were observed. This
study demonstrates that lifelong supplementation of PQQ and IPQ in mice reduces mortality risk during midlife and delays
the progression of aging and age-related decline in muscular function. To the best of our knowledge, this is the first study to
demonstrate that PQQ and IPQ supplementation initiated in the early age is effective in ameliorating age-related alterations, such

as muscular function, and diminishes mortality risk during midlife in mice.

Key Words : PQQ, IPQ, lifespan, muscle function, aging, SAMP8

* HEEE B B (Ryoya Takahashi), k3 ®T (Keiko Odera)

VH R E IR s (T 274-8510 TEEIME T =1L 2-2-1)

=t xﬂzﬂ%ﬁ%ﬁﬁrﬁ%ﬁﬁ%@r (7 950-3112 FrgEpna b X R 182)

P AL RASH ) — v - ROV F— & 7 2 AOVEERFT (T 100-8324 HEHTAHRALON 2-5-2 =3 L)L)
* TaKaRyo EMEHAHEMZE S A (T 273-0041 TEEEANE T LT 1-12-18)

New Food Industry (New Food Indust.) 2026 Vol.68 No.8 583



rounx /U rx/v(PQQ) BLUA IV Erux /Y r(IPQ) DIELIEM (1)

—EE, #Fhn, SHBLEALE X OWitERE IS N § 5 B —

B

raeaXx/yr¥ /v (PQQ) L20EETHLIA Iy ErRY /Yy (IPQ) I, KEAWICEELLEY
VLA ITH Y, MIEEAEIE, MR, S b oy R TRAlER Y, SEIEREMEERNEA TS I LM
5NTWw»5, PQQ & IPQ 13, f@#HEFEMOIEM % (e 2 I EN RISt E TH 2 WREED H 5, AIFFiTlX, bt
FL0 5D PQQ & IPQ DA, <7 2Dtk 2 & OMZIC SUE § B 2 T, o ELiditEe 7
L= A (SAM) @ P8 Zfiic 0.02% (w/w) PQQ fiktL 0.02% (w/w) IPQfiktE2 52725, 75 /8—+&
TANEFHBIZ, 2NEFNT3% & 36% IR L, 512, “ AAHOEWHE " MG IcrE) “ MR T ” o
ARBIEDSFRD 5 Nz, AFZEIE, PQQ & %\ 213 IPQ DAETEICH 72 2 B TEH DT ) 2 7 2K F S+, 4
BB O ZLOME T2 ES L L2V ATIELO TR LEHETH 5,

1. FUSHIC

ENEDE (QOL) DiffEdt - 1f) b & i ffe A i D 4
g, SR LB 2ROEELHEDO DT
b5, Prax=7ix, MNEICHE) AR IC
P B NPME T T 2RETH D, EiH D QOL %
HLE T EHE 5, ZOMBEREDIL T 1%, 72D, 4 <,
LRI & v o 2 HE O RIEEEZHIRT 2 210 T
7% <, RARKRE DK T LEMORMEIC D DRI,

AR OB Y & 25BHFE L 2 2{bidtEe 7
V=7 A (SAM) 1%, FHak 1L m L, 5
WK EZ R THELR YT ATH 5, Bl 21,
SAM @ P8 % (SAMPS) 1%, fifiicfE) 2¢8 - i
BEHELYHLVaR=7258Ic2d 5, 20700,
SAMP8 % 7 A%, FHare Mot ) A E R
BERE DK ISR 2 KAV BT DRI % #i
BRI 3§ 2 2o Hu s niTns Y,

WAE, ¥uaux /Y rx /vy (PQQ) 13X, HAEM
RYLEE L LCHERZEDTWS (B1) >,
i 7 5, BILMPQQ IZE Y I C kb bigk
7V =5 hLiEEREREY, Stary Py TE
AR EL 9, BEEREZ KET 2 LRI NS
kI hokrsTHE Y, £ 24V EuRF )
J v (IPQ) &, PQQ &7V vt DRI THKE
nN2FHEERTHS (K1), 1PQ I, MLEICIHM:

pafi{(}

COOH

PQQ
X1 eEopfx/J>rx/> (PQQ) &r=4vEOOx /> (IPQ D{bFEE

584 New Food Industry (New Food Indust.) 2026 Vol.68 No.8

%R0, PQQ LIS O EWEEE T Y,
2D &9z, PQQ & IPQ ICHiEAEM D HIREME DS
RBINT VD, w7 ADFMPEL~DHEE
FEMIICKET L 722813 Th i Tu e,
ARFEFCIE, BERLED S DEJEICH % PQQ &
IPQ DEHLAY, SAMPS = 7 A D F#fr, W7z H &,
I A 9 e 2 kic 5 2 2 LT O W T
T 5,

2. RREZDEDBFEICEZZIHE

HELCEMEEOENIZ, KE, fEeHEm D
WERIMNIT 5 ETEBELSNIA =Y =DV ED
Th b,

A% 5 3 HiE COREIcE W, av
M e — L#E, PQQHE, B X UNIPQ BED M T ENY
MMZEBEZZZO N o7 (K2a), ka4 H
WL, 2> b u— L EEORERINIEIEE L &
73, PQQ HEE X N 1IPQ HETIEIR A 1T L\ 7=,
%5 HiIB T, PQQ BEE X UV IPQ #E D ¥ A H
darte— L) bERCES (10%), 2
DB HIZIEFE CHEZHER L Q0. Slinilicz s
& IPQ BEDRE X, 10 Hild» &R 4 12l LIk
U, 18 HlIBRIZ a v e — L ff L MR L 22>
7o L2 L, PQQ HfOAKHE I cbay ba—

COOCH

IPQ



Anti-aging effects of pyrroloquinoline quinone (PQQ) and imidazopyrroloquinoline (IPQ) (1)
—Implications for growth, lifespan, appearance aging, and muscle function—
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Anti-aging effects of pyrroloquinoline quinone (PQQ) and imidazopyrroloquinoline (IPQ) (1)
—Implications for growth, lifespan, appearance aging, and muscle function—
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Anti-aging effects of pyrroloquinoline quinone (PQQ) and imidazopyrroloquinoline (IPQ) (1)
—Implications for growth, lifespan, appearance aging, and muscle function—
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fEIETT) The evaluation was performed in an
accurate way.

fE1E#%) The evaluation was performed accurately.
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fEIERT) Group A showed a better performance
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fE1ER%) Group A performed better than Group B.
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fEIEHT) Climatic conditions were also checked.

f&1E#%) Temperature and rainfall were also checked.
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fE1ERT) To obtain red colors, insects and plant
roots were used by indigenous people.
fE1E#%) Insects and plant roots were used to obtain

red colors.
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fEIEHT) I have a little used car in the garage.

f&1E4#%) 1 have a little-used car in the garage.
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Abstract
Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) are severe inflammatory lung disorders

frequently triggered by influenza virus infection. Safe adjunctive strategies using standardized natural products are of
growing interest. This study investigated the protective and immunomodulatory effects of a standardized hot-water
extract of Cordyceps sinensis mycelia (Lot NK-2023-0823) in lipopolysaccharide (LPS)-induced ALI and influenza A/
PR8 (H1N1) infection models.

Male BALB/c mice (n = 10 per group) received oral administration of C. sinensis extract (250 mg/kg/day) for 14 days
before LPS (10 pg/mouse, intranasal) or HIN1 infection (1><104 PFU, intranasal). Airway hyperresponsiveness, lung
histopathology, survival, cytokine production (TNF-a, IL-6, MCP-1; ELISA), viral load (RT-PCR), and CD4*/CD8"
T-cell subsets (flow cytometry) were evaluated. Data normality was assessed using the Shapiro—Wilk test. Differences
among groups were analyzed by one-way ANOVA followed by Tukey’s post hoc test. Survival was analyzed using
Kaplan—Meier curves with log-rank testing.

In vitro antiviral analysis showed marked inhibition of HINI1 replication, with viral inactivation reaching 82.38%
(173x10%/210x10% in the C. sinensis-treated group compared with 0% in the influenza control. In vivo, pretreatment
significantly reduced TNF-a, IL-6, and MCP-1 levels in serum and bronchoalveolar lavage fluid, attenuated airway
hyperresponsiveness, and improved lung histopathology. CD4" and CD8" T-cell frequencies were significantly increased
versus influenza controls (p < 0.05). Survival was significantly prolonged in treated mice (log-rank p < 0.05).

Standardized Cordyceps sinensis extract attenuates inflammatory cytokine production, enhances antiviral T-cell
responses, and improves survival in influenza-associated ALI, suggesting potential as a functional food—derived adjunct

for respiratory viral injury.

Key Words: Cordyceps sinensis, Influenza, Acute lung injury, IL-6, TNF-o.

600 New Food Industry (New Food Indust.) 2026 Vol.68 No.8



Standardized Cordyceps sinensis Extract Attenuates LPS-Induced

Acute Lung Injury and Enhances Antiviral T-Cell Responses in Influenza A (HIN1)-Infected Mice

1. Introduction

Acute lung injury (ALI) and acute respiratory distress
syndrome (ARDS) are severe inflammatory lung
disorders characterized by diffuse alveolar damage,
increased alveolar—capillary permeability, pulmonary
edema, and impaired gas exchange.

Excessive activation of innate immune responses plays
a central role in disease progression. Following exposure
to pathogens or endotoxins such as lipopolysaccharide
(LPS), alveolar macrophages release proinflammatory
cytokines including tumor necrosis factor-o. (TNF-a.) and
interleukin (IL)-6, which promote neutrophil recruitment
and activation, leading to oxidative stress and tissue
destruction . Dysregulation of Toll-like receptor
signaling pathways has been implicated as a critical
mechanism underlying inflammatory amplification in
ALIY.

Influenza A virus infection is a major infectious cause
of ALI and ARDS. Severe HINI1 influenza can induce
diffuse alveolar damage and respiratory failure through
excessive inflammatory and immune responses .
Adaptive immunity plays a dual role in this process. CD4" T
helper cells coordinate antiviral immune responses, whereas
CD8" cytotoxic T lymphocytes eliminate virus-infected
cells and contribute to viral clearance. However, imbalance
between antiviral defense and immunopathology may
exacerbate lung injury . In addition, the renin—angiotensin
system and ACE2-related pathways have been implicated
in the pathophysiology of viral-induced lung injury and
inflammatory lung diseases **.

Cordyceps sinensis, a medicinal fungus widely used
in East Asian traditional medicine, contains bioactive
compounds including polysaccharides, cordycepin, and
nucleosides that exert immunomodulatory and anti-
inflammatory effects. Previous studies demonstrated that
C. sinensis attenuates cytokine production and improves
lung histopathology in LPS-induced ALI models ".
Moreover, [3-glucan—containing preparations have been
shown to enhance systemic immunity and antitumor
responses, supporting their role as immune-modulating
functional food components”'”. Fractionated mushroom-
derived polysaccharides have also been reported to exert

biological activity through immune regulation '”.

Despite accumulating evidence supporting the anti-
inflammatory properties of C. sinensis, limited studies
have evaluated its effects simultaneously in endotoxin-
induced ALI and influenza A virus infection within
a unified experimental framework. In particular, the
influence of C. sinensis on CD4" and CD8" T-cell
responses during virus-associated lung injury remains
insufficiently defined.

Therefore, the present study aimed to investigate
whether oral administration of a standardized C. sinensis
extract attenuates lung injury in LPS-induced ALI and
influenza A (HIN1) infection models, focusing on
inflammatory cytokine production, lung histopathology,
airway hyperresponsiveness, and modulation of CD4"

and CD8" T-cell responses.

2. Materials and Methods
2-1. Animals

Male BALB/c mice (5 weeks old, 18-20 g) were
purchased from Japan SLC, Inc. (Shizuoka, Japan).

All experiments were conducted exclusively using
BALB/c mice to ensure strain consistency across all in
vivo analyses.

Mice were housed under controlled environmental
conditions (22 + 2°C, 50 + 10% humidity, 12-h light/
dark cycle) with ad libitum access to irradiated standard
rodent diet (Altromin 1324 TFP) and sterile water.
After one week of acclimatization, mice were randomly
assigned to experimental groups.

All procedures were approved by the Suzuka University
of Medical Science Animal Ethics Committee (Approval
No. 24/1023/17) and conducted in accordance with the
Japanese Animal Welfare Act (2017 revision).

Sample Size

Each experimental group consisted of n = 10 mice,
determined based on previous power calculations and
published ALI models (Imai, et al.: Cell 2008; Senkova,
et al.: Acta Naturae 2024).

e Survival analysis: n = 10/group

* Cytokine measurements: n = 10/group
* Flow cytometry: n = 10/group

e Histology: n = 10/group

New Food Industry (New Food Indust.) 2026 Vol.68 No.8 601



Standardized Cordyceps sinensis Extract Attenuates LPS-Induced

Acute Lung Injury and Enhances Antiviral T-Cell Responses in Influenza A (HIN1)-Infected Mice

2-2. Preparation and Chemical Characterization of
Cordyceps sinensis Extract

A standardized hot-water extract of cultured Cordyceps
sinensis mycelia (NKG—Japanese NTHON KEFIA®,
Nihon Kefia Co., Ltd., Tokyo, Japan; Lot NK-2023-
0823) was used.

Extraction Procedure
Dried mycelia were extracted in distilled water at 95°C

for 3 h, filtered, concentrated, and lyophilized.

Chemical Standardization

To comply with JMF botanical reporting requirements,
the extract was chemically characterized as follows:
* Total polysaccharide content: 38.6% (w/w)
(phenol—sulfuric acid method)
* B-glucan content: 21.4% (w/w)
* Cordycepin (3'-deoxyadenosine): 0.82% (w/w)
quantified by HPLC (C18 column, UV 260 nm)

¢ Adenosine content: 0.46% (w/w)

HPLC Conditions

e Column: C18 reverse-phase (4.6 x 250 mm)
* Mobile phase: water/acetonitrile gradient

e Flow rate: 1.0 mL/min

¢ Detection: UV 260 nm

Endotoxin Testing

Endotoxin contamination was assessed using a
chromogenic LAL assay (GenScript, USA).
Endotoxin levels were <0.05 EU/mg (below detection

threshold).

Certificate of Analysis

A full certificate of analysis (COA) was provided by the
manufacturer and archived. Quality control parameters
complied with international botanical extract guidelines.
Chemical composition is consistent with previously

reported C. sinensis bioactive profiles (Figure 1)°"".

2-3. Dose Rationale
The oral dose of 250 mg/kg/day was selected based on:

1. Previous immunomodulatory and radioprotective
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Figure 1. Chemical structure of cordycepin and C. sinensis.
studies """
2. Published lung injury models using mushroom-derived
B-glucans "
3. Preliminary pilot dose-response experiments
demonstrating maximal cytokine suppression without
toxicity (data not shown)

The dose was administered orally (10 mL/kg) once

daily for 14 consecutive days.

2-4. LPS-Induced Acute Lung Injury (ALI) Model
ALI was induced by intranasal instillation of
lipopolysaccharide (LPS, 10 pg/mouse in 50 pL sterile

saline) 2 h after the final oral administration.

Control groups
e Sham: saline p.o. + saline i.n.
¢ LPS control: saline p.o. + LPS i.n.
e Treatment: C. sinensis p.o. + LPS i.n.
Twenty-four hours after LPS instillation, mice were

euthanized under isoflurane anesthesia.

Outcome Measures
* Bronchoalveolar lavage fluid (BALF) collection
* Serum cytokines
 Lung histopathology
* Flow cytometric analysis of T-cell subsets
Cytokines (TNF-a, IL-6, MCP-1) were measured using
ELISA kits (R&D Systems).

2-5. Influenza A (H1N1) Infection Model

Mice were anesthetized with isoflurane and infected
intranasally with influenza A/Puerto Rico/8/1934 (HIN1)
at I x 10* PFU in 50 pL PBS.
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Oral treatment began 7 days prior to infection and
continued until day 9 post-infection.
Evaluations
* Body weight monitoring (daily)
* Survival (14 days)
e Viral load (lung tissue RT-qPCR targeting M gene)
¢ Lung histology (H&E staining)

* Immunohistochemistry (NP antigen detection)

2-6. Flow Cytometry
Peripheral blood mononuclear cells were isolated by
density gradient centrifugation.
Cells were stained with:
* Anti-CD3 (PE-Cy5.5)
* Anti-CD4 (FITC)
* Anti-CD8 (PE)
Acquisition was performed using FACSCalibur (BD
Biosciences).

Data were analyzed using CellQuest Pro software.

2-7. Histopathology and Immunohistochemistry

Lung tissues were fixed in 10% neutral-buffered
formalin, embedded in paraffin, and stained with H&E.
TSLP expression was detected using anti-TSLP antibody
(Biosis Inc.) followed by HRP-conjugated secondary

antibody and DAB visualization.

2-8. Statistical Analysis

All statistical analyses were conducted using GraphPad
Prism 10.
e Data are presented as mean + SEM.

» Normality was assessed using the Shapiro—Wilk test.

* For comparisons among =3 groups: one-way ANOVA.
* Post hoc analysis: Tukey’s multiple comparison test.

e Survival curves: Kaplan—-Meier method.

e Group comparisons for survival: log-rank (Mantel—
Cox) test.

* p < 0.05 considered statistically significant.

3. Results

Cordyceps sinensis significantly improved survival
after influenza infection and reduced lung pathology.
Cytokine levels TNF-a, IL-6, and MCP-1 were markedly
suppressed, while CD4" and CD8" T-cell activity was

enhanced compared to controls.

Antiviral spectrum for inactivating influenza virus
(HIN1) in vitro

In this study, the influenza virus (H1N1) inactivating
agents were divided into five product groups: a control
group, a group administered a arrangement of C. sinensis
NIHON KEFIA. The use of these products as preventive
agents for influenza viruses was also examined. The
results are shown in Table 1.

In addition, to examine the antiviral effect, in vitro
simultaneous detection of influenza virus (HIN1) was
performed. Although the control group (influenza)
showed 0%, the (if)+NKG-C.S group showed a strong

antiviral effect.

Flow cytometric analysis of T-cell subsets (activity of
CD4+ and CD8+ cells)
The activity of CD4" and CD8" cells in each

experimental group by flow cytometric analysis of

Table 1. shows the antiviral spectrum for inactivating influenza virus (HIN1) in vitro.

influenza virus control group (influenza)

Influenza virus ~ Control group (influenza)

0% (0x10*/215x10") +28.36

HINT 17 PFU/mL

([if)+NKG-C.S (17.62%)+2.34
12 PFU/mL

82.38% (173 x10*210 x10%) +9.85%*
13 PFU/mL

Significantly different *p<0.05, **p<0.01 control vs each groups, respectively. +SD. PFU/mL

(PFU:laque-Forming Units per milliliter). Data are presented as mean + SEM. Normality was

assessed using the Shapiro—Wilk test. For comparisons among =3 groups: one-way ANOVA. Post

hoc analysis: Tukey’s multiple comparison test. Survival curves: Kaplan—Meier method. Group

comparisons for survival: log-rank (Mantel-Cox) test. p < 0.05 considered statistically significant.
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Hl Control M influenza(if) [ (if)+NKG-C.sinensis
30.00

25.00
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Induced variant cells per 10° CD4*
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Groups

Figure 2. Comparison of the induced frequency of CD4" in
BALB/c mice. Each line represents the mean value + S.E.
Analyzed by data are presented as mean + SEM. Normality
was assessed using the Shapiro—Wilk test. For comparisons
among =3 groups: one-way ANOVA. Post hoc analysis:
Tukey’s multiple comparison test. Survival curves: Kaplan—
Meier method. Group comparisons for survival: log-rank
(Mantel-Cox) test. p < 0.05 considered statistically significant
(n=10). Significant difference control vs influenza (if)
#p<0.05, influenza(if) vs C. sinensis +if **p<0.01) between
control group and each sample group.

T-cell subsets is shown in Fig.1-2. Compared to the
control group and the sham control (influenza) infected
group, CD4" activity was significantly higher in the C.S.
administered group in each group. Compared to the
control group and the sham control (influenza) infected
group, CD8" activity was significantly higher (p<0.05) in
the C.S. administered group (Figure 2-3).

NF-a, IL-6 m administered group in each group.

Compared to the control group and the sham control
(influenza) infected group, CD8" activity was
significantly higher (p<0.05) in the C.S. administered
group. Groups easurement results TNF-a. measurement
results are shown in Fig.3. IL-6 measurement results
are shown in Fig.4. Regarding TNF-a concentration,
a decrease in TNF-a was observed in the C.S. group
compared to the control group and the sham control
(influenza)-infected group (p<0.05). Regarding IL-6
concentration, a decrease in TNF-a was observed in the
C.S. group compared to the control group and the sham

control (influenza)-infected group (p<0.05) (Figure 4-5).
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Figure 3. Comparison of the induced frequency of CD8" in
BALB/c mice. Each line represents the mean value + S.E.
Analyzed by data are presented as mean + SEM. Normality
was assessed using the Shapiro—Wilk test. For comparisons
among =3 groups: one-way ANOVA. Post hoc analysis:
Tukey’s multiple comparison test. Survival curves: Kaplan—
Meier method. Group comparisons for survival: log-rank
(Mantel-Cox) test. p < 0.05 considered statistically significant
(n=10). Significant difference control vs influenza (if)
#p<0.05, influenza (if) vs C. sinensis +if **p<0.01) between
control group and each sample group.
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Figure 4. Effect of HS on the concentrations of TNF-a
on serum of mice with ALI. The concentrations of TNF-a
on serum after LPS administration and the effect of HS
pretreatment in BALB/c mice. Each line represents the mean
value + S.E. Analyzed by Analyzed by data are presented as
mean + SEM. Normality was assessed using the Shapiro—Wilk
test. For comparisons among =3 groups: one-way ANOVA.
Post hoc analysis: Tukey’s multiple comparison test. Survival
curves: Kaplan-Meier method. Group comparisons for survival:
log-rank (Mantel-Cox) test. p < 0.05 considered statistically
significant (n=10). Significant difference control vs influenza
(if) #p<0.05, influenza(if) vs C. sinensis +if **p<0.01) between
control group and each sample group.
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Figure 5. Effect of HS on the concentrations of IL-6 on serum
of mice with ALI. The concentrations of IL-6 on serum after
LPS administration and the effect of HS in BALB/c mice. Each
line represents the mean value + S.E. Analyzed by Analyzed
by data are presented as mean = SEM. Normality was assessed
using the Shapiro—Wilk test. For comparisons among =3
groups: one-way ANOVA. Post hoc analysis: Tukey’s multiple
comparison test. Survival curves: Kaplan—-Meier method. Group
comparisons for survival: log-rank (Mantel-Cox) test. p < 0.05
considered statistically significant (n=10). Significant difference
control vs influenza (if) #p<0.05, influenza(if) vs C. sinensis +if
*#*p<0.01) between control group and each sample group.
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Improvement in respiratory function and lung pathology
findings after influenza virus (HIN1) infection

Improvement in respiratory function and lung
pathology findings after influenza virus (HINI1)
infection are shown in Fig. 6. IL-6 measurement
results are shown in Fig. 5. Improvement in respiratory
function and lung pathology findings after influenza
virus (HINT1) infection were observed in the C.S. group
compared to the control group and the sham control
(influenza) infection group (Figure 6).

Control group (a), influenza (if) group (b), (if) +
NKG-C. sinensis group (c). Normal alveolar wall images
were maintained, and degeneration, necrosis, and loss of
alveolar epithelium associated with widespread alveolar
airway epithelial damage were reduced. Furthermore,
compared to untreated mice, lymphocyte infiltration
associated with local inflammation was observed in

influenza virus infection in Fig. 7, Fig. 8.

4. Discussion
The present study demonstrates that standardized

Cordyceps sinensis extract attenuates lung injury in

Elastance (cmH,O/mL*kg (Penh)

ol 1|

0.20 -+ Control - influenza(if) - (if)+NKG-C.sinensis
0.00
0 1 2 3 4 5 6 7
1T
ABCDE F G

Figure 6. Airway hyperresponsiveness in various doses treatment of HS. A: Before administration,
to conduct an airway resistance test; B: 30 minutes after the last administration to conduct an airway

resistance test; C-G: In 2 hours after administration, given intranasal instillation of LPS from Klebsiella
pneumoniae to induce acute lung injury. And in the 1,2, 4,5 and 6 days after induction were measured
airway hyperresponsiveness (Enhanced pause, Penh) respectively. Each line represents the mean value
+ S.E. Analyzed by Analyzed by data are presented as mean + SEM. Normality was assessed using the
Shapiro-Wilk test. For comparisons among >3 groups: one-way ANOVA. Post hoc analysis: Tukey’s
multiple comparison test. Survival curves: Kaplan-Meier method. Group comparisons for survival:
log-rank (Mantel-Cox) test. p < 0.05 considered statistically significant (n=10). Significant difference
control vs influenza (if) #p<0.05, influenza(if) vs C. sinensis +if **p<0.01) between control group and

each sample group.
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Figure 7. Protective effect against influenza virus infection in mice A lethal dose of
influenza A virus was challenged to 7-week-old Balb/c mice. As a control, saline was
inoculated. The survival rate up to 18 days after infection of mice was shown.

H&E

HINI1

Figure 8. Lung tissue of mice inoculated with influenza virus beforehand. Control group (a), influenza (if) group (b), (if) +
NKG-O. sinensis group (c). Normal alveolar wall patterns were maintained, and degeneration, necrosis, and loss of alveolar
epithelium associated with widespread alveolar airway epithelial damage were reduced. Furthermore, compared to untreated
mice, lymphocyte infiltration associated with local inflammation was observed in influenza virus infection.

both LPS-induced acute lung injury (ALI) and influenza
A (HIN1) infection models while simultaneously
enhancing adaptive immune responses. By integrating
inflammatory suppression and T-cell activation within
a single experimental framework, our findings provide

mechanistic insights beyond previous reports .
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4-1. Anti-inflammatory Mechanism: TLR4-TRIF-
NF-»B Axis

LPS-induced ALI is primarily mediated through
activation of the TLR4 signaling pathway, leading to
downstream TRIF-dependent activation of NF-xB and
subsequent production of proinflammatory cytokines
such as TNF-a and IL-6. Imai, et al.: identified TLR4

signaling as a central driver of oxidative stress—mediated
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lung injury in viral infection and ALI models (12). More
recently, Senkova, et al.: emphasized the importance of
TNF-q. targeting strategies in ALI”.

In the present study, oral administration of C. sinensis
significantly reduced TNF-a, IL-6, and MCP-1 levels in
both serum and BALF. These findings are consistent with
Fu, et al., who reported that C. sinensis attenuated cytokine
production and histopathological damage in LPS-treated
mice ". Collectively, these data suggest that C. sinensis
suppresses TLR4-mediated inflammatory cascades, likely
through modulation of NF-»B activation.

Although NF-B protein levels were not directly measured
in this study, suppression of its downstream cytokine
targets strongly supports involvement of this pathway.
Future studies using Western blot analysis of NF-«B p65
phosphorylation would further clarify this mechanism.

4-2. Enhancement of Adaptive Immunity

In addition to cytokine suppression, we observed
significant increases in CD4" and CD8" T-cell populations
in peripheral blood following C. sinensis administration.
This suggests that the extract exerts immunomodulatory
rather than purely immunosuppressive effects.

Rojas-Quintero, et al.: demonstrated that preservation
of T-cell responses improves survival in HIN1-induced
lung injury (4). Our findings align with this concept:
while inflammatory cytokines were reduced, CD4" helper
T cells and CD8" cytotoxic T cells were enhanced.
Mechanistically, this dual effect may reflect:
* Restoration of Th1/Th2 balance
e Enhanced CD8" cytotoxic activity against infected
epithelial cells
* Improved viral clearance

Polysaccharide fractions from medicinal fungi are
known to activate NK cells and macrophages. Gu, et al.:
demonstrated enhanced systemic immunity and antitumor
activity via $-glucan—mediated mechanisms 8-9). Fu, et al.:
reported similar immunostimulatory effects of mushroom-
derived polysaccharides 1). These findings support the
concept that -glucan components in C. sinensis may
contribute to enhanced innate and adaptive immunity.

Cordycepin has also been reported to suppress

inflammatory signaling and oxidative stress, further

supporting the observed cytokine modulation .

4-3. Integration of Inflammation Control and Viral
Defense

A critical finding of this study is that inflammation was
suppressed without impairing antiviral immune activation.
This is important because excessive suppression of innate
signaling can worsen viral clearance.

TLR4-TRIF signaling has been implicated in influenza-
associated lung injury V. While excessive activation
promotes cytokine storm and tissue damage, complete
inhibition may impair antiviral responses. The ability of
C. sinensis to reduce TNF-a and IL-6 while preserving
CD8" responses suggests a modulatory rather than
inhibitory effect.

Airway hyperresponsiveness was significantly reduced
in treated mice, supporting functional improvement.
Since airway hyperresponsiveness correlates with
inflammatory severity, its reduction further confirms

therapeutic benefit.

4-4. Comparison with Previous Literature

Previous studies have examined either anti-inflammatory

or immune-enhancing properties separately:

* LPS model suppression .

* Viral ALI and immune modulation”.
* B-glucan—mediated immune activation "',

However, few studies have evaluated both inflammatory
and adaptive immune parameters within the same
experimental design. The present study extends prior
knowledge by demonstrating simultaneous cytokine
suppression and T-cell enhancement in two clinically

relevant lung injury models.

4-5. Limitations

Several limitations must be acknowledged:

1. Only a single dose (250 mg/kg) was tested. Dose-
response analysis was not performed.

2. A single influenza strain (A/PR8 HIN1) was used;
generalizability to other viral strains remains
unknown.

3. Mechanistic validation using knockout models (e.g.,

TLR4-/- or TRIF—/— mice) was not performed.
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4. NF-«B activation was inferred from cytokine profiles
but not directly measured.

5. Viral titers were measured by RT-PCR but not
confirmed by plaque assay.

These limitations should be addressed in future studies.

4-6. Ethical and Methodological Rigor

All experiments were conducted in accordance with
ARRIVE guidelines. Animals were randomized using
computer-generated allocation. Investigators performing
histological scoring were blinded to treatment groups.
Sample size (n= 10/group) was determined based on
power analysis (a= 0.05, power= 0.8) using previous
ALI variance estimates.
These measures enhance reproducibility and statistical

reliability .

4-7. Future Directions to Strengthen Evidence
To further increase translational relevance and

mechanistic clarity, future studies should include:

608 New Food Industry (New Food Indust.) 2026 Vol.68 No.8

* Western blot analysis of NF-»B p65 phosphorylation
¢ [FN-vy quantification to assess Th1 activation
* Plaque assay for viral titration
¢ Oxidative stress markers (MDA, GSH ratio)
* TLR4 or TRIF knockout validation
Incorporation of these endpoints would significantly

enhance mechanistic depth and publication impact.

5. Conclusion

In conclusion, standardized Cordyceps sinensis extract
attenuates inflammatory lung injury while enhancing
adaptive immune responses in both LPS-induced and
influenza-induced models. The dual modulation of
TLR4-mediated cytokine production and CD4"/CD8"
T-cell activation suggests that C. sinensis acts as an
immunoregulatory agent rather than a simple anti-
inflammatory compound. These findings support its
potential as a complementary strategy for preventing or

mitigating virus-associated acute lung injury.
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