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ABSTRACT

Chemotherapy and radiotherapy, while effective against cancer, often induce oxidative stress,
immunosuppression, and systemic side effects that impair patient quality of life. This study aimed
to develop a natural functional supplement from Pleurotus ostreatus and Cordyceps militaris to
mitigate these adverse effects. Optimized extraction was achieved using a 30:70 ethanol-water
solvent at 60 °C for 120 min, maximizing phenolic- and protein-associated bioactive recovery. The
combined extract demonstrated notable antioxidant activity, with ICso values of 41.22 + 2.94
mg/mL (DPPH assay) and 58.73 + 3.81 mg/mL (lipid peroxidation inhibition), indicating moderate
free radical scavenging and membrane lipid protection. Macrophage proliferation assays revealed
a biphasic response, with maximal stimulation (12.04 = 0.21%) at 0.0016 mg/mL, suggesting
potent immunomodulatory effects at low doses. These findings support the synergistic potential of
P. ostreatus and C. militaris bioactives in reducing oxidative damage and enhancing immune
function, offering a safe, sustainable adjunct for patients undergoing cancer therapy.

Keywords: Pleurotus ostreatus; Cordyceps militaris; Antioxidant activity; Immunomodulation; Chemotherapy side
effects.

1. INTRODUCTION

Cancer is the largest cause of illness and mortality worldwide, and chemotherapy and
radiotherapy are popular treatments [1]. These treatments target malignant cells but damage
healthy tissues, causing oxidative stress, immunosuppression, gastrointestinal dysfunction, and a
decrease in patient quality of life [2]. In recent years, functional foods and nutraceuticals with
antioxidant, anti-inflammatory, and immunomodulatory properties have been sought as natural,
non-toxic adjunct therapy to reduce these side effects. Due to their bioactive ingredients and safety
for human consumption, edible and medicinal mushrooms, especially Pleurotus ostreatus (oyster
mushroom) and Cordyceps militaris, have garnered interest [3, 4]. Medicinal mushrooms such as
Lion’s Mane, Reishi, Chaga, Cordyceps, Shiitake, and Turkey Tail are rich in bioactive compounds
(B-glucans, triterpenes, phenolics, sterols) with antioxidant, anticancer, antidiabetic, and
immunomodulatory effects. Owing to their low-fat, low-calorie content, they are classified as
functional foods with potential health benefits, including improved metabolism, obesity control,
and delayed ageing. However, their therapeutic mechanisms remain incompletely understood,
requiring further clinical studies to validate efficacy, safety, dosage, and potential applications in
functional food design [5].

The commonly cultivated edible fungus Pleurotus ostreatus contains polysaccharides, proteins,
phenolic chemicals, and micronutrients, which give it varied pharmacological effects [6]. Its
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antioxidant effect includes free radical scavenging, lipid peroxidation inhibition, and antioxidant
enzyme augmentation, according to numerous studies. P. ostreatus extracts also have antibacterial,
antihyperlipidemic, and immunomodulatory properties, confirming their function in systemic
health during physiologically demanding settings like cancer treatment [7]. P. ostreatus bioactive
polysaccharides boost immune cell proliferation, macrophage activity, and cytokine release,
enhancing host defenses. Extraction optimization studies have shown that extraction temperature,
solvent composition, and processing procedures greatly affect bioactive yield and potency,
enabling the production of standardized functional food formulations [3, 8].

Traditional East Asian medicine widely uses Cordyceps militaris, which includes bioactive
metabolites like cordycepin, polysaccharides, adenosine, and cordycepic acid [9]. These chemicals
have immunomodulating, antioxidant, anti-inflammatory, and direct anticancer properties. C.
militaris polysaccharide portions CMP-90 and CMP-E trigger tumor cell death, regulate
lymphocyte subpopulation, and increase cytokine production (e.g., TNF-a, IL-2, and IFN-y) [10].
Supplementing with C. militaris culture substrates can improve antioxidant enzyme activity, gut
microbiota diversity, and immune function in in vivo models, especially for chemotherapy and
radiotherapy patients who may have compromised immune resilience [3].

The complementary bioactivities of P. ostreatus and C. militaris may reduce treatment-related
oxidative and immunological damage. P. ostreatus provides antioxidant and metabolic protection,
but C. militaris boosts immunity and fights cancer. These two mushrooms can be combined to
create a safe, sustainable, and effective natural functional supplement to conventional cancer
therapy to improve patient outcomes, reduce side effects, and enhance quality of life. This study
is the first to integrate Pleurotus ostreatus and Cordyceps militaris into a single optimal
formulation, despite prior research on their individual antioxidant and immunomodulatory
benefits. The innovation consists of illustrating synergistic advantages within a singular cohesive
framework. This dual-action strategy, coupled with formulation optimization, signifies a notable
progression beyond prior single-species research. The current work also optimizes the extraction,
formulation, and preliminary bioactivity assessment of a P. ostreatus—C. militaris mix, focusing
on Oxidative Stress-Reducing, Immunomodulatory, and Potential Anticancer Activities.

2. EXPERIMENTAL

2.1. Materials and sample preparation

Fresh fruiting bodies of Pleurotus ostreatus were obtained from a local mushroom cultivation
facility, while Cordyceps militaris fruiting bodies were sourced from a certified medicinal
mushroom producer. All samples were cleaned to remove residual substrate and impurities, freeze-
dried to constant weight, and milled into fine powder using a laboratory grinder. The powders were
stored in airtight polyethylene containers at 4 °C until further use. Analytical-grade ethanol and
distilled water were used for extraction, and all chemicals employed in the assays were of
analytical purity.

2.2. Extraction of bioactive compounds

The extraction process was optimized through preliminary trials to maximize the yield and
bioactivity of the target compounds. Each 1 g of powder was extracted with 60 mL of an ethanol
and water mix (30-90 °C) for 2 h under continuous stirring. Extracts were filtered through
Whatman No. 1 filter paper, concentrated under reduced pressure at 50 °C using a rotary
evaporator, and freeze-dried to obtain crude extracts. The resulting extracts were weighed to
calculate the extraction yield and stored at —20 °C in vials until analysis. The extraction yield is
usually calculated as the weight of dried extract obtained relative to the initial weight of the dry
sample used, expressed as a percentage:

Weight of dried extract (g)

Extraction Yield (%) = x 100 1
xtraction Yield (%) Weight of dry raw material (g) 1
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2.3. Biological testing of extracts

Crude extracts of P. ostreatus and C. militaris were blended with 5% maltodextrin,
homogenized, vacuum-packed, and stored at 4 °C. Antioxidant activity was evaluated using a
modified Abramovi¢ et al. (2018) DPPH assay, where diluted test samples were mixed with DPPH
in methanol, incubated for 30 minutes, and measured at 517 nm against L-ascorbic acid and
methanol controls. To calculate the test sample’s DPPH-generated free radical neutralisation (SA)
formula:

100
SA = (ODcontrol - ODsample) o

ODcontrol

(%).
In Wthh ODcontrol = OD blank well = OD well without test material
ODsampie = OD test well - blank well.

Table Curve 2Dv4 calculates the SC50 to neutralize 50% of DPPH free radicals.

Lipid peroxidation inhibition was assessed using the Botsoglou et al. (1994) MDA assay, in which
liver homogenates exposed to a Fenton system produced MDA that reacted with thiobarbituric acid,
forming a pink complex measured at 532 nm. Antioxidant activity percentage formula:

o,y _ (0DC—0ODT)
HTCO (%) e~ 100.
In which:  ODT - Sample optical density;

ODC - Certified well optical density without sample (except blank OD).

Macrophage proliferation was tested via the MTT assay (Mosmann, 1983), where cells were
incubated with extracts or DMSO controls, treated with MTT, and the resulting formazan dissolved
in DMSO before measurement at 540 nm. Formula for calculating the test substance’s cell
proliferation induction percentage:

ODsample — ODplank

% proliferation= OPpaso—0Doians

In which:  Optical density DD: 1% DMSO optical density;
Well blank optical density.

All assays were performed in triplicate, with results expressed as mean = SD and analyzed by
one-way ANOVA followed by Tukey’s test (p < 0.05).

3. RESULTS AND DISCUSSION

3.1. Mushroom extraction conditions

The UV-Vis spectra of mixed Pleurotus ostreatus and Cordyceps militaris extracts revealed
two principal absorption peaks at ~200 nm and ~260 nm, corresponding to phenolic- and protein-
associated chromophores. Solvent ratio influenced extraction efficiency, with M60-30:70
producing slightly higher absorbance than other ratios, indicating enhanced solubilization of polar
bioactives. Temperature notably affected yield, with 60 °C maximizing absorbance at both peaks,
suggesting improved cell wall disruption without significant thermal degradation observed at 80 °C.
Extraction time had a pronounced effect up to 120 min, after which gains were negligible, implying
near-complete solubilization of target compounds. These findings suggest that optimal recovery
of UV-absorbing bioactives is achieved using a M60-30:70 solvent ratio, extraction at 60 °C, and
a duration of approximately 120 min. Similar results were obtained with Pleurotus citrinopileatus
and Cordyceps militaris [11].

The extraction yield of the blended mushroom samples was calculated based on the dried extract
weight per gram of dry material. The combined Pleurotus ostreatus and Cordyceps militaris extracts
produced a yield of 127 mg/g DW, which is comparable to or slightly higher than yields reported in
previous mushroom extraction studies, reflecting efficient recovery of bioactive compounds.
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Figure 1. UV-Vis spectrum of mixed extracts
of Pleurotus ostreatus and Cordyceps militaris at different conditions.
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The FTIR spectra of the combined extracts of Pleurotus ostreatus and Cordyceps militaris
(figure 2) reveal distinct absorption bands linked to bioactive compounds. The broad band at 3442
cm’ indicates O—H and N—H stretching from polysaccharides, phenolics, proteins, and amines,
while 2939 cm™ corresponds to C—H stretching of aliphatic groups, suggesting lipids and
carbohydrates. The peak at 1728 cm™ is attributed to C=0 stretching (amide I) and carbonyls, with
a shoulder at 1652 cm™ (amide II) from N—H bending and C-N stretching. Absorptions at 1414
cm™ and 1226 cm™ signify carboxylates and phospholipids/nucleic acids, respectively. Strong
bands at 1150-1020 cm™, notably 1074 cm™, reflect C—-O—-C and C-O stretching typical of
polysaccharides. These features confirm the presence of proteins, polysaccharides, lipids, and
phenolics, supporting the extract’s antioxidant and immunomodulatory potential [12]. These
results are consistent with previous reports [13].
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Figure 2. FTIR spectroscopy of mixed extracts of Pleurotus ostreatus and Cordyceps militaris.
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3.2. Antioxidant capacity assessment

The antioxidant activity of the mushroom extract was assessed using DPPH free radical
scavenging (figure 3a, table 1). Scavenging increased dose-dependently, from 2.98 + 0.35% at 1
mg/ml to 75.97 £+ 2.86% at 100 mg/ml, with notable rises at 20 mg/ml (36.15 £ 2.41%) and 50
mg/ml (53.76 + 2.55%). The ICso value 0£47.06 + 1.93 mg/ml indicates moderate potency. Activity
likely arises from phenolics, polysaccharides, proteins, and secondary metabolites neutralizing free
radicals and interrupting oxidative chains. The plateau at higher doses suggests efficient
scavenging without saturation. These results confirm concentration-dependent antioxidant
potential of Pleurotus ostreatus and Cordyceps militaris, supporting their role in mitigating
oxidative stress and highlighting promise as a functional supplement for patients under
chemotherapy and radiotherapy [14]. The mushroom extract was tested for lipid peroxidation
inhibition, crucial for protecting membranes and reducing oxidative stress (figure 3b, table 1).
Inhibition rose with concentration, from 1.12 & 0.13% at 0.8 mg/ml to 9.14 + 1.49% at 4 mg/ml,
28.77 + 1.89% at 20 mg/ml, and 45.18 £ 2.11% at 40 mg/ml, peaking at 68.39 + 2.26% at 100
mg/ml. The ICso value of 41.47 + 1.58 mg/ml indicates notable potency, though higher than the
DPPH ICso. Bioactives, including phenolics, flavonoids, polysaccharides, and proteins, likely act
as radical scavengers and chain-breaking antioxidants, suppressing malondialdehyde formation.
These results suggest Pleurotus ostreatus and Cordyceps militaris extracts protect against lipid
oxidative stress, supporting potential use as natural functional supplements in antioxidant therapy
for cancer patients [15].

80
80 .
¥
60 50
= = L
= 40 4 = 40
o § T
wy b !
20 § 20
[ |
]
o *® ICg, = 47.06 £1.93 o4 ® IC5, = 41.47 £ 1.58
0 20 40 60 80 100 0 20 40 60 80 100
C (mg/ml) C (mg/ml)

Figure 3. DPPH free radical neutralizing ability (left) and
lipid peroxidation inhibition ability (right) of mushroom extract.
Table 1. DPPH free radical neutralizing ability and Lipid peroxidation inhibition ability
of mushroom extract.

C (mg/ml) | 1 5 10 | 20 | 50 | 100
SCso(%) | 2.98 | 14.32 | 21.33 | 36.15 | 53.76 | 75.97
SD (%) |035] 1.21 | 2.08 | 2.41 | 2.55 | 2.86

1Cso (mg/ml) 47.06+ 1.93
C(mg/ml) | 0.8 | 4 20 | 40 | 100
SCso(%) | 1.12] 9.14 | 28.77 | 45.18 | 68.39
SD (%) |0.13] 149 | 1.89 | 2.11 | 2.26

ICso (mg/ml) 4147+ 1.58

3.3. MTT cell proliferation assessment

DPPH method

MDA method

Figure 4 and table 2 demonstrate that the mushroom extract exerts a biphasic, concentration-
dependent effect on macrophage proliferation. At the lowest dose (0.0016 mg/ml), the extract
induced modest stimulation (2.04 + 0.21%), while a more pronounced effect was observed at 0.04
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mg/ml with peak proliferation of 8.22 + 0.53%, identifying this as the most effective concentration.
However, at higher levels (0.08 and 0.2 mg/ml), proliferation decreased to 3.78 £ 0.35% and 3.47
+ 0.28%, respectively, and was completely inhibited at 1.0 mg/ml, suggesting cytotoxicity or
suppression of cell growth. These results indicate that the immunomodulatory activity of the
extract is dose-dependent, with low to moderate concentrations enhancing macrophage growth,
while excessive doses may reduce viability. The activity can be attributed to polysaccharides, -
glucans, and cordycepin from Pleurotus ostreatus and Cordyceps militaris, known to activate
innate immune responses. Overall, the extract demonstrates potential as a natural
immunomodulatory supplement, with optimal benefits achieved at carefully managed low doses,
making it particularly relevant for supporting immune function in patients undergoing
chemotherapy and radiotherapy [16].

Table 2. Macrophage cell proliferation ability of mushroom extract.

C (mg/ml) Concanavalin A 1.0 | 0.0016 | 0.08 | 0.04 | 0.2 | Control
Growth Rate (%) 21.89 2.04 |3.78 | 822|347 0
SD (%) 34 021 [0.35]0.53 028 0.22
10
J
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SRE
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Figure 4. Macrophage cell proliferation ability of mushroom extract.

Compared with previous reports, our extract shows moderate antioxidant and
immunomodulatory potency, with ICso and macrophage proliferation values falling within, but
slightly weaker than, established mushroom-derived bioactives [7, 17]. The combination of
Pleurotus ostreatus polysaccharides (notably B-glucans) and Cordyceps militaris metabolites such
as cordycepin and adenosine may act synergistically by jointly enhancing immune signaling and
antioxidant defenses. These cooperative interactions likely underlie the observed dose-dependent
antioxidant and immunomodulatory effects.

4. CONCLUSIONS

This study developed a natural functional supplement from Pleurotus ostreatus and Cordyceps
militaris and demonstrated activities relevant to mitigating side effects of chemotherapy and
radiotherapy. Optimized extraction (30:70 ethanol-water, 60 °C, ~120 min) maximized recovery
of UV-absorbing bioactives. The blended extract showed concentration-dependent antioxidant
effects with moderate potency in DPPH scavenging (ICso ~47.06 mg mL™) and inhibition of lipid
peroxidation (ICso = 41.47 mg mL™), indicating the capacity to attenuate oxidative stress.
Macrophage assays revealed low-dose immune stimulation (peak proliferation ~8% at 0.04 mg
mL™), suggesting immunomodulatory potential. Together, these findings suggest a potential
synergistic role of P. ostreatus phenolics/polysaccharides and C. militaris metabolites in
mitigating oxidative stress and modulating immune responses during cytotoxic therapy. However,
these results remain preliminary and derived from in vitro assays. Future studies should include
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comprehensive phytochemical profiling, mechanistic investigations, in vivo efficacy and safety
assessments, and pilot clinical validation before any therapeutic relevance can be firmly
established. This cautious, stepwise approach will be essential to determine whether such extracts
can evolve into a safe and sustainable adjunct in oncology care.
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TOM TAT

Phit trién ché phim bd sung chirc ning ty nhién tir nAm bao ngwr xim
(Pleurotus ostreatus) va dong trung ha thao (Cordyceps militaris)
nham gidm thi€u tic dung phu cia héa tri va xa tri

Hoa tri va xa tri, mac du c6 hi¢u qua trong diéu tri ung thi, thuong gdy ra stress oxy hoa,
tke ché mién dich va cdc tdc dung phu toan than lam suy giam chdt lwong song ciia nguoi
bénh. Nghién cieu ndy nham phat trién mét ché pham bé sung chirc ning tw nhién tir ndm bao
nguw xdm (Pleurotus ostreatus) va déng tring ha thao (Cordyceps militaris) nham giam thiéu
cac tdac dung bat loi nay. Qua trinh chiét tach t6i wu dwoc thuc hién véi dung moi ethanol—
niede (1y 1¢ 30:70) ¢ 60 °C trong 120 phiit, dat hiéu quda thu hoi toi da cdc hop chat hoat tinh
sinh hoc lién quan dén phenolic va protein. Dich chiét phoi hop thé hién hoat tinh chéng oxy
hoa dang ké, véi gid tri ICso lan lwot la ~ 47,06 mg/mL (phép thu DPPH) va 41,47 mg/mL
(ikc ché peroxy hoa lipid), cho thay khd néng trung hoa goc tir do 0 mirc vira va bao v¢ lipid
mang te bao. Thir nghi¢m tang sinh dai thyc bao cho thay phan umg hai pha, voi micc kich
thich toi da ~ 8% ¢ nong do 0,04 mg/mL, goi y tac dung diéu hoa mién dich manh & liéu
thap. Két qua nay khdang dinh tzem nang hiép dong ciia cac hoat chat sinh hoc tir P. ostreatus
va C. militaris trong viéc giam ton thwong oxy héa va tang cwong chike nang mién dich, mo
ra hwéng bé tro an todn, bén viing cho bénh nhan trong qud trinh diéu tri ung thu.

Twr khoa: Pleurotus ostreatus; Cordyceps militaris; Hoat tinh chong oxy hoa; Piéu hoa mién dich; Tac dung phu cta
héa tri.
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