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ABSTRACT 

Background: Natural compounds are increasingly recognized for their ability to support regenerative health and 

counteract age-related decline through modulation of stem cell activity and mitochondrial function.  

Objective: This clinical proof-of-concept study evaluated the acute effects of four functional ingredients – Ginseng 

extract (from Panax ginseng), Olive extract (from Olea europaea), Chaga mushroom extract (from Inonotus Obliquus), 

and potassium hydrogen glucarate – using methods to document rapid changes in stem cells numbers and mitochondrial 

resilience in healthy adults.  

Methods: Using a randomized, double-blind, placebo-controlled, cross-over design, four healthy participants were 

enrolled following IRB-approved informed consent and consumed each ingredient or placebo on five separate days at 

least one week apart.  Each participant was scheduled at the same time of the morning for all visits to minimize circadian 

influences. Results from the visit where placebo was consumed allowed data collection on that person’s normal circadian 

changes at that time, so this could be accounted for in the data analysis.  Blood samples were collected at baseline, 1, 2, 

and 3 hours post-consumption.  Stem cell numbers were quantified by flow cytometry.  Mitochondrial volume and 
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membrane potential were assessed ex vivo under oxidative and inflammatory stress using reporter dyes and flow 

cytometry.  

Results: All ingredients induced rapid, ingredient-specific mobilization of distinct stem cell types, with Chaga extract and 

Olive extract demonstrated robust effects across multiple stem cell types.  All functional ingredients increased circulating 

pluripotential stem cells at 1 hour by at least 10% above levels observed after placebo consumption. Chaga intake 

resulted in an average 36% increase in endothelial stem cells compared to placebo.  All ingredients modulated stress-

induced changes in mitochondrial volume and membrane potential, with Ginseng extract and Olive extract showing 

particularly pronounced effects on mitochondrial adaptability. 

Novelty of the Study: This proof-of-concept clinical study presents novel evidence of acute biological effects following 

consumption of functional food extracts, with measureable changes in stem cell surveillance and mitochondrial stress 

responses observed as early as 1 hour after a single dose compared to placebo.  

Conclusion: These preliminary findings demonstrate rapid bioactivity of the tested functional ingredients in modulating 

regenerative and stress-response pathways, supporting their potential as early-phase interventions for promoting 

cellular resilience.  The results further support the use of assessing mitochondrial resilience ex vivo as part of clinical 

evaluation of acute effects of functional ingredients.  

Keywords: Cellular resilience; Chaga mushroom; flow cytometry; mitochondrial volume; mito-chondrial membrane 

potential, olive extract; oxidative stress; Panax ginseng; polyphenols; pluripotential; potassium glucarate; progenitor; 

stem cell mobilization; stress response. 
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Graphical Abstract: Methodology for testing the efficacy of functional botanical ingredients for support of stem cell 

surveillance and mitochondrial resilience. A preliminary randomized, double-blind, placebo-controlled, acute clinical 

proof-of-concept trial
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INTRODUCTION 

The search for effective strategies to preserve 

cellular health and delay age-related decline has 

renewed scientific interest in the biological roles of 

stem cells and mitochondria.  Stem cells function as the 

body’s intrinsic repair system, capable of differentiating 

into multiple cell types and replenishing damaged 

tissues, while their ongoing trafficking through the 

body is essential for sustaining homeostasis [1].  

Mitochondria, the central intracellular organelles 

responsible for energy production, are equally 

critical for cellular resilience and adaptation to 

physiological stress [2-3].  Impairments in stem cell 

function and mitochondrial integrity are closely 

associated with reduced regenerative capacity and 

increased susceptibility to disease with aging[3-6], 

making these processes important targets 

for interventions aimed at supporting longevity and 

vitality. 

Stem cells are undifferentiated cells with the 

capacity to develop into specialized cell types.  They 

serve as the body's internal repair system, replenishing 

tissues and maintaining homeostasis throughout life [7], 

and loss of this heterogeneity is linked to aging [4].  

Stem cell reservoirs reside in bone marrow, adipose 

tissue, and other specialized niches, and undergo 

circadian cycles of mobilization into the circulation 

followed by homing into new tissue niches, a process 

referred to as stem cell surveillance.  Circulating stem 

cells express chemokine receptors that allow them to 

respond to signals from tissues in need of repair 

[8,9].  This tightly regulated process is under 

circadian control, which becomes disrupted with 

aging [10-11].  In addition, hematopoietic stem cells 

continuously traffic to disseminate new stem cells to all 

anatomical areas of bone marrow to maintain healthy 

blood cell production in all bone marrow niches, a 

process under a tight circadian cycle [12-14].  The study 

of nutraceutical enhancement of this natural process 

necessitates a strictly controlled timing of blood draws 

when placebo versus active products is consumed. 

Mitochondria are energy-producing intracellular 

organelles found in all eucaryotic species and are 

believed to have originated from an ancient 

endosymbiotic event involving an alpha-

proteobacterium from the SAR11 clade—closely related 

to Rickettsiales—and a host cell, marking a pivotal 

moment in the evolution of eukaryotic life [15,16].   As a 

result of this evolutionary event, mitochondria retained 

key components of their original genome, which encodes 

essential parts of the electron transport chain, as well as 

the rNAs and tRNAs required for mitochondrial 

translation. However, most mitochondrial proteins are 

encoded by nuclear genes, and this necessitates a tightly 

coordinated expression between the nuclear and 

mitochondrial genomes during mitochondrial biogenesis 

[17-18].  

The biology of stem cells and mitochondria–

including stem cell surveillance and mitochondrial 

function–can be affected long-term by bioactive 

compounds, defined as non-nutrient compounds 

naturally present in foods and novel sources with health-

promoting properties [19], as well as signals from 

prebiotics, probiotics, and the gut microbiome including 

prebiotics and synbiotics [20].  This study investigated the 

acute effects of four specific functional ingredients, well-

known for their long-term health benefits: Panax ginseng 

extract, olive extract from Olea europaea, Chaga 

mushroom extract from Inonotus obliquus, and 

potassium hydrogen glucarate.  

P. ginseng is widely associated with longevity in 

both traditional medicine and modern scientific research. 

It is known to boost immunity [21], regulate 

inflammation [22], and improve overall energy and 

vitality.  Modern science also indicates that P. ginseng’s 

benefits extend to broad anti-aging effects [23-25], 

including effects on stem cell biology [26-27], in part 

through the ability to support hematopoiesis, particularly 

under stress conditions [28].  These documented health 

benefits of P. ginseng are attributed to a diverse array of 

bioactive compounds, with the ginsenosides serving as 

the primary pharmacologically active components [29].  

Specific ginsenosides have been shown to regulate the 

proliferation, migration, and anti-senescence of 

hematopoietic stem cells and their progenitors [26,27].  

Also, ginsenosides help protect the stem cell 

microenvironment by mitigating oxidative stress and 
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inflammation, which are crucial for maintaining stem cell 

health and preventing their functional decline [30].  

Ginseng-derived compounds showed support of stem cell 

migration into hearts during repair after infarction, 

associated with accelerated repair [31].  Extracts from P. 

ginseng were shown to support mitochondrial biogenesis 

[32,33], and promote mitochondrial transfer from 

healthy cells to damaged cells [34].   The product studied 

here, PurGinseng, is standardized to 8% ginsenosides to 

promote mitochondrial activity.   

Extra-virgin olive oil is rich in polyphenols, including 

the secoiridoid polyphenols oleocanthal and oleacein, 

which exhibit strong antioxidant and anti-inflammatory 

properties [35].  These polyphenols can modulate cellular 

signaling, reduce oxidative stress, and directly influence 

cellular pathways of aging [36], and were found to 

activate cellular stress responses that favor longevity and 

anti-aging functions [37-39], including neuroprotective 

effects [40].  The olive extract studied here, Oligen, is 

standardized to  5% oleocanthal and oleacein. 

The Chaga mushroom grows on birch trees in cold 

climates across Northern Eurasia and has been consumed 

for centuries in Eastern Europe, Russia, and Asia as a 

longevity tonic, traditionally prepared as a tea [41-42].

Its bioactive profile includes compounds absorbed from 

its host tree as well as metabolites produved through 

its own biology [43].  Chaga contains high levels 

of antioxidants, including melanin and triterpenoids, 

such as inotodiol and betulinic acids, is among the most 

potent known in medicinal mushrooms [44,45] and 

may be linked to the support of DNA repair and delay of 

cellular senescence [46].  The anti-inflammatory 

effects of Chaga’s constituents translate to antiviral, 

anti-diabetic [47,48] neuroprotective [49,50] and 

hepatoprotective [51] effects, as well as a general 

support of energy and metabolic functions during 

physical activity [52].  The Chaga extract studied 

here, MycoThrive Chaga, is standardized to 1.7% 

inotodiol. 

Glucarate compounds, including potassium 

hydrogen glucarate, are derivatives of D-glucaric acid 

known for their role in enhancing cellular detoxification 

via the glucuronidation pathway [53], a major Phase II 

detoxification process in the liver and other tissues.  

Emerging evidence suggests that these compounds exert 

beneficial effects on mitochondrial integrity and stem cell 

function, particularly through modulation of oxidative 

stress and inflammatory signaling [54,55].  These effects 

may be particularly relevant in regenerative medicine 

and aging-related tissue repair, where mitochondrial 

dysfunction and impaired stem cell renewal are common 

[3-6,56].   

The objective of the clinical proof-of-concept trial 

reported here was to compare the immediate biological 

effects of consuming ingredients associated with long-

term rejuvenating effects in healthy adults, using an 

established randomized, double-blinded placebo-

controlled cross-over study design for evaluating acute 

effects of nutraceutical products, in which each 

participant served as their own control [57-61].  The 

timing of clinic visits aimed to control for each 

participant’s circadian cycle [62 - Martirosyan and 

Stratton 2023], since this affects both stem cell 

surveillance [12] and mitochondrial status [63-65].  The 

study focused on rapid changes to stem cell numbers in 

the blood circulation and also explored a novel 

methodological approach for documenting rapid changes 

to mitochondrial function using ex vivo testing of 

mitochondrial resilience under oxidative versus inflamed 

stress, adapting methods from a previous long-term 

clinical study [66] into documentation of acute effects 

after consuming a single dose of each nutraceutical 

ingredient.  To our knowledge, the results reported here 

are the first to document acute effects in humans, of 

consuming these four nutraceutical ingredients, on 

specific types of stem cells in the blood circulation as well 

as on a rapid support of the mitochondrial stress-

response. 

METHODS 

Study design: A randomized, double-blind, placebo-

controlled, cross-over study design was used for this 

clinical proof-of-concept study (clinical trial registration 

NCT07127705). The study was conducted in accordance 

with the Declaration of Helsinki and approved by 
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Elemental Independent Review Board, Las Vegas, NV, 

USA (study protocol 186-006).  The study was carried 

out at NIS Labs, Klamath Falls, Oregon, USA.  The study 

design and in/exclusion profile were similar to 

previously published trials [57-61].  Since this was 

an initial preliminary pilot study, no effect sizes were 

available on which to base power calculations, so the 

population size was set to four participants, with 

the goal of documenting similar directional effects 

in at least 3 participants (75%), allowing for 

generation of effect sizes for future power 

calculations.  Accordingly, and consistent with a 

previous pilot study on immune surveillance [61], 

four participants were enrolled in the study (Table 1) 

after providing written informed consent and meeting 

eligibility requirements. 

Subjects: Screening included an interview to document 

age, body mass index (BMI), medical/surgical history, 

diet and lifestyle, current health status, medication, 

and use of nutritional supplements.  The following 

inclusion criteria were applied: healthy adult people 

of either gender, age 18-75 years (inclusive), body 

mass index (BMI) between 18.0 and 34.9 kg/m2 

(inclusive), veins easily accessible for the multiple blood 

draws, and willing to comply with the study 

requirements:  maintaining a consistent diet and 

lifestyle routine throughout the study, bland 

breakfasts on mornings of clinic visits, abstaining 

from exercising and nutritional supplements on the 

morning of a study visit, abstaining from use of 

coffee, tea, soft drinks, and nicotine for at least one hour 

prior to a clinic visit, and refraining from music, candy, 

gum, computer/cell phone use with internet access 

(airplane mode allowed), during clinic visits.  

The following exclusion criteria were used: Previous 

major gastrointestinal surgery; taking anti-inflammatory 

medications on a daily basis; currently experiencing 

intense stressful events/ life changes; currently in 

intensive athletic training; cancer during past 12 months; 

chemotherapy during past 12 months; currently treated 

with immune-suppressant medication; diagnosed with 

autoimmune disorder;  donation of blood during the 

study or within the 4 weeks prior to study start; received 

a cortisone injection within the past 12 weeks; 

immunization during the past 4 weeks; currently taking 

anti-psychotic, hypnotic, or anti-depressant prescription 

medication; ongoing acute infections; participation in 

another clinical trial study during this trial; an unusual 

sleep routine; unwilling to maintain a constant intake of 

supplements over the duration of the study; anxiety 

about having blood drawn; pregnant, nursing, or trying to 

become pregnant; known allergies related to ingredients 

in the active test products or placebo.  Following this set 

of in/exclusion criteria, specifically pertaining to good 

health, good sleep, and low stress has not revealed 

gender or age-related stratification regarding immune-

related outcomes [57-60].  Twenty-one people were 

assessed for eligibility (Figure 1). 

Figure 1.  CONSORT flow chart showing the number of people screened, enrolled, and analyzed. 
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Table 1. Demographics of the study population. 

Gender Participant # N Age average1 Age range BMI average1 BMI range 

Females 1, 3, 4 3 59.7 ± 16.4 41.2 - 72.3 29 ± 4.6 23.7 - 31.7 

Males 2 1 32 32 22 22 

1 The average ± standard deviation is shown when N is greater than 1. 

The four people who met the inclusion and 

exclusion criteria were enrolled and scheduled for clinic 

visits where they consumed the active products and 

placebo on different clinic visits in randomized order, 

with at least one week wash-out period between visits 

(Figure 2). 

Figure 2. Diagram showing the timing and study procedures of the acute study reported here.  The study involved five clinic 

visits, at least one week apart, where participants consumed one of the five products listed in Table 2, in blinded, 

randomized order. 

Intervention: Visits were scheduled at the same time of 

the day during morning hours to minimize the effect of 

circadian fluctuations [10-14,63-,65,67-68].   Participants 

were asked to follow a similar routine in the morning of 

all clinic visits, including a bland breakfast if they normally 

have breakfast, to avoid stress due to fasting.  Four clinic 

visits involved consuming an active test product and a 

fifth clinic visit involved consuming placebo.  The placebo 

visit served as a within-subject control for circadian 

variation in stem cell surveillance and mitochondrial 

metabolic state at that time of day.  Because exercise [69] 

and stress [70–72] can influence leukocyte release and 

homing, the study environment was managed to 

minimize physical and mental stress during each visit.  

Participants were instructed to remain calm and inactive 

for 4 hours, comfortably seated in a chair.  After the first 

hour, the baseline blood sample was drawn.  

Immediately after the baseline blood draw, an 

encapsulated test product was provided with water and 

consumed in the presence of clinic staff.  Blood samples 

were drawn at 1, 2, and 3 hours after consumption, 

where 6 mL of blood was drawn into heparinized 

vacutainer tubes.  A portion of  heparinized whole blood 

was used for subsequent immunostaining for stem cell 

enumeration, and the remaining blood was used 

for isolation of peripheral blood mononuclear 

and polymorphonuclear cells for the ex vivo 

testing of mitochondrial resilience.   

Reagents: Heparin vacutainer tubes, serum separator 

tubes, butterfly needles, were obtained from Becton-

Dickinson (Franklin Lakes, NJ, USA).  The monoclonal 

antibodies CD31-Fluorescein isothiocyanate (FITC) 

(clone WM59), CD34-Peridinin-Chlorophyll-Protein 

(PerCP) (clone 8G12), CD45-Brilliant Violet 510 

(BV510) (clone H130), CD90-SuperBright436 (SB436) 

(clone 5E10), CD309-Phycoerythrin (PE) (clone 

89106), the two mitochondrial fluorescent dyes 

MitoTracker Green and the JC-1 Mito Probe; flow 

cytometer performance tracking beads, wash and 

shutdown solutions, de-bubble buffer, and Cal-Lyse™; 

Phosphate-Buffered Saline (PBS), 
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Roswell Park Memorial Institute (RPMI) 1640, Fetal Calf 

Serum and Penicillin Streptomycin were purchased from 

Thermo Fisher Scientific (Waltham, MA, USA). 

Consumable Test Products: Four active test products 

were tested against placebo (Table 2), where the serving 

size was 2 capsules.  The doses and percentages of 

bioactive compounds are listed in Table 2 below and 

were based on clinical dosage recommendations based 

on Good Clinical Practice (GCP) and established botanical 

safety guidelines (e.g., Botanical Safety Consortium). The 

placebo consisted of encapsulated white rice flour, 

matched in appearance to the active products.  The 

choice of white rice flour for the placebo is due to its 

common use in foods, and low allergenicity.  The dose of 

1 gram white rice flour contains only trace amounts of 

rice-derived glucosylceramides known to modulate the 

innate immune system over 8 weeks’ daily consumption 

[73].  

Table 2. Nutraceutical ingredients compared in this clinical trial. 

Name Active(s) Dose (mg)* 

Panax ginseng extract (PurGinsengTM) 8% ginsenosides 150 mg 

Olea europaea olive extract (Oligen®) 5% Oleocanthal/Oleacein 400 mg 

Inonotus obliquus Chaga extract (MycoThriveTM Chaga) 1.7% Inotodiol 1000 mg 

Potassium(K) hydrogen glucarate (CelluThriveTM PHG) 84% glucarate/15% K 500 mg 

Placebo (white rice flour) 1000 mg 

*The serving size of all active test products and placebo were provided in two capsules.

Stem Cell Evaluation by Flow Cytometry: Triplicate 100 

µL samples of heparinized whole blood from each time 

point were stained using a five-color immunostaining 

panel consisting of CD31-FITC, CD34-PerCP, CD45-BV510, 

CD90-SB436, and CD309-PE.  Staining followed the 

manufacturer’s recommended protocol for whole blood 

(Thermo Fisher Scientific, Waltham, MA, USA), using a 

“no-wash” procedure.  This involved fixation of white 

blood cells and lysis of red blood cells using Cal-Lyse® 

Lysing Solution.  Samples of 100 µL whole blood were 

incubated with the antibody cocktail for at least 15 

minutes at room temperature in the dark.  Subsequently, 

100 µL of Cal-Lyse® solution was added, and samples 

were incubated for 10 minutes at room temperature.  

Red blood cells were then lysed by adding 1 mL of 

deionized water, followed by a further 10-minute 

incubation in the dark.  Samples were stored at 4°C in the 

dark overnight to allow white blood cells to settle.  Prior 

to acquisition by flow cytometry, 1.1 mL supernatant was 

aspired from each sample to remove cellular debris, and 

1 mL PBS was added.  The total dilution factor of the 

whole blood sample was 11.355, and this factor was used 

to adjust the cell numbers per volume of sample from the 

Attune flow cytometry software to provide the actual 

number of stem cells per mL whole blood.  Flow 

cytometric analysis was performed using an acoustic 

aligning Attune™ NxT flow cytometer (Thermo Fisher 

Scientific, Waltham, MA, USA) equipped with an 

autosampler.  For each triplicate sample, 800 µL was 

analyzed, which provided analysis of 300,000 to 600,000 

events per sample.  Stem cell populations (Table 3) were 

identified within the CD45dimCD34⁺ classical stem cell 

population and further subdivided into CD34⁺CD309⁺ 

pluripotential stem cells and CD34⁺CD309⁻ progenitor 

cells.  Mesenchymal stem cells were CD45⁻ CD90+ 

lymphocytes.  Endothelial stem cells were identified as 

CD45⁻ CD34⁻ lymphocytes, brightly positive for CD31.   

Data analysis was conducted using Attune software, 

which reports cell counts per microliter of sample.  This 

was adjusted for the dilution factor introduced during 

staining, and results were expressed as stem cell counts 

per milliliter of whole blood. 
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Table 3. Types of stem cells included in analysis. 

Phenotype Indicative of 

CD45dim CD31⁻CD34⁺CD309⁺ lymphocytes Pluripotential stem cells 

CD45dim CD31⁻CD34⁺CD309⁻ lymphocytes Progenitor stem cells 

CD45very dim CD31⁺⁺CD34⁻ lymphocytes Endothelial stem cells 

CD45⁻CD90⁺ peripheral blood lymphocytes Mesenchymal stem cells1 

1The phenotype is suggestive of mesenchymal stem cells, especially in light of also being CD34-.  The five-color panel used for this study did not include 

CD73 or CD105, other markers that help conclusively identify the mesenchymal stem cell type [74-75].  For that reason, in this paper we will refer to this 

cell type as CD45⁻CD90⁺ lymphocytes. 

Testing for Mitochondrial Resilience Against Oxidative 

and Inflammatory Stress: To assess mitochondrial 

function and resilience, peripheral blood samples were 

collected from study participants at baseline and at 1, 2, 

and 3 hours post-consumption. The methodology was 

adapted from a previously published protocol on long-

term effects in a fatigued population [66] to enable 

documentation of acute effects in healthy participants. 

White blood cells (leukocytes) were isolated from 

heparinized whole blood using Lympholyte-Poly density 

gradient centrifugation, after which the peripheral blood 

mononuclear cells (PBMC) and polymorphonuclear cells 

(PMN) were harvested and pooled.  The cells were 

washed twice in PBS, counted and adjusted to 1 million 

cells/mL.  The cells were plated onto 96-well V-bottom 

microtiter plates, with 200 µL cell suspension per well.  

The cells were subjected to three distinct culture 

conditions to simulate normal physiological versus 

stressed tissue compartments: 1) Control (un-stressed) 

conditions, 2) Oxidative stress, induced by exposure to 

hydrogen peroxide (H₂O₂ 200 µM), and 3) Inflammatory 

stress, induced by exposure to the bacterial 

lipopolysaccharide (LPS 5 µg/mL).  The cultures for 

testing mitochondrial membrane potential were 

incubated for 1 hour, and the cultures for testing 

mitochondrial volume per cell were incubated for 2 

hours.  

After incubation, cells were washed in PBS to 

remove the stressors and were stained with two 

fluorescent dyes to evaluate mitochondrial parameters: 

1) Mito-Tracker Green FM to quantify mitochondrial

volume per cell.  This dye accumulates in mitochondria 

regardless of membrane potential and provides a relative 

measure of mitochondrial volume per cell.  2) JC-1 dye to 

assess mitochondrial membrane potential.  JC-1 exhibits 

potential-dependent accumulation in mitochondria, 

shifting from green fluorescence (monomeric form) at 

low membrane potential to orange fluorescence 

(aggregated form) in areas of the mitochondrial 

membrane that have a high membrane potential.  

Flow cytometry was performed using an Attune® 

Nxt acoustic focusing cytometer (Thermo Fisher 

Scientific, Waltham, MA, USA).  Forward scatter (FSC-A) 

and side scatter (SSC-A) parameters were used to 

electronically gate and analyze three major leukocyte 

populations: lymphocytes, monocytes, and PMN cells.  

Fluorescence intensity was measured for each cell type 

to determine mitochondrial volume per cell, based on 

MitoTracker fluorescence intensity, and mitochondrial 

membrane potential, based on the JC-1 orange 

fluorescence intensity in live cells, as indicated by the 

FSC/SSC properties and bright green fluorescence.  This 

approach enabled within subject comparison of 

mitochondrial parameters across different stress 

conditions and time points, providing a relative measure 

of mitochondrial resilience. 

Use of GenAI: Microsoft M365 Copilot was used to assist 

in generating summaries of selected literature during the 

initial drafting of the Introduction section.  These 

summaries were critically reviewed and revised by the 

authors to ensure accuracy and relevance.  The authors 
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take full responsibility for the final version.  The authors 

confirm that all scientific content is original and authored 

by them. 

Data analysis: Biomarker changes following consumption 

of the active products were evaluated in the context of 

each participant’s circadian variation observed on the 

day where placebo was consumed.  Data were analyzed 

using Microsoft® Excel® for Microsoft 365 (Microsoft 

Corporation, Redmond, WA, USA, version 2507).  

Changes from baseline to post-consumption time points 

were calculated using simple arithmetic calculations of 

the arithmetic mean ± standard error of the mean to 

summarize the data for changes after consuming an 

active test product compared to changes after 

consuming placebo.  The difference in the change was 

calculated by subtracting the changes after consuming 

placebo to changes after consuming an active test 

product, to analyze for the difference introduced by an 

active test product on the background of each 

participant’s normal circadian changes (Figure 3).  Given 

the small sample size (n = 4), the dataset was not suitable 

for advanced statistical modeling, assumptions of 

normality, or multiparameter analyses.  Within-subject 

comparisons of changes from baseline between active 

and placebo conditions were performed using two-tailed 

paired t-tests.  Statistical significance was defined as P < 

0.05, with high significance defined as P < 0.01.  

Figure 3.  Analysis principles for calculating the difference in the change after consuming an active product versus the normal 

circadian changes captured on the clinic visit where placebo was consumed.  A. The percent changes from baseline to 1 hour were 

calculated for the active product Chaga and for placebo (grey lines) for each participant.  The circadian changes over this t ime of the morning showed 

decreases in Participants 1, 2, and 4, in contrast to an increase for Participant 3.  However, the relative difference was an increase for all 4 participants 

(red arrows).  B. The difference in percent change after consuming an active product compared to placebo was calculated by subtracting the change after 

consuming placebo.  The average of those differences across all participants was calculated (black line).

RESULTS 

Stem cell surveillance: Consuming each of the four 

nutraceutical ingredients rapidly affected stem cell 

numbers in the blood circulation (Figure 4 and Figure 5).  

The normal circadian changes during the morning hours 

on average showed a gradual reduction to the numbers 

of CD45dim CD34⁺ stem cells.  Relative to that gradual 

change, all four ingredients rapidly supported increased 

numbers of circulating CD45dim CD34⁺CD309⁺ 

pluripotential stem cells at 1 hour (Figure 4A and 4B).  The 

increase from baseline was statistically significant after 1 

hour for Ginseng extract and olive extract (Figure 4A).  
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When the changes were evaluated after subtracting the 

changes after consuming placebo, the increased levels of 

CD45dim CD34⁺CD309⁺ stem cells reached a statistical 

trend for Olive extract, statistical significance for Ginseng 

extract, and a high level of significance for Chaga extract.  

This increase was transitory, and after 3 hours the 

CD45dim CD34⁺CD309⁺ stem cell levels were comparable 

to the levels after consuming placebo.  There was also an 

increase in the numbers of CD45dim CD34⁺CD309⁻ 

progenitor stem cells after consuming Ginseng extract 

(Figure 4C and 4D), reaching significance at 2 hours 

(Figure 4C), and when changes after consuming placebo 

were subtracted, the increase at 2 hours reached a high 

level of significance (Figure 4D).  In contrast, Chaga 

consumption triggered a gradual decrease in the 

numbers of progenitor cells when compared to placebo, 

reaching statistical significance at 3 hours, suggesting 

increased homing (Figure 4C and 4D).   

Figure 4.  Changes to stem cell numbers within 3 hours after consuming a nutraceutical ingredient when compared to 

changes after consuming placebo.  A. The percent change in the numbers of CD45dim CD34⁺CD309⁺ pluripotential stem cells when 

compared to baseline is shown for all four ingredients and for placebo.  B. The relative percent change in the numbers of CD45dim CD34⁺CD309⁺ 

pluripotential stem cells when compared to baseline numbers after subtracting the changes after consuming placebo.   C. The percent change in the 

numbers of CD45dim CD34⁺CD309⁻ pluripotential stem cells when compared to baseline is shown for all four ingredients and for placebo.  D. The relative 

percent change in the numbers of CD45dim CD34⁺CD309⁻ pluripotential stem cells when compared to baseline numbers after subtracting the changes 

after consuming placebo.   In A and C, the results are shown as the group averages ± standard error of the mean of the individual percent changes from 

baseline after consuming a product or placebo.  In B and D, the results are shown as the group averages ± standard error of the mean of the individual 

percent changes from baseline after consuming a product where changes after consuming placebo are subtracted.  The arithmetic averages and standard 

errors of the means are shown.  Levels of statistical significance are shown where changes from baseline to a later time point are indicated by asterisks, 

where p<0.10: (*), p<0.05: * and p<0.01: **.

The numbers of CD45⁻ CD90⁺ lymphocytes, 

suggestive of a mesenchymal stem cell phenotype, 

increased at one hour after consuming potassium 

hydrogen glucarate (PHG) (Figure 5A and 5B), where the 

increase after subtracting the changes after consuming 

placebo reached statistical significance (Figure 5B).  For 

Olive extract, a similar increase at 1 hour reached a 

statistical trend and was followed by a statistically 
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significant decrease at 3 hours, suggesting increased 

homing.  The consumption of Chaga extract was 

associated with robustly increased numbers of 

CD45⁻CD90⁺ lymphocytes, reaching significance at 1 hour 

after subtracting changes after consuming placebo 

(Figure 5B), and continuing to increase, but due to 

individual variations in the participants’ responses the 

strong 2-hour increase did not reach statistical 

significance, but showed a statistical trend (Figure 5B).   

The numbers of CD31⁺⁺CD34⁻ endothelial stem cells 

were increased by Chaga extract and PHG at 1 hour above 

the levels seen after consuming placebo (Figures 5C), 

reaching a statistical trend for olive extract after 

subtracting the changes after consuming placebo (Figure 

5D).  For Chaga extract, this increase was even more 

robust at 2 hours, reaching statistical significance when 

compared to changes after consuming placebo (Figure 

5C) as well as after subtracting the changes after 

consuming placebo (Figure 5D).  In contrast, at the 2-and 

3-hour timepoints, there were reduced levels of

CD31⁺⁺CD34⁻ endothelial stem cells after consuming 

Olive extract and PHG, reaching statistical trends for olive 

extract at both 2 and 3 hours after consumption, after 

subtracting changes seen after consuming placebo 

(Figure 5D).   

Consuming Ginseng extract did not affect the 

numbers of CD45⁻CD90⁺ lymphocytes or CD31⁺⁺CD34⁻ 

endothelial stem cells when compared to placebo (Figure 

5D). 

Figure 5.  Changes to stem cell numbers within 3 hours after consuming a nutraceutical ingredient when compared to 

changes after consuming placebo.  A. The percent change in the numbers of CD45⁻CD90⁺ lymphocytes when compared to baseline is 

shown for all four ingredients and for placebo.  B. The relative percent change in the numbers of CD45⁻CD90⁺ lymphocytes when  compared to baseline 

numbers after subtracting the changes after consuming placebo.  C. The percent change in the numbers of CD31⁺⁺CD34⁻ stem cells when compared to 

baseline is shown for all four ingredients and for placebo.  D. The relative percent change in the numbers of CD31⁺⁺CD34⁻ stem cells when compared to 

baseline numbers after subtracting the changes after consuming placebo.  In A and C, the results are shown as the group averages ± standard error of the 

mean of the individual percent changes from baseline after consuming a product or placebo.  In B and D, the results are shown as the group averages ± 

standard error of the mean of the individual percent changes from baseline after consuming a product where changes after consuming placebo are 

subtracted.  The arithmetic averages and standard errors of the means are shown.  Levels of statistical significance are shown where changes from baseline 

to a later time point are indicated by asterisks, where p<0.10: (*), p<0.05: * and p<0.01: **. 
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Mitochondrial responses to oxidative and inflamed 

stress: For the ex vivo challenges used for this study, the 

two stressors clearly affected mitochondrial volume and 

membrane potential in different ways (Figure 6).  Relative 

changes to mitochondrial volume were assessed using 

the fluorescent reporter dye MitoTracker Green where 

the mean fluorescence intensities measured by flow 

cytometry are proportional to the relative mitochondrial 

volume per cell.  Under H2O2-mediated oxidative stress, 

the mitochondrial volume per cell showed a mild increase 

above that in untreated control cultures, reaching high 

levels of statistical significance for lymphocytes (Figure 

4A) and monocytes (Figure 4C), and a statistical trend for 

neutrophils (Figure 4E).  This was in contrast to LPS-

mediated inflammatory stress which triggered mild 

reduction to the mitochondrial volume, which was 

insignificant in lymphocytes (Figure 4A) and monocytes 

(Figure 4C), and reached a statistical trend for 

neutrophils (Figure 4E).   

At the same time, changes to 

mitochondrial membrane potentials were 

documented using the fluorescent reporter dye JC-1 

which forms J-aggregates in areas where the 

mitochondrial membrane potential is high, causing a 

shift from green to orange fluorescence. The stressor-

induced changes to the mitochondrial membrane 

potential showed mild decreases for cells exposed to 

both H2O2- and LPS-induced stress for all three cell 

types, reaching high levels of significance for all 

treatments and cell types (Figure 4B, 4D, 4F), except for 

the H2O2-induced changes to monocytes that reached 

a statistical trend (Figure 4D). 

Figure 6. Mitochondrial responses to H2O2-induced oxidative stress (orange bars) and LPS-induced inflammatory stress (red 

bars), compared to untreated control cultures (grey bars).  A. C. E. The relative mitochondrial volume per cell, as a function of the green 

fluorescence intensity of the MitoTracker dye, is shown for untreated cells, H2O2-treated cells, and LPS-treated cells, for lymphocytes, monocytes, and 

neutrophils.  B. D. F. The relative mitochondrial membrane potential, as a function of the relative orange fluorescence intensity of the reporter dye JC-1.  

The arithmetic averages and standard errors of the means are shown.  The levels of statistical significance for changes from baseline to a later time point 

are indicated by asterisks, where p<0.10: (*), p<0.05: * and p<0.01: **. 
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Nutraceutical modulation of the mitochondrial volume 

in response to stress: The four nutraceutical ingredients 

altered the mitochondrial volumetric responses to 

oxidative stress ex vivo (Figure 7).  The normal circadian 

changes during the morning hours, documented on the 

visit where placebo was consumed, on average showed a 

gradual reduction to the mitochondrial volume under 

conditions of oxidative stress for all three cell types: 

Lymphocytes, monocytes, and PMN cells.  The three 

ingredients Olive extract, Chaga extract, and PHG did not 

show changes to the mitochondrial volume under 

oxidative stress compared to baseline (Figure 7A), 

however, when compared to the placebo day—where 

oxidative stress was associated with a gradual decline in 

mitochondrial volume—all three nutraceutical 

ingredients supported higher mitochondrial volumes in 

lymphocytes at 2 and 3 hours. These increases reached 

statistical significance for Chaga extract and a high level 

of statistical significance for Olive extract (Figure 7B). This 

changed over time, and at 2 and 3 hours after consuming 

Ginseng extract the oxidative stress-induced 

mitochondrial swelling was mildly enhanced, but not to 

the same extent as after consuming the other three 

nutraceutical ingredients.  Similar but milder effects were 

seen in monocytes (Figure 7C and 7D) and neutrophils 

(Figure 7E and 7F), reaching statistical significance for 

olive extract at 2 and 3 hours for monocytes (Figure 7D). 

Figure 7. Effects on the mitochondrial volumetric responses to H2O2-induced oxidative stress after consuming nutraceutical 

ingredients when compared to changes after consuming placebo.  The arithmetic averages and standard errors of the means are shown.  

In the tables below each chart the levels of statistical significance for changes from baseline to a later time point are indicated by asterisks, where p<0.10: 

(*), p<0.05: * and p<0.01: **. 
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In contrast to the changes to mitochondrial volumes 

under oxidative stress, consuming the four nutraceutical 

ingredients did not alter the mitochondrial responses to 

ex vivo inflammatory stress (Figure 8). The normal 

circadian changes during the morning hours, 

documented on the visit where placebo was consumed, 

on average showed a gradual reduction to the 

mitochondrial volume under inflammatory conditions for 

all three cell types: Lymphocytes, monocytes, and PMN 

cells.   Relative to these normal circadian changes, mildly 

elevated mitochondrial volumes were seen 

after consuming the nutraceutical ingredients, 

especially for lymphocytes and monocytes after 

consuming Chaga, but the differences when 

compared to changes after consuming placebo did 

not reach or approach statistical significance, as can 

be seen by the complete lack of statistical indicators 

in the tables below Figures 8A-8F. 

Figure 8.  Effects on the mitochondrial volumetric responses to LPS-induced inflammatory stress after consuming 

nutraceutical ingredients when compared to changes after consuming placebo.  The arithmetic averages and standard errors of the means 

are shown.  In the tables below each chart the levels of statistical significance for changes from baseline to a later time point would have been indicated 

by asterisks, where p<0.10: (*), p<0.05: * and p<0.01: **, but none of the changes reached or approached statistical significance. 
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Nutraceutical modulation of the mitochondrial 

membrane potential in response to stress: The four 

nutraceutical ingredients altered the mitochondrial 

membrane potential in response to stress ex vivo (Figures 

9, 10).  The normal circadian changes during the morning 

hours, documented on the visit where placebo was 

consumed, on average showed a gradual increase in the 

mitochondrial membrane potential under conditions of 

oxidative stress for all three cell types: Lymphocytes, 

monocytes, and PMN cells.   Relative to these normal 

circadian changes, mild changes to the mitochondrial 

membrane potential were seen after consuming the 

nutraceutical ingredients, All four ingredients further 

decreased oxidative stress-induced reduced membrane 

potential in lymphocytes (Figure 9A, 9B), with Ginseng 

extract’s effect being the most robust, reaching a high 

level of significance at 1 and 2 hours, and remaining 

significant at 3 hours, after subtracting the changes after 

consuming placebo (Figure 9B).  The reduction after 

consuming Olive extract and Chaga extract reached 

significance at 2 hours (Figure 9A, 9B), where PHG 

reached a statistical trend after subtracting the changes 

after consuming placebo (Figure 9B).  Similar effects were 

seen in neutrophils where the reduced membrane 

potentials reached high levels of significance for Ginseng 

extract at 2 hours and olive extract and Chaga extract at 

3 hours (Figure 9E, 9F).  In contrast, the ex vivo oxidative 

stress-induced changes to mitochondrial membrane 

potential in monocytes were very minor, where a further 

reduction seen after consuming Chaga extract, after 

subtracting changes seen after consuming placebo, 

reached a statistical trend at 2 hours (Figure 9D).   

Figure 9.  Effects on the mitochondrial membrane potential responses to H2O2-induced oxidative stress after consuming 

nutraceutical ingredients when compared to changes after consuming placebo.  In the tables below each chart the levels of statistical 

significance for changes from baseline to a later time point are indicated by asterisks, where p<0.10: (*), p<0.05: * and p<0.01: **. 
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In context of ex vivo inflammatory stress-induced 

reduced mitochondrial membrane potential (Figure 10), 

the three ingredients Ginseng extract, Olive extract, and 

Chaga extract, were associated with lower membrane 

potential in lymphocytes than after consuming placebo 

(Figure 10A), reaching high levels of statistical 

significance at 2 hours for olive extract and Chaga (Figure 

10B).  In monocytes, Chaga extract protected the cells 

from inflammation-induced reduction in membrane 

potential at one hour followed by a reduction at 2 and 3 

hours, where all changes reached statistical trends 

(Figure 10C, 10D).  Similar, and more robust, biphasic 

effects of consuming all four nutraceutical ingredients 

were seen in neutrophils in context of inflammatory 

stress ex vivo, with an initial mild increase in membrane 

potential above that of placebo (Figure 10E).  When these 

changes seen 1 hour after consuming placebo were 

subtracted, the relative increases reached a trend for 

Chaga extract, significance for PHG, and a high level of 

significance for olive extract (Figure 10F).  At 2 and 3 

hours, the membrane potentials were reduced by all four 

products, reaching a trend for Ginseng extract, 

significance for Olive extract, and high levels of 

significance for Chaga extract (Figure 10F). 

Figure 10.  Effects on the mitochondrial membrane potential responses to LPS-induced inflammatory stress after consuming 

nutraceutical ingredients when compared to changes after consuming placebo.  In the tables below each chart the levels of statistical 

significance for changes from baseline to a later time point are indicated by asterisks, where p<0.10: (*), p<0.05: * and p<0.01: **. 
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DISCUSSION 

Natural compounds, including the nutraceutical 

ingredients reported here, have been studied for their 

potential anti-aging benefits, involving effects on stem 

cell biology and mitochondrial protection.  This clinical 

proof-of-concept study was designed to document rapid 

effects following single-dose consumption.  Our findings 

indicate that specific nutraceutical ingredients—

PurGinseng (P. ginseng) extract, Oligen olive extract, 

MycoThrive Chaga mushroom extract, and CelluThrive 

potassium hydrogen glucarate (PHG)—can rapidly 

modulate stem cell trafficking and mitochondrial 

resilience in healthy adults. These preliminary results 

contribute to the growing body of evidence supporting 

the role of these natural compounds in promoting 

regenerative and anti-aging processes.  All four 

ingredients showed distinct bioactive mechanisms of 

action that converge on key anti-aging processes: 

Supporting stem cell function and improving 

mitochondrial resilience against stress, thereby 

contributing to the 17-step functional food development 

model, specifically the steps pertaining to establishment 

of relevant biomarkers and providing initial clinical data 

for efficacy [19].  

Mobilization of stem cells is a well-characterized 

phenomenon in other contexts – for example, 

pharmacological agents like granulocyte colony-

stimulating factor (G-CSF) are used clinically to mobilize 

bone marrow stem cells after injuries [76], and exercise 

or stress can transiently increase circulating progenitor 

cells [77,78].  Previous reports on consuming nutritional 

supplements, leading to rapid changes in stem cell 

numbers, were associated with algae-based extracts, 

containing ligands for selectins involved in stem cell 

mobilization, including L-selectin ligands from the blue-

green algae Aphanizomenon flos aquae [57].  Stem cell 

mobilization was also seen after consuming a high 

polyphenol-content extract from sea buckthorn berries 

[58], which led to the testing of other high polyphenol-

content botanicals, such as the olive extract and Chaga 

mushroom extract reported here.  While each of the four 

nutraceutical products reported here rapidly affected 

stem cell mobilization, the products differed in terms of 

the type of stem cells affected and the timing of this 

effect, suggesting some possible overlapping 

mechanisms, at least for the polyphenol-rich ingredients 

olive extract and Chaga mushroom extract.  The 

consumption of each nutraceutical ingredient led to 

rapid, temporary changes to various stem cell 

populations in the blood circulation.  All four ingredients 

increased the numbers of circulating CD45dim 

CD34⁺CD309⁺ pluripotential stem cells within one hour, 

returning to similar levels as after consuming placebo by 

three hours.  Ginseng extract extract also elevated 

CD45dim CD34⁺ CD309⁻ progenitor stem cells at two 

hours, while the Chaga mushroom extract caused a 

reduction in this population at three hours.  Consumption 

of Ginseng extract had selective effects on CD45dim 

CD34⁺ hematopoietic stem cell types and did not 

significantly affect either CD45⁻ CD90⁺  mesenchymal or 

CD31⁺⁺CD34⁻ endothelial stem cell populations.  CD45⁻ 

CD90⁺ mesenchymal-like stem cells increased following 

intake of PHG and Chaga mushroom extract, with olive 

extract showing a similar trend followed by a decrease, 

possibly indicating stem cell homing.  The numbers of 

CD31⁺⁺ CD34⁻ endothelial stem cells were elevated at 

one hour after consuming Chaga, and PHG, with Chaga 

showing a sustained increase at 2 hours.  Chaga had 

similar effects on the mobilization of hematopoietic cells 

compared to the other ingredients; this may possibly be 

related to increased levels of the stem cell-mobilizing 

growth factor G-CSF, that we reported previously after 

ingesting a nutraceutical blend containing the Poria cocos 

mushroom, reaching significance at 2 hours after 

consumption [59].  Furthermore, Chaga mushroom 

extract had a more pronounced effect on the 

mobilization of CD45⁻CD90⁺ lymphocytes and 

CD31⁺⁺CD34⁻ endothelial stem cells than any of the other 
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ingredients, reaching a maximum change at 2 hours; the 

underlying mechanisms for this increase are yet 

unknown.  

Three of the four ingredients tested are rich sources 

of polyphenols, which along with their metabolites, have 

been shown to modulate gut-brain communication 

through their effects on gut neurons and the vagus nerve 

[79].  These bioactive molecules can influence the activity 

of enteroendocrine and neuropod cells, located 

throughout the epithelial lining of the gastrointestinal 

tract, and serve as essential interfaces between the gut 

and brain [80].  Neuropods have direct synaptic 

connections to neurons, leading to altered release of 

neurotransmitters such as serotonin and dopamine.  

Through vagal afferent pathways, these changes can 

rapidly signal to the central nervous system, modulating 

neuroimmune and neuroendocrine responses [81].  

Serotonin and dopamine are increasingly recognized for 

their roles in regulating stem cell dynamics, where they 

can differentially influence mobilization from the bone 

marrow and homing to target tissues [82].  Collectively, 

these observations support a plausible pathway by which 

nutraceuticals may indirectly influence stem cell 

trafficking via gut–brain neurochemical signaling. 

The regenerative potential of stem cells is tightly 

associated with their mitochondrial function, and 

reduced mitochondrial function in stem cells is 

associated with declining health and accelerated aging 

[83,84].  While we evaluated the mitochondrial effects in 

broader cell populations and not specifically in stem cells, 

the selective impact of consuming the nutraceutical 

ingredients on the mitochondrial volume in lymphocytes 

under oxidative stress deserves attention, since this 

population includes the various types of stem cells.  The 

relationship between mitochondrial volume and 

oxidative stress is complex and involves dynamic changes 

in mitochondrial structure, function, and signaling.  A 

mild swelling is thought to be protective in some 

contexts, as it may help maintain mitochondrial 

membrane potential and ATP production under stress 

[85]. While none of the four nutraceutical ingredients 

triggered mitochondrial biogenesis in the absence of 

stress, they provided a mild support of this increased 

volume under oxidative stress, but not inflammatory 

stress.   In situations where stress leads to a mild 

mitochondrial swelling, this may be associated with 

increased permeability of the inner mitochondrial 

membrane, which can lead to partial and temporary 

depolarization of the membrane potential.  This may 

relate to the observations reported here where a mild 

increase in mitochondrial volume was accompanied by a 

temporary, mild reduction in mitochondrial membrane 

potential within 1–2 hours of consuming the 

nutraceutical ingredients.  The implication of this rapid 

support of the mitochondrial stress-response suggests 

that these compounds may act as early modulators of 

cellular stress adaptations.  This acute effect may reflect 

a priming of mitochondrial bioenergetics and redox 

buffering capacity, potentially improving cellular 

readiness to cope with inflammatory or metabolic 

challenges.  

This study provides novel insights into the acute 

effects of select nutraceutical ingredients on stem cell 

mobilization and mitochondrial resilience. We propose 

that these rapid responses may offer mechanistic clues 

relevant to the established long-term regenerative and 

anti-aging associations of these natural products.That 

said, several limitations warrant consideration.  First, the 

sample size was modest and limited to healthy adult 

participants, which may constrain the generalizability of 

the findings to broader populations, including those with 

age-related or chronic conditions of stress.  Future 

studies should include larger and more diverse cohorts to 

validate and extend these observations and should 

evaluate responses to several doses of each bioactive 

compound, consumed at different times during the 

circadian cycle [19].  Also, the study observed distinct 

mobilization patterns for different stem cell subtypes and 
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relied on peripheral blood sampling to infer stem cell 

mobilization, which does not directly capture homing or 

engraftment into target tissues.  Future research should 

incorporate imaging techniques to track stem 

cell migration and tissue integration, especially in 

models of injury or aging, to increase our 

understanding of the underlying molecular 

mechanisms.  

Regarding the increased mitochondrial resilience 

under stress, further mechanistic studies are needed to 

document the signaling pathways and cellular targets 

engaged by each compound.  Further research involving 

imaging of mitochondrial morphology is also necessary 

in context of improving the understanding of the 

increased resilience, since mitochondrial fusion and 

fission are dynamic processes that regulate the shape, 

function, and distribution of mitochondria within cells 

[86,87].  Fusion creates elongated, interconnected 

mitochondrial networks that are often more efficient 

at producing energy and resisting stress.  In contrast, 

fission breaks mitochondria into smaller units, which 

can help isolate damaged regions but may reduce 

overall energy stability [88]. While the observed 

mitochondrial adaptations suggest enhanced 

resilience, documentation of the functional 

consequences of these changes, such as improved 

ATP production, reduced oxidative damage, or 

enhanced cellular repair, will be essential to fully 

characterize the bioenergetic impact of these 

nutraceutical ingredients.  Lastly, the potential 

synergistic effects among these four bioactive 

compounds warrant investigation, given that multi-

ingredient botanical blends have demonstrated 

enhanced efficacy in other clinical contexts [89]. 

Scientific innovation and practical implications: The 

results from this preliminary study are to the best of our 

knowledge the first evidence for almost-immediate 

systemic effects at the cellular level after consuming 

these four functional ingredients.  While larger clinical 

trials are needed to validate this, the acute effects 

reported here may be contributing factors to the known 

long-term outcomes associated with daily consumption 

of these functional extracts.  The research provides novel 

documentation of methodology to measure rapid 

changes to mitochondrial parameters in healthy people 

after consuming a single dose of botanical extracts, 

compared to placebo.  The methodology presented here 

lays the groundwork for further documentation of fast-

acting, regenerative functional ingredients in larger trials.  

CONCLUSION 

This clinical proof-of-concept study provides evidence 

that acute consumption of specific nutraceutical 

ingredients— PurGinseng P. ginseng extract, Oligen olive 

extract, MycoThrive Chaga mushroom extract, and 

CelluThrive potassium hydrogen glucarate—can rapidly 

influence key biological processes associated with 

healthy aging.  Each compound demonstrated distinct yet 

converging bioactivities that support stem cell 

mobilization and mitochondrial resilience, underscoring 

their potential as natural modulators of regenerative 

health.  The rapid mobilization of stem cells and early-

phase mitochondrial adaptations observed within hours 

of consumption suggest that these ingredients are fast-

acting modulators of the body’s repair and stress-

response systems.  These preliminary findings expand the 

scientific understanding of how targeted nutraceuticals 

can engage core mechanisms of cellular renewal and 

stress adaptation, offering promising avenues for future 

research in anti-aging and regenerative interventions, 

not limited to chronological aging, but also encompassing 

stress-related accelerated decline of physical and mental 

health associated with nutrition insecurity in large parts 

of the world [90].  Future research should aim to expand 

the scope of investigation to include mechanistic depth, 

broader populations, and long-term functional 

outcomes, ultimately guiding the development of 

targeted interventions for healthy aging and regenerative 

medicine. 



Functional Food Science 2026; 6(1): 27 – 50 Page 46 of 50 

List of abbreviations: BMI, body mass index; CME, Chaga 

mushroom extract; FITC, fluorescein isothiocyanate; FSC, 

forward scatter; H2O2, hydrogen peroxide; LPS, 

lipopolysaccharide; OE, olive extract; PBMC, peripheral 

blood mononuclear cells; PE, phycoerythrin; PGE, Panax 

ginseng extract; PHG, potassium hydrogen glucarate; 

PerCP, Peridinin-Chlorophyll-Protein; PMN, 

polymorphonuclear cells; RPMI, Roswell Park Memorial 

Institute; SSC, side scatter. 

Authors’ contributions: GSJ designed the research; GSJ 

and KS performed the testing reported here and 

performed final audits of the data analysis; GSJ, DC, and 

KS prepared the visuals for the manuscript; GSJ, KS, DC, 

and CF prepared the manuscript.   All authors have read 

and agreed to the published version of the manuscript. 

Competing interests: The authors GSJ, KS, DC declare no 

financial interests or conflicts of interest.  CF is employed 

as Chief Science Officer for the study sponsor, Applied 

Food Sciences Inc.  The work was performed at NIS Labs, 

an independent contract research laboratory specializing 

in natural products research and clinical trials.  NIS Labs 

received funding from Applied Food Sciences Inc. to 

conduct research on the nutraceutical products reported 

here but neither NIS Labs nor any of the coauthors GSJ, 

KS, and DC have other financial ties to the study sponsor 

or the nutraceutical products studied here.   

Acknowledgements and funding: This research received 

funding from Applied Food Sciences, Kerrville, Texas 

78028, USA.  The funder had no input on the study design 

and conduct of the study, subject recruitment, data 

collection, study management, or analysis of the data. 

REFERENCES 

1. Götz M, Torres-Padilla ME: Stem cells as role models for 

reprogramming and repair. Science. 2025;388: eadp2959.

DOI: https://doi.org/10.1126/science.adp2959

2. Eisner V, Picard M, Hajnóczky G: Mitochondrial dynamics in

adaptive and maladaptive cellular stress responses. Nat. Cell

Biol. 2018; 20:755–765. 

DOI: https://doi.org/10.1038/s41556-018-0133-0 

3. Amorim JA, Coppotelli G, Rolo AP, Palmeira CM, Ross JM, 

Sinclair DA: Mitochondrial and metabolic dysfunction in 

ageing and age-related diseases. Nat. Rev. Endocrinol. 2022, 

18: 243–258. 

DOI: https://doi.org/10.1038/s41574-021-00626-7 

4. Rando TA, Brunet A, Goodell MA: Hallmarks of stem cell 

aging. Cell Stem Cell. 2025, 32: 1038–1054. 

DOI: https://doi.org/10.1016/j.stem.2025.06.004

5. Cai Y, Wang S, Qu J, Belmonte JCI, Liu GH: Rejuvenation of 

tissue stem cells by intrinsic and eExtrinsic factors. Stem Cells 

Transl. Med. 2022, 11: 231–238. 

DOI: https://doi.org/10.1093/stcltm/szab012

6. Zhang X, Gao Y, Zhang S, et al.: Mitochondrial dysfunction in 

the regulation of aging and aging-related diseases. Cell 

Commun. Signal. 2025, 23: 290.

7. Lapidot T, Dar A, Kollet O: How do stem cells find their way 

home? Blood 2005, 106: 1901–1910. 

DOI: https://doi.org/10.1182/blood-2005-04-1417 

8. Haque N, Fareez IM, Fong LF, et al.: Role of the CXCR4-SDF1-

HMGB1 pathway in the directional migration of cells and 

regeneration of affected organs. World J. Stem Cells. 2020, 

12: 938–951. DOI: https://doi.org/10.4252/wjsc.v12.i9.938

9. Chen Y, Li Y, Lu F, Dong Z: Endogenous bone marrow-derived 

stem cell mobilization and homing for in situ tissue 

regeneration. Stem Cells. 2023, 41: 541–551.

DOI: https://doi.org/10.1093/stmcls/sxad026

10. Benitah SA, Welz PS: Circadian regulation of adult stem cell 

homeostasis and aging. Cell Stem Cell. 2020, 26: 817–831. 

DOI: https://doi.org/10.1016/j.stem.2020.05.002

11. Dierickx P, Van Laake LW, Geijsen N: Circadian clocks: from 

stem cells to tissue homeostasis and regeneration. EMBO 

Rep. 2018, 19: 18–28. 

DOI: https://doi.org/10.15252/embr.201745130

12. Abdelbaset-Ismail A, Brzezniakiewicz-Janus K, Thapa A, 

Ratajczak J, Kucia M, Ratajczak MZ: Pineal gland hormone 

melatonin inhibits migration of hematopoietic 

stem/progenitor cells (HSPCs) by downregulating Nlrp3 

inflammasome and upregulating heme oxygenase-1 (HO-1) 

activity. Stem Cell Rev. Rep. 2024, 20: 237–246.

DOI: https://doi.org/10.1007/s12015-023-10638-7 

13. García-García A, Méndez-Ferrer S: The autonomic nervous 

system pulls the strings to coordinate circadian HSC 

functions. Front. Immunol. 2020, 11: 956.

DOI: https://doi.org/10.3389/fimmu.2020.00956

14. Sciarra F, Franceschini E, Palmieri G, Venneri MA: Complex 

gene-dependent and -independent mechanisms control 

daily rhythms of hematopoietic cells. Biomed. 

Pharmacother. 2025, 183: 117803.

https://doi.org/10.1126/science.adp2959
https://doi.org/10.1038/s41556-018-0133-0
https://doi.org/10.1038/s41574-021-00626-7
https://doi.org/10.1016/j.stem.2025.06.004
https://doi.org/10.1093/stcltm/szab012
https://doi.org/10.1182/blood-2005-04-1417
https://doi.org/10.4252/wjsc.v12.i9.938
https://doi.org/10.1093/stmcls/sxad026
https://doi.org/10.1016/j.stem.2020.05.002
https://doi.org/10.15252/embr.201745130
https://doi.org/10.1007/s12015-023-10638-7
https://doi.org/10.3389/fimmu.2020.00956


Functional Food Science 2026; 6(1): 27 – 50 Page 47 of 50 

15. Carvalho DS, Andrade RF, Pinho ST, et al.: What are the

evolutionary origins of mitochondria? A Complex Network 

Approach. PLoS One. 2015, 10: e0134988. 

DOI: https://doi.org/10.1371/journal.pone.0134988

16. Borges DGF, Carvalho DS, Bomfim GC, et al.: On the origin of

mitochondria: a multilayer network approach. Peer J. 2023,

11: e14571. DOI: https://doi.org/10.7717/peerj.14571

17. Zhang F, Lee A, Freitas AV, Herb JT, Wang ZH, Gupta S, Chen

Z, Xu H: A transcription network underlies the dual genomic

coordination of mitochondrial biogenesis. Elife. 2024, 13:

RP96536. DOI: https://doi.org/10.7554/eLife.96536

18. Giegé P, Sweetlove LJ, Cognat V, Leaver CJ: Coordination of

nuclear and mitochondrial genome expression during 

mitochondrial biogenesis in Arabidopsis. Plant Cell. 2005,

17: 1497–1512. 

DOI: https://doi.org/10.1105/tpc.104.030254

19. Martirosyan D, Stratton S. Quantum and tempus theories of 

functional food science in practice. Functional Food Science.

2023; 3(5):55–62. 

DOI: https://doi.org/10.31989/ffs.v3i5.1122

20. Rithi AT, Mitrs A, Banerjee A, Ilanchoorian D, Marotta F, 

Radhakrishnan AK:  Effect of prebiotics, probiotics, and

synbiotics on gut microbiome in diabetes among coastal 

communities. Functional Food Science. 2023;4(1):11–28.

DOI: https://doi.org/10.31989/ffs.v4i1.1271

21. Li Y, Zhang M, Zhang K, Niu H, Li H, Wu W: Ginsenosides 

modulate immunity via TLR4/MyD88/NF-κB pathway and

gut microbiota. Phytomedicine. 2025, 142: 156763. 

DOI: https://doi.org/10.1016/j.phymed.2025.156763

22. Wang X, Zhao H, Lin W, et al.: Panax notoginseng saponins

ameliorate LPS-induced acute lung injury by promoting 

STAT6-mediated M2-like macrophage polarization.

Phytomedicine. 2025, 139: 156513.

DOI: https://doi.org/10.1016/j.phymed.2025.156513

23. Zhao Q, Wang H, Tang X, Wang Y, Lin X, Zhang W, Chen J, Li 

Y: Research progress on the anti-aging potential of the active

components of Ginseng. J. Funct. Foods. 2023, 104: 103822.

DOI: https://doi.org/10.1016/j.jff.2023.103822

24. Xu C, Lin X, Zhou W, Ma Y, Liu Y, Zhang W, Zhang M, Sun C,

Li S, Wang Y, Zhang B, Han Y: Research on the anti-aging

mechanisms of Panax ginseng extract in mice: a gut

microbiome and metabolomics approach. Front. Pharmacol.

2024, 15: 1415844. 

DOI: https://doi.org/10.3389/fphar.2024.1415844

25. Jung H, Kang KA, Lee H, Lee K, Park SH, Shin YK, Kim HJ, Park 

S, Kim H, Park JH: Anti-aging and anti-inflammatory effects 

of compounds from fresh Panax ginseng roots: A Study on

TNF-α/IFN-γ-Induced Skin Cell Damage. Molecules. 2023,

29(22): 5479. 

DOI: https://doi.org/10.3390/molecules29225479

26. Kim H, Park J: Inhibitory effects and molecular mechanisms 

of Ginsenoside Rg1 on the senescence of hematopoietic 

stem cells. Front. Pharmacol. 2024, 15: 1415844.

DOI: https://doi.org/10.3389/fphar.2024.1415844

27. Lu Y, Zheng C, Wang Y: Ginsenoside Rg1 of Panax ginseng 

stimulates the proliferation, odontogenic/osteogenic 

differentiation, and gene expression profiles of human 

dental pulp stem cells. J. Funct. Foods. 2024, 66: 103822. 

DOI: https://doi.org/10.1016/j.jff.2024.103822

28. Chen XY, Zhou JM, Liu JQ, Yang RQ, Chen JJ, Wang SP, et al.: 

Ginsenoside Rg1 as a potential regulator of hematopoietic 

stem/progenitor cells. Stem Cells Dev. 2023, 32(10–11): 

305–316. DOI: https://doi.org/10.1089/scd.2023.0016

29. Chopra P, Chhillar H, Kim YJ, Jo IH, Kim ST, Gupta R: 

Phytochemistry of ginsenosides: Recent advancements and 

emerging roles. Crit. Rev. Food Sci. Nutr. 2023, 63(5): 613–

640. 

DOI: https://doi.org/10.1080/10408398.2021.1952159

30. Wang B, Feng G, Tang C, et al.: Ginsenoside Rd maintains 

adult neural stem cell proliferation during lead-impaired 

neurogenesis. Neurol. Sci. 2013, 34(7): 1181–1188. 

DOI: https://doi.org/10.1007/s10072-012-1215-6 

31. Zhang JS, He QY, Huang T, Zhang BX: Effects of Panax 

notoginseng saponins on homing of C-kit+ bone 

mesenchymal stem cells to the infarction heart in rats. J. 

Tradit. Chin. Med. 2011, 31(3): 203–208.

32. Kim Y, Kim DY, Chung WS, Kim YJ, Oh B, Kim SD, Choi BK: Red 

Ginseng improves exercise endurance by promoting 

mitochondrial biogenesis and myoblast differentiation. 

Antioxidants (Basel). 2020, 9(3): 403. 

DOI: https://doi.org/10.3390/antiox9030403

33. Sun CR, Li ZR, Cui XS, Ma KJ, Xu C, Li SX: Ginsenoside Rc, an 

active component of Panax ginseng, alleviates oxidative 

stress-induced muscle atrophy via improvement of 

mitochondrial biogenesis. Nutrients. 2024, 16(4): 517. DOI: 

https://doi.org/10.3390/nu16040517

34. Ni XC, Wang HF, Cai YY, et al.: Ginsenoside Rb1 inhibits 

astrocyte activation and promotes transfer of astrocytic 

mitochondria to neurons against ischemic stroke. Redox 

Biol. 2022, 54: 102363. 

DOI: https://doi.org/10.1016/j.redox.2022.102363

35. Carpi S, Scoditti E, Massaro M, Polini B, Manera C, 

Digiacomo M, et al.: The extra-virgin olive oil polyphenols 

oleocanthal and oleacein counteract inflammation-related 

gene and miRNA expression in adipocytes by attenuating 

NF-κB activation. Nutrients. 2019, 11(12): 2855. 

DOI: https://doi.org/10.3390/nu11122855

https://doi.org/10.1371/journal.pone.0134988
https://doi.org/10.7717/peerj.14571
https://doi.org/10.7554/eLife.96536
https://doi.org/10.1105/tpc.104.030254
https://doi.org/10.31989/ffs.v3i5.1122
https://doi.org/10.31989/ffs.v4i1.1271
https://doi.org/10.1016/j.phymed.2025.156763
https://doi.org/10.1016/j.phymed.2025.156513
https://doi.org/10.1016/j.jff.2023.103822
https://doi.org/10.3389/fphar.2024.1415844
https://doi.org/10.3390/molecules29225479
https://doi.org/10.3389/fphar.2024.1415844
https://doi.org/10.1016/j.jff.2024.103822
https://doi.org/10.1089/scd.2023.0016
https://doi.org/10.1080/10408398.2021.1952159
https://doi.org/10.1007/s10072-012-1215-6
https://doi.org/10.3390/antiox9030403
https://doi.org/10.3390/nu16040517
https://doi.org/10.1016/j.redox.2022.102363
https://doi.org/10.3390/nu11122855


Functional Food Science 2026; 6(1): 27 – 50 Page 48 of 50 

36. González-Hedström D, García-Villalón ÁL, Amor S, et al.:

Olive leaf extract supplementation improves the vascular 

and metabolic alterations associated with aging in Wistar 

rats. Sci. Rep. 2021, 11(1): 8188. 

DOI: https://doi.org/10.1038/s41598-021-87628-7 

37. Carrara M, Richaud M, Cuq P, Galas S, Margout-Jantac D:

Influence of oleacein, an olive oil and olive mill wastewater

phenolic compound, on Caenorhabditis elegans longevity

and stress resistance. Foods. 2024, 13(13): 2146. 

DOI: https://doi.org/10.3390/foods13132146

38. Corominas-Faja B, Santangelo E, Cuyàs E, et al.: Computer-

aided discovery of biological activity spectra for anti-aging

and anti-cancer olive oil oleuropeins. Aging (Albany NY). 

2014, 6(9): 731–741. 

DOI: https://doi.org/10.18632/aging.100691

39. Nisticò SP, Greco ME, Amato S, et al.: Evaluating the impact 

of oleocanthal and oleacein on skin aging: Results of a 

randomized clinical study. Medicina (Kaunas). 2024, 60(6):

947.  DOI: https://doi.org/10.3390/medicina60060947

40. de Oliveira NM, Machado J, Cheu MH, Lopes L, Criado MB:

Therapeutic potential of olive leaf extracts: A

comprehensive review. Appl. Biosci. 2024, 3(3): 392–425.

DOI: https://doi.org/10.3390/ph17030274

41. Fordjour E, Manful CF, Javed R, et al.: Chaga mushroom: a 

super-fungus with countless facets and untapped potential. 

Front. Pharmacol. 2023, 14: 1273786. 

DOI: https://doi.org/10.3389/fphar.2023.1273786

42. Szychowski KA, Skóra B, Pomianek T, Gmiński J: Inonotus

obliquus – from folk medicine to clinical use. J. Tradit.

Complement. Med. 2020, 11(4): 293–302.

DOI: https://doi.org/10.1016/j.jtcme.2020.08.003

43. Sułkowska-Ziaja K, Robak J, Szczepkowski A, et al.:

Comparison of bioactive secondary metabolites and 

cytotoxicity of extracts from Inonotus obliquus isolates from

different host species. Molecules. 2023, 28(13): 4907.

DOI: https://doi.org/10.3390/molecules28134907

44. Avula B, Katragunta K, Tatapudi KK, Khan IA: Quantitative

analysis and simultaneous characterization of triterpenoids 

and phenolics in Inonotus obliquus (Chaga) using LC-PDA-

ELSD and LC-DAD-QToF. Planta Med. 2025, 10.1055/a-2689-

8131. DOI: https://doi.org/10.1055/a-2689-8131 

45. Zheng W, Miao K, Liu Y, et al.: Chemical diversity of

biologically active metabolites in the sclerotia of Inonotus

obliquus and submerged culture strategies for up-regulating 

their production. Appl. Microbiol. Biotechnol. 2010, 87(4):

1237–1254. 

DOI: https://doi.org/10.1007/s00253-010-2682-4 

46. Ern PTY, Quan TY, Yee FS, Yin ACY: Therapeutic properties of

Inonotus obliquus (Chaga mushroom): A review. Mycology.

2023, 15(2): 144–161.

DOI: https://doi.org/10.1080/21501203.2023.2260408

47. Lin B, Bai G, Zhang Y, Wang Y, Chen S: Betulinic acid from

Inonotus obliquus ameliorates T2DM by modulating short-

chain fatty acids producing bacteria and amino acids

metabolism in db/db mice. J. Ethnopharmacol. 2025, 342:

119417. DOI: https://doi.org/10.1016/j.jep.2025.119417

48. Wang J, Hu W, Li L, et al.: Antidiabetic activities of

polysaccharides separated from Inonotus obliquus via the

modulation of oxidative stress in mice with streptozotocin-

induced diabetes. PLoS One. 2017, 12(6): e0180476. 

DOI: https://doi.org/10.1371/journal.pone.0180476

49. Zou CX, Wang XB, Lv TM, et al.: Flavan derivative

enantiomers and drimane sesquiterpene lactones from the 

Inonotus obliquus with neuroprotective effects. Bioorg.

Chem. 2020, 96: 103588. 

DOI: https://doi.org/10.1016/j.bioorg.2020.103588

50. Han Y, Nan S, Fan J, Chen Q, Zhang Y: Inonotus obliquus

polysaccharides protect against Alzheimer's disease by 

regulating Nrf2 signaling and exerting antioxidative and

antiapoptotic effects. Int. J. Biol. Macromol. 2019, 131: 769–

778.  DOI: https://doi.org/10.1016/j.ijbiomac.2019.03.033

51. Hong KB, Noh DO, Park Y, Suh HJ: Hepatoprotective activity

of water extracts from Chaga medicinal mushroom, Inonotus

obliquus (Higher Basidiomycetes) against tert-butyl 

hydroperoxide-induced oxidative liver injury in primary

cultured rat hepatocytes. Int. J. Med. Mushrooms. 2015,

17(11): 1069–1076. DOI:

https://doi.org/10.1615/IntJMedMushrooms.v17.i11.70

52. Chen YM, Chiu WC, Chiu YS: Effect of Inonotus obliquus

extract supplementation on endurance exercise and energy-

consuming processes through lipid transport in mice. 

Nutrients. 2022, 14(23): 5007.

DOI: https://doi.org/10.3390/nu14235007

53. Ayyadurai VAS, Deonikar P, Fields C: Mechanistic

understanding of D-glucaric acid to support liver

detoxification essential to muscle health using a 

computational systems biology approach. Nutrients. 2023,

15: 733. DOI: https://doi.org/10.3390/nu15030733

54. Bhattacharya S, Manna P, Gachhui R, Sil PC: D-saccharic acid

1,4-lactone protects diabetic rat kidney by ameliorating

hyperglycemia-mediated oxidative stress and renal 

inflammatory cytokines via NF-κB and PKC signaling. Toxicol.

Appl. Pharmacol. 2013, 267: 16–29. 

DOI: https://doi.org/10.1016/j.taap.2012.12.005

https://doi.org/10.1038/s41598-021-87628-7
https://doi.org/10.3390/foods13132146
https://doi.org/10.18632/aging.100691
https://doi.org/10.3390/medicina60060947
https://doi.org/10.3390/ph17030274
https://doi.org/10.3389/fphar.2023.1273786
https://doi.org/10.1016/j.jtcme.2020.08.003
https://doi.org/10.3390/molecules28134907
https://doi.org/10.1055/a-2689-8131
https://doi.org/10.1007/s00253-010-2682-4
https://doi.org/10.1080/21501203.2023.2260408
https://doi.org/10.1016/j.jep.2025.119417
https://doi.org/10.1371/journal.pone.0180476
https://doi.org/10.1016/j.bioorg.2020.103588
https://doi.org/10.1016/j.ijbiomac.2019.03.033
https://doi.org/10.1615/IntJMedMushrooms.v17.i11.70
https://doi.org/10.3390/nu14235007
https://doi.org/10.3390/nu15030733
https://doi.org/10.1016/j.taap.2012.12.005


Functional Food Science 2026; 6(1): 27 – 50 Page 49 of 50 

55. Bhattacharya S, Manna P, Gachhui R, Sil PC: D-saccharic acid-

1,4-lactone ameliorates alloxan-induced diabetes mellitus 

and oxidative stress in rats through inhibiting pancreatic β-

cells from apoptosis via mitochondrial dependent pathway. 

Toxicol. Appl. Pharmacol. 2011, 257: 272–283. 

DOI: https://doi.org/10.1016/j.taap.2011.09.013

56. Ho A, Sinick J, Esko T, et al.: Circulating glucuronic acid

predicts healthspan and longevity in humans and mice. 

Aging (Albany NY). 2019, 11: 7694–7706. 

DOI: https://doi.org/10.18632/aging.102281

57. Jensen GS, Hart AN, Zaske LAM, Drapeau C, Gupta N,

Schaeffer DJ, Cruickshank JA: Mobilization of human

CD34⁺CD133⁺ and CD34⁺CD133⁻ stem cells in vivo by

consumption of an extract from Aphanizomenon flos-

aquae—related to modulation of CXCR4 expression by an L-

selectin ligand? Cardiovasc. Revasc. Med. 2007, 8: 189–202.

DOI: https://doi.org/10.1016/j.carrev.2007.03.004

58. Drapeau C, Benson KF, Jensen GS: Rapid and selective 

mobilization of specific stem cell types after consumption of

a polyphenol-rich extract from sea buckthorn berries

(Hippophae) in healthy human subjects. Clin. Interv. Aging.

2019, 14: 253–263. 

DOI: https://doi.org/10.2147/CIA.S186893

59. Yu L, McGarry S, Cruickshank D, Jensen GS: Rapid increase in

immune surveillance and expression of NKT and γδT cell 

activation markers after consuming a nutraceutical 

supplement containing Aloe vera gel, extracts of Poria cocos

and rosemary. A randomized placebo-controlled cross-over 

trial. PLoS One. 2023, 18: e0291254. 

DOI: https://doi.org/10.1371/journal.pone.0291254

60. Iloba I, Cruickshank D, Sanchez K, Brawer S, Grundman O, 

Jensen GS: Rapid immune modulation after consuming 

Euglena gracilis whole algae involving altered responses to 

ex vivo immune challenges: A placebo-controlled cross-over 

trial. Nutraceuticals. 2024, 4: 283–306. 

DOI: https://doi.org/10.3390/nutraceuticals4020018

61. Yu L, Iloba I, Cruickshank D, Jensen GS: Feasibility trial

exploring immune-related biomarkers pertaining to rapid

immune surveillance and cytokine changes after consuming 

a nutraceutical supplement containing colostrum- and egg-

based low-molecular-weight peptides. Curr. Issues Mol. Biol.

2024, 46: 6710–6724. 

DOI: https://doi.org/10.3390/cimb46070400 [mdpi.com] 

62. Martirosyan D: Functional food science and bioactive 

compounds.  Bioactive Compounds in Health and Disease.

2025;8(6):218–229.

DOI: https://doi.org/10.31989/bchd.v8i6.1667

63. Kim J, Sun W: Circadian coordination: understanding 

interplay between circadian clock and mitochondria. Anim.

Cells Syst. (Seoul). 2024, 28: 228–236. 

DOI: https://doi.org/10.1080/19768354.2024.2347503

64. Silaidos C, Grube J, Muley C, Eckert GP: Time-dependent 

melatonin secretion is associated with mitochondrial

function in peripheral blood mononuclear cells (PBMC) of

male volunteers. Mitochondrion. 2020, 53: 21–29. 

DOI: https://doi.org/10.1016/j.mito.2020.04.006

65. Aguilar-López BA, Moreno-Altamirano MMB, Dockrell HM,

Duchen MR, Sánchez-García FJ: Mitochondria: An

integrative hub coordinating circadian rhythms, 

metabolism, the microbiome, and immunity. Front. Cell Dev.

Biol. 2020, 8: 51. 

DOI: https://doi.org/10.3389/fcell.2020.00051

66. Hamilton D, Jensen GS: Nutraceutical Support of 

Mitochondrial Function Associated With Reduction of Long-

term Fatigue and Inflammation. Altern. Ther. Health Med. 

2021, 27(3): 8–18.

67. Dimitrov S, Lange T, Nohroudi K, Born J: Number and

function of circulating human antigen presenting cells

regulated by sleep. Sleep 2007, 30(4): 401–411. 

DOI: https://doi.org/10.1093/sleep/30.4.401

68. Lefta M, Wolff G, Esser KA: Circadian rhythms, the molecular 

clock, and skeletal muscle. Curr. Top. Dev. Biol. 2011, 96:

231–271.

DOI: https://doi.org/10.1016/B978-0-12-385940-2.00010-9 

69. Shephard RJ: Adhesion molecules, catecholamines and

leucocyte redistribution during and following exercise. 

Sports Med. 2003, 33(4): 261–284. 

DOI: https://doi.org/10.2165/00007256-200333040-00002

70. Dimitrov S, Benedict C, Heutling D, Westermann J, Born J, 

Lange T: Cortisol and epinephrine control opposing circadian

rhythms in T cell subsets. Blood. 2009, 113(21): 5134–5143.

DOI: https://doi.org/10.1182/blood-2008-11-190769 

71. Atanackovic D, Schnee B, Schuch G, Faltz C, Schulze J, Weber 

CS, et al.: Acute psychological stress alerts the adaptive 

immune response: stress-induced mobilization of effector T 

cells. J. Neuroimmunol. 2006, 176(1–2): 141–152. 

DOI: https://doi.org/10.1016/j.jneuroim.2006.03.023

72. Atanackovic D, Brunner-Weinzierl MC, Kröger H, Serke S, 

Deter HC: Acute psychological stress simultaneously alters 

hormone levels, recruitment of lymphocyte subsets, and

production of reactive oxygen species. Immunol. Invest.

2002, 31(2): 73–91.

DOI: https://doi.org/10.1081/imm-120004800 

https://doi.org/10.1016/j.taap.2011.09.013
https://doi.org/10.18632/aging.102281
https://doi.org/10.1016/j.carrev.2007.03.004
https://doi.org/10.2147/CIA.S186893
https://doi.org/10.1371/journal.pone.0291254
https://doi.org/10.3390/nutraceuticals4020018
https://doi.org/10.3390/cimb46070400
https://doi.org/10.31989/bchd.v8i6.1667
https://doi.org/10.1080/19768354.2024.2347503
https://doi.org/10.1016/j.mito.2020.04.006
https://doi.org/10.3389/fcell.2020.00051
https://doi.org/10.1093/sleep/30.4.401
https://doi.org/10.1016/B978-0-12-385940-2.00010-9
https://doi.org/10.2165/00007256-200333040-00002
https://doi.org/10.1182/blood-2008-11-190769
https://doi.org/10.1016/j.jneuroim.2006.03.023
https://doi.org/10.1081/imm-120004800


Functional Food Science 2026; 6(1): 27 – 50 Page 50 of 50 

73. Miyasaka K, Takeda S, Yoneda A, Kubo M, Shimoda H:  Rice-

derived glucosylceramides up-regulate HLA-DR expression

on myeloid dendritic cells to activate innate immune 

responses in healthy Japanese subjects: A randomized, 

placebo-controlled, double-blind trial.  Functional Foods in

Health and Disease. 2025;15(8):506–518. 

DOI: https://doi.org/10.31989/ffhd.v15i8.1666

74. Uccelli A, Moretta L, Pistoia V: Mesenchymal stem cells in

health and disease. Nat. Rev. Immunol. 2008, 8(9): 726–736.

DOI: https://doi.org/10.1038/nri2395

75. Sensebé L, Krampera M, Schrezenmeier H, Bourin P,

Giordano R: Mesenchymal stem cells for clinical application.

Vox Sang. 2010, 98(2): 93–107.

76. Urdzíková L, Jendelová P, Glogarová K, Burian M, Hájek M,

Syková E: Transplantation of bone marrow stem cells as well

as mobilization by granulocyte-colony stimulating factor 

promotes recovery after spinal cord injury in rats. J.

Neurotrauma. 2006, 23(9): 1379–1391. 

DOI: https://doi.org/10.1089/neu.2006.23.1379

77. Barrett AJ, Longhurst P, Sneath P, Watson JG: Mobilization

of CFU-C by exercise and ACTH induced stress in man. Exp. 

Hematol. 1978, 6(7): 590–594.

78. De Lisio M, Parise G: Exercise and hematopoietic stem and

progenitor cells: protection, quantity, and function. Exerc. 

Sport Sci. Rev. 2013, 41(2): 116–122. 

DOI: https://doi.org/10.1097/JES.0b013e3182877deb

79. Domínguez-López I, López-Yerena A, Vallverdú-Queralt A,

Pallàs M, Lamuela-Raventós RM, Pérez M: From the gut to

the brain: the long journey of phenolic compounds with 

neurocognitive effects. Nutr. Rev. 2025, 83(2): e533–e546.

DOI: https://doi.org/10.1093/nutrit/nuae034

80. Barton JR, Londregan AK, Alexander TD, Entezari AA, 

Covarrubias M, Waldman SA: Enteroendocrine cell 

regulation of the gut-brain axis. Front. Neurosci. 2023, 17:

1272955. DOI: https://doi.org/10.3389/fnins.2023.1272955

81. Hwang YK, Oh JS: Interaction of the vagus nerve and

serotonin in the gut-brain axis. Int. J. Mol. Sci. 2025, 26(3):

1160.  DOI: https://doi.org/10.3390/ijms26031160

82. Liu GQ, Liu ZX, Lin ZX, Chen P, Yan YC, Lin QR, et al.: Effects 

of dopamine on stem cells and its potential roles in the

treatment of inflammatory disorders: a narrative review.

Stem Cell Res. Ther. 2023, 14(1): 230. 

DOI: https://doi.org/10.1186/s13287-023-03454-w

83. Zhang H, Menzies KJ, Auwerx J: The role of mitochondria in

stem cell fate and aging. Development. 2018, 145(8):

dev143420. DOI: https://doi.org/10.1242/dev.143420

84. Morganti C, Ito K: Mitochondrial contributions to 

hematopoietic stem cell aging. Int. J. Mol. Sci. 2021, 22(20):

11117. DOI: https://doi.org/10.3390/ijms222011117

85. Anastacio MM, Kanter EM, Makepeace CM, Keith AD, Zhang 

H, Schuessler R,, et al.: Relationship between mitochondrial

matrix volume and cellular volume in response to stress and 

the role of ATP-sensitive potassium channel. Circulation.

2013, 128(11 Suppl 1): S130–S135. DOI:

https://doi.org/10.1161/CIRCULATIONAHA.112.000128

86. Liesa M, Palacín M, Zorzano A: Mitochondrial dynamics in

mammalian health and disease. Physiol. Rev. 2009, 89: 799–

845. DOI: https://doi.org/10.1152/physrev.00030.2008

87. Chan DC: Mitochondria: dynamic organelles in disease, 

aging, and development. Cell. 2006, 125: 1241–1252. 

DOI: https://doi.org/10.1016/j.cell.2006.06.010

88. Skulachev VP: Mitochondrial filaments and clusters as

intracellular power-transmitting cables. Trends Biochem. Sci.

2001, 26(1): 23–29. 

DOI:  https://doi.org/10.1016/s0968-0004(00)01735-7 

89. Xie B, Chen P, Hong Y, Xu C, Zhang W: Effects of a dietary

compound tablet on glucose metabolism in a hyperglycemic 

mouse model.  Dietary Supplements and Nutraceuticals.

2025;4(6):1–11. 

DOI: https://doi.org/10.31989/dsn.v4i6.1621

90. Iriti M, Vitalini S: Climate change, natural disasters, armed

conflicts and migrations at the crossroads between food and 

nutrition insecurity and undernourishment.  Functional Food

Science. 2024:5(1)1-5. 

DOI: https://www.doi.org/10.31989/ffs.v5i1.1547

https://doi.org/10.31989/ffhd.v15i8.1666
https://doi.org/10.1038/nri2395
https://doi.org/10.1089/neu.2006.23.1379
https://doi.org/10.1097/JES.0b013e3182877deb
https://doi.org/10.1093/nutrit/nuae034
https://doi.org/10.3389/fnins.2023.1272955
https://doi.org/10.3390/ijms26031160
https://doi.org/10.1186/s13287-023-03454-w
https://doi.org/10.1242/dev.143420
https://doi.org/10.3390/ijms222011117
https://doi.org/10.1161/CIRCULATIONAHA.112.000128
https://doi.org/10.1152/physrev.00030.2008
https://doi.org/10.1016/j.cell.2006.06.010
https://doi.org/10.1016/s0968-0004(00)01735-7
https://doi.org/10.31989/dsn.v4i6.1621
https://www.doi.org/10.31989/ffs.v5i1.1547

