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ABSTRACT 

Background: Aging is associated with alterations in oxi-inflammatory-immune profile, and endothelial cell dysfunction. 

Indeed, increased generation of free radicals as well as immunosenescence are hallmarks of the aging process and age-

related diseases. In the past 12 years or so, data has been accumulated on fermented papaya preparation (FPP®) (Osato 

Research Institute, Gifu, Japan), a specific functional food with robust redox and immune regulator nutrigenomics effect. 

The aim of this 2-year ongoing study of which we report the first-year data, was to test FPP® in redox, endothelial, and 

immune markers. 

Methods: Study population. From a total of 106 subjects, we report the analyzed data referring to 78 clinically stable, 

healthy, community-dwelling males and females, aged 60 to 75 years. The study was conducted using a double-blind 

method with designated groups A and B to fulfill the two different treatments. The two treatments are as follows: Group 

A, also known as “FPP Group,” was given one sachet two times per day containing 4.5g FPP®, along with one placebo 

capsule provided in the morning. Group B, also known as “AA Group,” was given one papaya-flavored sachet two times 
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per day, along with one antioxidant mixture capsule in the morning. Morning blood samples were collected and tested 

for: Ultra-sensitive c-reactive protein (a highly sensitive ELISA), inducible nitric oxide synthase (iNOS) (by Human Nitric 

Oxide Synthase kit), asymmetric dimethylarginine, or ADMA, (a competitive enzyme-linked immunosorbent assay), 

apoptosis of PBMCs (by Annexin V staining) and MOS 36-item short-form health survey (SF-36) to assess quality of life. 

Screening and blood tests were carried out as follows: Visit I: Day 0 - Baseline, Visit II: Day 60, or 2 months, Visit III: 6 

months, Visit IV: 11 months. 

Results: Plasma iNOS levels were comparable among both groups at the beginning of the study. FPP®-treated subjects 

showed a significant increased level at Visits II and III (P<0.05 vs baseline and vs AA). ADMA values were not affected by 

AA supplementation whereas FPP® treatment was associated with a significant decrease beginning with observation 

during Visit III (P<0.05 vs baseline and vs AA administration). The FPP® intervention was associated with improvements 

among several domains of quality of life such as physical function, general health, and mental components (P < 0.01 vs 

baseline and vs AA group). There was also at significant and comparable positive effect for time on vitality shown in both 

AA and FPP® groups. 

Conclusion: Unlike with the antioxidant treatment, the FPP® intervention yielded a transient decrease of ADMA, a 

decrease of iNOS and lower percentage in apoptotic PBMC. These results suggest that FPP®, by a more multifaceted, 

subcellular mechanism, as well as non-redox modulatory properties, was beneficially effective in regulating aging 

markers. These mechanisms are associated with a better SF-36 profile in support of FPP® as a candidate interventional 

functional food for health maintenance, and specifically in middle-age/elderly subjects. 
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INTRODUCTION 

Aging is associated with a remarkable modification in the 

inflammatory-immune profile, and is interrelated to a 

complex, and not yet fully unveiled, interplay between 

oxi-inflammatory mediators, immune cells, and 

endothelial cells taking place at an older age [1-3]. Nitric 

oxide (NO) represents the most significant vasodilatory 

effector produced by endothelial cells, which also act as 

a down-regulator factor for a number of pro-

inflammatory cytokines, leukocyte, and thrombocyte 

accumulation, as well as atherosclerosis pathways [4-7]. 

In contrast, asymmetric dimethylarginine (ADMA), acts 

as an endogenous NOS inhibitor, and its increase 

represents a known risk factor for neurological diseases 

[8-10]. When the body is in excess of free radicals, the 

uncontrolled generation of NO itself, may transition to 

become detrimental and hinder the bioavailability of NO 

[11]. The ultimate result of this nitro-oxidative stress is 

cellular molecular injury, altered permeability of cell 

membranes, enhanced risk of age-related chronic 

diseases, and carcinogenesis [12-14]. However, the link 

between the two still has much unclear data [15]. The 

increased generation and immunosenescence of free 

radicals are established hallmarks of the aging process 

[16, 17]. Abnormalities of the CD4+/CD8+ ratio, as well as 

elevated neutrophil/lymphocyte ratio (NLR), have been 

reported as sensitive predicting markers for a poor 

prognosis in chronic inflammatory diseases, but also in 

acute bacterial and viral infections, including COVID-19, 

or in chemical-induced mutagenicity [18-23].  

For the last 12 years, data accumulation has been 

compiled a fermented papaya preparation, a specific 

functional food with robust redox and immune regulator 

nutrigenomics effects [24-29]. We refer to the newest 

definition of functional food by the last FFC consensus 

illuminating the activity of bioactive compounds and the 

measurement of related biomarkers, [30]. 

The primary aim of the ongoing trial is to test the 

effect of a patented functional food, i.e., Fermented 

Papaya Preparation (FPP®)( Osato Research Institute, 

Gifu, Japan) prepared over a proprietary 8-month 

fermentation process on the following: nitric oxide 

synthase, asymmetric dimethylarginine (ADMA), and 

apoptosis of peripheral blood cells. Health-related quality 

of life (HRQOL) is an important concept to describe with 

regard to the subjective well-being of the general 

population and persons suffering from a disease. HRQOL 

is a significant patient-reported outcome [31]. The Short 

Form-36 (SF-36) is a widely utilized questionnaire 

assessing self-reported HRQOL in 8-month spans [31, 32]. 

Towards the end of 2 years, trials determining 

neutrophil-lymphocyte ratio and cytometry analysis of 

CD4+ and CD8+ cells had been completed, but further 

research is needed for further data collection. The study 

design and regulation were approved by the joint ethical 

committee of the ReGenera Research Association on 

January 19, 2020. Each subject recruited for the study 

was fully informed in all aspects of the process and 

followed the guidelines of the Declaration of Helsinki. 

Study population: From a total of 106 subjects, here we 

report the analyzed data referring to 78 clinically stable, 

healthy, community-dwelling males and females (m/f: 

38/40 respectively) aged 60 to 75 years, all negative for 

Covid-SARS2, and with BMI: 23.9 to 32.5 kg/m2. Mild 

dyslipidemia/borderline hyperglycemia was not 

considered as an exclusion criterion, if present, if the 

participant was not requiring pharmacological 

treatment. Exclusion criteria included several factors, 

including BMI ≥ 36, LDL >160 mg/dL, low Vitamin D 

marker (values would be normalized before trial), ApoE 

ɛ4 genotype, or any major cardiovascular event in the last 

6 months. Any subjects with ailments related to 

endocrine system, immune system, respiratory system, 

hepatobiliary system, kidney, and urinary system, 

neuropsychiatric, blood, tumors and gastrointestinal 

diseases were omitted from the trial. Antibiotic use 

within 4 weeks of randomization, use of lipid-lowering 

drugs, antacids, proton pump inhibitors, corticosteroids 
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or sex hormones would also disqualify the individual from 

becoming a participant. Lastly, fish oils, multivitamins, 

probiotics, protein supplements, nutraceuticals, and/or 

substance abuse issues including nicotine/caffeine 

dependence, or high-risk drinking would also be a 

disqualifying factor. High-risk drinking is defined as 

consumption of 4+ alcohol-containing beverages on any 

day or 5+ alcohol-containing beverages per week for 

women and 7 or more alcohol-containing beverages per 

week for men [33]. None of the subjects were engaged in 

strenuous physical activity, but all were conducting 

normal physical activities (e.g., leisure walking, 

gardening, walking to the workplace etc.) therefore, this 

variable did not represent a parameter to differentiate 

study groups. Nonetheless, subjects had a pedometer 

installed on their mobile device and were requested to 

complete an average of 6000 steps per day without any 

pre-fixed performance target. 

MATERIALS AND METHODS 

Design of the study: Before entering the study, a pre-

screening for thrombophilia was performed to exclude a 

hidden pro-thrombosis condition. The study was 

conducted in a double-blind methodology with two 

groups utilized: Group A, also known as Group FPP®, and 

Group B, also known as Group AAP. Group A was given 

4.5g FPP®, 1 sachet two times per day, with one placebo 

capsule added in the morning. Group B was given a 

papaya-flavored sachet, 4.5g two times per day. One 

capsule in the morning contained an antioxidant mixture 

composed with 50mg epigallocatechin-gallate, 20mg 

anthocyanidins, 200mg trans-resveratrol, 80mg 

Ubiquinol, 5mg zinc, 100mg Centella asiatica extract, and 

200IU Vitamin E. 

Total duration of the study at completion will be 20 

months (plus ≤3 weeks). Screening and blood tests were 

carried out as follows: Visit I: Baseline - Day 0, Visit II: Day 

60 or 2mo.), Visit III: 6mo, Visit IV: 10-11mo., Visit V: 

18mo., and Visit VI: 20mo.   

METHODS 

After an overnight fast, blood samples were withdrawn 

and examined in triplicate measures for a variety of tests, 

including serum AMDA, iNOS plasma concentration, 

Annexin V staining, and SF-36. 

Morning blood samples were collected from 

patients after 12 hours of fasting. Subjects were asked to 

refrain from physical activity for at least 30 minutes prior 

to the blood draw. In addition to routine clinical 

laboratory tests, serum ADMA concentrations were 

analyzed by independent technicians who were blinded 

to group assignment and not involved in the treatment of 

the patients. Ultra-sensitivity c-reactive protein was 

assessed by a highly sensitive ELISA with a lower limit of 

detection of 0.01 mg/L [34]. The intra-assay CV was 2.4%, 

and the inter-assay CV was 10.6%.  For the measurement 

of urinary 8-OHdG concentrations, also known as urinary 

8-oxo-7,8-dihydro-2’-deoxyguanosine (8OHdG), the

monoclonal antibody recognizes 8-OHdG specifically. 8-

OHdG levels were adjusted for urinary creatinine levels. 

Urinary 8-OHdG concentration was calculated as 

nanograms per milligram of creatinine [35]. The intra- 

and inter-assay coefficients of variation were 4.3% and 

5.1%, respectively.  

In order to assess the plasma concentration of iNOS, 

the Human Nitric Oxide Synthase 2 SEA837Hu reagent kit 

was used, with a detection range 0–1000pg/mL.  Nitrate 

was first reduced to nitrite by nitrate reductase, then 

plasma levels of nitrite were assessed using 

spectrophotometry through the Griess reaction. The 

Griess reagent consists of a 1:1 mixture of 0.2% N-1 

naphthyl-ethylene-diamine and sulfanilamide in 5% 

phosphoric acid. The Azo dye turns red violet in the 

presence of nitrite and is assessed by the 

spectrophotometer at 540nm [36].  
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A commercially available competitive enzyme-

linked immunosorbent assay (ELISA) kit for ADMA (DLD 

Diagnostika GmbH, Hamburg, Germany), with a 

sensitivity 0.01μmol/L and inter-assay coefficients of 

variation of less than 3%, were used to assess endothelial 

dysfunction in all individuals [ 37]. After blood sampling, 

serum was separated and stored at −80 °C until further 

analysis. Annexin V staining was performed using PE-

conjugated anti-annexin V antibody (eBioscience) in 

annexin V binding buffer (10 mM HEPES [pH7.4], 140 mM 

NaCl. 2.5 mM CaCl2) at RT for 15 min. DAPI (4′,6-

diamidino-2-phenylindole; Sigma-Aldrich) staining was 

utilized for excluding dead cells and apoptotic analysis 

[38]. Frequencies of apoptotic cells were computed by 

using BD LSRFortessa (BD Biosciences, San Jose, CA, USA). 

For Immune cell population profiles, PBMCs were 

isolated from the whole blood by density-gradient 

centrifugation using Ficoll-Paque density gradient media 

(GE Healthcare, Munich, Germany). Subsets of PBMCs 

were profiled with the antibodies specific for cell surface 

markers for CD4+ and CD8+ (Multitest Biosciences, San 

Jose, CA, USA) in FACS buffer (0.1% bovine calf serum and 

0.05% sodium azide in 1 × PBS phosphate buffered saline 

at 4°C/30 min) by collecting 30,000 total events over at 

least 10,000 lymphocytes. Profiles of each population 

were examined by flow cytometry using Cytomics FC 500 

and CXP software (Beckman Coulter), whereas 

frequencies of apoptotic cells were assessed using BD 

Biosciences, San Jose, CA, USA [39]. 

The Short Form-36 Health Survey Questionnaire 

(SF-36) is a standardized and widely used tool for 

assessing health-related QOL worldwide. The SF-36 is 

predominantly used to assess quality of life. According to 

the World Health Organization definition, quality of life 

(QOL) is related to culture, value system by which they 

live, goals, expectations, standards, and priorities. 

Physical and mental health, social relationships, personal 

beliefs, and the environment all affect the perceived 

QOL.  

All tests were performed by SPSS, Version 22 (IBM 

Inc., Armonik, NY, USA). Results are presented with 

means ± standard deviations (SD) for continuous 

variables. We also used the baseline value of FPP® to 

analyze its time-course changes. Differences between 

study participants were assessed by t-tests and Chi2-

tests, with a critical alpha level of 0.05 being utilized for 

all analyses.  

RESULTS 

50% of the study seniors (n=39) had normal body mass 

index (18.5–24.9 kg/m2), 39.7% (n=31) were classified as 

overweight (≥25 and ≤29.9 kg/m2) and 10.2.% (n=8) 

subjects were classified as Class I obese (30 to < 35 

kg/m2). Urinary 8-OHdG values appeared to be widely 

overlapping between the two groups at baseline and 

along the study (fig 1).  

Figure 1. Time-course profile of urinary 8OHdG level in AA supplemented group (blue bars) and in FPP®-supplemented group 

(orange bars). No significant change appeared. 
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However, while plotting these values, subjects >72 

years old (regardless of BMI), or all subjects with BMI >27 

kg/m2 (regardless of age), showed urinary 8OHdG values 

that were significantly higher than the overall baseline 

(P<0.05) and both treatments equally improved them (Fig 

2, P<0.05). 

Figure 2. Time-course profile of urinary 8OHdG levels in AA supplemented group (blue bars) and in FPP®-supplemented group (orange 

bars) in the cluster of subjects > 72 years or with BMI >27. Both treatments revealed a significant decrease as compared to baseline 

(significance read at P<0.05). 

Plasma iNOS levels were comparable among both 

groups at the beginning of the study (Fig 3). This 

concentration kept a constantly stable profile during the 

study period under AA treatment. However, FPP® treated 

subjects showed significant increased levels at the 2- and 

6-month check (P<0.05 vs baseline and vs AA). No specific

age, BMI, or gender correlation appeared in separate 

analysis (was not revealed). However, at the 11-month 

check, iNOS concentration returned to baseline-

comparable values. No significant change in dietary 

habits occurred between 6- and 11-month observation. 

Figure 3. NOS plasma levels during AA (blue bars) and FPP® (orange bars) supplementation over 11-month follow-up. FPP® 

supplementation brought about a transient, but significant increase at 2 and 6 months (*P<0.05 vs baseline and AA administration). 

Similarly, ADMA values seemed not to be affected 

by AA supplementation (Fig. 4), whereas FPP® treatment 

was associated with a significant decrease beginning 

from 6-month observation (P<0.05 vs baseline and vs AA 

administration).At the baseline, there was no significant 

difference between the two groups in the frequencies of 

apoptotic cells in the blood (Fig. 5). After the 6th month 

of trials, as compared to AA group which showed a 

gradual significant increase (P<0.05 vs baseline), FPP®-

supplemented group maintained a significantly stable 

lower percentage (P <0.01 vs AA group values obtained 

at 6 and 11 months). 
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Figure 4.  Time-course changes of plasma ADMA level in AA supplemented group (blue bars) and in FPP®-supplemented group (orange 

bars). Unlike AA supplementation, FPP® administration revealed a significant decrease at 6- and 11-month observation (*P<0.05 vs 

baseline and AA group). 

Figure 5. Frequency of apoptotic cells (Annexin V+ DAPI+) at baseline, 2, 6 and 11 months. Data presented as means ± SEMs. No significant 

differences between AA group and FPP® group at baseline appeared as measured by an unpaired t-test, and those measured afterwards 

were assessed by linear model adjusted to the baseline value. (*P< 0.01 vs baseline; #P<0.05 vs AA group at 6 and 11 months) 

The FPP® intervention was associated with 

improvements or trends toward improvement among 

several domains of quality of life (Fig. 6). Physical 

function, general health, and mental components of SF-

36 were significant (p < 0.01 vs baseline and vs AA group). 

There was also a significant, positive trend for effect and 

time on vitality in AA and FPP® groups at a comparable 

rate. The other variables were observed without affect by 

either treatment. 

Figure 6. Short Form-36 Quality of Life questionnaire. Green Bar: pooled baseline values; Blue bar: values after antioxidant mixture at 

11-month follow-up; Orange bar: values after FPP® at 11-month follow-up. (#P<0.01 vs baseline: *P<0.05 vs baseline and vs AA group.
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DISCUSSION 

Prior studies show that urinary levels of 8OHdG tend to 

be higher with aging processes, environmental toxin 

exposure, and observed in overweight individuals [40-

45]. Thus, it was not surprising that the values of this 

marker were rather scattered in our wider range 

population and no effect of either interventions could be 

observed. However, when combining aged and 

overweight subjects, significantly higher values were 

observed and both interventions yielded a significant 

improvement. Endothelial dysfunction is a crucial process 

preceding the onset and progression of cardiovascular 

diseases and during aging growth [46-48]. This disorder is 

invariably associated to an overall systemic redox 

imbalance, inflammatory deregulatory pathways and 

accelerated senescence of vascular endothelial cells [49-

51].  

Naturally, endothelial physiology relies on a 

dynamic interplay of NO and ADMA. 20 years ago, it had 

been reported that ADMA inhibition of NO synthesis may 

negatively affect cerebral blood flow (CBF), thus 

contributing to cognitive decline including nerve 

degeneration [52]. Recently, the relationship of CBF 

impairment and NO signaling has been established by 

functional MRI techniques where the administration of 

NO synthesis inhibition in healthy subjects can decrease 

CBF in multiple brain areas by an 11% significance [53]. 

Belpomme’s group [54], successfully treating a group of 

patients suffering from electro-hypersensitivity 

syndrome, clearly proved the clinical benefit of this 

specific FPP® when paired with a redox system and an 

increase in intracerebral tissue. Pulse metric index in the 

temporal lobes was measured by ultrasonic cerebral 

tomosphygmography (UCTS). In our present study, while 

antioxidant and FPP® exerted a comparably beneficial 

antioxidant effect, only FPP® showed a significant 

decrease in ADMA while also enhancing NO synthase 

activity at 2 and 6 months. We currently don’t have a 

reasonable explanation of the transient, albeit 

significant, nature of this latter effect. A limitation noted 

in the protocol was to purposefully not schedule and/or 

monitor specific exercise workloads, therefore it would 

be possible to objectively assess the dependent variable. 

It is well known that following increased activity of 

endothelial nitric oxide synthase, NO synthesis rises in 

association with muscle cell contractions [55]. We may 

assume that untrained participants shortly after paying 

attention to their physical exercise by the pedometer, 

had an appreciable biological response of iNOS, but later 

the perceived intensity faded as did the NO response. 

This hypothesis may find support from the recent data 

from Shannon et al. [56], showing that during endurance 

exercise, a potential reduction in NO bioavailability may 

occur in elderly.  To note, Casey et al. [57] has shown that 

vasodilator kinetics in exercising muscle are altered in 

aged population, presumably due to a inhibited NO 

signaling with a 45% decrease of the contribution of NO 

to exercise-induced hyperemia, as also clarified by 

Schrage et al. [58].   

It should also be considered in a further analysis of 

data that the effects of FPP® may vary with the age of 

participants, considering the different physiologies of 

subjects’ upper gastrointestinal tract [59]. On the other 

hand, neuronal nitric oxide synthase (nNOS) and iNOS are 

also located at brain level, and thus may be playing a role 

in the QOL perception. SF-36 analysis showed that 

variables such as physical function and vitality were 

comparably improved by both treatments, but only FPP® 

brought about a significant change in general well-being 

and mental health.  Based on the data of Belpomme’s 

group [54], we cannot rule out the perceptions of 

advancement in his study that are in line with our 

observed beneficial SF-36 response. On a cautious note, 

it must be mentioned that excess NO reacts with 

superoxide anions to produce peroxynitrite, a catalyst in 

the uncoupling of endothelial nitric oxide synthase 
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markers, a key factor in aging. The decrease in apoptosis 

observed in the present study needs to be tested against 

the frequency of CD14-positive PBMCs, which is mainly 

expressed on the surface of monocytes and easily 

induced by oxidative stress to remove apoptotic cells. 

Given the present limitations, in the quest for science-

based strategies for longevity and chronic disease risk 

prevention, the present data supports FPP® as a 

candidate for interventional functional food, where 

functional food is defined as a specific bioactive- and 

biomarker-endowed, non-GMO, clinical trial-tested 

dietary element for health maintenance and an adjuvant 

weapon in medical treatments. 

Abbreviations: iNOS: Inducible nitric oxide synthase; 

ADMA: Asymmetric dimethylarginine; PBMCs: Peripheral 

Blood Mononuclear Cells; SF-36: 36-item short form 

health survey; FPP®: Fermented Papaya Preparation; 

BMI: Body Mass Index; 8OHdG: 8-oxo-7,8-dihydro-2’-

deoxyguanosine  
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(eNOS), which perpetuates vascular oxidative stress. 

However, when superoxide anions are under control, as 

exerted by FPP® [60, 61], this phenomenon is negligible. 

In study conducted by O’Gallagher et al. a vital 

physiological role of nNOS is represented by its 

regulatory effect in modulating regional CBF and 

neurophysiological networking in the hippocampus, a key 

region controlling cognitive and memory functions and 

affected during neurodegenerative illnesses [62]. 

Among the wide array of immune system 

regulators, such as dietary [63, 64] and gut related 

regulators [65-71], oxidative stress is undoubtedly 

altering immune metabolism and detrimentally affecting 

the T-lymphocyte phenotype. In this context, apoptosis is 

one of the consequences subject to an imbalanced redox 

system at the mitochondrial respiratory chain level, 

attacking proteins and lipids, and overwhelming the 

biological restoration capacity. This degeneration 

ultimately accelerates aging and age-related diseases. 

Against the lack of an antioxidant effect, the FPP® 

intervention yielded a lower percentage in apoptotic 

PBMCs at 6 and 11 months. This suggests that FPP®, by a 

multifaceted, subcellular mechanism, as well as non-

redox modulatory properties, played by its fermentation-

derived moieties, proving effective in beneficially 

regulating programmed cell death, which may have a 

variety of effectors [72, 73]. The discipline of functional 

food intervention in aging and cancer is indeed an arena of 

very promising research studies [74-79] 

         In conclusion, this data represents the first batch of 

a larger study providing more data focusing on immune 
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