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Abstract. Background and aim: Oxidative stress is a process involved in aging and numerous human patholo-
gies. The aim of this study was to evaluate the safety and efficacy of MITOFAST® in increasing the levels 
of markers linked to oxidative stress in plasma and red blood cells of healthy subjects. Methods: Prospective 
pilot study conducted on 22 healthy adult subjects. All participants received two sachets/day for 30 days of 
a commercial supplement containing a blend of antioxidant micronutrients (Coenzyme Q10, resveratrol, 
vitamin C, folic acid, and N-acetylcysteine). At enrolment (T0) and after 4 weeks (T1), blood samples were 
taken to evaluate homocysteine, gluthatione, coenzyme Q10, cysteinylglycine, cysteine, vitamin C, and vita-
min E. Furthermore, any side effects reported by the subjects were evaluated. P-value <0.05 was considered 
statistically significant. Results: Vitamin E, coenzyme Q10, and total plasma gluthatione levels significantly 
increased, whereas vitamin C remained constant after treatment. Homocysteine concentration decreased due 
to folic acid content (p= 0.003). Conclusions: The overall increase in the levels of antioxidant molecules meas-
ured, together with the reduction of cysteinylglycine and homocysteine, indicate an antioxidant activity of 
MITOFAST®.
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Introduction

Oxidative stress is a term used to indicate an 
imbalance between the production of oxidant spe-
cies and endogenous antioxidant defenses which can 
cause damage to biological systems. Oxidative stress 
is involved in a wide range of human diseases, such as 
atherosclerosis and cardiovascular diseases, cancer, dia-
betes, and Alzheimer’s disease, to name few. However, 

the extent to which oxidative stress affects diseases on-
set is quite variable.

Reactive oxygen species (ROS), the mainly pro-
duced oxidant species, are physiologically produced 
through endogenous or exogenous pathways. The first 
pathway is represented by the activity of electron trans-
port chain enzymes, as well as the action of  xanthine 
dehydrogenase, nitric oxide synthase, and NADPH 
oxidase (1-4). The exogenous pathways include the 
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introduction of determined foods (5), alcohol me-
tabolism (6,7), smoking (8), and ultraviolet irradiation 
(UV) (9-12).

Small fluctuations in ROS concentration are in-
volved in cell signalling and the control of various physi-
ologic functions, such as the erythropoietin production, 
and regulation of the vascular wall relaxation (13).  
However, an excess of ROS production leads to dam-
age of proteins, lipids, lipoproteins, and DNA (14). 
The human body has two main mechanisms to coun-
teract the excessive ROS production: the presence of 
endogenous antioxidant enzymes (i.e. superoxide dis-
mutase, catalase, glutathione peroxidase) and through 
the antioxidant molecules introduced with the diet 
(mainly vitamin E (VitE), vitamin C (VitC), and 
polyphenols). Improving antioxidant levels can reduce 
the risk of oxidative stress-induced diseases.

When dietary intake of such antioxidant mol-
ecules is not sufficient, due to an unbalanced nutrition 
pattern or to impaired malabsorption, it is possible 
to use commercial preparations that help supplement 
micronutrients deficiency. Several researches, both in 
experimental and clinical setting, demonstrated that 
antioxidants in natural products, vegetables, fruits, soy 
products, tea or in powered concentrate juice/blends 
prevent the oxidation reactions associated with human 
diseases, such as cardiovascular disease or cancer (15).

MITOFAST® (Mitochon, Bologna, Italy) is a 
new commercial product composed of a mixture of an-
tioxidants that would have the potential to provide an-
tioxidant molecules and rebalance the oxidative state. 
Specifically, it contains coenzyme Q10 (CoQ10), 
VitC, resveratrol, folic acid, and N-acetylcysteine 
(NAC). The antioxidant properties of these molecules 
are well known (16-20). In general, they exert their 
protective activity through different mechanisms, such 
as acting as ROS scavengers, limiting oxidative dam-
age to cell structures and macromolecules (21-23), 
and/or activating/silencing genes that encode antioxi-
dant enzymes or, on the contrary, which promote oxi-
dative stress (24-27).

Given that oxidative stress is associated with a 
wide range of pathologies, preventing or decreasing 
oxidative injury could be an important tool to reduce 
the risk of oxidative stress-dependent human diseases. 
This could occur by stimulating the immune system 

or endogenous antioxidant defenses, reducing oxida-
tive damage to DNA or protecting the endothelial 
barrier. To the best of our knowledge, there are no 
studies investigating the effects of supplementation via 
MITOFAST®.

The aim of this pilot study was to evaluate the 
absorption and the effectiveness of the antioxidants 
agents contained in MITOFAST®, a commercial oral 
supplement, which could help increase the levels of 
endogenous antioxidant defenses, prevent skin aging, 
and increase the sense of energy in healthy adults.

Materials and methods

Study design

This was an uncontrolled, single-center, open 
label pilot clinical study. Participants were recruited 
during nutritional education programme organized by 
the Occupational Medicine Department, Fondazione 
IRCCS Ca’ Granda - Ospedale Maggiore Policlinico - 
in Milan on a voluntary basis from May to July 2021. 
Participants received no monetary incentive, and all 
provided written informed consent. The study was per-
formed following approval by the Ethics Committee 
of the Fondazione IRCCS Ca’ Granda Ospedale Mag-
giore Policlinico of Milan (Reg. no. 1370). All pro-
cedures involving human participants were performed 
in accordance with the ethical standards of the Ethics 
Committee of the Fondazione Ca’ Granda of Milan 
and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards.

Before recruitment, each subject underwent a 
medical evaluation and, if the inclusion criteria were 
satisfactory, the participant was enrolled in the study. 
Inclusion criteria: (age range 18-65 years, BMI 22,5-35,  
healthy, without ongoing home medical treatment). 
The following exclusion criteria were applied: admin-
istration of omega-3 fatty acids, acetylsalicylic acid, 
nonsteroidal anti-inflammatory drugs, or corticoster-
oids in the month prior to study entry; pregnancy or 
breastfeeding; blood disorders (coagulation disorders, 
or therapy with coumadin anticoagulants); history of 
cancer; type 1 or type 2 diabetes mellitus; and immune 
(rheumatoid arthritis, lupus, etc.) or inflammatory 
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(ulcerative colitis, Crohn’s disease, etc.) diseases likely 
to modify biological markers of inflammation; pancre-
atic insufficiency; and kidney failure. Failure to comply 
with the guidelines and non-attendance at follow-up 
visits led to exclusion.

The study protocol consisted in the supplemen-
tation of MITOFAST® sachet twice a day at morn-
ing and afternoon on empty stomach, for a treatment 
 period of 4 consecutive weeks. MITOFAST® was 
 provided for free by Mitochon (Bologna, Italy), 
for the entire duration of the study. Each sachet of 
 MITOFAST® contained CoQ10, resveratrol, NAC, 
N-acetylglucosamine, VitC, and folic acid, in the exact 
amounts showed in Table 1.

Anthropometrics and blood samples before sup-
plementation (baseline, T0) and after 4 week of treat-
ment (T1) were recorded by health personnel trained 
for this study, during a clinical examination including 
also a dietary interview. The collected blood biochemi-
cal parameters included: homocysteine (Hcy), VitC, 
glutathione (GSH, total, reduced and oxidized form), 
CoQ10, VitE, cysteine (CYS), and cysteinyl glycine 
(CYSGLY). CYS, CYSGLY, and GSH were quanti-
fied in both plasma and red blood cells.

The eating habits of participants were collected 
by a food frequency questionnaire (FFQ), namely the 
“Grana Padano Observatory” (GPO) (28,29), which 
was administered during the dietary interview both 
at T0 and T1, the. Subjects were asked to not modify 
their nutritional habits during the study. During the 
supplementation, physicians were available to evaluate 
possible adverse effects.

Daily levels of macro- and micro-nutrients intake 
were extrapolated from results to a self-administered 

patient questionnaire concerning the dietary habits 
and number of weekly servings of the different food 
types. The nutritional data thus obtained were pro-
cessed using GPO software, freely provided online on 
the website http://www.osservatorio.granapadano.it, 
as described elsewhere (28,29).

At T1, a satisfaction questionnaire to find the pos-
sible positive effects derived from the supplementation 
(i.e. tiredness reduction, improvement of the skin con-
dition, improvement of muscle or tendon aches) were 
filled by study participants. As well, compliance to the 
supplementation program was also assessed.

Method for the determination of homocysteine 
and glutathione in red blood cells

Three mL of whole blood was collected by veni-
puncture into EDTA tubes and plasma was separated 
from the cellular portion by centrifugation at 4000 g 
for 5 min at 4 °C to prevent thiol oxidation. Plasma 
and red blood cells were transferred to test tubes and 
stored at -80 °C until analysis. Plasma for total Hcy 
and red blood cells for total and reduced GSH were 
measured according to methods validated in the labo-
ratory of the ASST Ospedale Metropolitano Niguarda 
(30). Tris-(2-carboxyethyl)-phosphine hydrochlo-
ride (TCEP) and 4-fluoro-7- sulfamoylbenzofurazan 
(ABD-F) were used as reducing and derivatizing agents, 
respectively. After protein precipitation with trichlo-
roacetic acid (TCA), the sample was centrifuged at 
14.000 g for 10 min at 4 °C; clear supernatant (100 μL)  
was incubated 90 min at room temperature with ABD-F  
before chromatographic analysis. Thiol separation 
was performed by isocratic high- performance liquid 
chromatography (HPLC) analysis on a 5 μm Discov-
ery C18 analytical column (250×4.6 mm i.d, Supelco, 
Sigma-Aldrich) at room temperature, eluated with a 
solution of 0.1 M acetate buffer, pH 4.0 / methanol, 
81:19 (v/v) at a flow rate of 1 mL/min. Fluorescence 
intensities were measured with an excitation at 390 nm  
and emission at 510 nm, using a Jasco fluorescence 
spectrophotometer. The concentration of GSH oxi-
dized (GSH EOX) forms was calculated as the dif-
ference between total and reduced forms. GSH forms 
encompass the dimers, the mixed disulphide forms and 
the protein mixed disulphide forms (31).

Table 1. Formulation of the dietary supplement MITOFAST®.

Content of a 
sachet RNV %

Coenzyme Q10, mg 100 -

Resveratrol, mg 40 -

N-acetylcysteine, mg 150 -

N-acetylglucosamine, mg 150 -

Vitamin C, mg 20 25%

Folic acid, μg 400 200%

Abbreviations: RNV: Reference nutritional values.
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with the prescribed supplement for the full 4 week-
period. Four subjects quit consuming the product due 
to the bitter taste which caused stomach uneasiness.

Overall, the study sample aged 50 ± 15 years and 
presented a mean Body Mass Index (BMI) of 29.80 
kg/m2. Differences in educational level were observed: 
university degree (n= 13, 55% of study participants), 
high school diploma (n= 10, 36%), and secondary 
school (n= 2, 9%). Rate of compliance was high, with-
out any return of the MITOFAST® sachet left at the 
end of the treatment.

Effects of the product on antioxidant status

Table 2 shows the blood samples analysis at  
T0 and T1. Some participants presented micronutri-
ent deficit at T0, particularly CoQ10 (50%) and total 
plasma GSH (86%). At T1, a significant increase in 
plasma levels of many of the tested micronutrients 
was recorded. In particular, the levels of CoQ10 
(p<0.001) and total GSH (p<0.001) increased, both 
micronutrients in which MITOFAST® is rich di-
rectly, in the case of CoQ10, or indirectly by providing 
precursors, as in the case of GSH. Eleven partici-
pants had levels of CoQ10 lower than 4.5 μg/dL  
at T0 while, after 4 weeks of treatment, 14 even 
reached supraphysiological levels. The reason is that 
MITOFAST® contains 100 mg of CoQ10, so each 
participant assumed 200 mg of CoQ10 every day, 
which is a higher dose than the average amount in-
troduced through the diet.

Similarly, plasma VitE levels also significantly in-
creased after supplementation compared to T0, rang-
ing from 1855 ± 586 μg/dL at T0 to 2058 ± 559 μg/dL 
at T1 (p< 0.001).

However, the levels of VitC remained the same 
after supplementation (p= 0.415). In fact, VitC at the 
start of the supplementation was 1024 ± 470 μg/dL, 
without significantly change after 4 weeks (1074 ± 418 
μg/dL). Only 3 subjects had low levels of VitC at T0.

As regard CYS, a significant reduction in its con-
centrations in red blood cells was recorded (p= 0.015), 
due to a decrease in the presence of CYS in its oxi-
dized form (p = 0.006). The same trend was obtained 
for CYSGLY levels.

Method for the determination of vitamin c 
and coenzyme Q10

Three mL of whole blood was collected by veni-
puncture into tubes and serum was separated from 
the cellular portion by centrifugation at 4000 g for  
10 min at 4 °C. A portion of serum were transferred 
to test tubes and diluted 1:2 (v/v) with internal stand-
ard VitC and stored at -80 °C until analysis and 1 mL 
was frozen until the CoQ10 analysis. An HPLC iso-
cratic system equipped UV detector (Shimadzu) was 
used for both analyses. Commercial kits were used for 
VitC end CoQ10 assay (Chromsystems Instruments 
& Chemicals GmbH, Munich).

Method for the determination of vitamin E

Three mL of whole blood was collected by veni-
puncture into tubes and plasma was separated from the 
cellular portion by centrifugation at 2000 g for 5 min. 
Plasma was then stored at -80 °C away from the light 
until the moment of analysis. An HPLC isocratic sys-
tem equipped UV detector (Shimadzu) was used for 
analysis. Commercial kit was used for VitE detection 
(Chromsystems Instruments & Chemicals GmbH, 
Munich).

Statistical analysis

All continuous variables are presented as mean ± 
standard deviation (SD) or as median [interquartiles 
range], as appropriate. The analysis was performed at the 
start of the supplementation (T0) and after 4 weeks (T1). 
Comparisons of parameters between T0 and T1 were 
performed with paried-sample t-test. P-value < 0.05  
was assumed as significant. Data were analyzed with 
SIGMAPLOT 11.0 software.

Results

Characteristics of the subjects at baseline

Twenty-six participants were enrolled in this 
study, but only 22 (16 women and 6 men) complied 
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Table 2. Blood sample analysis.

Reference
values T0 T1 p-value

CoQ10, μg/dL 4.5 - 11 5.52 ± 2.22 15.66 ± 6.12 0.001

VitE, μg/dL 500 - 2000 1855 ± 586 2058 ± 559 0.001

GSH PT, μmol/L 9.2 - 13.4 8.50 ± 2.69 13.04 ± 3.53 0.001

GSH ET, μmol/L 1275 - 2700 2124 ± 461 1901 ± 416 0.077

GSH ER, μmol/L 600 - 1700 481 ± 186 250 ± 143 0.001

GSH OX, μmol/L 400 - 1300 1511 [1328; 2034] 1687 [1334; 2026] 0.846

VitC, μg/dL 460 - 1490 1024 ± 470 1074 ± 418 0.415

CYS PT, μmol/L 181 - 267 219.62 ± 7.12 217.70 ± 8.29 0.089

CYS ET, μmol/L 11.9 - 48.3 26.98 ± 6.40 23.13 ± 5.64 0.015

CYS ER, μmol/L 0.6 - 7.6 2.40 [1.70; 2.90] 2.20 [1.70; 310] 0.766

CYS EOX, μmol/L 9 - 27 24.59 ± 6.83 19.93 ± 7.01 0.006

CYSGLY PT, μmol/L 26.6 - 43.4 34.72 ± 1.40 34.82 ± 2.08 0.847

CYSGLY ET, μmol/L 1.2 - 9.2 3.70 [3.10; 4.0] 4.00 [3.40; 4.50] 0.020

CYSGLY ER, μmol/L 0.2 - 1.5 1.62 ± 0.080 1.35 ± 0.77 0.099

CYSGLY EOX, μmol/L  0.6 - 7.2 2.70 [2.30; 3.30] 2.10 [1.60; 2.80] 0.010

Hcy PT, μmol/L 4 - 15 10.85 ± 2.32 9.45 ± 1.88 0.003

Data are presented as mean ± standard deviation (SD), median [interquartiles range], or number (percentage) as appropriate. Satistical significance 
was set for a p-value ≤0.05. Abbreviations: CoQ10: coenzyme Q10; VitE: vitamin E; GSH ET: plasma total gluthatione; GSH ET: total gluthatione 
in red blood cells; GSH ER: reduced gluthatione in red blood cells; GSH EOX: oxized glutatione in red blood cells; CYS PT: plasma total cystein; 
CYS ET: total cystein in red blood cells; CYS ER: reduced cystein in red blood cells; CYS EOX: oxized cystein in red blood cells; CYSGLY PT: 
plasma total cysteinylglycine; CYSGLY ET: total cysteinylglycine in red blood cells; CYSGLY ER: reduced cysteinylglycine in red blood cells; CYS-
GLY EOX: oxized cysteinylglycine in red blood cells; Hcy PT: plasma homocysteine

Plasma Hcy significantly decreased after 4 weeks 
of supplementation, ranging from 10.85 ± 2.32 μmol/L 
at T0 to 9.45 ± 1.88 μmol/L at T1 (p = 0.003), because 
MITOFAST® contains 800 μg of folic acid. Only one 
subject presented Hcy levels higher than 15 μmol/L at 
T0 but, after 4 weeks, returned in physiological range.

Effects of product on dietary intake

Overall, the findings of the FFQ analysis showed 
an average energy consumption of 1718 ± 449 kcal/day.  
Macronutrient daily consumption amounted to  
65 ± 16 of fats (of which 22 ± 9 g saturated fats, and 
9 ± 3 g poly-unsaturated), 201 ± 54 g carbohydrates 
(of which 84 ± 35 g sugars), 26 ± 11 g fiber, 69 ± 16 g  
proteins, and 14 ± 23 g alcohol (7 ± 10 g/day and  
35 ± 37 g/day for females and males, respectively). 
 Table 3 shows micronutrients intake, assessed by GPO 
questionnaire.

Table 3. Average estimated micronutrients intake as assessed by 
the FFQ OGP.

Micronutrient
Calculated 

Intake

Reference value  
of the northern 
Italian population

Calcium, mg 987 ± 280 > 1000 mg

Iron, mg 12 ± 4 ≥ 18 mg in females
≥ 10 mg in males

Zinc, mg 10 ± 2 ≥ 8 mg in females
≥ 11 mg in males

Vitamin A, μg 1390 ± 647 ≥ 700 μg in females
≥ 600 μg in males

Vitamin D, μg 2 ± 1 ≥ 15 μg

Vitamin E, mg 12 ± 4 ≥ 12 mg in females
≥ 13mg in males

Folates, μg 384 ± 141 ≥ 400 μg

Vitamin B12, μg 4 ± 1 ≥ 2.4 μg

Vitamin C, mg 167 ± 77 ≥85 mg in females
≥ 105 mg in males

Data are presented as mean ± standard deviation (SD).
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Satisfaction assessments

Overall, among study participants a high satisfac-
tion rate was observed ah the end study. They reported 
an improvement in energy levels during the day (63%), 
a reduction in muscles and articular aches (32%), and 
an improvement in skin condition (36%).

Of note, only 4 subjects abandoned the study due 
to the bitter taste which caused stomach uneasiness.

Discussion

In this pilot clinical study, the potential beneficial 
effect of MITOFAST® in modifying the concentra-
tions of some oxidative stress markers in the plasma 
and red blood cells of healthy adult subjects was as-
sessed. MITOFAST® contains a combination of active 
components that show antioxidant activity. At the end 
of the study, in the population analyzed, a significant 
increase in VitE, GSH, CoQ10, and a reduction in 
Hcy was found, with possible positive effects on health.

The results showed that, overall, this product in-
tegrates the quantity of antioxidants without particu-
lar side effects. These preliminary data demonstrate 
that supplementation provided micro- and macro- 
nutrients in line with northern Italian Mediterranean 
dietary pattern (32) and that it increased the levels of 
endogenous antioxidant molecules in agreement with 
previous evidence on the effects of supplementation of 
individual compounds. In particular, this study dem-
onstrated that MITOFAST® allows effective integra-
tion of CoQ10, ensuring real intestinal absorption.

The findings of this study show a reduction of 
Hcy between T0 and T1. Hcy is known to be an in-
dependent risk factor for atherosclerotic diseases (33). 
High levels of Hcy are associated with inflammation 
and apoptosis of the endothelial cells (34) because it is 
incorporated into proteins, irreversibly modifying their 
structure and function, thus making them biologically 
inactive (35). An alternative hypothesis is based on the 
association between Hcy and hydrogen sulfide (H2S). 
H2S has a protective role against the vascular damage-
induced by Hcy, reducing oxidative stress through the 
increase of the levels of superoxide dismutase, cata-
lase, GSH, and endothelial nitric oxide synthase (36). 

Hyperhomocysteinemia leads to a deficiency of H2S 
probably because this gas is produced by the same en-
zymes that are involved in the metabolism of Hcy.

High levels of Hcy are also associated with higher 
blood pressure, especially in males (37). Maintaining 
optimal levels of blood Hcy is therefore essential for 
the cardiovascular health (38).

In this study, the levels of plasma Hcy signifi-
cantly decreased after 4 weeks of supplementation, due 
to the folic acid content in MITOFAST®. In fact, the 
increased intake of folic acid provides the methyl group 
for the conversion of Hcy into methionine (39) with a 
consequent decrease in Hcy levels. Folic Acid, vitamin 
B6, and vitamin B12, together, play a role in Hcy me-
tabolism. Folic acid, once introduced into the body, is 
metabolized into methyl-tetrahydrofolate which reacts 
with vitamin B12, giving it the methyl group. Vitamin 
B12 becomes methyl-cobalamin which donates the 
methyl group to Hcy converting it into methionine. 
Through this process folic acid can reduce the concen-
tration of Hcy.

A recent meta-analysis that analyzed 884 ran-
domized controlled trials on the supplementation 
of 27 different types of micronutrients, showed that 
there are moderate to high quality evidence that folic 
acid, as well as CoQ10, reduces cardiovascular disease 
risk factors. Specifically, folic acid supplementation 
decreased stroke risk, whereas CoQ10 decreased all-
cause mortality events. Folic acid also seems to have 
an antioxidant effect, increasing both serum GSH and 
total antioxidant capacity (TAC) and, simultaneously, 
reducing malondialdehyde (MDA) (18).

In regard to CoQ10, as mentioned above, this 
study demonstrated that MITOFAST® is an excellent 
source of CoQ10, capable to ensure a real absorption 
of the micronutrient. The CoQ10 plasma response to 
the oral ingestion of various CoQ10 commercial for-
mulations has been examined in the literature with de-
bated results (40-42).

CoQ10 is a fat-soluble molecule, mainly synthe-
sized in the tissue body with high metabolic activity 
(such as heart, kidneys, liver, and muscle) and only a small 
amount is introduced with the diet (e.g., salmon and 
tuna, organ meats in particular hearth and liver, whole 
grains) (43). CoQ10 has a central role in the electron 
transport chain during aerobic cellular respiration (44),  
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improvement can also be explained by VitC contained 
in the MITOFAST® supplement. In fact, VitC can 
also convert oxidized VitE back to its reduced form.

VitC performs numerous functions in the hu-
man body, mainly thanks to its reducing power. It is 
an important endogenous plasma antioxidant, which 
can act both as a direct scavenger of free radicals and 
as a regenerator of VitE in its reduced form. It has an 
essential role in collagen synthesis and in maintaining 
the integrity of connective tissue, as well as vasodilator 
effect because it prevents the oxidation of tetrahydro-
biopterin and thus regulates the production of nitric 
oxide (52). Finally, VitC is involved in the metabolism 
of various hormones, as well as in the conversion of 
iron (Fe) from the oxidized (Fe3+), introduced with the 
diet, to the reduced (Fe2+) form, thus making it soluble 
and more bioavailable.

The findings of this study did not show an increase 
in VitC levels between T0 and T1, but VitC could 
have been used to convert VitE back to its reduced 
form or as a direct antioxidant for ROS neutralization.

MITOFAST® also contains NAC. Once ab-
sorbed, NAC is divided into acetate and CYS, the 
limiting amino acid in the synthesis of GSH, a mol-
ecule formed by 3 amino acids (CYS, glutamate, and 
glycine). NAC supplementation is therefore useful for 
providing precursors for endogenous GSH synthesis. 
There is even the hypothesis that NAC has an anti-
inflammatory power, but currently randomized clini-
cal trials have provided various and conflicting results 
regarding this aspect (53). According to a recent sys-
tematic review and meta-analysis of last years, NAC 
would reduce the serum level of C-reactive protein and 
interleukin-6, but would have no effect on other in-
flammatory markers (53).

We measured the levels of GSH in plasma and 
in red blood cells, where GSH is present in high con-
centrations to protect the erythrocytes from oxidative 
stress. Only total GSH in plasma significantly in-
creased, while that in red blood cells slightly decreased 
after supplementation. Reduced and oxidized GSH in 
the red blood cells was also measured. The levels of 
GSH EOX remained similar, but the levels of reduced 
GSH (GSH ER) decreased at T1.

GSH is one of the most intracellular antioxidants 
in the body, with the function of counteracting the 

and acts as antioxidant molecule, preventing the lipid 
peroxidation of cellular membranes (45). For its im-
portant properties, it is used as a supplement in the 
treatment of many chronic diseases (46). In this study, 
a significant three-fold increase in the plasma levels of 
CoQ10 after 4 weeks of supplementation was recorded. 
At T0, 50% of the subjects had insufficient levels of 
CoQ10. After 4 weeks, 4 subjects (18%) reached nor-
mal levels while 14 participants (63%) presented a sup-
raphysiological concentration of CoQ10. Moreover, at 
the end of the treatment, 11 subjects (50%) reported 
feeling more energic during the day together with a re-
duced sense of fatigue. Fifty-five percent of those who 
reported and energy improvement, started from sub-
optimal CoQ10 values at baseline. The higher blood 
concentration of CoQ10 achieved after supplementa-
tion can lead to a consequent increase in mitochondrial 
activity. CoQ10 could facilitate the flow of electrons 
from complex I or complex II, and thus create a higher 
electrochemical gradient for the synthesis of adenosine 
triphosphate.

The increased consumption of foods containing 
high concentrations of CoQ10 (e.g. meat, fish, nuts, 
and some vegetable oils) or the supplementation of this 
molecule could be useful to sustain optimal physiolog-
ical function, not only in subjects who are deficient, 
but also for those who have sub-/optimal serum levels 
(47,48). Supplementation with CoQ10 is safe: most 
side effects reported in human studies are limited to 
gastrointestinal symptoms, such as nausea, stomach-
ache, and diarrhoea. Moreover, in our study, partici-
pants consumed a total of 200 mg of CoQ10 per day, 
being the tolerated doses up to 1200 mg per day for a 
prolonged period or 3000 mg for a short period (19).

Furthermore, some evidence supports the benefi-
cial effects of CoQ10 supplementation on oxidative 
status (49), determining a significant increase of TAC 
levels and reduction in MDA levels (50). However, 
the effects on superoxide dismutase and catalase are 
controversial (49). CoQ10 also exerts its antioxidant 
function by regenerating VitE from its reduced form, 
the tocopheroxyl radical (51). For this reason, this 
study analyzed plasma levels of VitE before and af-
ter supplementation, expecting an increase in its blood 
concentration. In fact, plasma VitE levels increased 
significantly after 4 weeks supplementation. This 
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in red blood cells, also demonstrated by the increase in 
CYSGLY levels due to the higher quantity of metabo-
lized GSH. CYSGLY, together with glutamate, is the 
product of GSH degradation.

According to the satisfaction questionnaire, 23% 
of the subjects reported an improvement in their skin 
quality. A possible explanation for this improvement 
could be the presence of the N-acetylglucosamine, 
a molecule used for the synthesis of hyaluronic acid 
which have an important role in the maintenance of 
the hydration of the connective tissue and of the skin. 
Up to date, there are not studies that supports that an 
oral supplementation of N-acetylglucosamine helps 
with the endogenous biosynthesis of hyaluronic acid 
in the body and, in this study, we did not consider any 
parameter indicative of this process. Supplementation 
with N-acetylglucosamine needs to be further investi-
gated, in order to define a direct correlation with the 
increase of the hyaluronic acid synthesis and therefore 
the beneficial effects for the skin and for the joint’s 
health. The improvement of skin condition could also 
be associated with the antioxidant function of the 
VitE, VitC, and CoQ10 which protect the skin from 
the ROS formed due to UV irradiation. VitC also has 
an important role in the collagen biosynthesis, so it 
may have directly contributed to the improved skin.

Gastrointestinal problems such as stomach pain 
and bloating caused by supplementation were the main 
side effect that led to the interruption of the supple-
mentation and withdrawal from the stu. Therefore, we 
can conclude that the product could be improved in 
the terms of its digestion and absorption. This is not 
a case-control study and thus one of the limiting fac-
tors of this study is the lack of a control group. Others 
limiting factors are the small number of subjects and 
the lack of parameters measuring the possible positive 
effect of resveratrol on health: for example, the meas-
urement of the C-reactive protein in the blood before 
and after supplementation could indicate a possible 
improvement in levels of systemic inflammation. Fur-
ther studies with a higher sample size are needed to 
confirm the findings of this pilot study.

In conclusion, the aging process is accompanied 
by oxidative stress, with worsening of physiological 
functions. A diet, even if balanced, hardly guarantees 
a sufficiently high quantity of nutraceuticals that can 

effects of ROS inside the cells that damage lipids, pro-
teins, and DNA. It can act directly as an antioxidant 
thanks to its sulfhydryl group (54) or as a cofactor of 
the GSH peroxidase enzyme, active against peroxides. 
The active (reduced) form of GSH can be regenerated 
through the action of the GSH reductase enzyme, 
with consumption of NADPH or through the contri-
bution of VitC.

Direct oral consumption of GSH is not effec-
tive because it is a tripeptide, a target for gastrointes-
tinal peptidases and proteases. The intestinal enzyme 
γ-glutamyl transpeptidase degrades GSH, reduc-
ing its bioavailability. Moreover, GSH lacks specific 
transporters in enterocytes, contributing to its poor 
bioavailability.

In the human body, GSH is present in high con-
centrations within hepatocytes and erythrocytes. In 
the liver, it is involved in detoxification from xenobi-
otics (55), whereas in the erythrocytes it protects the 
cells themselves from ROS produced by the autoxi-
dation of hemoglobin, since its binding with oxygen 
produces superoxide anion (56).

At baseline, only six subjects presented physi-
ological levels of GSH ER, while the rest of the par-
ticipants had low levels of the tripeptide. On the other 
hand, 68% of them had supraphysiological levels of 
GSH EOX at T0. After 4 weeks of MITOFAST® 
supplementation, the levels of GSH ER significantly 
decreased overall. The low levels of GSH ER coupled 
with the high levels of GSH EOX could be indica-
tive of an error during the storage of the test tubes 
that caused the oxidation of the GSH. Anyhow, we 
can see how the increase of the concentration of to-
tal plasma GSH is an indication that the NAC con-
tained in MITOFAST® was used for its biosynthesis. 
The increase of the total GSH means that there was an 
increase of the utilization of CYS, the limiting amino 
acid in the synthesis of the tripeptide.

Therefore, we decided to measure CYS levels in 
erythrocytes before and after supplementation, ex-
pecting a decrease in concentrations of the amino acid 
caused by its utilization in the synthesis of GSH. A 
significative decrease in CYS levels in the red blood 
cells was observed, confirming our hypothesis. If there 
had not been the storage problems mentioned above, 
we would probably have found an increase in GSH ER 
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have a beneficial role on the subject’s health. Supple-
mentation with nutraceutical products helps to achieve 
an effective dose of these molecules, allowing them 
to perform their beneficial role. In this pilot study, 
MITOFAST® was found to be a useful supplement 
for increasing the presence of endogenous antioxidant 
molecules, feeling less fatigue, and maintaining adeg-
uate elasticity of the skin and joints.
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