
Prospective Clinical Research Report

Cardiorespiratory and
metabolic fitness indicators
in novice volleyball trainees:
effect of 1-week antioxidant
supplementation with
N-acetyl-cysteine/zinc/
vitamin C

Abdulrahman A. Alduraywish

Abstract

Objectives: This study aimed to determine the effect of 7-day dietary supplementation of

N-acetylcysteine (NAC)/zinc/vitamin C on the time-to-exhaustion (TTE), the cardiorespiratory

fitness (CRF) index, and metabolic indicators.

Methods: This study enrolled volleyball student trainees (n¼ 18 men) who took NAC/zinc/

vitamin C (750mg/5mg/100mg) for 7 days at Jouf University, Saudi Arabia. The CRF index and

TTE were determined. Serum concentrations of metabolic regulators (insulin, betatrophin, and

hepatocyte growth factor), biomarkers of cellular damage/hypoxia, and indicators of lipid

and glycemic control were measured.

Results: Supplementation improved the TTE and CRF index, and lowered cytochrome c,

C-reactive protein, hypoxia-inducible factor-1a (HIF-1a), total cholesterol, insulin, and glycated

hemoglobin values. Before and after supplementation, the CRF index was negatively correlated

with body mass index and positively correlated with the TTE. Before supplementation, the CRF

index was positively correlated with betatrophin concentrations, and hepatocyte growth factor

concentrations were positively correlated with betatrophin concentrations and negatively cor-

related with the homeostasis model assessment of insulin resistance index. After supplementa-

tion, the CRF index was negatively correlated with HIF-1a concentrations and metabolites.

Additionally, the TTE was negatively correlated with HIF-1a, cytochrome c, and triacylglycerol

concentrations.
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Conclusion: Supplementation of NAC/zinc/vitamin C improves metabolic and CRF

performance.
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Introduction

Cardiorespiratory fitness (CRF) is the

capacity of the circulatory and respiratory
systems to supply oxygen to mitochondria

of skeletal muscles. CRF is an objective
measure of health that can be tracked

over time and compared across popula-
tions.1 Athletic high-intensity training

increases cellular damage markers2 and oxi-
dative stress, which induce fatigue and

decreased performance.3 In contrast,
enhancement of antioxidants increases the

capacity to perform strenuous physical
training and improves tolerance. Dietary

thiol donors, such as cysteine and
N-acetyl-cysteine (NAC), renew the major

water-soluble antioxidant glutathione and
attenuate the disadvantages of intense phys-

ical exercise.4–7

Although skeletal muscle is a major

oxygen consumer, it is adaptively resilient
to exercise-induced hypoxic episodes.

Stabilization and activation of the oxygen-
sensitive, master transcription regulator,

hypoxia-inducible factor (HIF)-1a, perfects
such adaptation to counteract oxidative

stress, vascular endothelial dysfunction,
and muscle fiber atrophy and fatigue.8,9

HIF-1a controls glucose transporters and
glycolysis, metabolism, endothelial nitric
acid synthase/angiogenesis, erythropoietin/

erythropoiesis, mitochondrial function,
and oxygen consumption, and regulates

pH.8,10,11 HIF-1a deletion blunts acute skel-
etal muscle adaptation, which is lessened
with long-term training. However, the over-
expression of HIF-1a can be deleterious.
Studies have shown higher concentrations
of HIF-1a negative regulators in elite ath-
letes than in control subjects.11,12

Serum concentrations of hepatocyte
growth factor (HGF), a multi-functional
trophic cytokine, are closely correlated
with glycemic control and whole-body
metabolism. HGH is important for
angiogenesis and tissue regeneration.13

Betatrophin (lipasin or angiopoietin-like 8)
is a pancreatic b-cell proliferation inducer
and metabolic regulator. Muscle exercise-
induced secretion of irisin increases
betatrophin production. This production
significantly improves glucose and lipid
homeostasis and insulin resistance.14–18

However, blood betatrophin and HGF con-
centrations greatly differ among healthy
adults. Additionally, an increase in blood
betatrophin concentrations is positively
correlated with C-reactive protein (CRP),
insulin resistance, and hypertriglyceride-
mia.19,20 Betatrophin is a potential bio-
marker for physiological performance that
is correlated with physical training.21–23 The
trophic effect of endurance and maximal
exercise is due to an increase in circulating
concentrations of growth factors, including
HGF, and mobilization of bone marrow-
derived hemopoietic and angiogenic
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progenitors.24,25 Hypoxic high-intensity
training, particularly as a chronic adapta-
tion, induces skeletal muscle satellite cells
and angiogenesis, which are associated
with HGF and HIF-1a.26

The above-mentioned findings highlight
the important role of HGF, HIF-1a, and
betatrophin in physical activity. This study
hypothesized that metabolic fitness com-
bined with a healthy antioxidant armament
has a positive effect on the CRF index and
physical performance. This study aimed to
determine the effects of a NAC/zinc/vita-
min C antioxidant food supplement on the
time-to-exhaustion (TTE), CRF index, and
metabolic fitness. Serum indices of systemic
inflammation, cellular damage and hypox-
ia, metabolic regulators, and glycemic and
lipid control in novice volleyball players
were measured.

Subjects and methods

Eighteen volunteer novice male volleyball
trainees at Jouf University, Sakaka, Saudi
Arabia were consecutively recruited for this
study after signing a written informed con-
sent form. Participants were in the middle
of their training season and were apparently
healthy, without a remarkable medical his-
tory. The study was conducted during the
academic year of 2019 at the training rooms
and play courts of the College of Dentistry
under the supervision of Dr Moataz A.
Kanoun, Associate Prof. of Physical
Education. The study was conducted
according to the guidelines of the
Declaration of Helsinki, and was approved
by the Bioethics Committee of Jouf
University (approval #: 30-3/38-39). The
age and body mass index ([BMI] weight
in kg/height in m2) were prospectively mea-
sured. There were seven (39%) tobacco
smokers.

The NAC/Z/C antioxidant supplement
was composed of 750mg NAC (NAC750;
VitaminVersand24 DE GmbH, Stolberg,

Deutschland) and 100mg vitamin C/5mg
zinc (Limitless C-ZINC; Eva Pharma,
Giza, Egypt) tablets, and was taken twice
daily for 7 days. The CRF index was
assessed using the following equation:
CRF index¼TTE/hb� 50, where the TTE
is the time-to-exhaustion in seconds while
stationary running at maximum speed,
and hb is the summation of the recovery
pulse (using the Mibest OLED Finger
Pulse Oximeter; https://www.mibeststore.
com/) measured at 1 to 1.5, 2 to 2.5, and
3 to 3.5 minutes post-exhaustion. An index
of >96 indicates excellent fitness, 83 to 96 is
good, 68 to 82 is average, 54 to 67 is low
average, and <54 is poor.27

Morning fasting peripheral venous blood
samples (2.5mL) were aseptically collected
for recovering serum after clotting at room
temperature on the first day before supple-
mentation and on the last day of the study.
Specific enzyme-linked immunosorbent
assay-based quantitative kits were used to
determine concentrations of glycated hemo-
globin (HbA1c), insulin, CRP, HIF-1a,
and cytochrome c (catalog numbers:
CEA190Hu, CEA448Hu, SEA821Hu,
SEA798Hu, and SEA594Mi, respectively;
Cloud-Clone Corp., Wuhan, Hubei,
China), as well as betatrophin and HGF
(catalog numbers: SK00528-08/SK00331-
02; Aviscera Bioscience, Inc., Santa Clara,
CA, USA). Enzymatic colorimetric assays
were used to measure serum glucose, tria-
cylglycerol (TAG), and total cholesterol
concentrations (Human, Gesellschaft fur
Biochemica und Diagnostica mbH,
Wiesbaden, Germany). The homeostatic
model was used to calculate insulin resis-
tance (https://www.thebloodcode.com/h
oma-ir-calculator/).

Except for smoking, continuous normal-
ly distributed data are presented as the
mean� standard deviation. The changes in
TTE, the CRF index, and the other inves-
tigated parameters before and after NAC/
Z/C supplementation were compared using
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the Wilcoxon matched-pairs signed rank

test. Within group correlations (i.e., before

and after supplementation) were tested by

non-parametric Spearman’s analysis, and r

and P values are presented. Smoking was

represented by 1 and nonsmoking was rep-

resented by 0. Prism 7.0 software

(GraphPad Software, Inc, San Diego, CA,

USA) was used for analysis. Significance

was set at P� 0.05.

Results

Changes in the investigated parameters

after supplementation

Table 1 shows the characteristics of the

male participants and changes in the inves-

tigated parameters before and after provid-

ing NAC/Z/C supplementation. The TTE

(P¼ 0.003) and the CRF index (P< 0.001)

were significantly higher after supplementa-

tion than before supplementation.

Concentrations of cytochrome c (P< 0.001),

CRP (P¼ 0.004), HIF-1a (P< 0.001), insulin

(P< 0.001), HbA1c (P< 0.001), total cho-

lesterol (P¼ 0.023), and the homeostasis

model assessment of insulin resistance

(HOMA-IR) index (P< 0.001) were signifi-

cantly lower after supplementation than

before supplementation. Betatrophin,

HGF, glucose, and TAG concentrations

were not significantly different after

supplementation compared with before

supplementation.

Correlations between indices of systemic

inflammation, cellular damage and

hypoxia, metabolic regulators, and

glycemic and lipid control

Correlation analysis among parameters in

the participants before supplementation is

shown in Table 2. Age was significantly

positively correlated with the TTE

(r¼ 0.456, P¼ 0.029) and the CRF index

(r¼ 0.440, P¼ 0.039), but negatively corre-

lated with TAG concentrations (r¼�0.457,

P¼ 0.028). BMI was negatively correlated

with the CRF index (r¼�0.410, P¼ 0.05),

Table 1. Parameters measured before and after 1 week of N-acetyl-cysteine/zinc/vitamin C antioxidant
food supplementation to novice volleyball players (total n¼ 18).

Parameter BS AS P

Age, years 21.78� 2.157 (19.0–26.0) – –

BMI, kg/m2 25.44� 5.02 (17.0–35.0) – –

Time-to-exhaustion, s 168.2� 81.01 (76–300) 194.9� 93.79 (90–320) 0.003

Cardiorespiratory fitness index 54.44� 25.43 (21.35–98.04) 65.23� 27.45 (27.22–99.34) <0.001

Cytochrome c, ng/mL 17.29� 3.868 (11.83–29.30) 15.14� 4.465 (7.932–29.020) <0.001

C-reactive protein, pg/mL 428� 226.5 (179.7–1055.0) 317.6� 158.3 (154.9–650.3) 0.004

Hypoxia-inducible factor-1a, pg/mL 46.12� 19.43 (17.16–72.22) 34.29� 16.65 (13.79–68.85) <0.001

Betatrophin, ng/mL 1.113� 2.008 (0.052–5.678) 1.403� 2.728 (0.104–8.541) 0.262

Hepatocyte growth factor, pg/mL 785.2� 501.2 (147.3–1955) 958.2� 331.5 (242.1–1512) 0.137

Total cholesterol, mmol/L 4.302� 0.716 (2.994–5.385) 4.056� 0.709 (2.994–5.053) 0.023

Triacylglycerols, mmol/L 1.420� 0.312 (1.007–2.076) 1.275� 0.253 (0.838–1.696) 0.077

Insulin, lIU/mL 8.147� 0.802 (6.613–9.643) 7.365� 0.605 (6.081–8.284) <0.001

Glucose, mmol/L 4.381� 0.545 (3.398–5.043) 4,126� 0.631 (3.368–5.441) 0.147

HOMA-IR index 1.583� 0.266 (1.1–2.1) 1.35� 0.273 (1.0–2.0) <0.001

HbA1c, % 5.437� 0.743 (4.14–6.946) 4.348� 0.885 (3.262–5.779) <0.001

Data are mean� standard deviation (range). Values were compared before (BS) and after (AS) supplementation.

BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; HbA1c, glycated hemoglobin.
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and positively correlated with insulin con-
centrations (r¼ 0.544, P¼ 0.010) and
HbA1c values (r¼ 0.439, P¼ 0.034).
Smoking was negatively correlated with
the TTE (r¼�0.473, P¼ 0.024,) and beta-
trophin concentrations (r¼�0.703,
P¼ 0.001). The TTE was positively corre-
lated with the CRF (r¼ 0.934, P< 0.001)
and betatrophin concentrations (r¼ 0.405,
P¼ 0.05). Cytochrome c concentrations
were positively correlated with HIF-1a con-
centrations (r¼ 0.634, P¼ 0.002).
Betatrophin concentrations were positively
correlated with HGF concentrations
(r¼ 0.577, P¼ 0.006). Insulin concentra-
tions were positively correlated with the
HOMA-IR index (r¼ 0.690, P¼ 0.001)
and HbA1c values (r¼ 0.474, P¼ 0.024).
Glucose concentrations were positively cor-
related with the HOMA-IR index
(r¼ 0.765, P¼ 0.001) and total cholesterol
concentrations (r¼ 0.516, P¼ 0.014). The
HOMA-IR index was positively correlated
with total cholesterol concentrations
(r¼ 0.525, P¼ 0.013). HGF concentrations
were negatively correlated with the HOMA-
IR index (r¼�0.499, P¼ 0.018), insulin
concentrations (r¼�0.399, P¼ 0.05), and
TAG concentrations (r¼�0.413, P¼ 0.05).

Correlation analysis among parameters
in the participants after supplementation is
shown in Table 3. Age was significantly
positively correlated with the TTE
(r¼ 0.399, P¼ 0.050) and the CRF index
(r¼ 0.453, P¼ 0.029). BMI was negatively
correlated with the CRF index
(r¼�0.399, P¼ 0.05), and positively corre-
lated with CRP (r¼ 0.425, P¼ 0.039), glu-
cose (r¼ 0.488, P¼ 0.020), HbA1c
(r¼ 0.436, P¼ 0.035) and TAG (r¼ 0.430,
P¼ 0.037) values. Smoking was negatively
correlated with the TTE (r¼�0.478,
P¼ 0.023) and betatrophin concentrations
(r¼�0.561, P¼ 0.008). The TTE was neg-
atively correlated with cytochrome c
(r¼�0.409, P¼ 0.05), HIF-1a (r¼�0.401,
P¼ 0.05) and TAG (r¼�0.436, P¼ 0.035)

concentrations, and positively correlated
with the CRF (r¼ 0.890, P< 0.001). The
CRF was negatively correlated with
HbA1c (r¼�0.439, P¼ 0.034), TAG
(r¼�0.491, P¼ 0.019), glucose
(r¼�0.410, P¼ 0.05), and HIF-1a
(�0.403, P¼ 0.05) concentrations.
Cytochrome c concentrations were positive-
ly correlated with HIF-1a (r¼ 0.566,
P¼ 0.007) and total cholesterol (r¼ 0.454,
P¼ 0.029) concentrations. Betatrophin con-
centrations were negatively correlated with
HIF-1a concentrations (r¼�0.440,
P¼ 0.034). HGF concentrations were posi-
tively correlated with HIF-1a concentra-
tions (r¼ 0.399, P¼ 0.05) and negatively
correlated with TAG concentrations
(r¼�0.447, P¼ 0.032). HIF-1a concentra-
tions were positively correlated with glucose
concentrations (r¼ 0.408, P¼ 0.050). The
HOMA-IR index was positively correlated
with HbA1c (r¼ 0.436, P¼ 0.035),
glucose (r¼ 0.813, P< 0.001), and insulin
(r¼ 0.619, P¼ 0.003) values. Glucose con-
centrations were positively correlated with
HbA1c concentrations (r¼ 0.409, P¼ 0.05)
and total cholesterol values (r¼ 0.421,
P¼ 0.041).

Discussion

Oxidative homeostasis balances the endog-
enously generated and exogenously
acquired prooxidant free radicals and
oxidants versus the enzymatic, and endoge-
nous and exogenously acquired nonenzy-
matic antioxidants (e.g., vitamins C and
E, lipoate, CoQ, glutathione, carotenoids,
and zinc). Antioxidant supplementation
has beneficial outcomes with physical activ-
ity, particularly in high-intensity, short-
duration, vigorous, and exhaustive exercise,
and for physical inactivity compared with
low-to-moderate intensity and long-term
exercises.28–30 NAC is a non-essential pre-
cursor of cysteine and glutathione; the
major water-soluble antioxidant in muscle.

6 Journal of International Medical Research
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NAC also enhances potassium homeostasis
and potentiates sarcoplasmic Naþ/Kþ- and
Ca2þ-ATPases.31,32 However, counteract-
ing the reactive oxygen species deprives
cells from their physiological roles. This is
the reason for the outcomes of antioxidant
supplementation with substantial physical
activity being controversial. High doses of
antioxidant supplementation lead to proox-
idant effects and systemic and muscle harm-
ful effects by inhibiting the anabolic
signaling pathways (JNK, p65phox, and
Akt/mTOR/p70s6K/p38MAPK) that
blunt the expression of adaptation proteins.
These effects apply to vitamins C and E and
NAC among others.32–35

CRF declines in untrained individuals,
and fitness is inversely correlated with age,
BMI, metabolic syndrome, diabetes, and
dyslipidemia as risk factors for cardiovascu-
lar disease.36 In this study, NAC/Z/C anti-
oxidant supplementation deceased cellular
damage and hypoxia, as well as inflamma-
tory markers (cytochrome c, HIF-1a, and
CRP), and improved metabolic efficiency
(decreased total cholesterol, HbA1c, insu-
lin, and HOMA-IR values). These metabol-
ic effects were paralleled by a nonsignificant
increase in serum concentrations of betatro-
phin and HGF and a decrease in glucose
and TAG concentrations. The large inter-
individual variation might have nullified the
significance of differences among these var-
iables. However, strengthened metabolic
fitness was found as shown by a significant
improvement in the TTE and CRF index.
An improved metabolic capacity and
oxygen supply enable skeletal muscle to
adapt to long-term aerobic performance at
higher intensities.11 Vitamin C suppresses
endothelial cell apoptosis by increasing the
bioavailability of intracellular nitric oxide,
which prevents cytochrome c release and
blocks apoptosis signaling.37

A meta-analysis of previous studies that
measured changes in circulating HIF-1a
concentrations after endurance exercise

showed various profiles of a reduction,

increase, and no change. Expression of

muscle HGF is mostly increased after

endurance exercise. Serum betatrophin con-

centrations are mostly decreased after

endurance exercise. Most previous studies

on endurance exercise showed increased

gene expression for cytochrome c in

muscles. Endurance exercise mostly acutely

reduces serum insulin concentrations.38

HIF-1a, which is induced by acute exercise,

unfavorably inhibits oxygen consumption

and aerobic mitochondrial metabolism.

Such HIF-1a activation is blunted by its

negative regulators that are enhanced by

long-term aerobic endurance exercise train-

ing.11,24,26,39 HbA1c values indirectly indi-

cate a dominant inflammatory/oxidative

stress status and correlate with CRP con-

centrations.40,41 Therefore, a reduction in

HbA1c, CRP, and cytochrome c values in

the present study reflects the metabolic effi-

cacy of the antioxidant cocktail used.
In the present study, age was significant-

ly positively correlated with the TTE and

CRF index before and after supplementa-

tion. However, age was only significantly

negatively correlated with serum TAG con-

centrations before supplementation. BMI

was negatively correlated with the CRF

index before and after supplementation.

BMI was also positively correlated with

serum insulin and HbA1c values before

supplementation, and positively correlated

with serum CRP, glucose, HbA1c and TAG

values after supplementation. Smoking was

negatively correlated with the TTE and

serum betatrophin concentrations before

and after supplementation. Previous studies

have shown negative correlations of CRF

and physical activity with BMI and smok-

ing.42–46 However, although smoking and

physical activity are largely incongruent

behaviors, their relationship is often atten-

uated or reversed in male adolescents and

for moderate (vs. vigorous) exercise.47,48
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This finding is consistent with our findings
in young adult participants.

Aerobic and muscle fitness are indepen-
dently, inversely associated with serum
CRP concentrations.49 In contrast, inde-
pendently of lifestyle behavior and BMI,
an improvement in and/or high CRF
reduces CRP concentrations.50,51 CRF in
adults is inversely correlated with BMI,
CRP concentrations, smoking, and resting
heart rate.52 CRP concentrations are signif-
icantly associated with BMI, fasting glucose
concentrations, and HbA1c values, while
they are negatively correlated with a high
fitness level, prolonged exercise training,
and antioxidants. Antioxidants, including
vitamin C and NAC, significantly reduce
CRP concentrations and other inflammato-
ry markers and cytokines, which are key
adaptive changes to training, by inhibiting
nuclear factor kappa B.53–57 Zinc counter-
acts insulin resistance, reduces CRP
concentrations, and protects against cardio-
vascular disease. Zinc produces these effects
because it is an essential trace element in
many enzymes, particularly the antioxidant
superoxide dismutase, and is involved in
insulin homeostasis.58–60 The present study
also showed a similar reduction in bio-
markers of inflammation, cellular damage,
and hypoxia, which indicated the effective-
ness of the antioxidant cocktail used.

In the present study, correlation analysis
before supplementation showed the follow-
ing significant positive correlations: 1) TTE
with the CRF index and serum betatrophin
concentrations, 2) serum cytochrome c with
HIF-1a concentrations, 3) serum betatro-
phin with HGF concentrations, 4) serum
insulin concentrations with HOMA-IR
and HbA1c values, 5) serum glucose con-
centrations with the HOMA-IR index and
total cholesterol concentrations, and 6) the
HOMA-IR index with serum total choles-
terol concentrations. HGF concentrations
were negatively correlated with the
HOMA-IR index, and insulin and TAG

concentrations. Mitochondrial dysfunction,
which improves with physical activity and
fitness, has been implicated in the develop-
ment of metabolic disorders, such as insulin
resistance and type 2 diabetes mellitus.61

Mitochondrial dysfunction and free cyto-
plasmic cytochrome c, which is involved in
oxidative stress and O2/energy shortage,
activate caspase 9 as the primary event in
apoptosis.62,63 This finding was the ratio-
nale for using cytochrome c and HIF-1a
as biomarkers in the present study.

Circulating HGF concentrations are
high in healthy athletes, irrespective of the
type of exercise.24 This finding may explain
the present finding of no significant increase
in HGF concentrations, which showed
large inter-individual variation, because
basal concentrations were already high.
Large individual variations in serum HGF
concentrations have been previously
reported.20,38 HGF induces bcl-2 and inhib-
its translocation of bax from the cytosol to
the mitochondria to prevent endothelial cell
apoptosis, which is induced by high glucose
concentrations.64 HGF attenuates oxidative
stress and cytochrome c release in retinal
pigment epithelium cells treated with
buthionine-(S,R)-sulfoximine, which depletes
glutathione.65 In contrast, HGF concentra-
tions are negatively correlated with aerobic
and muscle fitness, and positively correlated
with CRP, interleukin-6, and tumor necrosis
factor-a concentrations.49

The present study showed no significant
increase in serum betatrophin concentra-
tions after supplementation, with large
inter-individual variation. Serum betatro-
phin concentrations were positively
correlated with the TTE and HGF concen-
trations before supplementation, and nega-
tively correlated with HIF-1a and smoking
after supplementation. Betatrophin concen-
trations show large inter-individual differ-
ences and are positively correlated with
age, glucose, TAG, total cholesterol, and
HbA1c values in healthy adults and
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patients.20,66,67 CRP and betatrophin con-
centrations are higher in patients with obe-
sity and in those with metabolic syndrome
compared with healthy lean controls, and
they are positively correlated with each
other. A 3-month physical activity program
greatly reduced circulating betatrophin con-
centrations.19 Additionally, a study showed
that betatrophin concentrations were
increased following aerobic and resistance
exercise, and were positively correlated
with body weight and HOMA-IR and neg-
atively correlated with total cholesterol and
TAG concentrations.18 However, 6-month
physical exercise did not change betatro-
phin concentrations in healthy subjects.68

In contrast, a study showed that betatro-
phin concentrations were significantly
decreased after three types of exercise train-
ing in participants with obesity, and were
positively associated with fasting blood
glucose concentrations before and after
exercise.69

The present study showed better
metabolic cytoprotective action, anti-
inflammatory effects, and resilience to hyp-
oxia after supplementation, as reflected by
a significant improvement in the TTE and
CRF index in the participants. This finding
was observed despite the fact that glycemic
and lipid profile parameters were within the
normal physiological range. Ten years pre-
viously, our research group was one of the
first groups worldwide to characterize the
changes in circulating concentrations of
HIF-1a as a hypoxic cellular stress and
damage biomarker, which is consistent
with the present results.70–73 In the present
study, the distinct improvement in the per-
formance of the participants regarding the
TTE, the CRF index, and metabolic fitness
compared with previous studies on well-
trained athletes,28–30 could be attributed to
the following. 1) This study used a strong
antioxidant cocktail, 2) the participants’
athletic performance was novice in nature,
and 3) the cardiorespiratory fitness (n¼ 9;

50% with a poor index) and the metabolic
fitness (n¼ 11; >61% with a BMI of
�25 kg/m2) of the participants were poor,
which suggested physical inactivity and/or
unhealthy nutrition. However, validation of
the utility of the biomarkers used in this
study requires larger studies in the future.

Conclusions

The antioxidant NAC/Z/C food supple-
ment applied in this study led to a signifi-
cant improvement in the TTE and CRF
index because it supported cellular viability
(cytochrome c and HIF-1a), reduced
inflammation (CRP) and insulin resistance
(HbA1c and HOMA-IR), and improved the
lipid profile (total cholesterol) and glycemic
control indices (insulin and HbA1c). These
findings were correlated with a nonsignifi-
cant increase in metabolic regulators of
cytoprotection (betatrophin and HGF),
and a decrease in glucose and TAG concen-
trations. BMI and smoking negatively
affected these benefits. HIF-1a concentra-
tions were positively correlated with cyto-
chrome c and glucose concentrations, and
negatively correlated with the CRF index
and TTE, which suggest that HIF-1a is a
marker of damage. The marked improve-
ments observed in this study are reasonable
in consideration of the initial low physical
fitness and CRF of our participants, and
this suggests unhealthy nutrition. Larger
and longer term studies are required in the
future to confirm the generalization of our
results and the utility of the biomarkers
used, particularly for trained athletes.
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