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ABSTRACT

Nutritional supplements are often used by athletes to support their perfor-
mance. However, if there is no nutrient deficiency, supplementation may not
improve performance and may even have a detrimental effect on both perfor-
mance and health. The aim of this study was to review the influence of sodium
nitrite (NaNQO,) and zinc (Zn) on the hemorheological status of different types
of blood cells with application in sports. Sodium nitrite, known as food preser-
vative E250, and zinc are proven modulators of the biomechanical properties of
blood, influencing its hematometric and hemorheological properties. Our previ-
ous experimental results demonstrated that intraperitoneal injection of NaNO,
in mature rats had a diverse effect on the leukocyte and platelet populations.
After the treatment, the number of monocytes and granulocytes decreased sig-
nificantly, thus increasing the susceptibility to infections. The number of platelets
increased, altering the coagulation status of blood. Scientific research data show
that the proper intake of NaNO, and Zn improves glucose metabolism, a key
factor in maintaining energy levels during physical activity, muscle strength,
and endurance. Zn also exhibits protective effects against bone loss. Excessive
intake of zinc for long periods may interfere with other essential elements of
metabolism. This review proves that hemorheological parameters such as whole
blood viscosity, plasma viscosity, as well as the main hematometric indices are
suitable quantitative biological markers for monitoring nitrite and/or zinc sup-
plementation.

Keywords: Sodium nitrite, zinc, biomechanical properties of blood, phy-
sical performance

ported that diet and moderate physical activity

Sports and an active lifestyle are very im-
portant factors in maintaining good health and
a high quality of life for modern people. Re-
gular, moderate-intensity exercise is known to
reduce the likelihood of death from a general
cardiovascular event (Ivanov et al., 2016). An-
alyzes by Brandt & Pedersen (2010) and No-
con et al. (2008) proved that physical activity
reduces the risk of death from cardiovascular
disorders by 35% and the risk of death of a
general nature — by 33%. Studies have also re-

protect patients with impaired glucose tole-
rance from developing type 2 diabetes (Brandt
& Pedersen, 2010; Knowler et al., 2002). In
the specialized medical scientific literature, the
term “diseases of physical inactivity” encom-
passes diseases such as type 2 diabetes, car-
diovascular diseases, colon and breast cancer,
dementia, etc. (Pedersen, 2009; Hotamisligil,
20006).

Nutritional supplements are often used by
athletes to support their performance, enhance
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recovery and immune function, or improve
overall health (Peeling, 2019). However, ath-
letes should consider that supplement use ex-
poses them to the risk of ingesting banned sub-
stances or precursors of prohibited substances
(Garthe, 2018).

The aim of this study was to review the
influence of sodium nitrite (NaNO,) and zinc
(Zn) on the hemorheological status of different
types of blood cells in sports.

Sodium nitrite — properties and physiolo-
gical effects

Sodium nitrite is a water-soluble, white-yel-
low-colored crystalline powder used as a food
preservative and coloring agent. It is also a cor-
rosion inhibitor found in pharmaceutical anti-
freeze and an antidote for cyanide poisoning
(Albano et al., 2024). NaNO, blocks the de-
velopment of bacteria that cause botulism and
prevents meat from spoiling. It also gives cured
meats a characteristic color and flavor (Ame-
rican Meat Institute). It is well-known as a pre-
servative E250 in the food industry (Figure 1).

The vasodilator effect of sodium nitrite
has been proven in active athletes and helps
to improve their sports performance. Anti-dop-
ing authorities do not ban nitrites, but their
prolonged use has caused increased attention
and concern from these institutions (Petrdczi,
Naughton, 2010).

NaNO, interferes with red blood cells bind-
ing to oxygen. The iron component of hemoglo-
bin becomes oxidized from ferrous iron (Fe®")
to ferric iron (Fe’*), converting hemoglobin
to methemoglobin (Lee et al., 2017). Methe-
moglobin cannot bind oxygen, impairing oxy-
gen transport and causing subsequent hypoxia
and lactic acidosis. The physical symptoms
of NaNO, poisoning vary depending on the
concentration of methemoglobin and include
fatigue, difficulty/irregular breathing, tachy-
cardia, impaired mental status, nausea, and

vomiting. More than 50% of the patients de-
velop symptoms of severe tissue hypoxia, such
as cardiac arrhythmias, seizures, coma, and
death (Zerbo et al., 2023). If not treated, this
condition can be fatal in severe cases. Self-poi-
soning with sodium nitrite represents an in-
creasing trend in nitrate-related deaths (Khan
et al., 2024). A similar trend has recently been
reported in the United States, Portugal, and the
Republic of Korea (Albano et al., 2024).

In adults, the daily intake of NaNO, varies
between 1.8 and 8.4 mg, depending on vari-
ous factors. Many authors claim that increased
consumption of red and processed meats leads
to an increased risk of cancer and chronic lung
diseases (Hord et al., 2009; Ivanov et al., 2016;
Norat et al., 2005; Santarelli et al., 2008; Varra-
so et al., 2007; Jiang et al., 2007). The Ameri-
can Institute for Cancer Research recommends
the following: “Reduce consumption of red
meats (beef, pork, and lamb) and limit canned
meats. To reduce your risk of cancer, consume
no more than 18 oz. (0.5102 kg weight after
cooking) per week of red meat (beef, pork, and
lamb) and refrain from canned meats such as
ham, salami, hot dogs, sausage” (World Can-
cer Research Fund. Food, nutrition, physical
activity, and the prevention of cancer: a global
perspective. Second Expert Report, 2007).

It is known that the presence of increased
levels of nitrates (NO,") and nitrites (NO,")
in food is associated with an increased risk of
developing gastrointestinal cancer and methe-
moglobinemia in infants (Hord et al., 2009).
Approximately 80% of dietary nitrates come
from fruits, vegetables, and canned meats.

Nitrite is synthesized endogenously by oxi-
dation of nitric oxide (NO) and by reduction
of nitrate by parasitic bacteria present in the
oral cavity and gastrointestinal tract (Hord et
al., 2009). It is also known that there are three
ways to increase the amount of nitrites (the
main part of which is NaNO,) in the body:

92



JOURNAL of Applied Sports Sciences 01/2024

- endogenous — by oxidation of nitric oxi-
de, synthesized by endothelial cells in the
walls of blood vessels, under different con-
ditions;

- by converting the ingested nitrates to ni-
trites — by available parasitic bacteria in the
oral cavity and gastrointestinal tract;

- oral intake through food, mainly meat with
E250 preservative, and medication (used
for doping in specific concentrations and
with intake protocols).

Consuming foods rich in NaNO, and in-
travenous sodium nitrite infusion may also be
beneficial (Ormerod et al., 2015). Jones et al.
(2013) reported the benefits of sodium nitrite
consumption in the treatment of heart attacks,
cerebral aneurysms, elevated pulmonary pres-
sure in infants, and infections caused by the
bacterium Pseudomonas aeruginosa (Jones et
al., 2013; Omar & Webb, 2014).

Studies have shown that the vasodilator
effect of NaNO, helps treat so-called “pul-
monary hypertension” (Hunter et al., 2004),
posthemorrhagic cerebral vasospasm (Pluta et
al., 2005), myocardial infarction (Webb et al.,
2004), and plasma peroxynitrite levels in well-
trained subjects (Gholami et al., 2019).

Knowing the benefits and drawbacks of in-
creased or decreased sodium nitrite consump-
tion is important. The mechanisms of influence
of this metal compound on the morphology,
rheology, and biomechanics of human blood
cells and whole blood as fluids need to be stud-
ied and elucidated. Numerous studies are avail-
able in the literature regarding the biomechani-
cal changes in the blood in the presence, intake,
and synthesis of sodium nitrite in the body.

Our previous studies in an experimental rat
model of NaNO,-induced hypoxia (Ivanov et
al., 2014; Ivanov et al., 2016) showed interest-
ing results regarding the influence of NaNO,
on the rheological properties of blood and the
biomechanical and hematometric parameters

of the three types of blood cells — erythrocytes,
leukocytes and platelets. These results are also
directly related to physical activity and sports
achievements because hemoglobin is the pri-
mary transporter of oxygen to the tissues. The
reported quantitative values of the hemato-
metric indices in this experimental model can
serve to predict the effects of sodium nitrite
over time - on specific indicators of the blood
and, from there on, the sports results of elite
athletes.

Our data also showed a significantly de-
creased number of monocytes at various ear-
lier stages of NaNO, treatment (1 h, 5 h, 24
h, and 48 h). Monocyte count recovered up
to 20 days after treatment. Our results con-
firmed those of Abuharfeil et al. (2001), which
demonstrated an immunosuppressive effect of
NaNO, in subchronic treatment of mice.

Sodium nitrite had the opposite effect on
platelet parameters. The platelet count (PLT)
was significantly increased at all stages of the
NaNO, treatment studied, except for the 20"
day after exposure. The increase was like-
ly also due to the decreased platelet volume
(MPV) found in the study. The increased plate-
let number, in turn, leads to a significant in-
crease in the platelet crit (PCT). There was no
effect on platelet distribution width (PDW), as
PDW values were close to the control ones.
The results suggested that NaNO, affected
platelet activity, possibly with implications for
blood coagulation. Thus, our data confirmed
those of Dautov et al. (2014), who reported re-
duced platelet aggregation under NO,-induced
hypoxic conditions. According to Srihirun et
al. (2012), nitrite inhibits platelet aggregation
in the presence of erythrocytes, which may
explain the increased number of platelets in
our samples. Sodium nitrite treatment in our
study had diverse effects on the leukocyte and
platelet populations. The number of phago-
cytizing cells — monocytes and granulocytes
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— decreased statistically significantly, leading
to increased susceptibility to infections. He-
matometric indices for platelets showed a sig-
nificant increase in PLT and PCT.

The results of our experimental studies
showed that hemorheological parameters such
as whole blood viscosity (WBV) and plasma
viscosity (PV), as well as the main hematometra
indices (Hb, HCT, MCV, MCHC, and others),
are suitable quantitative biological markers for
monitoring nitrite intoxication in medical toxi-
cology (Ivanov etal., 2014; Ivanov et al., 2016).

Acute exposure to NO,™ has also been
reported to increase Ca?' in isolated skeletal
muscle fibers during tetanic contractions (An-
drade et al., 1998).

NaNO, exposure is shown to delay ex vivo
fatigue development in single intact mammali-

an skeletal muscle fibers at a near-physiologi-
cal oxygen partial pressure (PO,) and repeated
isometric contractions (Bailey et al., 2019).

Singamsetty et al. (2015) found that nitrite
improves glucose tolerance and insulin sensi-
tivity in genetically obese mice.

NaNO,

Figure 1. Sodium nitrite — real species, molecule, and structural chemical formula.

Justice et al. (2015) provided the first evi-
dence that sodium nitrite improves motor and
cognitive function in healthy middle-aged and
older adults. The authors postulated that these
improvements were associated with and pre-
dicted by the plasma metabolome. These find-
ings provide important support for larger cli-
nical trials on this promising pharmacological
strategy for preserving physiological function
with aging.

Another research group demonstrated
that NaNO, enhanced cardiac output reserve,
which improved with exercise. In addition,

NaNO, normalized the increase in cardiac out-
put relative to oxygen consumption (Borlaug
etal., 2015).

NaNO, serves therapeutically as a hypoxic
vasodilator with efficacy for improving exer-
cise performance in patients with cardiovascu-
lar disease (Colburn, 2016).

Zinc — properties and physiological effects
Food quality, quantity, and composition
are other important factors determining hu-
man health and leading to better performance
in athletes. From this point of view, Zn is a
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trace element of great importance to the body
and is necessary for the health of the human
immune system. Such effects were observed
after treatment with zinc gluconate (Zavros et
al., 2023) (Figure 2). Zinc insufficiency may
lead to an increased likelihood of a number of
diseases.

The human body does not produce zinc

HO

A. .
Figure 2. Zinc. A.) Natural specimen,; B.) Zinc gluconate (Araujo-Lima et al., 2017).

Zinc is the second most abundant trace
metal in the human body and is a biologically
important cation, which makes it an import-
ant mediator of hemostasis and thrombosis.
Approximately 10-15% of human genes en-
code proteins that utilize Zn*" as a cofactor.
These include transcription factors, enzymes,
and structural and signaling proteins (Taylor,
2016). Zn** modulates platelet function and
may contribute to pathophysiological throm-
bus formation (Taylor, 2016). According to Vu
etal. (2013), zinc is an effector of coagulation,
anticoagulation, and fibrinolysis. Zinc status
may influence blood rheology during exercise,
altering RBC flexibility (Khaled, 1997).

Another vital contribution of zinc is detoxi-
fying ammonia. Without sufficient Zn, the con-
centration of ammonia in the muscles increas-
es. The metal works in sync with vitamin B6
in the human body, playing a vital role in both
glycogen storage processes and amino acid
metabolism. Vitamin A or zinc deficiency is a
prerequisite for a breakdown in the functions

OH

naturally, so people must obtain it through
food or supplements.

Zinc participates in essential processes
in the body, regulating basic functions of the
endocrine and immune systems. Its ability to
weaken the catabolite effect of proteins and
thus exert an anabolic effect on the muscle is
also important (Figure 2).

OH

OH
OH O 0

OH

OH
B

of the immune system.

Zinc is essential for energy metabolism,
muscle repair, and immune system (Ravindra
et al., 2022; Prasad, 2013). Zinc insufficiency
may disrupt thyroid hormone levels, thus af-
fecting metabolic rate and sports performance
(Prasad, 2013).

Elite athletes’ nutritional habits during
training and competition completely differ
from the recommended diet. Their diet often
includes excess carbohydrates, low proteins,
and fat, which may lead to suboptimal zinc
intake in 90% of athletes. Mild zinc deficien-
cy is difficult to detect because of the lack of
definitive indicators of zinc status. In athletes,
zinc deficiency can lead to anorexia, signifi-
cant body weight loss, risk of osteoporosis, etc.
(Micheletti et al., 2001).

The role of zinc in the synthesis of the three
most important anabolic hormones - growth
hormone, insulin, and testosterone - has been
well studied. Zinc is essential for the production
of Human growth hormone. It is also needed
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for the accumulation or secretion of insulin in
the pancreas. Zinc has also been shown to in-
crease testosterone levels in various diseases.
All the above shows zinc’s importance for ath-
letes practicing sports with increased intensity.

The scientific database has examined se-
rum zinc concentrations in athletes - gymnasts,
soccer players, and other elite athletes (Khaled
etal., 1997; Brun al., 1995).

Zn also exhibits protective effects against
bone loss by suppressing osteoclastogenesis
(Amin et al., 2020).

A number of specialized studies have high-
lighted the influence of zinc on erythrocyte
biorheology (Khaled et al., 1997; Dash et al.,
1974; Brun et al., 1991). In vitro, Zn has been
shown to increase erythrocytes’ deformability
following experimentally induced cell mem-
brane rigidity (Brun et al., 1991). Of interest is
the hemorheological influence of zinc in two
classic hemorheological conditions: hypervis-
cosity of blood induced by excessive physical
activity (Ernst et al., 1991; Brun et al., 1993)
and reduced blood viscosity — fitness-induced
in trained athletes (Brun et al., 1995). In this
sense, the importance of zinc in sports medi-
cine is constantly increasing as a specific nu-
tritional biofactor that positively affects the
rheology of blood and blood cells and is of
fundamental importance in systematic training
and physical exercises.

According to Khaled et al. (1997), eryth-
rocyte stiffness and blood viscosity (with a
corrected hematocrit of 45%) are increased
in “hypo-zincemic athletes.” The authors hy-
pothesize that athletes’ “zinc status” affects
their sports form precisely through positive
hemorheological effects.

Eskici et al. (2016) found that when zinc is
supplemented to athletes, the relation between
the duration and dose of supplementation is
important. However, excess zinc in the diet can
result in a secondary copper deficiency (Mc-

Donald et al., 1988). Kilic et al. (2004) show
that zinc supplementation positively affects
hematological parameters in wrestlers.

Cinar et al. (2018) demonstrated that the
groups’ total cholesterol, low-density lipo-
protein (LDL) cholesterol and triglyceride
decreased after zinc supplementation. In con-
trast, high-density lipoprotein (HDL) choles-
terol levels increased following six weeks of
zinc administration and training.

Applied as zinc chloride (ZnCl), it im-
proves glucose homeostasis in high-fat-fed
mice by a mechanism that enhances B-cell
function (Cooper-Capetini, 2017). Excessive
zinc intake for extended periods may interfere
with the metabolism of iron and copper, which
can affect the immune system and reduce
HDL-cholesterol concentrations (Cooper-Ca-
petini, 2017). However rare intoxication by
excessive exposure is, zinc deficiency is wide-
spread and has a detrimental impact on growth,
neuronal development, and immunity, and in
severe cases, its consequences are lethal. Zinc
deficiency caused by malnutrition and foods
with low bioavailability, aging, certain diseas-
es, or deregulated homeostasis is a far more
common risk to human health than intoxica-
tion (Plum, 2010).

Sinan et al. (2023) show that Zn incubation
increased deformability and decreased aggre-
gation in thalassemic erythrocytes.

CONCLUSIONS

Food quality and composition are other
vital factors determining human health and
leading to better athlete performance. Sodium
nitrite (known as food preservative E250) and
zinc are proven modulators of the biomecha-
nical properties of blood, influencing its he-
matometric and hemorheological properties.
The proper intake of NaNO, and Zn improves
glucose metabolism, muscle strength, and en-
durance, but long-term supplementation may
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induce severe side effects. Zn also exhibits
protective effects against bone loss. Excessive
zinc intake for extended periods may interfere
with other essential elements of metabolism.

The scientific literature presents a great
deal of evidence for sodium nitrite and zinc’s
effects on human body hemorheological status
and exercise performance. They demonstrate
beneficial effects on tissue oxygen supply and
in delaying skeletal muscle fatigue, which is
important for athletes’ performance and reco-
very. The proper intake of NaNO, and Zn im-
proves muscle strength and endurance.

Our previous experimental results demon-
strate that intraperitoneal injection of NaNO,
in mature rats has a diverse effect on the leu-
kocyte and platelet populations. After the treat-
ment, the number of monocytes and granulo-
cytes decreases statistically significantly, thus
increasing the susceptibility to infections. The
number of platelets increases, altering the co-
agulation status of blood.

This review demonstrates that hemorheo-
logical parameters such as whole blood visco-
sity, plasma viscosity, and the main hematome-
tric indices are suitable quantitative biological
markers for monitoring nitrite and/or zinc sup-
plementation.
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