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Abstract

The leading causes of death are still cardiovascular diseases worldwide. Central to the cardiovascular system are reductions in
the in vivo production and bioavailability of nitric oxide. Food ingredients have received widespread attention in preventing
cardiovascular diseases. Epidemiological studies showed that moderate and regular wine consumption, especially red wine
consumption, was beneficial for a comparatively lower incidence of coronary heart disease in France. Sulfite at high
concentrations in wine has been found to regulate nitric oxide bioavailability in the nitrate—nitrite—nitric oxide pathway. The
ability of sulfite to convert nitrite into nitric oxide might have some beneficial effects on cardiovascular diseases. Because
sulfite is a harmful substance in wine according to public perception, many studies need to be performed in the future.
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Introduction

Cardiovascular disease (CVD) is the main cause of the
mortality in the world now 2, CVD is a broad wide scope
of diseases, including myocardial diseases and vascular
system diseases that affect the heart, brain and other
important organs. Studies have revealed the important role
of nitric oxide (NO) in maintaining the cardiovascular
system Bl NO homeostasis disorder plays a crucial role in
acute ischemic events and is closely related to the
development of chronic cardiovascular diseases. In
cardiovascular diseases, the decline in NO bioavailability is
a key event [ 5. Therefore, preventing the reduction of
nitric oxide bioavailability may help reduce the incidence of
CVD and maintain the function of multiple organ systems.
Food ingredients have received widespread attention in
preventing chronic CVD. Based on epidemiological studies,
The incidence of coronary heart disease in France is
relatively low, despite the high content of saturated fat in its
traditional diet. It has been reported that drinking a
moderate amount of red wine every day can help achieve
this effect 1. Interventional studies showed that after the
ingestion of wine, the function of acute and chronic vascular
were improved by measuring flow-mediated dilation /1. The
mechanism of wine's impact on health is extremely
complex. However, the regulation bioavailability of NO is a
key characteristic of dietary intake of food. It is important to
identify the specific ingredients of food that may have
nutritional effects, which will help improve dietary
guidelines and design the optimal preventive nutrition
programme for specific diseases. The role of sulfite in
enhanced nitrite-dependent nitric oxide production for
cardiovascular diseases was invoked in this paper.

Source of sulfite in wine

It is said that wine is the ancient and most popular alcoholic
drink in the world. According to archaeological discoveries,
Mesopotamia began its first large-scale wine production
around 5400 BC. The winemaking process includes
preparation of must, control of alcohol fermentation, and
aging process of wine in barrels. Afterward, Wine is bottled
and then store or distribute through retail stores. In order to

prevent oxidative stability of wine and avoid microbial
spoilage of wine, sulfite will be added regularly during the
whole brewing process and before bottling €1,

Sulfur dioxide (also known as "sulfite" in winemaking) with
antioxidant and antiseptic properties has been widely used
as a preservative application in the food industry, especially
in enology since the nineteenth century ! Sulfur dioxide in
winemaking can prevent oxidation, inhibit the growth of
spoilage microorganisms, promote the growth of
Saccharomyces cerevisiae 9, Sulfur dioxide can also
improve the Infusions of phenolic substances from the peel
and seeds during the maceration process and make wine
color more stable M. There are several forms of sulfur
dioxide, such as gas, aqueous solution or salt (such as
sodium pyro sulfite or potassium pyrosulfate) 22,
Winemakers may use sulfur dioxide during grape pressing,
storage, fermentation, or before bottling [,

Although it was proposed to explain the antibacterial effect
of sulfite with various mechanisms, it is most likely that
degradation of disulfide bonds in proteins leads to loss of
microbial function. Bisulfides can bind to nucleic acids and
lipids, resulting in damage to microbial membranes 13 41,
For its antioxidant effect, sulfite is preferably oxidized prior
to other compounds of must or wine; therefore, The quality
and sensory characteristics of wine have been improved 12,
In addition, sulfite can reacts with oxidation byproducts to
protect the quality of wine. Non enzymatic oxidation
reaction and oxidase (such as polyphenol oxidases) are the
important reasons for the oxidative browning of must or
wine, while sulfite can inhibit the activity of nonenzymatic
oxidation reactions and oxidases [ 141,

However, even without the addition of sulfite, there was still
a certain amount of sulfite in wine due to the amino acid
metabolism by yeast . The concentration of natural
sulfites in wine is closely related to yeast strain and
fermentation conditions %, To date, the maximum
allowable amount of sulfite in wine varies in different
regions of the world; for example, the maximum allowable
amount for total sulfite were 350 mg/L in the United States
and Japan, 250 mg/L(containing sugars<35 g/L) and 300
mg/L (containing sugars>35 g/L) in Australia, 150 mg/L
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(red wines, containing sugars<5 g/L) and 200 mg/L (white
and rosé wines, containing sugars <5 g/L) in the European
Union. According to the World - International Grape and
Wine Organization OIV, the upper limit of total sulfite in
various wines was 150 mg/L (red wine containing reducing
substances < 4 g/L); 200 mg/L (white and rosé wines
containing reducing substances <4 g/L); 300 mg/L (red, rosé
and white wines containing reducing substances >4 g/L);
and 400 mg/L (some sweet white wines) [16],

Production of NO in cardiovascular diseases

It seems that no less than two systems can affect the
production/homeostasis of NO. The L-arginine-NO pathway
was the first discovered pathway in mammals &7, In this
pathway, NO is formed through the oxidation of L-arginine
and molecular oxygen acts as electron acceptor. This
pathway is a complicated and complex pathway that
requires several cofactors. If any cofactor becomes a
limiting factor, the NO produced by NOS will shut down,
and NOS will produce superoxide in many cases. The
nitrate-nitrite-NO pathway was the alternate route as a
complementary system of NO production. The alternative
pathway uses nitrate and nitrite as substrates in the gradual
reduction process. Oral symbiotic bacteria were crucial to
the initial stage of the nitrate-nitrite-NO pathway because
their task is to use enzymes to reduce nitrate to nitrite [8 191,
Nitrite can be reduced to NO by various nitrite reductases
under certain conditions, which include carbonic anhydrase
(Cu) 9 xanthine oxidoreductase ?-2%1 aldehyde oxidase
24 sylfite oxidase (Mo) [ deoxyhemoglobin [26-28]
deoxymyoglobin % 39 neuroglobin B %2 cytochrome C
[331, NOS (Fe) B4, and by acidic disproportionation %1, The
relative contribution of each of these pathways may vary
depending on prevailing conditions [36 371,

The successive production of NO is crucial for the integrity
of the cardiovascular system and the reduction of NO
bioavailability is the key to the development of many
cardiovascular diseases %, In cardiovascular diseases, the
ability of endothelial NOS to generate NO by catalyzing L-
arginine is weakened, and alternative sources of NO from
dietary intake of food (i.e., salivary nitrate-nitrite-NO
pathway) can compensate for the fall in NO production
catalyzed by NOS [ 491 Therefore, simply supplementing
L-arginine is not the most effective strategy for increasing
NO production in cardiovascular disease patients. The
nitrate-nitrite-NO pathway has potential as a maintenance
system for NO bioavailability in cardiovascular diseases.

Potential negative health effects of sulfite in wine

Sulfites are a common food additive and a ubiquitous
ingredients in wine. All wines contain sulfite as a natural
by-product produced by yeasts during wine Fermentation.
But the majority of sulfites are added to wine in the form of
sulfite salts (such as sodium sulfite or sodium
metabisulphite) before bottling. However, In spite of all the
advantages of the sulfite, excessive sulfite impart an
undesirable taste and may pose serious health risks related
to allergic reactions in some consumers. Most sulfite-
sensitive individuals may experience a variety of symptoms,
including dermatitis, urticaria, angioedema, bdominal pain,
diarrhea, bronchoconstriction, and anaphylaxis [+ 42,
Nevertheless, reactions manifesting in migraine and
headache account for the majority of cases of sulfite
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sensitivity 3. It is estimated that approximately 1% of the
population has some clinical sensitivity to sulfite, with
increasing risk in asthmatic people 1 4],

Potential health benefits of sulfite in wine

Nitrite in vivo in circulation and tissues usually comes from
intake of diet and/or in vivo production. Exogenous nitrite is
obtained through the intake of vegetables, meat products,
and other foods, mainly through the transformation of
dietary nitrate by symbiotic bacteria in the oral microbiota
(461 1t can be known from previous literature that nitrates
can be extracted from plasma by the salivary glands,
however, the reason for this process has not been explained
yet. This process results in a 10-20 times higher nitrate level
in saliva compared with plasma 71, The nitrate reductase of
symbiotic facultative anaerobe in the oral cavity can convert
about 20% of nitrate into nitrite ['* 471, Nitrite is converted
into NO in the acidic environment of the stomach after
swallowing 81, The acidification process of nitrite is very
complicated, and the concentration of NO produced by
acidified nitrite is related to many factors, such as pH, nitrite
concentration, reducing agents, and oxygen content [,
Umeo et al. demonstrated that sulfite can enhance the
production of NO in acidified saliva containing nitrite and
acidic buffer solution, and as the concentration of sulfite
increases, the concentration of NO increases from 0 to
0.1mM. 1 When sulfite was added to the simulated wine
containing nitrite (data not shown), the production of NO
was detected. These findings suggest that sulfite may
directly convert nitrite into NO under acidic conditions,
although in light of the findings above, the precise
mechanisms of sulfite in NO production has not been
resolved so far. The ability of sulfite to effectively convert
nitrite into NO may be the reason for some beneficial effects
on some cardiovascular disease (Fig. 1).

L-Arginine — - NO

Diet

I Bacteria in mouth and gut l

Fig 1: The hypothetical mechanisms of sulfite on NO production.
The ability of eNOS to catalyze L-arginine to form NO is reduced
in cardiovascular diseases. Nitrate and nitrite can be sequentially
reduced to produce bioactive NO through microbial and sulfite
reductive pathways. Sulfite may produce sufficient NO in
cardiovascular disease by enhancing the nitrate-nitrite-NO
pathway. (NOS nitric oxide synthase NO nitric oxide, NOs~
nitrate, O2 Oxygen, CVD cardiovascular disease, NO2™ nitrite)

Conclusion

The nutritional function of food can play a crucial and cost-
effective role in reducing the risk of disease. To date, no
direct intervention study has been conducted to evaluate the
beneficial effects of sulfite in wine to cardiovascular
diseases. Prior to this discovery, the public perception
remained that sulfite is a harmful substance in wine. Now,
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most research focused on its toxicity characteristics, and
little is known about the potential health benefits of sulfite
in wine. A few studies have shown beneficial effects on the
modulation of NO bioavailability. Studies that determine
whether the beneficial effects of sulfites will exceed the
harmful effects have not been carried out to date. If this is
proven to be true in human studies, wine containing
appropriate amounts of sulfite with nitrate may become a
functional food for preventing cardiovascular disease.
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