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Introduction

Nitric oxide (NO) is produced in vivo by NO synthase (NOS) using L-arginine as a
substrate. In vascular endothelial cells, NO generated by endothelial NOS (eNOS)
exhibits physiological functions such as vasodilatory, anti-inflammatory, and anti-
oxidative actions. However, endogenous NO production by eNOS is decreased due to
vascular endothelial injuries following aging and lifestyle-related diseases (such as
hypertension, diabetes mellitus, and dyslipidemia), that is closely related to the
subsequent development of cardiovascular and chronic respiratory diseases. On the other
hand, NO is also produced from diets via enterosalivary nitrate-nitrate-NO pathway,
suggesting that dietary habit rich in vegetables and fruits is expected to serve as an
alternative source of NO activity. However, the mechanism through which NO is
generated from dietary nitrate and nitrite, and their factors responsible for NO activation
have not been clarified in detail.

This study, therefore, aims to clarify the factors leading to in vivo NO production from
nitrate and nitrite, and also to elucidate the organ-protective effects of dietary nitrate and
nitrite on lifestyle-related diseases.

(1) Identification of the factors responsible for hypotensive effect of sodium nitrite
and NO production in vivo

The relation of NO production from nitrite by mitochondrial aldehyde dehydrogenase
2 (ALDH2) and xanthine oxidase (XO) to its hypotensive effect was examined, focusing
on NO production from nitroglycerin (NTG) by mitochondrial ALDH2 and NO
production from nitrite by XO under hypoxic conditions. Rat treated with NO synthesis
inhibitor, N-omega-nitro-L-arginine methyl ester (L-NAME) (NO-deficient hypertensive
rat model), are treated with ALDH2 inhibitor or XO inhibitor, followed by intravenous
administration of sodium nitrite. The arterial blood pressures and the concentrations of
nitrite in blood and tissues were measured. Inhibition of XO had no impact not only on
hypotensive effect of sodium nitrite but also on pharmacokinetics of nitrite. On the other
hand, inhibition of ALDH2 attenuated hypotensive effect of sodium nitrite and delayed
the clearance of nitrite in blood and organ tissues.

Based on these results, we showed that nitrite are systemically distributed in organ
tissues following the intraperitoneal injection of sodium nitrite, and catalyzed partially by
ALDH2 to generate NO with the subsequent physiological effects (including hypotensive
effect) on the organ tissues.

(2) Protective effects of oral supplementation of sodium nitrite on cardiovascular
diseases



It is well known that cardiovascular diseases are caused by chronic NO deficiency. In
this study, we used L-NAME-induced hypertensive rats, and examined protective effects
of chronic supplementation of sodium nitrite available for daily intake. Treatment of rats
with L-NAME for 8 weeks induced hypertension with hypertrophy and fibrosis of
myocardial and coronary artery, which were consequently improved by oral
supplementation of sodium nitrite with reduced protein level of TGF-3 and transcriptional
levels of collagen type 1 « 1 and fibronectin. We further examined the effect of sodium
nitrite on renin-angiotensin system (RAS) which is known to be activated by NO
deficiency. L-NAME increased plasma levels of angiotensin Il and protein and
transcriptional levels of angiotensin Il receptor type 1 in cardiac tissues, and they were
inhibited by oral supplementation of sodium nitrite.

These results indicate that dietary nitrite available for daily intake may suppress RAS
activation and subsequent cardiac remodeling caused by NO deficiency.

(3) Protective effects of oral supplementation of sodium nitrite on elastase-induced
emphysema

Emphysema is a major lesion of chronic obstructive pulmonary disease (COPD).
Emphysema is induced by pulmonary inflammation caused by smoking and inhalation of
air pollutants. Recent research works have reported that nitrite exhibits an anti-
inflammatory action via NO-mediated mechanism. We prepared mouse model with
elastase-induced emphysema and examined the protective effect of oral supplementation
of sodium nitrite on this lesion. Dietary sodium nitrite histologically improved
emphysematous lesions and suppressed the accumulation of inflammatory macrophages
in the alveoli.

These results suggest that chronic oral supplementation of sodium nitrite suppresses
inflammatory cell accumulation in alveoli and subsequent development of
emphysematous lesion in the lung.

Conclusion

The present study showed that nitrite were distributed in a wide variety of peripheral
tissues after systemic circulation, and enzymatically converted to NO partially by ALDH2
present in the tissues, and exerting physiological actions on the various organs such as
vascular beds. In addition, we showed that oral supplementation of sodium nitrite in an
amount that can be taken on a daily basis partially improves the cardiac remodeling
caused by NO deficiency and also suppresses pulmonary emphysema through anti-
inflammatory action of NO.

This study suggests that daily consumption of vegetables and fruits rich in nitrate and
nitrite may have protective effects against cardiovascular and chronic respiratory diseases,
and provides useful information for developing and designing diets to prevent and treat
lifestyle-related diseases.
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