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Background Nitric oxide (NO) has anti-platelet activity.1
Nitrate, nitrite and nitrosthiols (SNO) are NO intermediates.2
Exogenous NO sources include dietary inorganic nitrate and
commercial products, Beet It (BI) juice and SIS Go+ nitrate
(SGN) gel.3 In the entero-salivary circulation nitrate reduces
to nitrite via nitrate reductase (NR) from commensal oral bacteria.4 Nitrite reacts with gastric proteins to form R-SNO; clopidogrel may enhance production.5 Patients with coronary
artery disease (CAD) have impaired endogenous NO generation.6 7
Methods A model was created enabling in vitro sodium nitrate
salt (SNS) reduction by NR from Aspergillus niger.8 SGN gel,
placebo gel and BI were tested using this. Product was added
to gastric medium to form R-SNO, with and without clopidogrel.5 NO metabolites were quantified using ozone-based
chemiluminescence.9
Results SGN gel and BI produced limited nitrite. Placebo gel
(nitrate deficient) mixed with SNS also produced limited
nitrite. Gel dilution improved yield. R-SNO production was
greater from nitrite converted from SGN gel than SNS; clopidogrel did not enhance yield.
Key messages A model was established for the reduction of
nitrate from commercial agents. R-SNO formed in gastric
medium in the presence of nitrite. This helps understand a
clinical study assessing therapeutic effects of nitrate on platelet
activity in CAD.1
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Introduction Atherosclerosis is a complex inflammatory disease
in which major arteries narrow, and an atherosclerotic plaque
develops, modulated by genetic and environmental factors.
Macrophages participate in all stages of the plaque formation
and progression. Different macrophage subtypes within carotid
plaques have been shown to be altered in unstable vs. stable
plaques. M1 proinflammatory macrophages are mostly abundant in symptomatic and unstable plaques. In contrast, M2
macrophages are associated with regulatory and wound-healing
properties and generally found in stable lesions. In the future,
the characterisation of these changes in situ in the carotid plaques, associated with in vitro macrophage studies, and blood
composition may lead to the identification of diagnostic
markers to direct the best treatment for stroke patients.
Methods Carotid plaques were obtained from patients with a
recent stroke or TIA and with a greater than 50% stenosis of
the internal carotid artery. Plaques were removed during carotid endarterectomy and fixed in 10% (v/v) neutral buffered
formalin for maximum 36h. Macrophage phenotypes within
the shoulder regions were characterised with immunofluorescence microscopy. A novel immunofluorescence staining, image
acquisition and analysis technique was developed to identify
single M1 (CD68+CD86+MRC1-), single M2 (CD68+CD86MRC1+), double positive (CD68+CD86+MRC1+) and double negative (CD68+CD86-MRC1-) macrophages in the
human carotid atherosclerotic plaques.
Results 20 carotid plaques were collected from patients with
recent stroke or TIA (73% male, 70% smokers, 87% hypertensive). In 17 plaques the shoulder region (either side of a
thinned fibrous cap) was sufficiently intact for histological
analysis. Dense infiltration with macrophages was seen in all
17 specimens. The population comprised double positive
(CD86+MRC1+) (71%), M1 single positive (CD86+MRC1-)
(19%), and M2 single positive (CD86-MRC1+) (4%). Double
negative (CD86-MRC1-) macrophages represented 6% of all
macrophages. Amongst 10 unstable plaques (defined as AHA
Grade 6 or above) the majority (80%) of shoulder macrophages were M1 single positive. In contrast, amongst 7 stable
plaques, the majority of plaque shoulder macrophages (65%)
were M2 single positive.
Conclusions Macrophages within symptomatic carotid plaques
can express both M1 (CD86) and M2 (MRC1) markers, or
can express neither. Pro-inflammatory macrophage phenotypes
cluster in areas of unstable carotid plaque. Larger studies are
needed to confirm the role of dual staining macrophages and
double negative macrophages. If such in situ macrophages can
be manipulated towards one phenotype with pharmaceutical
interventions, this could offer a potential new approach to
plaque stabilising therapies.
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