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The endothelial cells lining our blood vessels make a gaseous “messenger” known as nitric oxide (NO)
that functions to ward off inflammation, atherosclerosis, and the inappropriate formation of blood clots.
There is considerable evidence that efficient production of NO by the blood vessels feeding the brain is of
fundamental importance for stroke prevention.1-3 Fortunately, there are a number of practical lifestyle
strategies that can promote NO production by the vasculature. As I put it in one of my publications, “Just
Say NO to Stroke”!1
Cocoa flavanols/quercetin. Certain flavonoid phytochemicals found in foods can act directly on
endothelial cells to activate the enzyme which makes NO, known as NO synthase. Epicatechin, a
flavanol richly supplied by raw cocoa powder, is one of these;4-6 quercetin, found in many fruits such as
apples, appears to have similar activity.7-10 The Kuna Indians of Panama, whose traditional lifestyle
entails drinking 4 or so servings daily of raw cocoa, are noted for their virtual absence of hypertension
and stroke.11-13 Consumption of flavanol-rich cocoa has been reported to acutely increase blood flow to
brain gray matter.14 To achieve an optimal intake of these protective factors, I suggest several servings
daily of a cocoa flavanol product, CocoaVia™, and/or several capsules daily of quercetin (~ 200 mg).
These should be dispersed throughout the day.
Spirulina. Oxidative stress produced by endothelial cells is very detrimental to vascular health, in large
part because it impairs the bioactivity of NO. Oxidative stress is capable of “uncoupling” NO synthase,
changing it to form that makes the dangerous oxidant superoxide rather than NO. Also, superoxide can
react spontaneously with NO to convert it to the oxidant peroxynitrite, destroying its protective
bioactivity in the process. So oxidative stress can be viewed as the evil antagonist of the key protection
afforded by NO. Fortunately, it has recently been discovered that spirulina – a cyanobacterium (algae)
used traditionally as a food by the Aztecs - contains a phytonutrient, known as phycocyanobilin
(PhyCB), that inhibits the key source of oxidative stress in the vasculature, NADPH oxidase.15-17
Quelling NADPH oxidase activity not only is useful for prevention of stroke, but in rodent studies also
aids preservation of brain neurons when rodents are subjected to an artificial stroke by temporary
occlusion of the carotid arteries.18-21 That likely explains why pre-administration of PhyCB has been
found to protect the brains of rodents subjected to such strokes.22, 23 It has been estimated that an intake
of 15-30 g of spirulina may be needed to achieve the optimal antioxidant benefits of spirulina seen in
rodent studies;15 this amounts to 1-2 rounded tablespoons daily. Unfortunately, spirulina is not
inherently appetizing – its flavor is rather disagreeable, and its odor is worse – but its flavor can be
masked when it is incorporated into smoothies. A practical way to get an intake of 15 g is with the
product Chocolatl Verde. This is a powder that can be blended with a cup of soy milk (I recommend
Silk™ Vanilla Soy Milk) or other suitable base, and also contains cocoa powder and 200 mg of quercetin
per serving.
Potassium and Sodium. Individuals and societies which get an ample dietary intake of potassium are
considerably less likely to suffer strokes.24-27 This may reflect the fact that a small rise in blood potassium
level tends to boost endothelial production of NO while quelling that of superoxide.28-30 Potassium also
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aids renal excretion of sodium, which in excess greatly increases stroke risk.31 And increased potassium
intakes tend to modestly lower elevated blood pressure, a key risk factor for stroke.32 You can increase
your potassium intake by increasing your intake of foods characteristically high in this mineral, such as
bananas, coconut water, potatoes, yams, or Low-Sodium V8™ Juice, and also by emphasizing whole
foods in your diet. Most foods naturally have a meaningful content of potassium. But when we eat
refined grains, or add sugars or oils to our diet, we dilute the good potassium content of natural foods with
calories that are “empty”, at least from the standpoint of potassium. While keeping your potassium intake
high, it is also smart to avoid foods that are overtly salty, and make sparing use of the salt shaker. A highsalt diet increases risk for stroke independent of its often adverse impact on blood pressure.33-37 It’s no
accident that societies in which salt intake has been typically high, such as Japan and Finland, have been
characterized by high stroke risk. Intriguingly, stroke is virtually absent on the island of Kitava, where
salt intake is about a quarter as high as in the U.S., and potassium intake about 3 times higher.38 Natural
whole foods are inherently low in sodium, but provide worthwhile amounts of potassium – so a lightlysalted natural foods diet is a convenient way to keep your dietary potassium/sodium ratio high and protect
your cerebrovascular health.
Citrulline. Our endothelial cells can make a compound known as ADMA (asymmetric dimethylarginine)
that acts as a competitive inhibitor of NO synthase. Not surprisingly, people with elevated levels of
ADMA have been found to be at increased risk for stroke.39-44 Fortunately, the adverse impact of ADMA
on NO synthase activity can be offset by boosting endothelial levels of this enzyme’s natural substrate,
the amino acid arginine. And this can best be achieved by supplemental intakes of arginine’s biosynthetic
precursor, citrulline.45-49 A citrulline intake of about 3 grams daily, split over at least two servings,
appears to provide effective support for the body’s NO synthase activity.
Exercise Training. When you do aerobic exercise, the increased rate of blood flow over the endothelial
lining of your blood vessels exerts a “shear stress” on this endothelium that boosts its expression and
activity of NO synthase; that’s a key reason why regular aerobic training reduces risk for heart attack and
stroke.50, 51 Exercise, done in the right way (in fasting metabolism), can also help to keep you lean or get
leaner – overweight is an important risk factor for stroke. Most authorities recommend an aerobic
exercise program that entails exercising 3-5 times weekly for 30-60 minutes per session. For people
who are not in stellar shape, brisk walking is a very good exercise, and has the merit that it is not likely to
injure your joints. Other smart aerobic activities which you can do in a gym include walking or jogging
on a treadmill, stair climbing, cycling, and elliptical gliding.
Control Hypertension and Obesity. Hypertension greatly increases stroke risk, in part because elevated
blood pressure has an adverse effect on vascular oxidative stress and NO activity.52 It can also increase
risk for hemorrhagic stroke by putting pressure on fragile blood vessels. So you should work with your
doctor to insure that your blood pressure is kept under good control. In addition to the anti-hypertensive
medications which your doctor prescribes, a diet rich in potassium and moderate in sodium can aid
blood pressure control in many people, as can regular exercise. Another thing you can do to moderate
your blood pressure is to stay reasonably lean – or get leaner. Obesity and the metabolic syndrome linked
to it (the so-called “metabolic syndrome”) is a risk factor for stroke, independent of its impact on blood
pressure.53, 54 There are many dietary strategies that can help people get lean and stay lean – a wholefood low-fat plant-based diet,55 and/or the “carb concentration” strategy56, 57 recommended on this
website, are among the best sustainable approaches to weight control. And effective integration of
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exercise with eating, so that fat is burned efficiently during and after exercise – the “mini-fast with
exercise”58 approach described on this website – can also be quite helpful for achieving leanness.
Statin Therapy. Elevated LDL cholesterol is not as closely associated with risk for stroke as it is with
risk for heart attack, possibly because it has relatively little influence on the strokes that arise in small
vessels of the brain.59 Indeed, stroke can be common problem in certain high-salt Third World societies
in which LDL cholesterol and heart attack risk are relatively low.60 Nonetheless, reduction of LDL
cholesterol using statin drugs tends to decrease risk for stroke, and to improve stroke outcome in people
who have strokes.59, 61 In part, this may reflect the ability of statins to increase the level of NO synthase
in vascular endothelial cells.3 Hence, use of statins or red yeast rice (containing natural statins62) may
lower your stroke risk if your LDL cholesterol is on the high side. LDL cholesterol can also be reduced
with a plant-based or Mediterranean diet. As a cautionary note, a low level of serum cholesterol in people
who are hypertensive increases risk for hemorrhagic stroke, so if your cholesterol is naturally low, it is
particularly smart to keep your blood pressure in good control.63

References

(1) McCarty MF. Up-regulation of endothelial nitric oxide activity as a central strategy for
prevention of ischemic stroke - just say NO to stroke! Med Hypotheses 2000
November;55(5):386-403.
(2) Pepine CJ. The impact of nitric oxide in cardiovascular medicine: untapped potential utility. Am J
Med 2009 May;122(5 Suppl):S10-S15.
(3) Sawada N, Liao JK. Targeting eNOS and beyond: emerging heterogeneity of the role of
endothelial Rho proteins in stroke protection. Expert Rev Neurother 2009 August;9(8):1171-86.
(4) Schroeter H, Heiss C, Balzer J et al. (-)-Epicatechin mediates beneficial effects of flavanol-rich
cocoa on vascular function in humans. Proc Natl Acad Sci U S A 2006 January 24;103(4):1024-9.
(5) Ramirez-Sanchez I, Maya L, Ceballos G, Villarreal F. (-)-epicatechin activation of endothelial
cell endothelial nitric oxide synthase, nitric oxide, and related signaling pathways. Hypertension
2010 June;55(6):1398-405.
(6) Ramirez-Sanchez I, Maya L, Ceballos G, Villarreal F. (-)-Epicatechin induces calcium and
translocation independent eNOS activation in arterial endothelial cells. Am J Physiol Cell Physiol
2011 April;300(4):C880-C887.
(7) Loke WM, Hodgson JM, Proudfoot JM, McKinley AJ, Puddey IB, Croft KD. Pure dietary
flavonoids quercetin and (-)-epicatechin augment nitric oxide products and reduce endothelin-1
acutely in healthy men. Am J Clin Nutr 2008 October;88(4):1018-25.

3

(8) Shen Y, Croft KD, Hodgson JM et al. Quercetin and its metabolites improve vessel function by
inducing eNOS activity via phosphorylation of AMPK. Biochem Pharmacol 2012 October
15;84(8):1036-44.
(9) Li PG, Sun L, Han X, Ling S, Gan WT, Xu JW. Quercetin induces rapid eNOS phosphorylation
and vasodilation by an Akt-independent and PKA-dependent mechanism. Pharmacology
2012;89(3-4):220-8.
(10) Montenegro MF, Neto-Neves EM, Dias-Junior CA et al. Quercetin restores plasma nitrite and
nitroso species levels in renovascular hypertension. Naunyn Schmiedebergs Arch Pharmacol
2010 October;382(4):293-301.
(11) McCullough ML, Chevaux K, Jackson L et al. Hypertension, the Kuna, and the epidemiology of
flavanols. J Cardiovasc Pharmacol 2006;47 Suppl 2:S103-S109.
(12) Bayard V, Chamorro F, Motta J, Hollenberg NK. Does flavanol intake influence mortality from
nitric oxide-dependent processes? Ischemic heart disease, stroke, diabetes mellitus, and cancer in
Panama. Int J Med Sci 2007;4(1):53-8.
(13) Hollenberg NK, Fisher ND, McCullough ML. Flavanols, the Kuna, cocoa consumption, and nitric
oxide. J Am Soc Hypertens 2009 March;3(2):105-12.
(14) Scholey AB, French SJ, Morris PJ, Kennedy DO, Milne AL, Haskell CF. Consumption of cocoa
flavanols results in acute improvements in mood and cognitive performance during sustained
mental effort. J Psychopharmacol 2010 October;24(10):1505-14.
(15) McCarty MF. Clinical potential of Spirulina as a source of phycocyanobilin. J Med Food 2007
December;10(4):566-70.
(16) Zheng J, Inoguchi T, Sasaki S et al. Phycocyanin and phycocyanobilin from Spirulina platensis
protect against diabetic nephropathy by inhibiting oxidative stress. Am J Physiol Regul Integr
Comp Physiol 2013 January 15;304(2):R110-R120.
(17) McCarty MF, Barroso-Aranda J, Contreras F. Potential complementarity of high-flavanol cocoa
powder and spirulina for health protection. Med Hypotheses 2010 February;74(2):370-3.
(18) Tang XN, Cairns B, Kim JY, Yenari MA. NADPH oxidase in stroke and cerebrovascular disease.
Neurol Res 2012 May;34(4):338-45.
(19) Cairns B, Kim JY, Tang XN, Yenari MA. NOX inhibitors as a therapeutic strategy for stroke and
neurodegenerative disease. Curr Drug Targets 2012 February;13(2):199-206.
(20) Kahles T, Brandes RP. Which NADPH oxidase isoform is relevant for ischemic stroke? The case
for nox 2. Antioxid Redox Signal 2013 April 20;18(12):1400-17.
(21) Radermacher KA, Wingler K, Langhauser F et al. Neuroprotection after stroke by targeting
NOX4 as a source of oxidative stress. Antioxid Redox Signal 2013 April 20;18(12):1418-27.
(22) Penton-Rol G, Marin-Prida J, Pardo-Andreu G et al. C-Phycocyanin is neuroprotective against
global cerebral ischemia/reperfusion injury in gerbils. Brain Res Bull 2011 August 10;86(1-2):4252.
4

(23) Marin-Prida J, Pavon-Fuentes N, Llopiz-Arzuaga A et al. Phycocyanobilin promotes PC12 cell
survival and modulates immune and inflammatory genes and oxidative stress markers in acute
cerebral hypoperfusion in rats. Toxicol Appl Pharmacol 2013 June 2.
(24) Khaw KT, Barrett-Connor E. Dietary potassium and stroke-associated mortality. A 12-year
prospective population study. N Engl J Med 1987 January 29;316(5):235-40.
(25) Bazzano LA, He J, Ogden LG et al. Dietary potassium intake and risk of stroke in US men and
women: National Health and Nutrition Examination Survey I epidemiologic follow-up study.
Stroke 2001 July;32(7):1473-80.
(26) Iso H, Stampfer MJ, Manson JE et al. Prospective study of calcium, potassium, and magnesium
intake and risk of stroke in women. Stroke 1999 September;30(9):1772-9.
(27) Green DM, Ropper AH, Kronmal RA, Psaty BM, Burke GL. Serum potassium level and dietary
potassium intake as risk factors for stroke. Neurology 2002 August 13;59(3):314-20.
(28) McCabe RD, Bakarich MA, Srivastava K, Young DB. Potassium inhibits free radical formation.
Hypertension 1994 July;24(1):77-82.
(29) Ishimitsu T, Tobian L, Sugimoto K, Everson T. High potassium diets reduce vascular and plasma
lipid peroxides in stroke-prone spontaneously hypertensive rats. Clin Exp Hypertens 1996
July;18(5):659-73.
(30) McCarty MF. Endothelial membrane potential regulates production of both nitric oxide and
superoxide--a fundamental determinant of vascular health. Med Hypotheses 1999
October;53(4):277-89.
(31) Dietz R. The role of potassium in hypertension. Discovery of potassium as a natriuretic and
antihypertensive agent. Am J Nephrol 1983 March;3(2-3):100-8.
(32) Cappuccio FP, MacGregor GA. Does potassium supplementation lower blood pressure? A metaanalysis of published trials. J Hypertens 1991 May;9(5):465-73.
(33) Tomonari T, Fukuda M, Miura T et al. Is salt intake an independent risk factor of stroke
mortality? Demographic analysis by regions in Japan. J Am Soc Hypertens 2011
November;5(6):456-62.
(34) Li XY, Cai XL, Bian PD, Hu LR. High salt intake and stroke: meta-analysis of the epidemiologic
evidence. CNS Neurosci Ther 2012 August;18(8):691-701.
(35) Gardener H, Rundek T, Wright CB, Elkind MS, Sacco RL. Dietary sodium and risk of stroke in
the Northern Manhattan study. Stroke 2012 May;43(5):1200-5.
(36) Ikehara S, Iso H, Date C et al. Salt preference and mortality from stroke and coronary heart
disease for Japanese men and women: the JACC study. Prev Med 2012 January;54(1):32-7.
(37) Strazzullo P, D'Elia L, Kandala NB, Cappuccio FP. Salt intake, stroke, and cardiovascular
disease: meta-analysis of prospective studies. BMJ 2009;339:b4567.

5

(38) Lindeberg S, Lundh B. Apparent absence of stroke and ischaemic heart disease in a traditional
Melanesian island: a clinical study in Kitava. J Intern Med 1993 March;233(3):269-75.
(39) Wanby P, Teerlink T, Brudin L et al. Asymmetric dimethylarginine (ADMA) as a risk marker for
stroke and TIA in a Swedish population. Atherosclerosis 2006 April;185(2):271-7.
(40) Kielstein JT, Donnerstag F, Gasper S et al. ADMA increases arterial stiffness and decreases
cerebral blood flow in humans. Stroke 2006 August;37(8):2024-9.
(41) Leong T, Zylberstein D, Graham I et al. Asymmetric dimethylarginine independently predicts
fatal and nonfatal myocardial infarction and stroke in women: 24-year follow-up of the
population study of women in Gothenburg. Arterioscler Thromb Vasc Biol 2008 May;28(5):9617.
(42) Nishiyama Y, Ueda M, Katsura K et al. Asymmetric dimethylarginine (ADMA) as a possible risk
marker for ischemic stroke. J Neurol Sci 2010 March 15;290(1-2):12-5.
(43) Mamatha SN, Nagaraja D, Philip M, Christopher R. Asymmetric dimethylarginine as a risk
marker for early-onset ischemic stroke in Indian population. Clin Chim Acta 2011 January
14;412(1-2):139-42.
(44) Chen S, Li N, Deb-Chatterji M et al. Asymmetric dimethyarginine as marker and mediator in
ischemic stroke. Int J Mol Sci 2012;13(12):15983-6004.
(45) Waugh WH, Daeschner CW, III, Files BA, McConnell ME, Strandjord SE. Oral citrulline as
arginine precursor may be beneficial in sickle cell disease: early phase two results. J Natl Med
Assoc 2001 October;93(10):363-71.
(46) Figueroa A, Trivino JA, Sanchez-Gonzalez MA, Vicil F. Oral L-citrulline supplementation
attenuates blood pressure response to cold pressor test in young men. Am J Hypertens 2010
January;23(1):12-6.
(47) Ochiai M, Hayashi T, Morita M et al. Short-term effects of l-citrulline supplementation on arterial
stiffness in middle-aged men. Int J Cardiol 2010 November 8.
(48) Figueroa A, Wong A, Hooshmand S, Sanchez-Gonzalez MA. Effects of watermelon
supplementation on arterial stiffness and wave reflection amplitude in postmenopausal women.
Menopause 2013 May;20(5):573-7.
(49) Balderas-Munoz K, Castillo-Martinez L, Orea-Tejeda A et al. Improvement of ventricular
function in systolic heart failure patients with oral L-citrulline supplementation. Cardiol J
2012;19(6):612-7.
(50) Hambrecht R, Adams V, Erbs S et al. Regular physical activity improves endothelial function in
patients with coronary artery disease by increasing phosphorylation of endothelial nitric oxide
synthase. Circulation 2003 July 1;107(25):3152-8.
(51) Gielen S, Sandri M, Erbs S, Adams V. Exercise-induced modulation of endothelial nitric oxide
production. Curr Pharm Biotechnol 2011 September;12(9):1375-84.

6

(52) Schulz E, Gori T, Munzel T. Oxidative stress and endothelial dysfunction in hypertension.
Hypertens Res 2011 June;34(6):665-73.
(53) Maruyama K, Uchiyama S, Iwata M. Metabolic syndrome and its components as risk factors for
first-ever acute ischemic noncardioembolic stroke. J Stroke Cerebrovasc Dis 2009
May;18(3):173-7.
(54) Mottillo S, Filion KB, Genest J et al. The metabolic syndrome and cardiovascular risk a
systematic review and meta-analysis. J Am Coll Cardiol 2010 September 28;56(14):1113-32.
(55) Turner-McGrievy GM, Barnard ND, Scialli AR. A two-year randomized weight loss trial
comparing a vegan diet to a more moderate low-fat diet. Obesity (Silver Spring) 2007
September;15(9):2276-81.
(56) Heller RF, Heller RF. Hyperinsulinemic obesity and carbohydrate addiction: the missing link is
the carbohydrate frequency factor. Med Hypotheses 1994 May;42(5):307-12.
(57) Sofer S, Eliraz A, Kaplan S et al. Greater weight loss and hormonal changes after 6 months diet
with carbohydrates eaten mostly at dinner. Obesity (Silver Spring) 2011 October;19(10):2006-14.
(58) Bahadori B, McCarty MF, Barroso-Aranda J, Gustin JC, Contreras F. A "mini-fast with exercise"
protocol for fat loss. Med Hypotheses 2009 October;73(4):619-22.
(59) Sett AK, Robinson TG, Mistri AK. Current status of statin therapy for stroke prevention. Expert
Rev Cardiovasc Ther 2011 October;9(10):1305-14.
(60) Vartiainen E, Du DJ, Marks JS et al. Mortality, cardiovascular risk factors, and diet in China,
Finland, and the United States. Public Health Rep 1991 January;106(1):41-6.
(61) Fuentes B, Martinez-Sanchez P, Diez-Tejedor E. Lipid-lowering drugs in ischemic stroke
prevention and their influence on acute stroke outcome. Cerebrovasc Dis 2009;27 Suppl 1:12633.
(62) Heber D, Yip I, Ashley JM, Elashoff DA, Elashoff RM, Go VL. Cholesterol-lowering effects of a
proprietary Chinese red-yeast-rice dietary supplement. Am J Clin Nutr 1999 February;69(2):2316.
(63) Valappil AV, Chaudhary NV, Praveenkumar R, Gopalakrishnan B, Girija AS. Low cholesterol as
a risk factor for primary intracerebral hemorrhage: A case-control study. Ann Indian Acad Neurol
2012 January;15(1):19-22.

7

