GJ 10_6_toc2-351

11/23/04

12:41 PM

Page 326

Synergy in Nutrients
Chris D. Meletis, N.D., and Jason E. Barker, N.D.
atural medicine had its beginnings in the use of whole
foods at the outset of human history. Prior to the advent
of modern encapsulated natural medicine, our ancestors
utilized medicines in their natural states without improvements
(other than by increasing supply and storage). A central tenet of
natural medicine is that food is medicine.
Nature’s bounty is shown to be truly amazing when we consider the diverse array of natural medicines (and nearly 35 percent of pharmacologic medicines) that are derived from mainly
plants and minerals. Hippocrates’ age-old wisdom stated: “Let
your food be your medicine and let your medicine be your food.”
This adage eloquently highlights this principle.
The majority of humans who have ever lived on this planet
(and those living today) overwhelmingly utilized natural
medicines. The use of modern (conventional) medicines (as
defined by substances other than foods) began roughly 150–200
years ago.
Advances in medical technology have even led us away from
the whole-food approach toward a pharmaceutical mentality, as
whole medicines are continually separated into increasingly individualized “active” components and placed into pills. Despite
these technological advances in the process of identification and
isolation of active components, we are seeing that this process
does not entirely guarantee the ultimate use of a whole medicine.
Humankind never matches the mastery of whole-food medicines
in quite the way nature has assembled them for us.
Today, close to one third of Americans alone use some form of
nutritional medicine currently. This is an optimal situation because
processed foods and synthetic drugs take their toll on health. It is
both amazing and not surprising that, in order to maintain normal
physiologic functioning, we are dependent on whole-food–derived
supplements. Because of this, our choices in utilizing and understanding nature’s pharmacy dictate how we use this bounty from
which humans have benefited throughout time.

N

Coenzyme Q10
Found in high concentrations in the heart muscle and other
highly metabolic organs (the brain and liver), coenzyme Q10’s
(CoQ10’s) main purpose appears to be to serve as a cofactor in
energy-producing pathways. Perhaps the most important function is the synthesis of adenosine triphosphate (ATP), the body’s
currency of energy during oxidative respiration.1 CoQ10 is found
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in increasingly higher concentrations within cells, with the highest amounts found in the mitochondria, where all cellular energy
is produced. Other important functions of CoQ10 include antioxidative and cellular membrane stabilization.2
CoQ10 works in the final step in energy production (ATP synthesis) and can also prevent metabolically induced damage (via
antioxidant and membrane stabilization) to the cardiovascular
system. Not only useful in the cardiovascular system, CoQ10 can
be used to treat diseases of the muscle, connective tissues, and
brain, among others.
L-Carnitine
The amino acid L -carnitine is synthesized from two other
amino acids, lysine and methionine, and 98 percent of L-carnitine
is found in heart tissue and skeletal muscles. L-Carnitine is vital
for heart-tissue health because this amino acid plays an essential
role in transporting free fatty acids into the mitochondria, where
they undergo beta-oxidation, a source of energy production in
the heart.3
Low levels of L-carnitine have been observed in patients suffering from angina pectoris. Using a supplement with L-carnitine
can reduce the number of angina episodes, increase exercise performance, and reduce ST segment depression (a marker of cardiac-muscle oxygen starvation on an electrocardiogram).4
Levels of L -carnitine are reduced in up to 50 percent in diseased hearts,5 and use of this supplement can reduce symptoms
of congestive heart failure and increase survival.6 Heart diseases,
such as ischemic cardiomyopathy, heart failure, hypertrophy,
and dilated cardiomyopathy, all have a similar problem in energy metabolism: ATP synthesis is decreased because inadequate
fatty-acid fuels are delivered to the mitochondria. L-carnitine has
been indicated as a key nutrient that is depleted in these
diseases.7 Similar to coQ10, L-carnitine is a key nutrient in heartmuscle metabolism and energy production.

CoQ10 and L-Carnitine
CoQ10 and L-carnitine assist mitochondrial energy production
and prevent oxidative damage in the heart. 8 Taken together,
these nutrients assist the heart muscle by increasing transport of
crude energy sources (fatty acids) into the mitochondria whereupon beta-oxidation yields energy for the working tissue. When
the breakdown of fatty acids is complete, ATP is produced, the
body’s self-created energy source. CoQ10 is needed in this process for final synthesis of energy for the heart. The protective
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subjects, cholesterol levels decreased by 33 percent, triglycerides
effects of these nutrients, when used in combination, have been
by 33 percent, and high-density lipoprotein cholesterol increased
demonstrated in laboratory animals that were subjected to reperby 46 percent after 30 days of treatment.14 In supplemental form,
fusion injuries.9
choline is useful for accelerating the metabolism of cholesterol
Investigators demonstrated that, when used in association
and in energy production.
with each other, these compounds were more effective for preventing oxidative damage and metabolic abnormalities (hemodynamic parameters) than when used individually.
Choline and L-Carnitine
In addition to their role in cardiovascular health, CoQ10 and Lcarnitine, with the abovementioned mitochondrial energy proWhen supplemented with L-carnitine, choline decreases urinary
duction and antoxidative capabilities, may play a role in the
excretion and renal clearance of L-carnitine. In one study, subjects
prevention and treatment of Parkintreated with choline had decreased
son’s disease. 10 Strong evidence
urinary L-carnitine clearance by up
suggests that mitochondrial dysto 84 percent. 15 In another study,
function and concomitant oxidative
y
oung adult women that took
L-Carnitine can play a role in
choline at 20 mg per kg of body
damage are integral in the pathoweight had a 75-percent lower urigenesis of this disease and further
addressing reperfusion injury when
study of the protective effects of
nary L -carnitine excretion than a
used with CoQ10.
these nutrients are needed. Evicontrol group, and plasma L-carnidence from animal studies suggests
tine levels were not significantly
that these nutrients may indeed be
altered. 16 A combination of both
helpful.
nutrients can be beneficial for
Another condition in mitochondrial dysfunction plays a role is
retaining L-carnitine, allowing for greater metabolic utilization of
age-related macular degeneration (ARMD). Researchers who
this nutrient.
observed the utility of nutritional compounds for improving
mitochondrial functions (mitotropic compounds) tested L-carniL-Carnitine and Vitamin C
tine and CoQ10 among others (polyunsaturated fatty acids and
vitamin E).11 Patients with ARMD were treated with a mixture of
Vitamin C, or ascorbate, acts as a cofactor in the synthesis of Lmitotropic compounds.
carnitine, specifically in two alpha-ketoglutarate–requiring dioxyMeasures of macular acuity (recovery time following photogenase reactions in the pathway of L -carnitine biosynthesis. 17
stress, foveal sensitivity, and mean visual-field defects) were
Investigations have revealed that higher supplemental amounts of
measured and compared in subjects who took the mixture to
ascorbate will enhance L -carnitine synthesis. 18 Results from a
these parameters in patients who were given only vitamin E. Folstudy of ascorbate and L -carnitine biosynthesis showed that
low-ups over the next 3, 6, 9, 12, and 24 months revealed
increased concentrations of supplemental ascorbate resulted in
improved visual functions in all areas and improvements
enhanced ketogenesis and decreased triglyceride accumulation,
remained stationary throughout the follow-up period while the
suggesting that L-carnitine synthesis is dependent on ascorbate.19
patients in the control group experienced worsened symptoms.
As mentioned earlier, L-carnitine can play a role in addressing
The literature describes several other instances of synergistic benreperfusion injury when used with CoQ10. Additional evidence
efits from using these nutrients together.
cites the importance of vitamin C and L -carnitine for treating
reperfusion injury. 20 In laboratory animals, ischemic changes
were seen less frequently in tissue samples treated with both
Choline
vitamin C and L-carnitine compared to tissue samples obtained
from control and placebo groups. The researchers concluded that
Recently, it has been discovered that choline, long considered
these nutrients are effective for reducing reperfusion injury in
to be a B vitamin, is produced in very small amounts in the
skeletal muscle.
human body. Although produced endogenously, the amount of
Another example of the synergistic uses of L -carnitine and
choline is quite minimal and, when it is taken in supplemental
doses, has several beneficial effects in the body. Produced in the
ascorbic acid lies in their relative amounts in the body. In order
liver, choline is used to synthesize cellular membranes 12 and
to determine if L-carnitine metabolism is a useful parameter for
works as a methyl donor to create new compounds in the body.
determining vitamin C requirements, researchers investigated
This process is important in the creation of DNA and in the conwhether a diet with controlled amounts of vitamin C would
version of homocysteine (an amino acid with negative effects on
affect L-carnitine levels.21
the cardiovascular system) to methionine.
Plasma levels of free L-carnitine (and histamine, another study
Choline, in the form of phosphatidylcholine, can increase the
parameter) were inversely related to vitamin C status. This indisolubility of cholesterol in the body, lower cholesterol levels, and
cates that L-carnitine levels are altered in subjects with subnorinhibit platelet aggregation.13 In a study, 32 patients with elevatmal, but nonscorbutic vitamin C status, indicating that metabolic
changes other than collagen metabolism dysfunction occur
ed cholesterol and triglycerides were treated with 3.5 g of phosbefore scurvy becomes manifested.
phatidylcholine 3 times per day before meals. Among the
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Therefore, researchers suggest that using the appearance of
scurvy as an endpoint in determining vitamin C requirements
may not be useful in establishing reference amounts of vitamin C
for optimal health status. Because of the necessity of vitamin C in
the synthesis of L-carnitine, and the energy producing effects of
L-carnitine, vitamin C should be supplemented with this amino
acid to ensure proper function and optimal energy production.

decreased LDL oxidation; however, when acerola cherry
(Malpighia glabra) extract (which is rich in ascorbic acid) was
added, the antioxidative effect was enhanced further.
The investigators concluded that ascorbate could enhance the
activity of flavonoid-rich antioxidants. It was suggested that that
this synergistic activity was the result of the “peroxidolitic”
action of ascorbic acid complemented by flavonoid-induced stabilization of the LDL in this particular study and the suppression
of free-radical species propagation. This research team also noted
that the combination decreased the amounts of phytoestrogens
needed to achieve significant antioxidative activity.
These studies demonstrate the protective mechanism by which
bioflavonoids help to stabilize and strengthen the vasculature as
well as preventing cardiovascular disease processes.

Flavonoids

Flavonoids are a large grouping of plant pigments responsible
for the darker coloring of various fruits, vegetables, and other
plants. These phytoestrogens are well-known for their affinity for
the vascular system and the supportive role they play in decreasing capillary fragility, preventing breakdown of venous support
structures, and increasing the tone of the muscles surrounding
Magnesium
certain parts of the vasculature.22
Flavonoids have been well-studied in relation to vasculature
Inadequate intake of magnesium is associated with the develdisease. Research has shown decreased postinfarct tissue damopment of cardiovascular diseases, including hypertension, carage, decreased incidence of ventricdiomyopathy, atherosclerosis, and
ular fibrillation, decreased free
strokes. 30 In addition, suboptimal
radicals in heart muscle fluids,
tissue stores are implicated in
Magnesium, in addition to its use in
improved postmyocardial-infarct
increased heart arrhythmia and carventricular function, and reduced
diovascular-disease complicapreventing heart diseases, is necessary tions.31 Population studies associate
amounts of foam cells (an early
manifestation of atherosclerosis) all
higher circulating blood levels of
for absorption of vitamin B6.
following supplementation with
magnesium with decreased risks of
flavonoids.23
coronary heart disease 32 ; imbalances of intracellular levels of minPhytoestrogen supplementation
erals such as magnesium are associated with cardiovascular
can also decrease the amount of oxidized low-density lipoprotein
disease.33
(LDL) in patients with elevated blood cholesterol, as demonstrated in the abovementioned studies. Flavonoids derived from
Adequate magnesium intake is consistently associated with
grape (Vitis vinifera) seed extract decrease the activity of protehealthier heart statistics, most probably the result of this minerolytic enzymes that are responsible for breakdown of connective
al’s effect on lowering blood pressure. Keeping blood pressure
tissues, thereby preventing premature destruction of venous
low is an integral part of heart-disease prevention because hyperstructures.24
tension is often a reliable predictor of heart disease in later life.
Flavonoids derived from bilberry (Vaccinium myrtillus) have
strengthened and stabilized collagen synthesis, 25 as well as
Magnesium and B Vitamins
decreasing vascular permeability and fragility, thereby preventing capillary leakage and swelling.26 When used to treat cholesMagnesium, in addition to its use in preventing heart diseases,
terol-induced atheroma, bilberry flavonoids decreased pathologic
is necessary for absorption of vitamin B 6 . Investigators have
proliferation in blood vessel linings, lipid deposition, and calcirevealed that a deficiency of magnesium will impair vitamin B6
um deposition in the lesions.27
status via a decreased ability of intracellular magnesium to stimulate alkaline phosphatase, an enzyme that is required for uptake
of pyridoxal phosphate in tissues.34
Flavonoids and Vitamin C
One study demonstrated the ability of high serum homocysteine levels to deplete magnesium levels in cerebral vascular
When combined with vitamin C, flavonoids will enhance the
smooth-muscle cells (VSMCs).35 Depletion of magnesium was not
vitamin’s function by improving its absorption and protecting it
from oxidation in the body. One study revealed that, when
prevented by incubating the VSMCs with vitamin B6, folic acid, or
administered in combination with a flavonoid-rich citrus extract,
vitamin B12 alone. When investigators combined all three vitaascorbate was absorbed by an increased 35 percent over ascormins however, the loss of magnesium was completely inhibited.
bate that was administered alone.28
These findings are further evidence to support the hypothesis
that elevated homocysteine serum levels lead to abnormal
Another investigation demonstrated the antioxidative abilities
metabolism of magnesium in cerebral VSMCs, thereby priming
of soy (Glycine soja) and alfalfa (Medicago sativa) extracts, both of
the cells for homocysteine-induced atherogenesis, vasospasms,
which have flavonoids as main active ingredients. 29 The two
and stroke. This study demonstrated a need for all three vitamins
extracts had notable antioxidant capability as expressed by
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in addition to adequate magnesium (to achieve physiologic levels) to prevent cerebral vascular diseases that are induced by
homocysteinemia.

16. Daily JW 3rd, Sachan DS. Choline supplementation alters carnitine
homeostasis in humans and guinea pigs. J Nutr 1995;125:1938–1944.
17. Rebouche CJ. Ascorbic acid and carnitine biosynthesis. Am J Clin Nutr
1991;54(6suppl):1147S–1152S.
18. Otsuka M, Matsuzawa M, Ha TY, Arakawa N. Contribution of a high
dose of L-ascorbic acid to carnitine synthesis in guinea pigs fed high-fat
diets. J Nutr Sci Vitaminol (Tokyo) 1999;45:163–171.
19. Ha TY, Otsuka M, Arakawa N. Ascorbate indirectly stimulates fatty
acid utilization in primary cultured guinea pig hepatocytes by enhancing
carnitine synthesis. J Nutr 1994;124:732–737.
20. Akar H, Sarac A, Konuralp C, Yildiz L, Kolbakir F. Comparison of
histopathologic effects of carnitine and ascorbic acid on reperfusion injury.
Eur J Cardiothorac Surg 2001;19:500–506.
21. Johnston CS, Solomon RE, Corte C. Vitamin C depletion is associated
with alterations in blood histamine and plasma free carnitine in adults. J
Am Coll Nutr 1996;15:586–591.
22. Henriet JP. Veno-lymphatic insufficiency: 4,729 patients undergoing
hormonal and procyanidol oligomer therapy Phlebologie 1993;46:313–325.
23. Bagchi D, Sen CK, Ray SD, Das DK, Bagchi M, Preuss HG, Vinson JA.
Molecular mechanisms of cardioprotection by a novel grape seed proanthocyanidin extract. Mutat Res 2003;523–524:87–97.
24. Peirce A. The American Pharmaceutical Association Practical Guide to
Natural Medicines. New York: William Morrow and Co., 1999.
25. Harvsteen B. Flavonoids, a class of natural products of high pharmacological potency. Biochem Pharmacol 1983;32:1141–1148.
26. Bottecchia D, et al. Preliminary reports on the inhibitory effect of Vaccinium myrtillus anthocyanosides on platelet aggregation and clot retraction. Fitoterapia 1987;48:3–8.
27. Kadar A, Robert L, Miskulin M, Tixier JM, Brechemier D, Robert AM.
Influence of anthocyanoside treatment on the cholesterol-induced
atherosclerosis in the rabbit. Paroi Arterielle 1979;5:187–205.
28. Vinson JA, Bose P. Comparative bioavailability to humans of ascorbic
acid alone or in a citrus extract. Am J Clin Nutr 1988;48:601–604.
29. Hwang J, Hodis HN, Sevanian A. Soy and alfalfa phytoestrogen
extracts become potent low-density lipoprotein antioxidants in the presence of acerola cherry extract. J Agric Food Chem 2001;49:308–314.
30. Appel LJ. Nonpharmacologic therapies that reduce blood pressure: A
fresh perspective. Clin Cardiol 1999;22:1111–1115.
31. Institute of Medicine, Food and Nutrition Board. Dietary Reference
Intakes: Calcium, Phosphorus, Magnesium, Vitamin D and Fluoride.
Washington, DC: National Academy Press, 1999.
32. Ford ES. Serum magnesium and ischaemic heart disease: Findings from
a national sample of U.S. adults. Intl J Epidemiol 1999;28:645–651.
33. Resnick LM. Cellular ions in hypertension, insulin resistance, obesity,
and diabetes: A unifying theme. J Am Soc Nephrol 1992;3(4suppl):
S78–S85.
34. Planells E, Lerma A, Sanchez-Morito N, Aranda P, LLopis J. Effect of
magnesium deficiency on vitamin B2 and B6 status in the rat. J Am Coll
Nutr 1997;16:352–356.
35. Li W, Zheng T, Wang J, Altura BT, Altura BM. Extracellular magnesium
regulates effects of vitamin B6, B12 and folate on homocysteinemia-induced
depletion of intracellular free magnesium ions in canine cerebral vascular
smooth muscle cells: Possible relationship to [Ca2+]i, atherogenesis and
stroke. Neurosci Lett 1999;274:83–86.

Conclusions
Upon hearing the amazement in a person’s voice as he or she
expresses a newfound improvement in health after merely changing
a diet, it is a reminder of the how truly amazing and efficiently the
human body responds to the addition of relatively simple nutritional
strategies as well as these effects on the physical and mental realms.
Despite our many medical technological advances, medicine is
far from achieving the ability to mimic natural medicines in their
native states. Remembering (and continually discovering) the
many ways in which simple nutritional factors work in the body,
and that, rarely, does one nutrient achieve what many working
in combination will, positive improvements can be made in the
direction of true healing.
Remembering that nature’s wisdom is responsible for the synergism of its bounty, practitioners of natural medicine must
remember how powerful the sum of these nutrients is when
using nutritionally based medicines.
■
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