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place. Tocotrienols should not be taken concomitantly with
iron supplements.
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Trans galacto-
o ligosaccharides
DESCRIPTION

Transgalacto-oligosaccharides (TOS), also known as galac-
tooligosaccharides (GOS), are a mixture of oligosaccharides
consisting of D-glucose and D-galactose. Transgalacto-digo-
saccharides are produced from D-Iactose via the action of the
enzyme beta-galactosidase obtained from Aspergillus oryzae.

TOS are not normally digested in the small intestine. They
are, however, fermented by a limited number of colonic
bacteria. This could lead to changes in the colonic ecosystem
in favor of some bacteria, such as bifidobacteria, which may
have health benefits, including protection against certain
cancers and lowering of cholesterol levels. TOS and other
non-digestible oligosaccharides are sometimes referred to as
bifidogenic factors.

Substances such as TOS that promote the growth of
beneficial bacteria in the colon are called prebiotics.
Prebiotics are typically non-digestible oligosaccharides.

ACTIONS AND PHARMACOLOGY

ACTIONS

Transgalacto-oligosaccharides may have antitumor, antImt-
crobial, hypolipidemic and hypoglycemic actions. They may

also help improve mineral absorption and balance.
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MECHANISM OF ACTION

The possible antitumor activity of TOS might be accounted
for by the possible antitumor action of butyrate, one of the
substances produced from TOS in the colon. Butyrate, the
anion of the naturally occurring short-chain fatty acid butyric
acid, is produced by bacterial fermentation of TOS in the
colon. Studies suggest that butyrate induces growth arrest
and cell differentiation and may upregulate apoptosis, three
activities that could be significant for antitumor activity.
Interestingly, butyrate also appears to inhibit vascular
smooth muscle cell proliferation, at least in the rat, an
activity that could have relevance with regard to a possible
antiatherogenic role. TOS may promote the growth of
favorable bacterial populations, such as bifidobacteria, in the
colon. Bifidobacteria may inhibit the growth of pathogenic
bacteria, such as Clostritium perfringens and diarrheogenic
strains of Escherichia coli.

There is evidence, again from rat studies, that butyrate may
suppress cholesterol synthesis in the liver and intestine.
Propionate, another short-chain fatty acid produced from the
bacterial fermentatiol} of TOS in the colon, may reduce
plasma free fatty acids. This might be good for blood glucose
and insulin sensitivity in the long term, since high levels of
plasma free fatty acids lower tissue glucose utilization and
induce insulin resistance. Propionate may also aid in
lowering cholesterol levels in some by possibly inhibiting
HMG-CoA reductase.

TOS, similar to dietary fiber, may bind/sequester such
minerals as calcium and magnesium in the small intestine.
The short-chain ~atty acids (acetate, propionate, butyrate)
formed from the bacterial fermentation of TOS may facilitate
the colonic absorption of calcium and magnesium ions. This
could have both bone- and cardiovascular-health benefits.

PHARMACOKINETICS

Under normal conditions, following ingestion of TOS, no
digestion of these oligosaccharides takes place in the small
intestine. A small amount of TOS may undergo some acid
hydrolysis in the stomach. TOS are fermented in the colon
by bifidobacteria and some other bacteria to produce the
short-chain fatty acids acetate, propionate and butyrate.
Lactate is also produced. Acetate, propionate and butyrate
that are not metabolized in colonocytes are absorbed from
the colon and transported via the portal circulation to the
liver. These short-chain fatty acids are extensively metabo-
lized in hepatocytes. Acetate, propionate and butyrate that
are not metabolized in hepatocytes are transported by the
circulation to various tissues, where they undergo further
metabolism. Butyrate is an important respiratory fuel for the
colonocytes and is metabolized in them to CO2 and H20.
Energy is produced (ATP) from the catabolism of butyrate.
Those with ileostomies may have a microbial population

colonizing their ileums. In those cases, TOS could be
fermented by some of the bacteria to short-chain fatty acids
and lactic acid.

INDICATIONS AND USAGE

Transgalacto-oligosaccharides are being investigated for
possible protective effects against colorectal cancer and
infectious bowel diseases, for modulation of lipids and
prevention of bone loss. Animal research suggests a role for
TOS in those situations, but there is stilI little substantial
clinical research.

RESEARCH SUMMARY

TOS, through their stimulation of bifidobacteria, have shown
some protective effects against colorectal cancer and infec-
tious bowel diseases in animal and in vitro experiments. TOS
inhibit putrefactive bacteria (Clostridium perfringens) and
pathogenic bacteria, such as Escherichia coli, salmonella,
listeria and shigella.

A recent human study showed that supplemental TOS (in
doses of 7.5 and 10 grams daily) are completely fermented in
the human colon but that they did not, in this study,
beneficially change the composition of the intestinal micro-
flora. Another study, however, did show some alteration in
the fermentative activity of colonic flora in humans given 10
grams of TOS per day for 2 I days.

TOS have demonstrated some preliminary positive effects on
calcium absorption and lipid metabolism in animal studies.
Reduced serum triglyceride levels have been noted. A
significant TOS hypocholesterolemic effect was observed in
ovariectomized rats that had elevated total cholesterol at
baseline. This same study also demonstrated a significant
positive TOS effect on calcium absorption and prevention of
bone loss in these animals. The stimulatory effect of TOS on
calcium absorption has been observed in additional studies.
Research continues.

CONTRAINDICATIONS, PRECAUTIONS, ADVERSE REACTIONS

CONTRA INDICA T10NS

Transgalacto-oligosaccharides are contraindicated in those
who are hypersensitive to any component of a TOS-contain-
ing product.

PRECAUTIONS

Because of absence of long-term safety studies, pregnant
women and nursing mothers should exercise caution in the
use of TOS supplements.

Those with lactose intolerance should be cautious in the use
of TOS supplements.

ADVERSE REACTIONS

Doses of 10 grams daily are well tolerated. Higher doses
may cause some gastrointestinal symptoms, such as flatu-
lence, bloating and diarrhea.
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INTERACTIONS

NUTRITIONAL SUPPLEMENTS

TOS may enhance the colonic absorption of calcium and
magnesium supplements if used concomitantly with them.

Probiotics. The possible beneficial effects of TOS may be
enhanced if used in combination with probiotics.

FOODS
TOS may enhance the colonic absorption of calcium and
magnesium in foods.

DOSAGE AND ADMINISTRATION

Transgalacto-oligosaccharides are available in Japan and
Europe as nutritional supplements and as functional foods.
They are also expected to enter the U.S. marketplace.
Typical dosage is about 10 grams daily, usually taken in
divided doses.
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Vanadium
DESCRIPTION

Vanadium is a metallic element with atomic number 23 and
atomic symbol V. Vanadium is a transition element that
exists in several oxidation states, including +2, +3, +4 and
+5. Vanadium compounds are striking for their varied colors.
For this reason, vanadium was first named panchromium.
The element chromium, another colorful element, is vanadi-
um's next-door neighbor to the left in the periodic table.
Vanadium is widely found in nature in the form of minerals,
as well as in living matter, such as the human body. In living
matter, vanadium is found mainly as the tetravalent vanadyl
cation and the pentavalent vanadate form.

Nutritional essentiality for humans has not been established
for vanadium. Vanadium-deficiency states have been report-
ed in some animals. Goats fed diets deficient in vanadium
had an elevated spontaneous abortion rate and depressed

milk production, and approximately 40% of kids from these
goats died between days 7 and 91 of life, with some deaths
preceded by convulsions. Only 8% of kids from vanadium-
supplemented goats died during the same period. Rats fed
vanadium-deficient diets were found to have decreased
growth.

Vanadyl and vanadate compounds act as insulin-mimetics
and are being studied as potentially orally active replace-
ments for insulin. However, these substances are poorly
absorbed from the gastrointestinal tract, and the amounts
needed for an effective oral dose are likely to be toxic.
Vanadium-containing compounds are being developed for
the treatment of diabetes with higher therapeutic-to-toxicity
ratios. Such compounds include peroxovanadiums,
bis(picolinato) oxovanadium and the vanadium ligand L-
glutamic acid gamma-monohydroxamate.

Typical diets supply less than 30 micrograms of vanadium
daily. The average daily dietary intake of vanadium is
approximately 15 micrograms. Foods rich in vanadium
include black pepper, mushrooms, shellfish, parsley, dill
seed and some prepared foods. Foods low in vanadium
include fresh fruits and vegetables, oils and beverages.

Tetravalent vanadium compounds are sometimes designated
as vanadium (IV) and pentavalent vanadium compounds are
designated as vanadium (V).

ACTIONS AND PHARMACOLOGY

ACTIONS

Vanadium salts have insulin-mimetic activity, and vanadium
compounds are being studied as potentially orally active
replacements for insulin. The doses of supplemental vanadi-
um that may affect blood glucose levels are potentially toxic,
and supplemental vanadium is not recommended for the
management of diabetes, hyperglycemia, hypoglycemia or
insulin resistance.

MECHANISM OF ACTION

Vanadium salts mimic most of the effects of insulin in vitro
and also induce normoglycemia and improve glucose ho-
meostasis in insulin-deficient and insulin-resistant diabetic
rodents in vivo. Vanadium salts appear to have these effects
via alternative pathways not involving insulin receptor
tyrosine kinase activation or phosphorylation of insulin
receptor substrate. Vanadium's mechanisms of action appear
to involve inhibition of protein-phosphotyrosine phosphatase
and activation of nonreceptor protein-tyrosine kinases.

PHARMACOKINETICS

The absorption of dietary vanadium and supplemental
vanadium (usually vanadyl sulfate) is poor, and most
ingested vanadium is excreted in the feces. It is estimated
that less than 5% of dietary vanadium is absorbed. Most
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