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Vitamin C
DESCRIPTION

The term vitamin C applies to substances that possess
antiscorbutic activity and includes two compounds and their
salts: L-ascorbic acid, commonly cal1ed ascorbic acid, and L-
dehydroascorbic acid. Ascorbic acid is the major dietary
form of vitamin C. The terms vitamin C, ascorbic acid, L-
ascorbic acid, L-ascorbate and ascorbate are commonly used
interchangeably.

Vitamin C is a hexose derivative, similar in structure to the
six-carbon sugar glucose. It is an essential nutrient for
humans, and, as pointed out by Linus Pauling in 1970,
"differs from other nutrients in that it is required in the diet
by only a few species of animals-man, other primates, the
guinea pig, an Indian fruit-eating bat, and the red-vented
barbul and some related species of Passeriform birds." It is
also an essential nutrient for Coho salmon, rainbow trout,
carp and some insects. Most other animals, al1 higher plant
species and probably al1 algal classes can synthesize vitamin
C from glucose or other sugars. Molecules similar to
ascorbic acid are made by some fungi but not by bacteria.
Al1 vitamin C requiring animals lack the enzyme L-gulano-
gamma-lactone oxidase, the final step in the synthesis of
ascorbic acid from glucose. Plants produce large amounts of
ascorbic acid to facilitate resistance to the oxidative stresses
associated with the myriad biotic and abiotic chal1enges
inherent to photosynthesis.

The major deficiency syndrome of vitamin C is scurvy.
Symptoms of scurvy include inflamed and bleeding gums,
petechiae, ecchymosis, follicular hyperkeratosis, coiled hairs,
perifol1icular hemorrhages, impaired wound healing, dry
eyes and mouth (Sjogren's syndrome), arthralgia, joint
effusions, muscle weakness, myalgia, fatigue, depression,
frequent infections, anemia, anorexia, diarrhea, and pulmo-

nary and kidney problems that can lead to coma and death.
Al1 systems of the body are affected by scurvy.

The antiscorbutic factor was isolated from the ox adrenal
cortex in 1927 by the Hungarian biochemist and Nobel
laureate Albert Szent-Gyorgyi and his col1eagues, although
at the time Szent-Gyorgyi didn't know that it was the
antiscorbutic factor. In fact, his interest then was not in
vitamins at al1 but in biological oxidation and reduction, and
he was looking for reducing substances in extracts of the
adrenal cortex. What was later to be known as ascorbic acid,
Szent-Gyorgyi cal1ed "C XII" since it was the 12thsubstance
prepared and examined in his work on tissue oxidation and
the function of the adrenal cortex. He later discovered that C
XII was indeed vitamin C, the antiscorbutic factor, that its
empirical formula was C6Hg06 and that the molecule was a
carbohydrate, most likely a sugar derivative. He submitted a
paper on his discovery, which he named Ignose (from

"ignosco"-"I don't know" in Latin-and "-ose" to indicate
that it was a member of the sugar family). However, the
editor of the journal rejected that name and also the next one
that Szent-Gyorgyi came up with, "Godnose." The editor
suggested "hexuronic acid" to indicate that it had six carbons
and was a sugar acid similar to glucuronic acid. Szent-
Gyorgyi gave in and accepted that name, which shortly was
to change to ascorbic acid. Szent-Gyorgyi actual1y didn't
know the exact structure of ascorbic acid, which explains
Ignose and Godnose. It was the chemist and also Nobel
laureate WaIter Haworth who actual1y deciphered the
structure. Szent-Gyorgyi found a rich source of ascorbic acid
in the fruit of the Hungarian red pepper or paprika
(Capsicum annuum). He also found some other interesting
reducing agents in paprika. He cal1ed these substances
vitamin P. They were the first flavonoids identified. In 1932,
the American biochemist Glen King and his colleagues
isolated ascorbic acid from lemon juice, which is where the
vitamin C story first began. Well, actual1y lime juice, but
close enough.

Many of the symptoms of scurvy, particularly those having
to do with connective tissue, can be explained by the known
biochemical roles of vitamin C, particularly its role as a
cofactor for prolyl and Iysyl hydroxylase, enzymes important
in the formation of col1agen. Col1agen synthesized in the
absence of ascorbic acid-as occurs in scurvy--cannot
properly form fibers, resulting in blood-vessel fragility,
among other defects. In the prolyl and Iysyl hydroxylase
reactions, as wel1 as in most of the biochemical reactions
ascorbic acid participates in, it acts as a reducing agent. In
these reactions, the vitamin reduces ferric and cupric ions to
their ferrous and cuprous states, forms which are required for
the reactions to proceed.
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Ascorbic acid is also involved in the biosynthesis of other
connective-tissue components, including elastin, fibronectin,
proteoglycans, bone matrix and elastin-associated fibrillin. It
also appears to playa role in collagen gene expression and
cellular procollagen secretion.

The fatigue and weakness of scurvy may be due to L-
carnitine deficiency. Ascorbic acid is a cofactor for crucial
reactions in the carnitine biosynthetic pathway.

Ascorbic acid is involved in modulating iron absorption,
transport and storage. It aids in the intestinal absorption of
iron by reducing ferric iron to ferrous iron and may stimulate
ferritin synthesis to promote iron storage in cells. It is
involved in the biosynthesis of corticosteroids and aldoste-
rone, the conversion of cholesterol to bile acids and it
functions as a reducing agent for mixed-function oxidases.

For all of this, ascorbic acid is best known for its antioxidant
properties and its possible role in the prevention of certain
chronic degenerative disorders, such as coronary heart
disease and cancer. In fact, ascorbic acid may be the most
important water-soluble antioxidant in the body.

The daily dietary intake of vitamin C necessary to prevent
scurvy is about 5 to 10 milligrams. Scurvy is rare in
developed countries, since most people living in these
countries typically consume much more than this amount.

About 90% of vitamin C in the average diet comes from
fruits and vegetables. Peppers-sweet green and red peppers
and hot red and green chili peppers-are especially rich in
vitamin C. Other good sources include citrus fruits and
juices, brussels sprouts, cauliflower, cabbage, kale, collards,
mustard greens, broccoli, spinach and strawberries. Nuts and
grains contain very little vitamin C. Cooking destroys
vitamin C activity.

About 5% to 10% of the total vitamin C content of fresh
fruits and vegetables is comprised of dehydroascorbic acid.
In the case of processed foods, dehydroascorbic acid makes
up about 30% of the vitamin C content. D-ascorbic acid
(erythorbic acid or isoascorbic acid), the epimer of L-
ascorbic acid, is frequently added to food as an antioxidant
preservative. Erythorbic acid has very low vitamin C
activity.

In addition to being known as ascorbic acid and L-ascorbic
acid, vitamin C is also known as 2, 3-didehydro-L-threo-
hexano-l, 4-lactone, 3-oxo-L-gulofuranolactone, L-threo-
hex-2-enonic acid gamma-lactone, L-3-keto-threo-hexuronic
acid lactone, L-xylo-ascorbic acid and antiscorbutic vitamin.
It is abbreviated AA. Ascorbic acid is a crystalline, water-
soluble substance with a pleasant (to some), sharp acidic
taste. Its molecular weight is 176.13 daltons, and its

molecular formula is C6Hg06. The structural formula of
vitamin C is represented as follows:

Vitamin C

The other form of vitamin C is the oxidation product of L-
ascorbic acid, L-dehydroascorbic acid or DHA.

VITAMIN C WITH BIOFLA VONoms

Vitamin C with bioflavonoids is a mixture of vitamin C,
either as ascorbic acid or as an ascorbate, with flavonoids.
Typically, the flavonoids are citrus flavonoids and are
derived from lemons, oranges and grapefruits. It is believed
that flavonoids work synergistically with vitamin C. This
belief originates from the work and writings of the Hungari-
an biochemist Albert Szent-Gyogyi, the co-discoverer of
ascorbic acid. Szent-Gyogyi also isolated substances from
citrus fruits and Hungarian paprika which he called vitamin
P. Vitamin P is now referred to as bioflavonoids or
flavonoids. Flavonoids are not vitamins.

Szent-Gyogyi believed that bioflavonoids and vitamin C
worked synergistically to maintain blood capillary health and
prevent capillary fragility. There is some in vitro evidence
that flavonoids and vitamin C do work synergistically. One
study showed that ascorbic acid acts synergistically with the
flavonoid quercetin to protect cutaneous tissue cells in
culture against oxidative damage induced by glutathione
deficiency. However, there is, as yet, no good evidence that
vitamin C and flavonoids work synergistically in vivo. A
recent study, in cell culture, suggested that flavonoids may
even inhibit the uptake of vitamin C into cells.

Flavonoids have biological effects independent of any
interaction with vitamin C. (See various monographs on
flavonoids.) Flavonoids from grapefruit include quercetin,
naringenin and kaempferol. Lemon flavonoids include hes-
peridin (hesperitin 7-0-beta-rutinoside) and eriocitrin (eriod-
ictyol 7-0-beta-rutinoside). These flavonoids, along with
rutin and others, may be found in vitamin Clbioflavonoid
supplements. Some formulations use flavonoids from the
sour orange Citrus aurantium.

EFFERVESCENT VITAMIN C

Effervescent vitamin C is comprised of L-ascorbic acid,
citric acid and sodium bicarbonate. It is similar to Alka
Seltzer with ascorbic acid added. When the tablet is placed in
water, the citric acid reacts with sodium bicarbonate to form
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sodium citrate and carbon dioxide. Also, some sodium
bicarbonate reacts with ascorbic acid to form some sodium
ascorbate. Some find effervescent C a more tolerable
supplement than ascorbic acid.

ACEROLA VITAMIN C

Acerola vitamin C is vitamin C derived from acerola fruit.
Acerola is the fruit of the small tree or shrub known as
Malphighia glabra L. Malphighia glabra is native to the
Antilles and northern South America. Acerola is also known
as Barbados cherry, Antilles cherry, West Indies cherry,
Puerto Rican cherry, cereso, cereja-das-antilhas and cereja-
do-para. In 1945, the Barbados cherry was analyzed by
researchers at the School of Medicine, University of Puerto
Rico, and was found to be very rich in vitamin C.
Interestingly, the analysis was inspired by the use of the fruit
for colds by the local people.

Acerola is one of the richest sources of vitamin C in the
world. The vitamin C content of the fruit depends on
ripeness, seasons, climates and localities. Content is highest
when the fruit is still green and lowest when ripe. The
vitamin C content of unripe fruits can range up to 4.7 grams
per 100 grams of fruit or 4.7% and is about 2 grams per 100
grams or 2% in very ripe fruit. For comparison, the vitamin
C content of a peeled orange is 0.05% or 50 milligrams per
100 grams. Acerola also contains flavonoids, other vitamins,
such as thiamin, riboflavin, niacin, pantothenic acid and beta
carotene, and minerals, such as magnesium and potassium.

Malphighia glabra has also shown active anti-fungal proper-

ties. Folk medicine uses of acerola include treatment of liver
ailments, diarrhea, dysentery, coughs, colds and sore throats.

ROSE HIP VITAMIN C

Rose hips are the fruit of roses. The rose hip is the swollen
ovary of the flower which produces seed after the petals of a
blossom wither and fall. Once the petals have fallen off a
rose all that remains attached to the stem is the rose hip.
Rose hips are rich sources of Vitamin C. In fact, one species,
Rosa rugosa Thunb, contains the highe~t amount of vitamin
C of any organism in the world. Rosa rugosa Thunb rose
hips can contain up to 7 grams of vitamin C per 100 grams of
rose hips or 7%. Acerola, the next richest source of natural
vitamin C produces up to 4.7% vitamin C, and, for
comparison, the peeled orange contains 0.05% vitamin C.

During World War II, England, Norway and Sweden were
faced with a scurvy crisis. Since the war had restricted
normal shipping, the British could not obtain enough citrus
fruit for vitamin C. Children began showing the symptoms of
early scurvy. The British discovered rose hips to be an
excellent source of vitamin C and made the fruit of the rose
into teas, soups and syrups. The children received these

supplements daily, and this prevented any problem with
scurvy.

Rose hips are the major source of natural vitamin C. A few
species are used to obtain the vitamin, including Rosa
canina, Rosa mosqueta and Rosa rugosa Thunb. In addition
to vitamin C, rose hips contain such carotenoids as beta-
carotene, lycopene, zeaxanthin, rubixanthin, gazaniaxanthin,
beta cryptoxanthin, gamma-carotene, lutein, violaxanthin,
and antheraxanthin. They also contain flavonoids, catechins,
polyphenols, procyanidins and pectins.

Rose hips have other applications. The oil extracted from its
seeds is included in many cosmetic preparations for its high
content of alpha-linolenic acid (45%-50%) and linoleic acid
(40%). The fruit has been used as food, mainly for preparing
jams, teas and alcoholic beverages.

REDUCED-ACIDITY VITAMIN C

Reduced-acidity vitamin C consists of a mixture of 50%
ascorbic acid and 50% sodium ascorbate. Some find this
form of vitamin C a more tolerable supplement than ascorbic
acid. Since the first pKa of ascorbic acid is 4.2, the pH of the
mixture dissolved in water would be 4.2. Reduced-acidity
vitamin C is also known as buffered vitamin C.

NON-ACID VITAMIN C

Non-acid vitamin C consists of an ascorbate salt of sodium
or calcium which has a neutral pH when dissolved in water.
The calcium salt consists of two molecules of ascorbate and
one atom of calcium. The molecular formula is

CI2HI4CaOI2' Calcium ascorbate is freely soluble in water.
The sodium salt consists of one molecule of ascorbate and
one atom of sodium. The molecular formula is C6H7Na06'
Some find sodium ascorbate and calcium ascorbate more
acceptable forms for vitamin C supplementation.

ASCORBATE AND VITAMIN C METABOLITES

Ascorbate and vitamin C metabolites refer to marketed
vitamin C supplements containing vitamin C in a salt form,
typically as calcium ascorbate, and vitamin C metabolites.
Vitamin C metabolites can include the aldonic acids L-
threonic acid, L-xylonic acid and L-Iyxonic acid. Typically,
the vitamin C metabolite present in these products is L-
threonic acid, also known as 2, 3, 4-trihydroxy- [threo]
butanoic acid. L-threonic acid is usually also present as the
calcium salt or calcium L-threonate, and the percentage of
calcium L-threonate in the product is usually 1% of the
amount of ascorbate. That is, a tablet supplying 500
milligrams of ascorbate would supply 5 milligrams of L-
threonate.

Ascorbate and vitamin C metabolites are sometimes referred
to as metabolite-supplemented ascorbate. Some in vitro
studies have shown that the addition of L-threonate to
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ascorbate enhances the transfer efficiency of ascorbate into
cells. Animal studies have reported increased absorption and
higher retention of vitamin C when the animals were
supplemented with ascorbate plus threonate than when
supplemented with ascorbate alone. One cell-culture study
showed that the addition of threonate to ascorbate enhanced
the production of collagenous protein and mineralized tissue
when compared with ascorbate alone. The authors concluded
that this finding could have relevance with respect to wound
healing and bone regeneration.

Although the in vitro and animal studies appear interesting,
what is wanting are well-designed and well-executed clinical
trials in humans to determine if vitamin C metabolites, such
as L-threonate, positively affect vitamin C status.

ACTIONS AND PHARMACOLOGY

ACTIONS

Vitamin C has antioxidant activity. It may also have anti-
atherogenic, anticarcinogenic, antihypertensive, antiviral,
antihistaminic, immunomodulatory, ophthalmoprotective and
airway-protective actions. Vitamin C may aid in the detoxifi-
cation of some heavy metals, such as lead and other toxic
chemicals.

MECHANISM OF ACTION

Vitamin C is arguably the most important water-soluble
biological antioxidant. It can scavenge both reactive oxygen
species and reactive nitrogen species. Ascorbic acid or, more
specifically, L-ascorbate is an excellent reducing agent, and
it acts as a cofactor in various biochemical reactions to
reduce the transition metals, iron and copper.

Ascorbate can be oxidized by most reactive oxygen and
nitrogen species thought to play roles in tissue injury
associated with various diseases. These species include
superoxide, hydroxyl, peroxyl and nitroxide radicals, as well
as such non-radical reactive species as singlet oxygen,
peroxynitrite and hypochlorite. By virtue of this scavenging
activity, ascorbate inhibits lipid peroxidation, oxidative DNA
damage and oxidative protein damage.

Ascorbate is oxidized by reactive oxygen and nitrogen
species to the semidehydroascorbate radical that is either
reconverted to ascorbate via the enzyme NADH semidehy-
droascorbate reductase or is converted to dehydroascorbate.
Dehydroascorbate in turn can be converted back to ascorbate
via glutathione-dependent enzymes or catabolized.

Ascorbate can act as a secondary antioxidant. At least in
vitro, ascorbate regenerates the major lipid antioxidant
alpha-tocopherol from the alpha-tocopheroxyl radical form.
Ascorbate may also participate in regenerating and sparing
alpha-tocopherol in vivo, though this has not been clearly

demonstrated. Vitamin C does preserve intracellular reduced
glutathione concentrations.

The possible anti-atherogenic activity of vitamin C may be
explained in a few ways. Oxidation of low-density lipopro-
tein (LDL) is thought to be a key early step in atherogenesis.
Vitamin C protects against LDL peroxidation by scavenging
peroxyl radicals in the aqueous phase. Vitamin C may
enhance endothelial function by promoting the synthesis of
nitric oxide (also known as NO and EDRF for endothelium-
derived relaxing factor) or by preventing its inactivation by
scavenging superoxide radicals. Superoxide reacts with nitric
oxide to form peroxynitrite. High concentrations of vitamin
C are required to prevent the interac~ion of superoxide with
nitric oxide, extracellularly. Although such high plasma
concentrations are feasible if vitamin C is given parenterally,
they are likely not to occur with oral administration of
vitamin C.

As noted above, vitamin C helps preserve intracellular
reduced glutathione concentrations. This activity likely helps
maintain nitric oxide levels and potentiates its vasoactive
effe~ts. Oral vitamin C can ~each high enough concentrations
intracellularly to scavenge superoxide radicals. Thus, intra-
cellular sources of superoxide that impair nitric oxide may be
scavenged by oral vitamin C. Recently, it has been found
that ascorbic acid enhances nitric oxide synthase activity by
increasing intracellular tetrahydrobiopterin.

Vitamin C may modulate prostaglandin synthesis to favor
the production of eicosanoids with antithrombotic and
vasodilatory activity. The possible sparing and regeneration
of alpha-tocopherol by vitamin C could be yet another factor
in the vitamin's possible anti-atherogenic action.

Vitamin C's possible anticarcinogenic effects may be
accounted for, in part, by its ability to detoxify carcinogens,
as well as its ability to block carcinogenic processes through
its antioxidant activity. Vitamin C can prevent the formation
of such carcinogens as nitrosamines in foods and in the
gastrointestinal tract and can detoxify such chemical muta-
gens and carcinogens as anthracene, benzo[a]pyrene, organo-
chlorine pesticides and heavy metals. High concentrations of
ascorbic acid in gastric juice may reduce the risk of gastric
cancer by inhibiting, as noted, the formation of carcinogenic
N-nitroso compounds. Ad~itionally, increased oxidative
stress to the gastric mucosa has been reported in Helicobac-
ter pylori-associated gastritis, a condition that predisposes to
gastric cancer. There is preliminary evidence that vitamin C
can inhibit growth of Helicobacter pylori.

Evidence appears to suggest that vitamin C may have cancer-
preventive activity, at least for certain types of cancer.
However, the role of vitamin C, if any, in the treatment of
cancer remains very unclear. A cell-culture study of human
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breast carcinoma lines showed vitamin C to improve the
antineoplastic activity of doxorubicin, cisplatin and paclitax-
el. The mechanism of the effect may be pro-oxidant, not
antioxidant, activity of the vitamin in potentiating the effects
of these chemotherapeutic agents. Another study suggests
that the pro-oxidant form of vitamin C may upregulate some
of the enzymes involved in DNA repair. This possible
activity may play some anticarcinogenic role. Recently, it
has been found that ascorbic acid enhances arsenic trioxide-
induced cytotoxicity in multiple myeloma cells. Again, this
may be attributed to a pro-oxidant effect of vitamin C.
Increasing reduced glutathione (OSH) levels attenuates
arsenic trioxide-induced cytotoxicity. Decreases in OSH
have been associated with ascorbic acid metabolites. Arsenic
trioxide is an anticancer drug with multiple actions.

Vitamin C may have anti-hypertensive activity in some. The
mechanism of this possible effect is a matter of speculation.
Some in vitro studies show that vitamin C increases the
synthesis of the vasodilatory prostaglandin POEI. However,
this may not have relevance in the regulation of vascular
tone in humans. As observed above, vitamin C may help
maintain nitric oxide levels and potentiate its vasoactive
effects. There is an indication that vitamin C may improve
endothelial-dependent vasodilation in those with essential
hypertension, as well as in those with hypercholesterolemia,
and may help restore nitric oxide-mediated flow-dependent
vasodilation in those with congestive heart failure.

There is some evidence that vitamin C inhibits the replica-
tion of human immunodeficiency virus 1 (HIV-I) in vitro.
One study showed upregulation of the expression of glucose
transporter 1 (Olut!) in HIV-infected cells Olutl is one of
the transport proteins for ascorbic acid. Increased cellular
concentrations of ascorbate may be toxic to HIV-infected
cells due to degradation of the viral nucleic acid by the
action of the pro-oxidant form of vitamin C. The mechanism
of the anti-HIV effect of the vitamin in vitro, however, is
unclear, as is the relevance of this finding to HIV-positive
individuals.

There is no evidence that vitamin C affects the replication of
the viruses that cause the common cold in vivo. There is
some evidence that vitamin C supplementation decreases the
incidence, severity and duration of common cold symptoms
in some. It is thought that this is due, at least in part, to
antihistaminic activity of vitamin C.

The possible immunomodulatory activity of vitamin C may
also be due, in part, to an antihistaminic effect of the
vitamin. Vitamin C may enhance neutrophilic chemotaxis
indirectly by reducing immunosuppressive effects of hista-
mine. Some studies have shown that vitamin C, in vitro,
enhances mitogen-stimulated lymphocyte proliferation, de-

layed-type hypersensitivity (DTH) response to skin antigens,
natural killer cell activity and neutrophil chemotaxis. How-
ever, other studies have shown no effect of the vitamin on
these and other indices of immune function.

Some studies suggest a protective effect of vitamin C
supplementation against cataracts. Age-related lens opacities
are thought to be due to oxidative stress. Ocular tissue
concentrates yitamin C, and the antioxidant action of the
vitamin could account for its possible effect in protection
against cataracts.

Vitamin C may protect against asthma and other obstructive
pulmonary diseases, as well as protect the airways against
the effects of allergens, viral infections and irritants in some.
Allergens, viruses and irritants, including ozone, nitrogen
oxides and sulfur oxides, subject the airways to increased
oxidative stress which can lead to bronchoconstriction. The
possible protective action of vitamin C appears clearly due to
its antioxidant properties.

The antioxidant properties of vitamin C can also account for
its role in protecting against the tissue-damaging effect of
some toxic chemicals and heavy metals. High serum levels
of ascorbic acid have been reported to be associated with a
decreased prevalence of elevated blood lead levels. The
mechanism of the possible lead-lowering action of vitamin C
is unclear. One study compared the chelating properties of
ascorbic acid and the known lead-chelating agent EDTA and
found them to have equivalent activity with respect to lead.

PHARMACOKINETICS

Absorption of vitamin C from the lumen of the small
intestine depends on the amount of dietary intake. At a
dietary intake of 30 milligrams daily, the vitamin is nearly
completely absorbed from the lumen of the small intestine
into the enterocytes. At an intake of 30 to 180 milligrams
daily, about 70% to 90% is absorbed. About 50% of a single
dose of 1 to 1.5 grams is absorbed. The percentage of a
single dose absorbed decreases with increasing amounts. For
example, only 16% of a single dose of 12 grams is absorbed.
Maximum vitamin C absorption of large doses is attained by
ingestion of several spaced doses throughout the day rather
than by a single large dose. Further, sustained-release forms
of large doses will give a higher efficiency of absorption
than an equivalent dose that is not sustain-released. The type
of food consumed does not appear to affect the absorption of
supplemental vitamin C or vitamin C found in food.

The intestinal absorption of vitamin C from foods and from
supplements, up to about 500 milligrams, occurs via a
sodium-dependent active transport process. At doses higher
than 500 milligrams, diffusion processes come into play. The
major intestinal vitamin C transporter is SVCTI (sodium-
dependent vitamin C transporter 1). Some ascorbic acid may
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be oxidized to dehydroascorbic acid and transported into
enterocytes via glucose transporters. Dietary dehydroascor-
bic acid is absorbed from the lumen of the small intestine
into the enterocytes in such a manner. All dehydroascorbic
acid within the enterocytes is reduced to ascorbic acid via
reduced glutathione, and ascorbic acid leaves the enterocytes
to enter, first, the portal and, subsequently, the systemic
circulation. Ascorbic acid is distributed to the various tissues
of the body.

Higher levels of ascorbic acid are found in the pitUitary
gland, the adrenal glands, the various white blood cells and
the brain. Ascorbic acid itself cannot cross the blood-brain
barrier. In order to enter the brain, ascorbic acid is first
oxidized to dehydroascorbic acid or DHA. DHA is then
transported across the blood-brain barrier by facilitative
diffusion via glucose transporter 1 (GLUTl). DHA is next
transported through GLUTl at the surface of the blood-brain
barrier endothelial cells. DHA is transported out of the
endothelial cells through GLUTl. DHA in the brain is
reduced to ascorbic acid. Ascorbic acid, once formed, is
essentially trapped in the brain since it cannot be transported
through GLUTl.

Ascorbic acid appears to be transported into intestinal cells,
liver cells and kidney cells by a sodium-dependent active
transport process via SVCTl (sodium-dependent vitamin C
transporter 1). The transporter SVCT2 (sodium-dependent
vitamin C transporter 2) appears to aid in the transport of
vitamin C into the aqueous humor of the eyes. Uptake of
ascorbic acid into neutrophils appears to be by facilitative
diffusion via GLUTl.

Regarding the metabolism of ascorbic acid, it is oxidized to
dehydroascorbic acid which can either be reduced back to
ascorbic acid or hydrolyzed to diketogulonate. Other metab-
olites include oxalic acid, threonic acid, L-xylose and
ascorbate-2-sulfate. The principal route of excretion of
ascorbic acid and its metabolites is via the kidney. In order to
maintain ascorbic acid homeostasis, very little unmetabo-
lized ascorbate is excreted with dietary intakes up to about
80 milligrams daily. Renal excretion of ascorbate increases
proportionately with higher doses. As mentioned earlier, as
the dose of supplemental ascorbic acid increases, the
percentage of its absorption proportionately decreases. Con-
sequently, there is significant fecal excretion of ascorbic acid
with high supplemental intakes of the vitamin.

INDICATIONS AND USAGE

Vitamin C may be helpful in chronic diseases characterized
by oxidative damage to biological molecules. Though
vitamin C also has a pro-oxidant potential under some
circumstances, fears raised in that regard in recent years
appear overblown. There is currently no credible evidence

for oral vitamin C pro-oxidant damage in humans except,
possibly, in rare circumstances involving iron overload.

Vitamin C's antioxidant activity, on the other hand, is well
established, and that activity may be helpful in the preven-
tion of some cancers and cardiovascular disease. Vitamin C
may also be helpful in protecting against some of the lipid
oxidation caused by smoking. Vitamin C's demonstrated
ability to reduce some forms of oxidative DNA damage and
indications that it may also reduce protein oxidation under
some circumstances further suggest that it may be of benefit
in smokers and some with chronic stress and disease, in
general. Considerable excitement has attended recent in vitro
and in vivo animal research findings that injected vitamin C
may have potent anticancer effects in a number of estab-
lished malignancies, renewing interest in vitamin C not only
as a possible cancer preventive but also as a potentially
potent cancer interventive. These same findings have sug-
gested that Vitamin C may also have some anti-infective
potential greater than previously acknowledged.

Vitamin C may also be useful as an immune stimulator and
modulator in some circumstances. Claims that it is a "cure"
for common colds are unsubstantiated, although several
studies have shown that vitamin C can significantly reduce
the duration and severity of colds in some and reduce
incidence in others. There is also preliminary evidence that
vitamin C can be useful in ameliorating some other
respiratory infections.

Vitamin C may help prevent cataracts.

Recently it was demonstrated that vitamin C can inhibit
growth of Helicobacter pylori and may thus be protective
against some ulcers and gastric carcinomas. There is also the
suggestion in a recent report that low serum levels of
ascorbic acid may be associated with a higher incidence of
gall bladder disease in women. In another recent report,
vitamin C supplementation was associated with reduced risk
of reflex sympathetic dystrophy after wrist fracture. It may
be of benefit in some bum victims and may be helpful,
generally, in promoting wound healing and gum health

Vitamin C has previously shown some benefit in some
individuals with asthma, although a recent review concluded
that the vitamin C asthma data remain inconclusive. Whether
it might also be useful in some other airway disorders/
impairment, such as those present in cystic fibrosis, remains
unclear and largely untested. There is a preliminary indica-
tion that it might be helpful in Charcot-Marie-Tooth disease,
the most common hereditary peripheral neuropathy. There is
no convincing evidence that it is useful in Alzheimer's
disease. A strong inverse association between plasma
vitamin C levels and type 2 diabetes mellitus risk has been
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noted recently. Effects on muscle and endurance perfor-
mance are unclear.

RESEARCH SUMMARY

Vitamin C's antioxidant effects are well established. It has
been reported to protect plasma lipids from oxidative
damage. It also significantly protects DNA and protein from
various oxidative processes, as demonstrated in numerous
studies.

There is still controversy around claims that vitamin C can
be a dangerous pro-oxidant in humans. These claims are now
generally discounted, and the research that led to these fears
has been widely challenged as being flawed in a number of
respects. One researcher recently reviewed this controversy
and concluded: "there is nothing in current data to worry
members of the public who take ascorbate supplements."

Other researchers have also recently reviewed this controver-
sy, noting that in vitro observations of DNA damage arising
in the presence of vitamin C and redox-active transition
metal ions are unlikely to have relevance in vivo. The
damaging effect demonstrated in vitro, ,these researchers
point out, "requires the availability of free, redox-active
metal ions and a low ratio of vitamin C to metal ion,
conditions unlikely to occur in vivo under normal circum-
stances. Furthermore, it was shown recently that in biologi-
cal fluids such as plasma, vitamin C acts as an antioxidant
toward lipids even in the presence of free, redox-active iron
. . . there is no convincing evidence for'a pro-oxidant effect
of vitamin C in humans." However, although this is the case
for orally administered vitamin C, the vitamin may indeed
have a pro-oxidant effect when administered parenterally
(see below).

On the other hand, vitamin C's antioxidant activity is marked
and appears to play an important role in its possible
cardioprotective activity. Several studies have shown that
vitamin C, either alone, or in combination with other
nutrients significantly inhibits LDL-cholesterol oxidation.
This effect is most consistent when vitamin C is combined
with vitamin E and/or beta-carotene, but it has also been
observed when vitamin C is used alone. In the latter case,
some hypothesize that it works by sparing or recycling
vitamin E, an activity that has been obserVed in Ivitro.Results
have been mixed in smokers in whom lipid oxidation is a
serious problem. One of the better designed studies, utilizing
a particularly sensitive measure of lipid oxidation, found that
heavy smokers benefited from 2,000 milligrams of vitamin C
administered for only five days, as measured by a significant
reduction in a specific lipid oxidation marker, the F2
isoprostane 8-epi-PGFralpha.

Where there have been discrepancies in results from lipid
(and other) biomarkers studies, some researchers attribute

these, in part, to the failure of some investigators to
differentiate between subjects whose tissues are already
saturated with vitamin C at baseline and those whose tissues
are not thus saturated. Even dietary, non-supplemental,
vitamin C intake, they argue, can readily result in saturation
sufficient to rule out further reductions in oxidative damage,
no matter what supplemental dose is administered.

Vitamin C supplementation has also been reported, in some
studies, to significantly reduce total serum cholesterol. Some
others have not shown this benefit. And there have been
several observational reports associating high plasma vita-
min C concentrations with higher levels of HDL-cholesterol.

Platelet aggregation has been reduced in two studies utilizing
2,000-3,000 milligrams of vitamin C daily for one to six
weeks. No effect was noted on platelets in another study
using 250 milligrams of vitamin C daily for eight weeks.
Leukocyte adhesion to endothelium, an activity implicated in
atherogenesis, was significantly inhibited in smokers receiv-
ing 2,000 milligrams of vitamin C daily for 10 days.

Several studies have shown that vitamin C has positive
effects on hypertension. Here, too, there have been some
conflicting results, but the preponderance of evidence
suggests a positive effect. Epidemiological studies also
consistently show that lower vitamin C intake is associated
with hypertension. In one recent randomized, double-blind,
placebo-controlled study, hypertensive patients received
placebo or 500 milligrams of vitamin C daily for 30 days.
Vitamin C resulted in a 13 mmHg reduction in systolic blood
pressure. Placebo had no effects.

Several other studies have shown that both oral administra-
tion (l,000-2,000'milligrams) and intra-arterial infusion with
vitamin C can exert significant, positive effects on vasodila-
tion in coronary artery disease patients. Similar benefits have
been found in several other test groups, including smokers
and those with both type I and type 2 diabetes.

Vitamin C's potential impact on incidence of heart attack,
stroke and death related to cardiovascular disease may be
quite significant according to the findings of several
epidemiological studies. In an analysis of findings from the
First National Health and Nutrition Examination Survey,
researchers found that "the relation of the standardized
mortality ratio (SMR) for all causes of death to increasing
vitamin C intake is strongly inverse for males and weakly
inverse for females." Among males with the highest vitamin
C intake, SMRs were 0.65 for all causes, 0.78 for all cancers
and 0.58 for all cardiovascular disease. Among females with
the highest vitamin C intake, SMRs were 0.90 for all causes,
0.86 for all cancers and 0.75 for all cardiovascular disease.
Comparisons were made relative to the U.S. white popula-
tion; for which the SMR was defined as 1.00.
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In a 20-year follow-up study of a cohort of randomly
selected elderly people in Britain, Scotland and Wales,
mortality from stroke was highest in those with the lowest
vitamin C status, as measured by dietary intake and plasma
ascorbic acid concentration. Adjustments were made for age,
sex and established cardiovascular risk factors. The associa-
tion noted was independent of social class and other dietary
variables. No association was found in this study between
vitamin C status and risk of death from coronary artery
disease, but the researchers noted this may have been due to
the age of their observed population. "Factors that may
predict premature death from coronary heart disease may
become less important when measured in a population of
elderly survivors," they noted. The subjects in this cohort
were 65-74 years of age.

Recently, a five-year prospective population study of 1,605
Finnish men aged 42-60, who were free of atherosclerotic
heart disease at baseline, concluded with these results: risk of
myocardial infarction was considerably higher among those
with the lowest baseline plasma vitamin C concentrations
than among those with higher levels; 13.2% of those with the
lowest levels suffered MIs versus 3.8% of those with higher
levels.

What made this study particularly significant was its finding
that increased risk of MI, in relation to plasma vitamin C
concentrations, was confined to that group of subjects who
were frankly deficient in vitamin C. In men with normal to
high concentrations, there was no increased risk. This may
have significance for some other studies that found no
benefit from vitamin C in reducing cardiovascular disease
risk.

It has been established by prior research that the Finnish
population suffers high mortality from coronary heart disease
and that many Finnish men have low plasma ascorbate
concentrations. A reviewer of the Finnish study thus
concluded that the finding in this study "that only individuals
who are vitamin C-deficient are at increased risk may
explain to some extent why no significant relationship was
observed in many studies of relatively well-nourished
populations. "

ThIs observation might apply, some believe, to the Nurses'
Health Study and the Health Professionals' Study, both
follow-up investigations that showed a relationship between
increased vitamin E intake and reduced coronary heart
disease risk but no similar relationship with respect to
vitamin' C.

As the reviewer further observed: "Both of these studies
involved generally health-conscious study subjects. The vast
majority of antioxidant-disease studies, even controlled
intervention studies, involve generally healthy, well-nour-

ished populations, primarily because these populations are
much easier to study. The Finnish study results, therefore,
provide a special perspective that may help us to understand
the mixed results from past studies and better plan future
studies."

Vitamin C has, experimentally, demonstrated an ability to
protect against various cancers, most likely through its
ability to inhibit DNA oxidation, through reactive nitrogen
species scavenging and other antioxidant actions, as well as
through its possible effects on the immune system, among
other activities. There are numerous epidemiological and
case-control studies showing a consistent relationship be-
tween higher dietary intakes of vitamin C and lower
incidence of cancer, particularly colorectal, stomach, lung,
breast, esophageal, oral cavity and larynx-pharynx cancers.
In one review of 75 epidemiologic studies, 54 found
significant evidence of reduced cancer risk in those with
higher dietary vitamin C intake.

Several in vitro and animal studies have demonstrated
benefits. Results of some animal studies suggested that
vitamin C therapy could reduce the toxicity and/or increase
the effectiveness of some standard cancer therapies. Current-
ly some researchers have expressed fear that vitamin C might
reduce the effectiveness of some radiation and cancer
chemotherapies by reducing their toxicity in cancer cells, as
well as in normal ells. This idea has neither been confirmed
nor refuted in animal or human studies and requires further
investigation. Meanwhile, other researchers have expressed
doubts about this hypothesis. They point out, as noted above,
that several experimental studies indicate that high doses of
vitamin C not only protect normal cells from toxic cancer
therapies but may simultaneously fight the cancer cells, as
well.

Many population studies have found evidence of a vitamin C
protective effect against some cancers. Some other studies,
however, have been negative. One group of researchers
reported a significant 29% reduction in risk of all cancer in
males consuming 113 milligrams or more of vitamin C daily,
compared with males consuming less than 82 milligrams
daily. Another found that consumption of 300 milligrams of
vitamin C daily, derived from diet and from supplementa-
tion, was associated with a 21% reduction in risk from all
cancers in men compared with daily consumption of less
than 49 milligrams daily.

In a review of many of the epidemiological studies, the
authors noted: "Interestingly, virtually all of the studies in
which vitamin C intakes were greater than 87 milligrams a
day in the lowest intake group (quantile) found no or
nonsignificant effects on cancer risk reduction with higher
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intakes of vitamin C . . . . More studies investigating cancer
risk in persons with lower vitamin C intakes are warranted."

Studies of those using higher dose vitamin C supplements
have generally not shown protective effects against cancer,
"possibly," these reviewers observed, "because the dietary
intake of vitamin C was already sufficient for tissue
saturation." Intervention trials with high dose vitamin C have
also been mostly negative.

At present, there is evidence that vitamin C helps protect
against a number of cancers. Generally amounts sufficient to
exert preventive activity can be obtained from a diet that
includes several servings of fruits and vegetables daily and/
or through low-dose vitamin C supplementation.

Recently evidence has emerged that vitamin C may also have
a potent interventive potential in cancer-but not via diet!
supplementation but, rather, via injection. A few years ago,
several researchers from various branches of the National
Institutes of Health conducted an in vitro study, the results of
which surprised many in the research world. These research-
ers exposed human Burkitt's lymphoma cells to concentra-
tions of ascorbic acid equal to what they determined could be
achieved through injection (but not through oral administra-
tion). They cited pharmacokinetics studies that had demon-
strated that 10 grams of ascorbic acid given intravenously
can produce at least a 25-fold higher plasma concentration
than can the same dose given orally. Their results demon-
strated that the much higher levels achievable through the
intravenous route effectively killed cancer but not normal
cells, acting as a pro-drug to deliver extracellular hydrogen
peroxide as the selective killing agent. Why the hydrogen
peroxide generated by the ascorbate does not affect normal
cells remains unknown. The cancer cell death occurred by
apoptosis and pyknosis/necrosis. The researchers hypothe-
sized that the hydrogen peroxide might target cancer cellular
membrane lipids forming hydroperoxides or reactive inter-
mediates that are quenched/repaired in normal cells but not
in cancer cells. In any case, the researchers concluded that
these findings have "major therapeutic implications" and not
only for cancer but also possibly for numerous infections that
have been shown to be susceptible to hydrogen peroxide
attack. (Among these: some viruses, including hepatitis C.)
They pointed as well to a possible therapeutic application of
vitamin C in patients with chronic granulomatous disease-
again via injection, not oral administration.

Very recently, some of these same researchers generated
headlines around the world when they extended their in vitro
observations to in vivo animal cancer models, again with
notable positive results. In these experiments, the researchers
delivered pharmacologic parenteral doses of ascorbate to
mice bearing aggressive tumor xenografts. Single doses of

the ascorbate produced significant, sustained ascorbate
radical and hydrogen peroxide formation selectively within
interstitial fluids of tumors but not in blood. Daily adminis-
tration of ascorbate significantly reduced growth rates of
established ovarian, pancreatic and glioblastoma tumors in
the mice. The researchers showed as well that the same
pharmacologic concentrations of ascorbate were easily
achieved via vitamin C injection in humans. They concluded
that ascorbate as a pro-drug may have benefits in cancers
"with poor prognosis and limited therapeutic options."
Clearly further research is indicated and warranted.

Vitamin C has shown a variety of activities in the immune
system. It has been shown, in animal and in vitro studies, to
favorably modulate lymphocytes and phagocytes. It can
regulate natural killer cells under some circumstances and
affect production of cytokines, antibodies and complement
components.

Because supplemental vitamin C was not shown, in several
studies, to reduce the incidence of the common cold, many
concluded that it was of no use whatever in colds. That is
still the impression of some physicians, but it is probably an
erroneous one. First, a few studies have, in fact, shown a
reduction in incidence of colds. Most studies have been done
in normally nourished subjects in western countries; these
have, typically, shown no effect on incidence. But in three
trials of subjects under acute physical stress, vitamin C
supplementation resulted in a 50% reduction in common
cold incidence. And in four British trials, there was an
average 30% reduction in incidence among those receiving
vitamin C. Dietary vitamin C intake is known to be low in
the UK.

Placebo-controlled trials have consistently found that supple-
mental vitamin C, in doses of I gram or greater daily,
alleviated the duration and severity of cold symptoms. In
several of these studies, the alleviation has been significant.
For unexplained reason, there seems to be a greater effect in
children than in adults and possibly, a greater effect in males
than in females. The best results have been obtained with 2-
gram (or greater) daily doses. There was a 6% median
reduction in cold duration in five studies in which adults
were administered I gram of vitamin C daily. There was a
median decrease of 26% in two studies of children given 2
grams of vitamin C daily. A recent review found no
consistent evidence for vitamin C reducing the incidence of
colds in the normal population, but it did find a strong
positive effect among those exposed to brief periods of
strenuous physical exercise and/or cold environments. An
analysis of six trials involving a total of 642 skiers, marathon
runners and soldiers on sub-arctic exercises indicated that
vitamin C supplementation cut the risk of colds in half. The
reviewers called for more therapeutic trials to further clarify
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the vitamin's potential in treating/preventing/shortening

colds.

Vitamin C has also been found to be of benefit in patients
with pneumonia and bronchitis. Incidence of pneumonia was
significantly reduced in three controlled vitamin C studies,
and substantial vitamin C treatment benefit was noted in
elderly UK patients hospitalized with pneumonia or
bronchitis.

There is evidence that supplemental vitamin C can inhibit the
growth of Helicobacter pylori in both in vitro and animal
studies. Thus it might have the potential to reduce the
incidence of H. pylori-induced ulcers and subsequent gastric
carcinoma. In vitro, high concentrations of vitamin C
inhibited up to 90% of H. pylori growth. There was also
significant inhibition of growth in animal experiments using
oral administration of vitamin C.

High intake of vitamin C is strongly associated with reduced
incidence of cataracts, according to the findings of case-
control studies. In one study, intake of 300 milligrams or
more per day was associated with a 70% reduction in risk.
Another study found a 75% reduction in risk with daily
intake of 490 milligrams or more per day, compared with
intakes less than 125 milligrams per day. An interVention
study using 120 milligrams of vitamin C daily produced a
nonsignificant reduction in cataract risk of 22%, but a
significant 36% reduction was observed in the same trial in
subjects who consumed a multivitamin/mineral supplement.

Laboratory work has shown that vitamin C can slow
chemical reactions that lead to cataracts by causing various
lens proteins to aggregate. This has been demonstrated in
animal work and in the human eye.

In a study of women who took vitamin C for at least ten
years, incidence of cataracts was significantly reduced
compared with controls who did not take vitamin C. The
vitamin C-supplemented women were only 23% as likely to
develop cataracts compared with the women who did not
take supplements. In women not taking supplements, mean
daily dietary intake of vitamin C was 130 milligrams per
day, about twice the recommended intake but still less than
one-third the average of women taking supplements.

Recently, serum ascorbic acid levels were found to be
inversely related to prevalence of gall bladder disease among
women but not among men. Previously, it was shown that
vitamin C-deficient guinea pigs have a high incidence of
gallstones. Further clinical investigation is warranted.

In another recent study, this one a double-blind, placebo-
controlled trial of vitamin C in patients with conservatively
treated wrist fractures, treatment with 500 milligrams of
vitamin C daily for 50 days significantly reduced the

incidence of reflex sympathetic dystrophy (RSD). Follow-up
continued for one year. The researchers proposed that "this
simple and cheap means of prevention could also be useful
in the prophylaxis of RSD after other injuries, such as trauma
of the foot or ankle, talar and calcaneal fractures, or crural
fractures."

It was the use of vitamin C as an antioxidant therapy in
dermal burns that led the researchers to believe that an
antioxidant therapy might also be of benefit in preventing
post-traumatic dystrophy (after wrist fracture). Researchers
have found that vitamin C helps protect endothelial cells and
reduces capillary permeability by reducing lipid peroxidation
after burns. Some of these same mechanisms apparently
account for reported beneficial effects of vitamin C in a
variety of wounds, in addition to burns. There is some
evidence that supplemental vitamin C may decrease perme-
ability of gum surface tissue and may, by that and other
mechanisms, help protect against periodontal gum disease.

Some studies have indicated that vitamin C can be of benefit
in alleviating some of the symptoms of asthma. In one of
these studies, a 500-milligram dose of vitamin C taken 90
minutes before exercise reduced bronchial spasms in some
asthma sufferers. In another study, I gram of ascorbate daily
reduced airway reactivity to various harmful inhalants in
asthmatics. A recent review of the vitamin C asthma
literature, however, found no convincing evidence (from
randomized control trials) that the vitamin has an established
role in the treatment of this disorder. The authors concluded
that the data gathered to date are insufficient upon which to
base any conclusion.

There is no evidence that vitamin C is helpful in Alzheimer's
disease. Vitamin C's role in muscle metabolism and any
possible benefit in endurance training remain to be delin-
eated or demonstrated. In one recent study, oral administra-
tion of vitamin C was said to decrease muscle mitochondrial
biogenesis and hamper training-induced adaptations in
endurance performance in a small clinical trial. Oral doses of
I gram daily were administered over an eight-week training
period. Some of the findings of this study were derived from
a concurrent animal study. Again, these data are insufficient
for reaching any meaningful conclusion.

Recently, a strong inverse association was noted between
plasma vitamin C levels and the risk of new-onset type 2
diabetes mellitus. Fruit and vegetable intake, to a lesser
degree, was also inversely associated with this risk.

Finally, an intriguing study has suggested that ascorbic acid
might be helpful in the treatment of Charcot-Marie-Tooth
disease, the most common hereditary peripheral neuropathy,
affecting 1 in 2,500 people. The only other treatments for
this disease are physical rehabilitation and corrective sur-
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gery. This is a disease characterized by abnormal myelina-
tion of the peripheral nerves with consequent progressive
weakness and atrophy of the distal muscles of the limbs. In
this mouse model of the disease, ascorbate, a known
promoter of myelination, substantially ameliorated the condi-
tion, reducing the expression of what is believed to be the
responsible gene to a level below that required to induce the
disease phenotype. The researchers, noting the absence of
good alternatives, concluded that vitamin C "offers an
immediate therapeutic possibility for patients with the
disease. "

CONTRAINDICATIONS, PRECAUTIONS, ADVERSE REACTIONS

CONTRA INDICA TIONS

Vitamin C is contraindicated in those with known hypersen-
sitivity to the substance or to any ingredient in a vitamin C-
containing product.

Rose hip vitamin C
Rose hip vitamin C is contraindicated in those with known
hypersensitivity to rose hips. There are reports of allergic
reactions in those working with rose hips.

PRECAUTIONS

Although oxalic acid is formed when ascorbic acid is
metabolized, this is highly unlikely to cause renal problems
in healthy individuals without preexisting renal problems or
who are not predisposed to increased crystal aggregation.
Those with preexisting kidney stone disease or a history of
renal insufficiency, defined as serum creatine greater than 2
and/or creatinine clearance less than 30, should exercise
caution in the use of higher than RDA amounts of vitamin C
(see Dosage and Administration).

Ascorbic acid is involved in modulating iron absorption and
transport. It is highly unlikely that healthy individuals who
take supplemental vitamin C will have any problem with iron
overload. On the other hand, those with hemochromatosis,
thalassemia, sideroblastic anemia, sickle cell anemia and
erythrocyte G6PD deficiency might have such a problem if
they use large amounts of vitamin C.

Pregnant women and nursing mothers should avoid using
supplemental doses of vitamin C higher than RDA amounts.

ADVERSE REACTIONS

In healthy adults, oral doses up to 3 grams daily of vitamin C
are unlikely to cause adverse reactions. The most common
adverse reaction in those who take oral doses greater than 3
grams daily are gastrointestinal and include nausea, abdomi-
nal cramps, diarrhea and flatulent distention. These reactions
are attributed to the osmotic effect of unabsorbed vitamin C
passing through the intestine. Some advocates of megadose
vitamin C use recommend titrating the daily dose of vitamin
C to what they refer to as "bowel tolerance", i.e., the point at

which the user begins experiencing diarrhea. This is not
recommended.

Rare adverse reactions have been reported in healthy
individuals taking high oral doses of vitamin C. These
include elevation of serum glucose in an adult male taking
4.5 grams daily, a gastrointestinal obstruction in a 66-year-
old woman taking 4.5 grams daily of ascorbic acid and
esophagitis in one person taking a single 500 milligram dose.
Daily ingestion of high-dose vitamin C is generally regarded
as largely innocuous. However, vitamin C-induced hyper-
qxaluria, although rare, has been reported. It was reported
(July 2008) that a patient admitted to a hospital in New
Zealand developed acute renal failure secondary to vitamin
C-induced hyperoxaluria, from which the patient died.

INTERACTIONS

DRUGS
Aluminum-containing antacids: The intake of large doses of
vitamin C used at the same time as aluminum-containing
antacids has been reported to increase urinary aluminum
excretion, suggesting increased aluminum absorption from
these antacids. However, this is not well documented.

Aspirin: Chronic use of high dose aspirin may lead to
impaired vitamin C status.

Chemotherapeutic agents: Vitamin C may potentiate the
antineoplastic activity of cisplatin, doxorubicin and paclitax-
el. It may also help ameliorate the cardiotoxic effect of
doxorubicin and the nephrotoxic effect of cisplatin. This is
based on in vitro and animal studies. There is a concern by
some researchers that supplemental doses of vitamin C may
diminish the efficacy of some chemotherapeutic agents.
Ascorbic acid has been found to enhance arsenic trioxide-
induced cytotoxicity in multiple myeloma cells. It has also
been found to overcome drug resistance in myeloma and to
significantly increase the anti-myeloma effects of both
arsenic trioxide and melphalan in cell culture models and in
animal models. Arsenic trioxide is an anticancer drug with
multiple actions, and a number of clinical studies are
examining the possible synergistic effect that vitamin C may
have when administered along with arsenic trioxide. In all of
these cases, vitamin C is given parenterally and not orally.

However, a recent report found that vitamin C may
antagonize the cytotoxic effects of a number of antineoplas-
tic drugs, including doxorubicin, vincristine, methotrexate,
cisplatin and imatinib mesylate. This was based on a
preliminary in vitro study and requires follow-up before any
conclusions can be drawn.

Estrogen: Ascorbic acid may enhance 17 beta-estradiol
inhibition of oxidized LDL formation.
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Propranolol: Ascorbic acid may affect both the absorption
process and the first pass metabolism of propranolol. Heart
rate has been found to decrease less when propranolol was
administered with ascorbic acid, when compared to controls.
The interaction has little biological importance.

Vitamin C/Bioflavonoid combinations and drugs that inhibit
cytochrome P-450 3A4: Preparations containing grapefruit
flavonoids may interact with some drugs. Some drugs have
up to a three-fold greater bioavailability when coadminis-
tered with grapefruit juice. It is thought that the grapefruit
flavonoid naringenin plays some role in this effect. Naringe-
nin and/or other substances found in grapefruit juice inhibit
cytochrome P-450 3A4 (CYP 3A4). Drugs affected include
the calcium channel blocker felodipine, as well as carbamaz-
epine, cyclosporine, lovastatin, simvastatin, saquinavir and
nisoldipine. Those taking these drugs need to exercise some
caution in the use of any grapefruit products.

NUTRITIONAL SUPPLEMENTS

Copper: One study showed that high doses of vitamin C
negatively affected ~opper status in men. Other studies have
not shown such effects.

Flavonoids: Vitamin C may act synergistically with various
flavonoids. This is the basis of combining flavonoids with
vitamin C in some supplements. However, it is not known if
any synergism occurs to any extent in humans. There is a
report that the vitamin acts synergistically with the flavonoid
quercetin to protect cutaneous cells against oxidative dam-
age. The study was performed with cells in culture. There are
other reports, again from cell culture studies, that certain
flavonoids such as quercetin and hesperetin may inhibit th~
uptake of vitamin C into cells.

Glutathione: Ascorbic acid may help maintain reduced
glutathione levels in cells.

Iron: Vitamin C used concomitantly with nonheme iron
supplements may increase the uptake of iron. This may cause
problems in those with high iron stores or with propensity
for iron overload, such as those with hemochromatosis,
sideroblastic anemia, sickle cell anemia, thalassemia and
erythrocyte G6PD deficiency.

Selenium: One animal study reported that the protective
effect of selenite in tumorogenesis was nullified by, vitamin
C. The chemopreventive action of selenomethionine, a form
of selenium derived from foods, was not affected by'the
vitamin. Selenite may be reduced by vitamin C to a form that
is not available for uptake by tissue.

Vitamin E: Vitamin C may regenerate or spare d-alpha-
tocopherol. However, this is based on in vitro and animal
studies. It is not yet known if this occurs in humans and, if it
does, to what extent.
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LABORATORY TESTS

Bilirubin assay: High intakes of vitamin C may cause falsely
elevated bilirubin values.

Creatinine assay: Large intakes of vitamin C may cause
falsely elevated urine and serum creatinine levels. However,
this is not well documented.

Glucose assay: Large intakes of vitamin C may cause false
positive glucose readings measured by copper reduction
methods (e.g., Clinitest) and false negative glucose results as
measured by the oxidase methods (e.g., Clinistix and Tes-
Tape).

Guaiac assay for occult blood: Intakes of vitamin C greater
than I gram daily may cause a false negative guaiac test.

OVERDOSAGE

There are no reports of vitamin C overdosage In the
Iiterature.

DOSAGE AND ADMINISTRATION

A dose of 200 milligrams daily is almost enough to
maximize plasma and lymphocyte levels. Doses of vitamin C
vary from those equivalent to the RDAs up to 5 to 10 grams
daily and, in some, even higher. Typical doses used range
from 500 milligrams to 2 grams daily. Some increa~e their
dose to 4 to 5 grams daily when coming down with a cold.
Such doses may have antihistaminic-like action. A dose of
vitamin C of 5 grams daily for 4 weeks was found to
significantly inhibit Helicobacter pylori in one report.
Although a dose of 200 milligrams daily is almost enough to
maximize plasma and lymphocyte levels, high doses may aid
in detoxifying some carcinogens in the stomach prior to
absorption of the vitamin.

Absorption of supplemental vitamin C is most efficient if
spaced throughout the day or if taken in time-release form.

T~e DV (Daily Value) for vitamin C, which is used for
determining percentage of nutrient daily values on nutritional
supplement and food labels, is 60 mg. This is based on the
U.S. RDA for vitamin C.

In the United States, the average intake of vitamin C is about
95 milligrams for women and 107 milligrams for men.
Children between the ages of one to five consume about 83
milligrams daily.

The most rece~t (2,000) dietary reference intakes (DRI) for
vitamin C are as follows:
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Infants Adequate Intake Tolerable Upper In-
(AI) take Level (UL)

0-6 months 40 milligrams ND
daily or 6mglkg

7-12 months 50 milligrams ND
daily or 6mglkg

Recommended Tolerable Upper
Dietary Intake Level (UL)
Allowances

Children (RDA)
1-3 years 15 mg daily 400 mg daily
4-8 years 25 mg daily 650 mg daily

Boys
9-13 years 45 mg daily 1,200 mg daily
14-18 years 75 mg daily 1,800 mg daily

Girls
9-13 years 45 mg daily . 1,200 mg daily
14-18 years 65 mg daily 1,800 mg daily

Men
19-30 years 90 mg daily 2,000 mg daily
31-50 years 90 mg daily 2,000 mg daily
51-70 years 90 mg daily 2,000 mg daily
Older than 70 90 mg daily 2,000 mg daily
years

Women
19-30 years 75 mg daily 2,000 mg daily
31-50 years 75 mg daily 2,000 mg daily
51-70 years 75 mg daily 2,000 mg daily
Older than 70 75 mg daily 2,000 mg daily
years

Pregnancy
14-18 years 80 mg daily 1,800 mg daily
19-30 years 85 mg daily 2,000 mg daily
31-50 years 85 mg daily 2,000 mg daily

Lactation
14-18 years 115 mg daily 1,800 mg daily
19-30 years 120 mg daily 2,000 mg daily
31-50 years 120 mg daily 2,000 mg daily

Smokers
Men 125 mg daily NR
Women 110 mg daily NR

ND = Not determinable
NR = Not reported

A LOAEL (Lowest-Observed-Adverse-Effect Level) of 3
grams daily has been established for vitamin C for adults.
Based on this LOAEL, a Tolerable Upper Level Intake (UL)
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for the vitamin has been set at 2 grams daily for men and
women 19 years and older.
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Vitamin 0
DESCRIPTION

The term vitamin D refers to the secosterols ergocalciferol or
vitamin D2 and cholecalciferol or v~tamin D3 as well as to
the metabolites and analogues of these substances. All forms
of vitamin D possess antirachitic activity. Vitamin D is
different from all of the other vitamins in human nutrition
because it is the only vitamin that is a conditional one.
Vitamin D3 is synthesized in the skin from 7-dehydrocholest-
erol via photochemical reactions using ultraviolet B (UV-B)
radiation from sunlight. However, there are conditions ,where
the synthesis of vitamin D3 in the skin is not sufficient to
meet physiological requirements. Humans who are not
exposed to sufficient sunlight due to reason of geography,
shelter or clothing, require dietary intake of vitamin D.
Under these conditions, vitamin D is an essential nutrient.
Vitamin D without a subscript refers to either vitamin D2 or
vitamin D3'

Vitamin D is the principal regulator of calcium homeostasis
in the body. It is particularly important in skeletal develop-
ment and bone mineralization. Vitamin D is a prohormone.
That is, it has no hormone activity itself, but is converted to a
molecule which does.

The active form of vitamin 0 is lalpha, 25-dihydroxyvitamin
o or 1,25(OH2)0 (again, when 0 is used without a subscript
it refers to either O2 or 03), The vitamin D hormone 1,25
(OH2)0 mediates its actions via binding to vitamin 0
receptors (VORs) which are principally located in the nuclei
of target cells. 1,25(OH2)0 enhances the efficiency of
calcium absorption, and, to a much lesser extent, phosphorus
absorption, from the small intestine. Vitamin 0 deficiency is
characterized by inadequate mineralization or demineraliza-
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tion of the skeleton. Inadequate mineralization of the
skeleton is the cause of rickets in children (vitamin 0 is also
known as the antirachitic factor), while demineralization of
the skeleton results in osteomalacia in adults. Further,
vitamin 0 deficiency in adults can lead to osteoporosis. This
results from a compensatory increase in the production of
parathyroid hormone resulting in resorption of bone.

Very few foods are natural sources of vitamin O. Foods that
do contain vitamin 0 include fatty fish, fish liver oils (e.g.,
cod liver oil) and eggs from hens that have been fed vitamin
O. Nearly all the vitamin 0 intake from foods comes from
fortified milk products and other foods, such as break!ast
cereals, which have been fortified with vitamin O. Vitamin 0
is a fat-soluble vitamin and therefore its absorption is
adversely affected in those with malabsorption disorders.
Those with chronic liver disease, cystic fibrosis, Crohn's
disease, Whipple's disease and sprue are prone to vitamin 0
deficiency. Others at risk for vitamin 0 deficiency, include
those that do not drink milk and who do not receive much
sunlight, those who live in regions where they receive little
natural light, and alcoholics. The elderly are at risk for
vitamin 0 deficiency for several reasons, including inade-
quate exposure to sunlight, consumption of low amounts of
vitamin O-containing foods and the use of certain drugs,
which interfere with the absorption and/or metabolism of
vitamin 0 (see Interactions). In addition, older adults need
higher amounts of vitamin 0 than younger adults because of
decreased absorption of the vitamin. The use of sunscreens is
another factor that can negatively affect vitamin 0 status.
However, those who spend time in the sun without using a
sunscreen put themselves at risk for skin cancers.

Over the last several years, studies have indicated that
vitamin 0 may play beneficial roles in a wide range of
diseases and disorders, including osteoporosis, cancer, multi-
ple sclerosis, heart disease, psoriasis and Alzheimer's
disease. We are also gaining greater insight into the
mechanism of the various actions of the vitamin/prohor-
mone. As mentioned above, it appears the active form of
vitamin 0, 1,25 (OH2)03. mediates its actions via binding to
the vitamin 0 receptor (VDR). The VOR is a high-affinity
receptor, which acts as a ligand-activated transcription
factor. Ligand binding results in obligate VOR heterodimeri-
zation with the retinoid X receptor (RXR). This receptor is a
common partner for nuclear receptors. The activated hetero-
dimer binds with strong affinity to vitamin 0 response
elements (VOREs) in the promotion of target genes, close to
the basic transcriptional machinery. The process is associ-
ated with the recruitment and assembly of several nuclear
proteins serving as positive or negative coregulators, ulti-
mately altering the rate of gene transcription. VOR, like
other nuclear receptors, recruits in the nucleus co-regulators
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