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This review focuses on the potential pharmacological benefits of vitamin C.
The majority of the scientific publications considered in this review appeared
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between 1987 and 1993. Related reviews have also been published in recent
years (10, 24, 44, 58, 68, 76, 112, 139, 150).

VITAMIN C DEFICIENCY

Scurvy is a consequence of a deficiency in vitamin C and was described in
ancient writings of the Egyptians, Greeks, and Romans (26, 37). The disease,
a scourge of early sea voyagers, was first encountered on the voyages of Vasco
da Gama in 1498. Scurvy is characterized by bleeding gums, impaired wound
healing, petechiae, perifollicular hemorrhage, anemia, arthralgia and joint ef-
fusions, fatigue, depression, and sudden death (26, 37, 137). It appears to result
primarily from the decreased synthesis of collagen (11, 44), a major protein
in the body dependent on vitamin C for its biosynthesis. However, this role of
vitamin C does not explain all of the manifestations associated with scurvy.

Although overt vitamin C deficiency is seldom seen in the US, the Second
National Health and Nutrition Evaluation Survey (NHANES II) found low
plasma vitamin C levels among 3% of the population studied (174, 181). Men
25 years of age and older had a higher proportion of low levels than women.
African-American men 55-74 years of age had the greatest percentage of low
vitamin C levels (16%).

The First National Health and Nutrition Examination Survey (NHANES I)
gathered nutrition informasion on 11,348 noninstitutionalized US adults 25-74
years of age. Examination of the vitamin C intake data obtained on this cohort
using a standardized mortality ratio revealed a strong inverse relationship with
increasing vitamin C intake for males and a weak inverse relationship for
females for all causes of death (45). Interestingly, regression analyses indicated
that the inverse relationship of total mortality to vitamin C intake was stronger
and more consistent in this NHANES population than that of total mortality
to serum cholesterol and dietary fat.

BIOCHEMICAL FUNCTIONS OF VITAMIN C

Antioxidant Properties

Ascorbic acid is probably the most effective, least toxic anioxidant identified
in mammalian systems (54, 55, 57, 149). It is a water-soluble, chain-brealsing
antioxidant that reacts directly with superoxide, hydroxyl radicals, and singlet
oxygen (10). In laboratory studies, ascorbic acid completely protected lipids
in plasma and low-density lipoprotein (LDL) against peroxidative damage (54,
55, 57, 93). Ascorbic acid is superior to other water-soluble plasma antioxi-
dants (uric acid and bilrubin) as well as to the lipoprotein-associated antioxi-
dants (o-tocopherol, B-carotene, and lycopene).
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Oxidative processes may damage DNA, enzymes, proteins, and other mac-
romolecules (36, 72, 151, 156). Vitamin C is more effective than vitamin E
in preventing oxidation by NO,, whereas vitamin E appears more protective
than vitamin C against O3 (101). Vitamin C can also interact with the tocoph-
eroxy radical to regenerate tocopherol (108, 135). Consequently, ascorbic acid
may be important in protecting against oxidative stress-related diseases and
degeneration associated with aging, including coronary heart disease, cataract
formation, and cancer (16, 36, 66, 72, 111, 112, 131, 149, 151, 156). An intake
of ~ 140 mg/day of ascorbic acid appears necessary to saturate the total body
vitamin C pool (81).

Other Functions of Vitamin C

Vitamin C has numerous biologic functions (15, 44, 83). Foremost, it is
essential for collagen synthesis and for glycosaminoglycan synthesis of pro-
teoglycans (12, 117). Vitamin C also helps maintain various enzymes (e.g.
certain monoxygenases and dioxygenases) in their required reduced forms (53,
61, 111, 112, 131), For example, ascorbic acid serves as a reductant for the
iron prosthetic group of prolyl and lysyl hydroxylases (111, 112). The prolyl
hydroxylases convert prolyl residues in collagen to hydroxyproline. Hydroxy-
proline enables collagen to form a wiple-helical conformation in the body and
to polymerize it into functional collagen fibers (12). Consequently, impaired
collagen production associated with a vitamin C deficiency results in impaired
wound healing and scurvy.

Additionally, ascorbic acid participates in the biosynthesis of camitine (119)
and neuroendocrine peptides (38, 42). Carnitine biosynthesis requires the par-
ticipation of &-N-trimethyllysine hydroxylase and y-butyrobetaine hydroxyl-
ase, both of which require ascorbic acid as a cofactor. Ascorbic acid also serves
as a cofactor for the dopamine B-hydroxylase and peptidylglycine &-amidating
monooxygenase systems, which participate in the biosynthesis of norepineph-
rine and various o-amidated peptides. The many biochemical functions of
vitamin C have been the subject of several recent reviews (11, 16, 25, 44, 77,
111, 112, 131, 149).

VITAMIN C PREPARATIONS

Vitamin C Supplements

Vitamin C is the most commonly available single supplement used in the US.
Tablets providing 500 mg of vitamin C are the most widely available single-
entity supplement (113, 145, 148, 159). For the first 3 months of 1993, sales
of 34 million dollars were reported for vitamin C supplements. Ascorbic acid
production is estimated to exceed 40,000 tons yearly (37). Vitamin C is used
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extensively in the food and feed industry, in pharmaceuticals, and in non-
nutritional manufacturng activities. The epimer of L-ascorbic acid, erythorbic
acid, is commonly used as a food additive, particularly in meats and beverages
(141). However, erythorbic acid has little or no antiscorbutic activity for
humans (140).

Derivatives of Vitamin C

L-ascorbate-2-sulfate is stored in fish and some shrimp. It has vitamin C activity
for fish such as trout, salmon, and catfish. However, L-ascorbate-2-sulfate is
~ 20X more stable than ascorbic acid. Hence, L-ascorbate-2-sulfate has been
used in the formulation of feeds fed these fish (43, 147).

Sodium ascorbate and ascorbyl palmitate reportedly have the same biolog-
ical activity as ascorbic acid (147). However, L-ascorbate-2-phosphate is con-
siderably more stable to air than L-ascorbic acid. This compound is an active
source of vitamin C in the guinea pig and rhesus monkey. For the channel
catfish, L-ascorbate-2-phosphate is equivalent, on a molar basis, to the activity
of ascorbic acid (43). L-ascorbyl-2-polyphosphate has also been used in animal
feeds (50). This form of vitamin C has considerable stability against oxidation.

BIOAVAILABILITY OF VITAMIN C

Information on the bioavailability of vitamin C in foods is limited (136). In
general, ascorbic acid in fruits and vegetables is apparently readily available
and absorbed. Ascorbic acid ingested as cooked broccoli, orange juice, or fruit
or in synthetic form seemed equally bioavailable (98). Conversely, ascorbic
acid in raw broccoli was 20% less bioavailable. In addition to cooking and
food processing, which result in a loss of vitamin C, several other factors may
influence the ascorbic acid content of food as consumed (153). Distribution
of vitamin C may vary considerably within a single fruit or vegetable. Changes
in content occur with maturation, postharvest storage, and cellular tissue dam-
age. Samples of individual foods show a large range of vitamin C content even
for those collected from the same source and the same regions of the country
(171). Based on isotopic studies, supplemental vitamin C intakes of 100 mg/
day or less are absorbed 80-90%.

POTENTIAL PHARMACOLOGICAL USES OF VITAMIN C

Vitamin C and Cataracts

Cataracts are the leading cause of blindness worldwide (179). The Framingham,
Massachusetts study found a 15% prevalence of cataracts in people 55 years of
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age and older (94). The incidence rose to more than 45% in subjects over 75 years
of age. Cataract extraction is the most frequently performed surgery among the
elderly, accounting for one million operations annually (91).

Evidence indicates that antioxidants may play an important role in the
etiology of senile cataract (24, 59, 87-89, 91, 97, 130, 157, 165, 172, 173).
However, most of this evidence has been derived from epidemiologic studies
(128, 162). Vitamin C has been of particular interest because of the high levels
of ascorbic acid in the human lens (28, 130, 164, 173).

Subjects consuming less than 125 mg/day of ascorbic acid have a fourfold
increase in risk of developing cataracts compared with persons consuming
more than 500 mg/day (87). In a prospective study involving 50,528 US
women, the risk for cataract was 45% lower among women who had taken
vitamin C supplements for 10 or more years (73). The supplements most often
used contain 250-500 mg of ascorbic acid. The results of this ongoing study
appear to support the antioxidant hypothesis of cataract prevention.

The levels of ascorbic acid present in the lens may reflect the dietary intake
of the vitamin. In a study of 42 patients scheduled for cataract lens surgery,
supplementation with 2 g/day of ascorbic acid for 2—4 weeks resulted in a
significant increase in ascorbic acid concentrations in the lens, aqueous humor,
and plasma (164). The average lens and aqueous humor ascorbic acid concen-
trations ranged from 36-63 and 21-35 times the levels found in plasma,
respectively (28, 164). ‘

Other studies have also found a reduced risk of senile cataracts with an
increased intake of vitamin C (73, 96, 129, 163). However, it is evident from
many of the studies that factors other than vitamin C (e.g. vitamin E, carot-
enoids, and smoking) are also involved in cataract formation (34, 73, 96, 129,
163, 176). In fact, 20% of all cataract cases in the US have been associated
with smoking (176).

Vitamin C supplementation may prove beneficial if elevated levels of ascor-
bic acid reduce the risk of cataract. Intervention trials evaluating this hypothesis
are currently underway (164). Recently, the results of two nutrition intervention
trials were reported (157). The trials were conducted in Linxian, China, a
generally nutritionally deprived population. The objective of these trials was
to determine whether selected vitamin/mineral supplements would affect the
risk of developing age-related cataracts. Findings from the two trials suggest
that vitamin/mineral supplements may decrease the risk of nuclear cataract
formation. The design of the study did not warrant assignment of beneficial
effects from a specific nutrient. The investigators stated that “Until the results
from less nutritionally deprived populations are available, it would be prema-
ture to translate these findings into nutritional reccommendations for the U.S.
population.” (157).



Annu. Rev. Nutr. 1994.14:371-391. Downloaded from www.annualreviews.org
by RENSSELAER POLY TECHNIC INSTITUTE on 01/04/12. For personal use only.

376  SAUBERLICH

Vitamin C and Diabetes Mellitus

In diabetic patients, lower plasma levels of ascorbic acid and an altered turn-
over of ascorbic acid have been reported (5, 155). Moreover, normal human
volunteers subjected to an i.v. glucose tolerance test exhibited significant
decreases in the ascorbic acid concentrations in mononuclear and polymor-
phonuclear leukocytes (32, 114). The biological importance of these changes
is unknown.

Vitamin C and Blood Pressure

High intakes of ascorbic acid have been reported to be associated with lower
blood pressure (23, 49, 58, 83, 84, 106, 133, 134, 168). In a study conducted
in Georgia on 168 healthy normatensive or asymptomatic hypertensive sub-
jects, plasma concentrations of ascorbic acid were significantly inversely re-
lated to systolic and diastolic blood pressure (106). The results indicated that
for a 100 pumol/liter increase in plasma vitamin C concentration, both the
systolic and diastolic blood pressure decreased 8 mm Hg. This small inverse
association of plasma vitamin C concentration and blood pressure corroborates
the results of numerous other studies (23, 83-85, 110, 168).

Of these studies, the most extensive was the Kuopio Ischaemic Heart
Disease Risk Factor Study conducted in Finland on 722 Finnish men 54
years of age (133, 134). Plasma ascorbic acid concentrations had a moderate,
independent inverse relationship with resting blood pressure. However, these
observations do not prove causality. Carefully conducted long-termn interven-
tion trials are necessary to determine whether vitamin C status is a factor in
the development or treatment of hypertension. If ascorbic acid does play a
role in the etiology of hypertension, its mechanism of action remains spec-
ulative at present.

Several small ascorbic acid supplementation trials reported a slight drop in
blood pressure (95, 168). For the most part, however, the changes did not reach
statistical significance. In another small study conducted in Georgia, 13 men
and 8 women received one 500 mg vitamin C tablet twice daily for 4 weeks
(49). After 4 weeks on the supplements, both the diastolic blood pressures and
the systolic blood pressures were significantly lower than the values observed
at the start of the study. Plasma concentrations of ascorbic acid were signifi-
cantly inversely related to blood pressure.

A larger randomized field trial of vitamin C supplementation on blood
pressure was conducted in the Boston area (84). This trial studied 417 non-
smoking subjects 20-60 years of age. Which ascorbic acid supplementation
regimen was used is unclear since blood pressure results were related to
concentrations of plasma vitamin C observed. Nevertheless, the results indi-
cated that for each 30 pmol/liter increment in plasma ascorbic acid concen-
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tration, blood pressure levels were 1.9-5.5% lower, HDL-cholesterol levels
3.7-9.5% higher, and LDL-cholesterol levels 4.1% lower.

Another study conducted in the Boston area investigated the effect of vita-
min C intake on blood pressure in the elderly (83-85). For this study, inves-
tigators interviewed 761 noninstitutionalized individuals 60-100 years of age
and obtained information on their vitamin C intakes from diet records and
questionnaires. The results revealed that individuals consuming 240 mg/day
or more of vitamin C had an ~ 50% lower prevalence of elevated blood pressure
(systolic >160 mm Hg; diastolic >100 mm Hg) compared with those consum-
ing less than 60 mg/day. Although this study and others support an association
of vitamin C with blood pressure, the limitations of epidemiologic and obser-
vational endeavors do not permit the establishment a causal relationship. Cer-
tainly, additional investigations are required in order to assign any clinical
significance to these reports.

Vitamin C, Lipoproteins, and Coronary Heart Disease

Results of various studies support the hypothesis that the oxidative modifica-
tion of LDL is an important process in the genesis of the atherosclerotic lesion
(92, 107, 108). Hence, ascorbic acid, a-tocopherol, and B-carotene, micronu-
trients with antioxidant properties, could inhibit LDL oxidation and thereby
prevent the progression of atherosclerosis (54, 60, 66, 92, 93, 149). Jialal &
Grundy and Moore et al recently reviewed evidence supporting this concept
(92, 105).

In general, the evidence linking vitamin C to cardiovascular disease is
circumstantial but suggestive of an association between vitamin C and cardio-
vascular disease (168), which is certainly plausible. In addition to functioning
as a plasma antioxidant, human studies indicate that ascorbic acid is involved
in cholesterol metabolism, the synthesis of prostacyclin by the vessel wall
endothelium, and the maintenance of vascular integrity (150).

A significant inverse correlation was observed between plasma ascorbic acid
levels and coronary artery disease mortality in an epidemiological study (62,
64, 124). The Basel Prospective Study obtained blood samples from 2974 men
(65). The samples were analyzed soon after collection for vitamins C and E
and carotene. During 12 years of follow-up, 132 men died from ischemic heart
disease and 31 died from cerebrovascular disease. Men with low plasma
carotene concentrations had a significantly higher risk of death from ischemic
heart disease (RR = 1.53). Men with low vitamin C concentrations (22.7
umolliter) also appeared to have an increased risk (RR = 1.25). However,
men with low levels of both vitamin C and carotene had the highest risk of
death from ischemic heart disease (RR = 1.96) (65). No significant association
with cardiovascular risk was observed for vitamin E, an outcome that may
have been related to the unusually high plasma E concentrations found in this
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population. Patients with atherosclerotic vascular disease exhibited signifi-
cantly lower vitamin C levels in aorta compared with controls (41). However,
these observations do not prove causality.

Results from a preliminary study involving 17 subjects indicated that acute
smoking exerted an oxidative stress on plasma lipoproteins for which higher
plasma levels of vitamin C or vitamin E had a protective effect (74). In the
Edinburgh Artery Study of 1,592 adult men and women, dietary intake infor-
mation was obtained via a dietary questionnaire (39). Higher intakes of vitamin
C were significantly related to a lower ankle brachial pressure index among
those who had smoked but not among nonsmokers.

Other investigations have examined the possible association between dietary
or plasma ascorbic acid and plasma lipids (54, 60, 63, 66, 79, 90, 93, 122).
The majority, but not all (2, 125), of these studies reported an apparent de-
creased risk of coronary heart disease with an increased consumption of vita-
min C. However, epidemiological studies are often plagued by uncontrolled
confounding variables and seldom establish causality.

A number of studies in recent years have reported a reduction in plasma
cholesterol concentration following vitamin C supplementation (2). In contrast,
other studies have failed to observe any influence of high doses of ascorbic
acid on plasma cholesterol concentrations (2). More recently, the influence of
dietary supplementation of 200 or 2000 mg/day of ascorbic acid on serum
lipids was studied (2). Twenty-seven female long-stay hospital patients in
Finland were investigated in a crossover design that permitted the use of each
supplement level for a six-week period. The vitamin C supplements had no
apparent effect on serum cholesterol, high-density lipoprotein (HDL)-choles-
terol, or triglyceride levels.

The relationship between plasma vitamin C concentrations and the risk of
angina pectoris was studied in a population of adult men from the Edinburgh,
Scotland area. Plasma concentrations of vitamins C, E, and A and of carotene
were determined for 110 cases of angina pectoris and 394 controls (123, 124).
Plasma concentrations of vitamins C and E and of carotene were significantly
inversely related to the risk of angina. The risk was greater with low vitamin
E plasma levels than with low vitamin C plasma levels. These observations
are interesting, but confirmatory studies are needed. Perhaps some populations
with a high incidence of coronary heart disease should modify their diets to
ensure an ample intake of vitamin C and vitamin E.

The Health Professionals Follow-Up Study involved 39,910 US males be-
tween the ages of 40 and 75 (125). In this prospective investigation, dietary
information was obtained about all individuals through a food-frequency di-
etary questionnaire. No blood analyses were performed. During four years of
follow-up, 667 cases of coronary heart disease were documented. Evaluation
of the dietary data revealed a lower risk of coronary heart disease among men
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with higher intakes of vitamin E. In contrast, higher intakes of vitamin C were
not associated with a lower risk of coronary heart disease. Unfortunately,
plasma levels of vitamin C and vitamin E were not determined. Such infor-
mation would have helped validate the estimated dietary intakes of vitamins
Cand E.

Vitamin C and Cancer

Epidemiologic evidence consistently and strongly indicates that vitamin C has
a protective effect against a variety of human tumors (13, 16, 25, 40). Many
different mechanisms have been proposed to explain the potential beneficial
and protective effect of vitamin C (25, 40, 77). An important factor in cancer
initiation is the oxidative and free-radical damage to DNA and cell membranes.
As a water-soluble antioxidant, ascorbic acid traps free radicals and reactive
oxygen molecules and reduces nitrite. For example, vitamin C blocks the
formation of N-nitrosamines and nitrosamides, chemicals that induce cancer
in experimental animals and probably in humans as well (25, 40, 44, 52, 77,
101, 102, 112, 144, 149, 152, 154, 160, 161).

Studies conducted since 1987 on the relationship of vitamin C and cancer
were recently reviewed in depth (138, 139). We refer the reader to those articles
forinformation on this interesting aspect of vitamin C metabolism. Other recent
reviews also discuss the association between vitamin C and cancer, including
earlier studies (13-15, 25, 40, 52, 77, 152). Nevertheless, a few comments on
this subject seem appropriate.

Perhaps the most consistent epidemiological finding has been an association
between high intakes of vitamin C or foods rich in vitamin C and a reduced
risk of stomach cancer. As noted elsewhere, this relationship may have been
mediated through the action of vitamin C in blocking the formation of nitro-
samines and other carcinogens in the stomach.

Several studies have reported that low intakes of vitamin C are associated
with an increased risk of cervical cancer. This relationship was especially
apparent in smokers. The results of some studies suggest that, in addition to
vitamin C, folate and carotenes may convey protective effects. Higher intakes
of fruits and juices rich in vitamin C also reduced the risk of esophageal cancer.
For example, one report documented a significant inverse correlation between
the intake serum levels of vitamin C and the incidence of esophageal cancer.

Although results have not been consistent, some studies noted an inverse
association between the risk of lung cancer and the intake of vitamin C.
However, other studies observed little or no protective effect of vitamin C on
the risk of lung cancer. Many of the studies had design problems that precluded
a definitive link between lung cancer and vitamin C. Whether vitamin C is
effective in reducing the incidence of breast cancer remains uncertain. Al-
though a number of studies indicated that diets with high calculated vitamin
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C intakes exert a protective effect, several other investigators found no such
effect.

The protective effect of vitamin C against pancreatic cancer was equivocal.
A few studies reported some protective effect, but dietary associations with
this form of cancer have been difficult to investigate. Similarly, vitamin C was
not associated with reproducible significant changes in the risk for colon,
prostate, bladder, or ovarian cancers.

Epidemiologic data provide the main source of evidence for a protective
effect of vitamin C against some cancers. However, the studies frequently
indicate that in addition to vitamin C, other nutrients in the diet, such as vitamin
E, carotenoids, and folacin, may participate in the protective effect. The im-
portance of each as a protective factor is difficult to evaluate from epidemio-
logic information.

Vitamin C and Iron Metabolism

We have known for some years that ascorbic acid enhances the absorption of
nonheme iron (104). Nonheme iron usually represents more than 90% of the
iron in the diet (69, 70). Consequently, ascorbic acid is an important promotor
of the absorption of dietary iron (180). The mechanism of action of vitamin
C is apparently related to its ability to prevent the formation of insoluble and
unabsorbable iron compounds or to reduce ferric to ferrous ions (70, 71). The
maximum benefit seems to be attained with an intake of 50-100 mg of vitamin
C (70, 71). The effects of ascorbic acid supplementation on iron absorption
were studied in a group of iron-depleted young women (78). Iron absorption
improved 11% with vitamin C supplementation. However, one must keep in
mind that the subjects received 500 mg of ascorbic acid with each of three
meals, or 1500 mg/day. Lower levels of ascorbate intake were not studied.

The inhibitory effects of phytates and tannic acid on nonheme iron absorp-
tion were studied in a group of 199 housewives in Johannesberg, South Africa
(158). Phytate-containing maize bran or tannic acid was incorporated into
bread at graded levels. Both phytate and tannic acid produced a marked
dose-dependent inhibition of iron absorption. The inhibitory effects were over-
come by supplementing each meal with 30-50 mg of ascorbic acid.

Clark et al described an unusual case involving a seven-year-old white male
child with iron-deficiency anemia, folate deficiency, and scurvy (35). The
anemia was refractory to iron supplementation until folate and ascorbic acid
were included in the treatment regimen. This case exemplifies the multiple
interactions among ascorbic acid, iron, and folate.

Vitamin C Supplementation and Physical Performance

Athletes continually search for a “magic” compound that may give them a
competitive edge. Vitamin C is one ingredient that has been investigated for
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this purpose for many years (177, 178). A review of these studies nevertheless
revealed no significant effect of vitamin C supplements on physical perfor-
mance (152, 178).

Vitamin C and Parkinson’s Disease

The cause of Parkinson’s disease is unknown. One theory suggests that oxidant
stress may contribute to neuron degeneration in patients (46). Accordingly,
decreasing the formation of free radicals or increasing the scavenging of free
radicals in the brain would slow progression of the disease.

An open-labeled pilot trial of high-dose ascorbic acid and a-tocopherol was
conducted on 66 patients with early Parkinson’s disease prior to levodopa
therapy (46—48). The patients received 3.0 g/day of vitamin C and 3200 IU of
vitamin E. The point at which levodopa became necessary for the patients
treated with vitamins C and E was compared with that for another group of
patients followed elsewhere who did not receive the antioxidant vitamins.
Levodopa therapy was required two and a half years later in the group receiving
the antioxidants. The results of this pilot study suggest that the antioxidants
slowed the progression of Parkinson’s disease. However, confirmatory con-
trolled clinical trials using double blind randomization techniques are needed
(48). Moreover, whether both vitamin C and vitamin E are required must be
determined in order to obtain the indicated benefits. Of note, all of the patients
in the trial eventually required levodopa or a dopamine agonist.

Vitamin C and Respiratory Symptoms

The possible role of vitamin C in the prevention and treatment of respiratory
symptoms has been of interest for some time (103). Early studies failed to
demonstrate a beneficial effect of large doses of ascorbic acid on asthma or
airway constriction. More recent studies indicate that an increased intake of
vitamin C may have a protective effect against the adverse effects of air
pollution and may reduce the occurrence of respiratory symptoms such as
bronchitis, wheezing, and respiratory tract infection (19-21, 101, 116, 146a,
175). Evaluation of data obtained on 2526 adults during the First National
Health and Nutrition Examination Survey (NHANES 1) revealed that dietary
vitamin C intake was positively and significantly associated with the level of
pulmonary function (P = 0.01) (146b). However, these views are largely
hypotheses that need to be investigated further and quantified under controlled
conditions.

Chronic respiratory symptoms and reduced levels of pulmonary function
have been associated with cigarette smoking (146a, 175). Although smoking
increases the requirement for vitamin C, no systematic study has been con-
ducted to elucidate the mechanism for the adverse effects of smoking on this
vitamin (6, 9, 51b, 101, 109, 142). Evidence suggests that the decrease in
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vitamin C status in cigarette smokers may be due to the vitamin’s role in
inactivating the numerous oxidants in cigarette smoke (1, 22, 56, 101, 118).

Vitamin C and Immunity

The status of several vitamins reportedly influences immunity (29, 51a, 68).
Vitamin A has proved particularly beneficial in protecting children in developing
counbries against diarrhea, respiratory diseases, and various infections (3, 17). In
contrast, a review of the many trials led to the conclusion that supplements of
vitamin C (1-2 g/day) appeared ineffective in preventing the common cold (7,
76, 169). However, evidence indicates that supplemental vitamin C may de-
crease the severity of symptoms and the duration of cold episodes (76, 169), a
benefit that may be related to the antioxidant properties of ascorbic acid.

Because immunity declines with age, the benefits of nutritional supplementa-
tion have been studied in the elderly. However, epidemiological surveys have
failed to establish a meaningful relationship between vitamin status and impair-
ment of immunity in healthy subjects (30, 57, 67). In a double blind randomized
study to assess the efficacy of a multivitamin supplementin preventing common
infections, 218 noninstitutionalized, independent subjects over 60 years of age
were recruited from the Nevers region of France (31). The treatment group
received daily for four months a commercially available multivitamin tablet that
contained 90 mg of ascorbic acid. Although the supplement improved the
vitamin status of the supplemented groups over that of the control (placebo)
group, no significant difference in the incidence of infections was noted between
the two groups. These findings support the results of an earlier study (67).
Similarly, partial depletion of vitamin C in healthy men under controlled
conditions of a metabolic unit failed to produce immunological changes (80).

In contrast, the effect of combined dietary supplementation with vitamins A,
E, and C on cell-mediated immune function was studied in a group of elderly
long-stay patients (115). This controlled trial investigated 30 patients who had
been hospitalized for more than 3 months. The patients were randomly assigned
to receive for 28 days either a placebo or a supplement that provided daily 100
mg of vitamin C, 8,000 L.U. of vitamin A, and 50 mg of vitamin E. The vitamin
supplement produced a significantimprovement in cell-mediated immune func-
tion as reflected by an increase in the absolute number of T cells, T4 subsets, and
T4to T8 ratio. However,because acombined supplement was used, investigators
could not determine which vitamin(s) was responsible for the improvement.

Adoptive immunotherapy used in cancer treatment involves the infusion of
interleukin-2 (a lymphokine and T-cell activator) and activated lymphocytes
(99, 100, 132). Lymphocytes are isolated from the patient and cultured in the
presence of interleukin to generate lymphokine-actived killer cells. Because
of the stressful nature of this treatment, vitamin C status was followed in a
group of 15 treated patients (99, 100). Rapid and severe hypovitaminosis C
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occurred in the patients during the course of treatment. Plasma ascorbic acid
became undetectable in 12 of the 15 patients, although 13 patients had normal
concentrations of vitamin C at the outset of therapy. Plasma vitamin E con-
centrations remained normal throughout the therapy. The mechanism of action
and the clinical significance of these changes remain speculative.

Idiopathic Thrombocytopenic Purpura

Idiopathic thrombocytopenic purpura is arelatively common illness of uncertain
origin. Evidence indicates that it may be caused by the immune destruction of
platelets. The mostcommon treatment has been adrenocorticosteroid therapy or
splenectomy. In a clinical trial, a group of refractory patients with idiopathic
thrombocytopenicpurpura was treated withascorbicacid (18). The patients were
given 2 g of ascorbic acid each moming for an indefinite period of time. Nine of
eleven patients responded favorably while receiving the ascorbic acid supple-
ments. Seven had a complete response. Patients have remained on the ascorbate
supplementation for as long as two and a half years without any apparent adverse
effects. Although the mechanism of action is uncertain, the degree of success
should warrant additional studies to confirm these findings.

Sickle Cell Anemia

In patients with sickle cell anemia, sickle cell membranes are more oxidatively
stressed than the membranes of normal cells (105), i.e. sickle cells spontane-
ously produce more reactive oxygen species, including hydrogen peroxide,
superoxide anion, and hydroxy radical (10S). In a study of 18 sickle cell
patients, 50% had low leukocyte ascorbic acid levels consistent with a vitamin
C deficiency (33). The investigators concluded that utilization of vitamin C
had increased in these patients, since their dietary intakes of vitamin C ap-
peared adequate. The clinical significance of these observations remains un-
known, but confirmation studies are necessary.

VITAMIN C TOXICITY

Patients with glucose-6-phosphate dehydrogenase deficiency who undergo
high-dose ascorbic acid therapy are at risk of developing hemolysis (121).
Thus, although a 32-year old patient of Nigerian ancestry tolerated the i.v.
administration 40 g of ascorbic acid three times weekly for a month along with
a daily oral intake of vitamin C, acute hemolysis developed shortly after the
i.v. dose was increased to 80 g (121).

Other examples of vitamin C toxicity are few (8, 75, 126, 127). This low
number attests to the safety of ascorbic acid in view of its widespread use in
supplements and as food additions. The average adult in the US ingests more
than three times the recommended dietary allowance for vitamin C (i.e. >180
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mg/day). At an intake of 180 mg of ascorbic acid, more than 75% is absorbed.
Pharmacokinetic studies have previously indicated that the absorption capacity
of the intestine appears to be attained with oral intakes of ~ 3 g/day of ascorbic
acid. The kidney effectively eliminates excess absorbed ascorbic acid, thereby
preventing any appreciable increase in tissue levels of vitamin C.

The average subject excretes ~ 15-30 mg/day of oxalate, ~ 50% of which
is derived from vitamin C metabolism. With a daily intake of 5 g of ascorbic
acid, urinary oxalate excretion increased only an average of 14.8 mg (143).
Consequently, one may safely conclude that high intakes of vitamin C do not
pose a risk for calcium oxalate stone formation in most healthy subjects,
excluding those prone to kidney stones (167, 170). Investigators have postu-
lated that these individuals have abnormal ascorbic acid metabolism or oxalate
absorption. Hence, subjects with recurrent stone formation and patients with
renal impairment or on chronic hemodialysis should avoid high doses of
vitamin C (4, 27, 167, 170).

Patients receiving continuous ambulatory peritoneal dialysis or hemodialysis
frequently have low plasma or whole-blood concentrations of vitamin C.
Ascorbic acid supplements may be prescribed to improve their vitamin C
status. Supplements of 50 mg/day of ascorbic acid restored normal whole-
blood vitamin C levels without increasing plasma oxalate concentrations. How-
ever, administration of 500 mg/day of vitamin C for three weeks resulted in a
significant rise in mean plasma oxalate concentrations (30.3 £ 3.5 to 48.4 £
20.3 pmol/liter) (166). Other effects of vitamin C toxicity, such as systemic
conditioning, vitamin B-12 deficiency, or hyperuricosuria, appear rare, uncon-
firmed, or unfounded (8, 75, 126, 127).

Several animal studies have reported an apparent antagonism of ascorbic
acid toward copper metabolism and function. In a closely controlled study with
11 young male volunteers, intakes of 605 mg/day of ascorbic acid for three
weeks resulted in a 21% reduction in the oxidase activity of serum (82).
However, with the use of stable isotope °Cu, the ascorbic acid supplement
neither depressed intestinal copper absorption nor altered overall body copper
status. The clinical importance of this effect remains unknown.

SUMMARY

A better understanding of the functions of ascorbic acid would help clarify the
magnitude of the influence of this vitamin on health-related conditions. Many
of the purported benefits require confirmation as well as a knowledge of the
mechanism of action. The majority of investigations of. the association of
vitamin C with various types of cancer, with cardiovascular risk, and with
cataract formation were epidemiologic studies. Often it was not possible to
discern whether the apparent protective effect was due to vitamin C, vitamin
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E, or carotene, or to a combined effect of these nutrients or of additional factors.
Human intervention trials may provide definitive and quantitative assessments
of the role of vitamin C in health maintenance. We need to gain a more
thorough understanding of the interactions of vitamin C with other nutrients,
such as vitamin E and carotenoids, in order to appreciate the role of vitamin
C in disease prevention. Investigators are increasingly recognizing the diverse
functions of vitamin C in the body in addition to its role in collagen synthesis.

However, the functional consequences of these many important roles of
vitamin C remain essentially unknown. Excluding scurvy, the health conse-
quences of inadequate vitamin C status are not well characterized. Nonetheless,
epidemiologic evidence suggests a role for vitamin C in cancer and heart
disease as well as in a number of other diseases.
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