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1. Introduction 

8 

Vitamin C (L-ascorbic acid) appears to affect various aspects of the immune process. 
Its high concentration in leukocytes, its rapid utilization during infection, and its 
depression in clinical situations associated with reduced immunologic function have 
suggested a role for the vitamin in the immune response. There is evidence from 
animal experimentation that ascorbic acid is involved in a number of neutrophil func
tions, including chemotactic responses, phagocytosis, hexose monophosphate shunt 
activity, myeloperoxidase function, and cyclic GMP levels. Ascorbic acid also appears 
to affect other facets of the immune response, including delayed hypersensitivity and 
monocyte-macrophage reactivity. The introduction of ascorbic acid as an antiviral and 
antibacterial agent has further stimulated study on the possible immunologic mecha
nisms involved in its protective role. 

Nutritional deficiencies have been shown, in general, to lead to increased suscep
tibility to infection. Early studies did not differentiate between resistance and immu
nity, but tended to indicate that malnutrition and infection were mutually aggravating 
over a wide range of nutritive states (Beisel, 1990). There is evidence, now, that 
prolonged malnutrition is suppressive of the immune response through depression of 
cell-mediated immunity and humoral antibody production, as well as through dimin
ished phagocytic activity and nonspecific resistance factors (Chandra, 1983, 1988). 
Nutritional excesses, on the other hand, do not necessarily result in increased re
sistance, although in the case of ascorbic acid, there have been several reports demon
strating its efficacy with respect to some kinds of viral infections and disease processes. 
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The role that vitamin C may play in modulating the immune response in health and 
disease is the focus of this overview. 

2. Viruses 

Shortly after the discovery of ascorbic acid as the active principle identical with 
vitamin C in 1932, Jungeblut (1935) showed that ascorbic acid could inactivate polio
myelitis virus in vitro. Soon afterwards, ascorbic acid was demonstrated to inactivate a 
variety of viruses including herpes virus, rabies virus, and tobacco mosaic virus. 
Klenner (1949, 1951) reported successful treatment of poliomyelitis and other viral 
infections with massive doses on the order of 5 to 18 g of vitamin C given every 2 to 4 
hr around the clock. Doses of 5 to 25 g/ day were reported by others to have no effect on 
poliomyelitis. Terezhalmy et al. (1978) noted that an ascorbic acid-bioflavonoid com
plex (600 mg/day) reduced vesiculation and prevented the disruption of vesicular 
membranes in herpes labialis infections compared with lactose-treated controls. Ascor
bic acid supplements have also been reported to be of benefit in posttransfusion 
hepatitis, measles, mumps, herpes zoster, stomatitis aphthosa, and other viral infec
tions in humans (Siegel, 1979). 

With regard to the common cold, there have been numerous studies carried out, 
with controversial results, on the possible protective effect of vitamin C supplementa
tions. In reviewing the evidence of the effectiveness of vitamin C, Pauling (1976) 
concluded that the regular ingestion of 1-2 g of ascorbic acid daily would reduce the 
incidence of colds and would decrease the integrated morbidity (amount of illness per 
person) on the average by about 36%. Greater protection would be attained with the 
ingestion of 4 to 10 g daily taken at the onset of the cold. Other investigators (Beaton 
and Whalen, 1971; Anderson et al., 1972, 1975; Karlowski et al., 1975) have reported 
ascorbate supplementation to be ineffective in reducing the incidence of colds. But 
there is general agreement, however, for a positive role for ascorbate in the reduction 
of symptoms following infection (Charleston and Clegg, 1972; Anderson et al., 1972, 
1975; Coulehan et al., 1974). 

Large doses (200 mglkg per day) of vitamin C have been found (Banic, 1975) to 
exert a prophylactic effect on the incidence of rabies in guinea pigs inoculated with 
fixed rabies virus. Murphy et al. (1974) noted a delay in the onset of disease, reduced 
clinical responses to infection, and decreased mortality in parainfluenza infection in the 
ascorbate-treated cotton-topped marmoset, a nonhuman primate; these results sug
gested that while ascorbate supplementation was ineffective in reducing the incidence 
of infection, it did reduce the severity of the disease, reminiscent of the positive role 
for ascorbate in the reduction of symptoms of the common cold in humans (Thomas 
and Holt, 1978). 

In vitro studies have demonstrated the inactivation of bacterial viruses, or bacte
riophages, by ascorbic acid (Murata et al., 1972, 1975), possibly by free radicals 
produced as intermediates during oxidation of vitamin C and by degradation of nucleic 
acid strands to lower molecules. Schwerdt and Schwerdt (1975) noted the inhibition by 
ascorbic acid of rhinovirus activity in WI-38 fibroblasts, and Atherton et al. (1978), 
similarly, of coronavirus infection in chick embryo tracheal cultures. 
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3. Interferon 

Interferon (IFN), originally described as an antiviral agent by Isaacs and Linden
mann (1957), represents a group of related proteins (Stewart, 1981); while known for 
their antiviral activity, they are capable of exerting a multiplicity of other biological 
effects. They are of cellular origin and are induced in the human and animal host in 
response to infections by many viruses and other intracellular parasites. A fairly wide 
range of materials, including synthetic polynucleotides, can stimulate the production of 
interferon (Field et al., 1970). There are three types or species of interferon dis
tinguished by serologic and biochemical criteria. Leukocyte-derived (a) interferon, 
and fibroblast-derived (13) interferon are produced during bacterial or viral infection. 
Immune ('y) interferon is produced primarily by T lymphocytes upon mitogen or 
antigen (viral, bacterial, alloantigen) stimulation (Perussia et al., 1980; Marcucci et 
al., 1982). 

A relationship between the interferon response of an animal and its leukemic 
susceptibility was observed earlier. In these experiments (Siegel et al., 1973), serum 
interferon assays of three inbred strains of mice, BALB/c, C57BL/6, and the autoim
mune-prone NZB, which had been inoculated with Rauscher murine leukemia virus 
(RLV) indicated that interferon levels were lower for the NZB than the BALB/c and 
highest for the C57BL/6. Interestingly, and perhaps significantly, the BALB/c evinced 
less leukemia development than the NZB , while the C57BL/6 were refractory to RLV 
infection (Fig. 1). 

Laboratory Studies 

Studies in our laboratory concerned with the effects of dietary vitamin C have 
employed, in the main, the mouse model system. Since the mouse synthesizes its own 
vitamin C, baseline values of the vitamin in the tissue were determined along with the 
influence of supplemental ascorbic acid. Four to twelve mice were employed in each 
group, and treated mice were kept on vitamin C (250 mgl 100 ml in the drinking water) 
for a minimum of 2 to 3 months prior to assay by the Lowry modification (Lowry et 
al. , 1945) of the method of Roe and Kuether (1943). In most instances, with few 
exceptions which were statistically insignificant (Table 1), the vitamin C content of 

Fig. I. Average spleen weights of four to six NZB, 
BALB/c, and C57BL/6 strain mice inoculated i. v. 
with 0. 2 ml of a 0 . I% spleen cell extract of 
Rauscher leukemia virus (RL V) at 6 weeks of age 
and harvested 28 days later, compared with serum 
interferon titers of a similar number of each of these 
strains which were induced following RL V infec
tion. This figure contrasts interferon inducibility by 
RLV of these inbred mouse strains with their leuke-
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mogenic susceptibility to the virus and suggests, but does not prove, an inverse relationship between these. 
(From Siegel and Leibovitz. 1982, adapted from data in Siegel et al., 1973, with permission.) 
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Table I. Tissue Vitamin C Levels in DBA/2 and NZB Mice 
and the Effect of Supplemental Dietary Ascorbic Acid (Means± SD)a 

Serum vitamin Cb Liver vitamin C Spleen vitamin C 
Age 
(mo) Baseline Vitamin C Baseline Vitamin C Baseline 

DBA/2 females 
4-5 2.86 ± 0.12 3.85 ± 0.85< 20.7 ± 0.64 26.7 ± 2.55e 38.1 ± 2.72 

19-21 2.09 ± 0.20 3.11 ± 0.27e 15.8 ± 1.30 32.1 ± 4.83e 40.6 ± 2.78 
DBA/2 males 

2 2.30 ± 0.08 2.76 ± 0.32< 22.8 ± 3.96 28.8 ± 2.36< 34.7 ± 2.80 
7-8 1.95±0.15 2.88 ± 0.24e 22.6 ± 1.08 26.3 ± 2.40< 34.6 ± 3.58 

NZB females 
3-3.5 2.23 ± 0.32 3.13 ± 0.20'" 23.8 ± 2.16 25.0 ± 2.43! 39.3 ± 3.77 

12 2.42 ± 0.20 3.27 ± 0.96< 19.9 ± 1.13 27.7 ± 3.02'" 33.6 ± 3.09 
NZB males 

3-3.5 2.30 ± 0.25 3.17 ± 0.22< 19.0 ± 0.90 21.3 ± 1.44< 35.2 ± 4.84 
6-7 2.07 ± 0.08 4.26 ± 0.61 e 15.1 ± 1.98 20.3 ± 0.93'" 39.3 ± 2.24 

a from Siegel et al. (1979), with permission. 
bSerum vitamin C expressed as mg/100 ml serum: tissue vitamin C expressed as mg/100 g wet tissue weight. 
<Significantly different from controls with p < 0.05. 
dSignificantly different from controls with p < 0.005. 
eSignificantly different from controls with p < 0.00!. 
!Not significantly different from controls with p > 0.05. 

Vitamin C 

43.2 ± 4.24< 
46.4 ± 4.71 c 

35.4 ± 2.90f 
42.3 ± 3.60< 

44.7 ± 2.01d 
31.6 ± 8.76! 

41.8 ± 2.48d 
45.4 ± 2.22d 

serum, liver, and spleen of both male and female DBA/2 and NZB mice showed 
significant increases with 250 mg/ 100 ml ascorbic acid administration in the drinking 
water (Siegel et al., 1979). Because mice, unlike humans, guinea pigs, and monkeys, 
produce their own ascorbic acid, our results would indicate a pharmacological effect 
rather than a physiological effect of ascorbic acid. Of interest, however, is that these 
results have been confirmed for the most part in other systems in various laboratories. 

Experimental studies suggested that the participation of vitamin C in protection 
against some viral infections might be in the enhancement of interferon production. 
Siegel (1974) reported an increased response to interferon induction by a murine 
leukemogenic virus in mice fed a diet containing vitamin C. A similar phenomenon 
was later observed in vitro, where addition of ascorbate to cultures of mouse cells 
(transformed L-cells and normal embryonic fibroblasts) stimulated with polyinosinic
polycytidylic acid resulted in increased synthesis of interferon (Siegel, 1975). Dahl and 
Degre (1976) repeated these experiments in human cell cultures and observed essen
tially similar results as noted in the mouse system. In their studies, ascorbic acid was 
observed to enhance the interferon levels produced by human embryo skin and human 
lung fibroblasts induced by Newcastle disease virus and by polyinosinic-polycytidylic 
acid. Karpinska et a/. (1982), in further confirmation, reported similar results with 
human embryo fibroblasts. A possible role of vitamin C in its putative protective 
participation against viral disease is delineated in Fig. 2, in this instance against 
respiratory viral infection. 
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Fig. 2. Flowchart of respiratory virus-host cell interactions which effect host defense responses. Abbrevia
tions used: IFN, interferon; Ag, antigen; Ab, antibody; M<f>, macrophage; M.I.F., migration inhibitory 
factor; M.A.F., macrophage activating factor. Vitamin C may act principally at the two points marked by 
asterisks, resulting in increased interferon synthesis by epithelial cells of the respiratory mucosa. This would 
provide increased protection against viral replication in susceptible cells; and would result also in enhanced 
T-lymphocyte responsiveness, which could eventuate in specific antigen-reactive T cells with augmented 
production oflymphokines subsequent to interaction of virus with sensitized cells. The activated macrophage 
may additionally produce the monokine interleukin I (IL-l), which induces the production of the lymphokine 
IL-2 by the sensitized T lymphocytes. This lymphokine can then stimulate the T cells to proliferate. In 
addition to causing an increase in the size of the T cell population, IL-2 stimulates the production by the cells 
of immune (gamma) interferon. (From Siegel and Morton, 1977b, with permission.) 

4. Mediation of the Immune Response 

The immune response is mediated by two major lymphocyte populations: the B 
cells which undergo a bursal equivalent maturation process and are responsible for 
antibody production (humoral immunity), and the T cells which require the thymus for 
maturation and are responsible for specific cell-mediated immunity, including allograft 
rejection, delayed hypersensitivity reactions, direct tumor cell killing in some systems, 
and lymphokine production. The cells which serve to mediate the immune response 
include macrophages, helper T cells, suppressor T cells, and cytotoxic T cells. Each 
individual cell type is committed to a functional role and modulated by soluble factors 
produced by the other cell types. Additionally, there are nonspecific lymphoid cells, 
killer (K) cells, which lyse tumor cells with bound antibody, and NK cells that can kill 
tumor cells independent of antitumor antibody (Siegel, 1985). 
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4.1. Humoral Immunity 

The inclusion of vitamin C (250 mg/100 ml) in the drinking water of BALB/c 
mice was observed (Siegel and Morton, 1977a) to be without effect on the humoral 
antibody response to sheep red blood cells and to immunization with E. coli 
lipopolysaccharide. Thurman and Goldstein (1979) reported a diminished antibody 
response to sheep red blood cells in vitamin C-deficient guinea pigs, an effect which 
could be reversed by vitamin C supplementation, while McMurray (1984) more re
cently found the antibody response to be unaffected by vitamin C deprivation. In early 
studies, Long (1950) observed that the primary antibody response of guinea pigs to 
diphtheria toxoid was unaffected by ascorbic acid deficiency; however, secondary 
responses were reduced in the deficient animals. In repeating the experiments of Long, 
Lumar and Axelrod (1969) found no detrimental effect of severe vitamin C deficiency 
on either primary or secondary antibody responses to diphtheria toxoid. Also, Anthony 
et al. (1979), using guinea pigs immunized with chicken erythrocytes, found no dif
ference in antibody titers among vitamin C-deficient, pair-fed, or ad libitum-fed con
trols. Banic (1982) reported that while a relatively low dose of ascorbic acid, 1 mg/kg 
body wt, increased the efficiency of immunization with a human cell culture rabies 
vaccine in guinea pigs, there was no significant statistical effect between experimental 
and control groups. 

In humans, Vallance (1977) observed significant positive correlation between 
leukocyte ascorbic acid levels and IgG and IgM; ingestion of 1 g/day increased serum 
IgG, but not IgM or C3. Prinz et al. (1977) reported that 1 g dose of ascorbic acid daily 
for a period of 11 weeks significantly raised the serum levels of IgA, IgM, and C3 of 
healthy males between 18 and 21 years of age. Anderson et al. (1980a) found no 
changes in serum IgG, IgA, IgM, C3, or C4 in volunteers given 1-3 g of vitamin C 
daily for 3 weeks. With ingestion of 1 or 3 g of vitamin C daily for 7 days, significantly 
increased lymphocyte in vitro responses to pokeweed mitogen (PWM) were observed 
by Panush et al. (1982). In an accompanying experiment to assess serum immu
noglobulin levels, these authors found no effect of 1 week's ingestion of 10 g/day 
ascorbic acid on serum lgG, lgA, or IgM. In women over 78 years of age receiving 400 
mg as vitamin C supplement, Ziemlanski et al. (1986) observed significantly increased 
serum lgG, lgM, and C3 levels; in healthy men and women over 70 years of age 
treated for 1 month by daily intramuscular injections of vitamin C, there were no 
modifications from controls of serum concentrations of lgA, IgG, and lgM (Kennes et 
al., 1983). 

4.2. Cellular Immunity 

Siegel and Morton (1977a) observed a significantly increased cell-mediated re
sponse as determined by increased T-lymphocyte responses to Con A in spleen cultures 
of young adult BALB/c mice on a supplementary vitamin C regimen (250 mg/100 ml 
in drinking water) over a period of 2 to 8 weeks. In humans given 1 to 5 g ascorbic acid 
daily for 3 days, Yonemoto et al. (1976) found a significant enhancement in PHA
induced T-lymphocyte mitogenesis, while Thurman and Goldstein (1979) noted a 
marked depression in T-lymphocyte blast transformation in guinea pigs given a scor-



Vitamin C and the Immune Response 173 

butic diet. In this connection, Delafuente and Panush (1980) reported vitamin C en
hancement of Con A-stimulated DNA synthesis in human peripheral blood lymphocyte 
cultures. However, oral ingestion of 10 g of vitamin C daily for 1 week had no effect on 
in vitro Con A-stimulated peripheral blood leukocytes (Panush et al., 1982). 

Adverse effects of vitamin C deficiency on the cell-mediated immune responses of 
scorbutic animals have been noted by a number of investigators. Mueller et al. (1962) 
reported that vitamin C deprivation afforded protection against the induction of experi
mental allergic encephalomyelitis, a T-cell-mediated disease. Additional studies form 
the same laboratory (Mueller and Kies, 1962) indicated a marked suppression of the 
tuberculin reaction in the scorbutic guinea pig. Zweiman et al. (1966) found that 
tuberculin sensitivity could be passively transferred to normal recipients by peritoneal 
exudate cells from scorbutic guinea pigs, whereas transfer of cells from tuberculin
sensitive donors to scorbutic guinea pigs did not induce tuberculin sensitivity. Vitamin 
C deficiency has also been noted to diminish other T-lymphocyte-mediated activities, 
including skin allograft survival (Kalden and Guthy, 1972) and cell-mediated cytotox
icity (Anthony et al., 1979). Hsu (1977) observed depressed in vitro responsiveness to 
mitogens by mononuclear cells derived from ascorbate-deprived rhesus monkeys. 

Anderson et al. (l980a) reported a significant enhancement of PHA- and Con A
induced blast transformation in lymphocytes from humans given 1 to 3 g of ascorbic 
acid daily. Similarly, an immunoenhancing effect of vitamin C in man was observed by 
Panush et al. (1982), who found enhancement of in vitro peripheral blood lymphocyte 
responses by vitamin C to mitogens, antigens, and allogeneic peripheral blood lympho
cytes. 

4.3. Delayed-Type Hypersensitivity 

The studies of Mueller and Kies (1962), including the reversal of depressed 
responses to the mycobacteria in Freund's complete adjuvant in scorbutic guinea pigs 
by ascorbate supplementation, and those of Zweiman et al. (1966) demonstrating the 
passive transfer of tuberculin sensitivity to normal animals by lymphocytes from 
anergic, scorbutic guinea pigs were early indicators of a role for ascorbate in delayed
type hypersensitivity (DTH). In subsequent experiments, Kalden and Guthy (1972) 
showed that dietary vitamin C supplementation was a prerequisite for normal skin graft 
rejection. More recently, Kennes et al. (1983) noted in elderly individuals a marked 
proliferative response of lymphocytes to PHA and Con A, and a delayed cutaneous 
hypersensitivity to tuberculin after 30 days of ascorbate supplementation (500 mg/day) 
by intramuscular injections. 

Theoretical Considerations 

Panush and Delafuente ( 1979) observed that normal individuals ingesting 1 or 3 g, 
but not 10 g, of vitamin C daily for I week showed increased in vitro Con A-stimulated 
peripheral blood leukocyte responsiveness compared with placebo controls. Enhanced 
in vitro mononuculear cell responses to PHA and Con A were also noted after subjects 
ingested 1-3 g of vitamin C daily over a period of 3 weeks (Anderson et al., 1980a). 
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However, in humans with experimentally induced or spontaneous scurvy, Kay et al. 
(1982) observed comparable numbers and functions of T cells, whether stores of 
vitamin C were normal or depleted; normal subjects ingesting supplementary vitamin C 
showed enhancement of certain cellular responses. Since ascorbate deficiency has not 
appeared to interfere with the in vitro proliferative response of lymphocytes to 
mitogens and antigens, it has been proposed that the DTH responses as manifested by 
impaired cell-mediated immune responses in vivo (Mueller and Kies, 1962; Mueller et 
al., 1962; Zweiman et al., 1966) may be due to the defective migration of macrophages 
which accompanies the scorbutic state (Anderson et al., 1990). In this connection, the 
chemotactic response of animal and human polymorphonuclear leukocytes (PMNL) as 
well as macrophages has been shown to be related to vitamin C status. Goetz! et al. 
(1974) reported increased macrophage motility by ascorbic acid as did, subsequently, 
Sandler et al. (1975b) and Anderson and Theron (1979). Ganguly et al. (1976) observed 
macrophages isolated from scorbutic guinea pigs to be small and have reduced motility 
on a glass surface compared with macrophages from normal guinea pigs, a property 
which was partially reversed by vitamin C. Goetz! et al. (1974) postulated that en
hanced motility was associated with ascorbate-mediated augmentation of hexose mon
ophosphate shunt (HMPS) activity; Sandler et al. (1975b) suggested that increased 
neutrophil and monocyte movement by ascorbate was related to increased levels of 
intracellular cyclic guanosine monophosphate (cGMP). There have been a number of 
reports (Sandler et al., 1975a,b; Gallin et al., 1978; Atkinson et al., 1979; Anderson 
and Theron, 1979) of the enhancing effect of ascorbate on leukocyte cGMP levels. 
More recently, Panush et al. (1983) noted that vitamin C induced increases in intra
cellular cGMP levels in mononuclear cells, T cells, B cells, and cultured cell lines. 
This relationship between cGMP and increased leukocyte motility may not be valid, 
however, since other reports (Wilkinson, 1976) have indicated that some agents such as 
acetylcholine and carbamylcholine, which increase neutrophil cGMP levels, have tJo 
effect on motility. Anderson ( 1979) has suggested instead that stimulation of neutrophil 
motility was associated with inhibition of the PMNL myeloperoxidase/hydrogen per
oxide/halide (MPO/H20 2 /halide) system. 

4.4. Immediate Hypersensitivity 

There is some evidence adduced from the studies of a number of investigations 
that ascorbic acid may play a role in immediate hypersensitivity reactions. Ascorbic 
acid has been noted to be of benefit in the treatment of experimental anaphylaxis, 
particularly in combination with antihistamines. Dawson et al. (1966) showed that a 
combination of ascorbate (200 mg/kg body wt) and mepyramine, an antihistamine, 
given immediately prior to antigenic challenge, provided complete protection against 
mortality due to horse serum-induced anaphylaxis in the rat. In ovalbumin-induced 
anaphylaxis in the mouse, Casba and Toth (1971) reported a 30% reduction in mortality 
by the combined treatment with ascorbate and antihistamine, administered intra
peritoneally 20 min before challenge. 

Leibovitz and Siegel ( 1981) examined the effect of ascorbic acid treatment with
out antihistamines on mortality due to ovalbumin-induced anaphylactic shock in 
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BALBI c mice; a dietary regimen of 250 mgl I 00 ml of ascorbic acid was employed 
throughout the course of the experiment rather than the massive ascorbate injections of 
earlier reported studies. Mice were primed with seven weekly intraperitoneal injections 
of ovalbumin and challenged intravenously 3 weeks after the last injection, thus induc
ing severe anaphylactic shock. A 44% reduction in mortality was noted relative to 
water-treated controls (p <0.01) indicating that dietary ascorbic acid, without anti
histamines, may provide protection against anaphylaxis-induced mortality. 

Other clinical studies have demonstrated that supplementary ascorbic acid may 
have beneficial effects in allergic diseases. Zuskin et al. (1973) and Valic and Zuskin 
(1973), investigating the influence of histamine inhalation and flax dust-induced air
way constriction in healthy human subjects, found a significant reduction in bron
choconstriction by prior administration of 500 mg of vitamin C. Similarly, Ogilvy et 
al. (1981) noted that prior administration of a single 1000-mg dose of ascorbate in 
healthy nonsmoking adults brought about a significant reduction of bronchoconstric
tion caused by methacholine, a histaminelike aerosol. This ameliorating action of 
ascorbic acid was blocked by ingestion of indomethacin. Ascorbate treatment has thus 
far not been shown to be as effective for asthma as for other forms of allergy. Hunt 
(1938) studied 25 patients with asthma who were treated with 50 mg of ascorbic acid 
twice a day for 2 weeks. No improvement in the extent of wheezing or the incidence of 
attacks was noted. Similarly, five of the patients given 500 mg intravenously showed 
no improvement in symptoms within 30 min of injection. Anderson et at. (1980b), 
however, reported therapeutic effects in ten children with bronchial asthma on a pro
phylactic regimen of I g ascorbate daily. Kreisman et al. ( 1977) were not able to detect 
any reduction in the intensity of histamine-induced bronchoconstriction in ascorbate
treated mild asthmatics. Cock croft et at. (1977) also found no protective effect of 
ascorbic acid on histamine challenge in asthmatic patients; no protective effect against 
ragweed antigen-induced bronchospasm was observed (Kordansky et al., 1979) with 
500 mg vitamin C pretreatment daily for 7 days in ragweed-sensitive asthmatic pa
tients. Mohsenin et al. (1983) studied the effect of ascorbic acid in 14 mild asthmatic 
young adults by methacholine inhalation challenges and measurements of airway con
ductance before and after ingestion of 1 g ascorbic acid, 50 mg indomethacin, or both. 
Ascorbic acid treatment was observed to reduce significantly the airway reactivity to 
methacholine aerosol, an effect which was blocked when indomethacin was given 
together with ascorbic acid. 

5. Natural Killer Cells 

NK cells represent a subpopulation of lymphocytes operationally designated as 
capable of lysing certain neoplastic and normal cells without deliberate prior immu
nization or sensitization. It has been postulated that the NK cell may function as an 
immunosurveillance mechanism that could detect and destroy occult tumor cells in 
early stages of cancer development, thus preventing tumor growth and metastases 
(Herberman and Holden, 1978; Kiessling and Wigzell, 1979; Siegel, 1985). In this 
connection, it has been noted that interferon increases the natural cytotoxicity of 
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lymphocytes on target tumor cells (Herberman and Ortaldo, 1981 ), suggesting the 
feasibility of exogenous or inducer interferon therapy. 

Laboratory Studies 

The established association of vitamin C with modulation of the immune re
sponse, as also observed in activation of T-cell-mediated immunity (Siegel and Mor
ton, 1977a) and the enhancement of interferon production (Siegel, 1974, 1975), 
suggested a possible role for vitamin C as an adjunct in some forms of cancer therapy. 
In extension of this thesis, experiments were carried out to determine whether ascorbic 
acid in its role as an immunomodulator might also aid in the defense against malignant 
disease through augmentation of NK cell activity (Siegel and Morton, 1983). In this 
regard, it had been observed by a number of investigators (Zarling et al., 1979; Minato 
et al., 1980; Borden et al., 1982) that administration of human interferon resulted in 
enhancement of NK cytotoxic activity in cancer patients, and that interferon might be 
implicated in tumor cell destruction through activation of macrophages and enhance
ment of NK activity (Djeu et a/., 1979; Targan and Dorey, 1980). 

The influence of a vitamin C regimen, 250 mg/100 ml in the drinking water, on 
NK cell activity was investigated (Siegel and Morton, 1983) in three highly inbred 
strains of mice 4 to 9 weeks of age. Spleen effector cells from these donors, both tap 
water control and experimental after 4 to 5 weeks, were tested against YAC-1 murine 
lymphoma target cells in a 4-hr 51 Cr release assay. As seen in Fig. 3, ascorbate 
treatment was without substantial effect on NK activity in the autoimmune- and lym
phoma-prone NZB strain as well as in the normal and low-cancer-incidence BALB/c 
and DBA/2. Natural killing thus appeared to be unaffected by ascorbic acid, although 
enhancement might have been anticipated from the positive effect of ascorbate admin
istration on interferon production, a known NK cell activator. 

A possible explanation for this paradoxical observation may have been provided 
in a subsequent study (Siegel and Morton, 1984) employing an in vitro model. Pure 
cultures of bone marrow-derived macrophages (Havell and Spitalny, 1980) from inbred 
mouse strains, treated with 10- 4 M vitamin C for 24 hr, demonstrated increases in 
PGE2 production of 90-100% over untreated controls, level elevations (Bray et al., 
1974) probably sufficient to compromise the ability of interferon to enhance NK 
activity. It had become evident that while interferon was a major mediator of NK 
enhancement, prostaglandins were the major inhibitors released from macrophages 
(Tracey and Adkinson, 1980; Tracey, 1983). The addition of indomethacin to mac
rophage cultures was noted to inhibit prostaglandin synthesis and to potentiate NK 
cytotoxic activity. In this regard, Roder and Klein ( 1979) found that PGE2 inhibited 
and indomethacin enhanced murine NK activity against YAC-1 target cells, and Brun
da and Holden ( 1980) showed that depressed levels of splenic NK activity in mice 
bearing murine sarcoma virus-induced tumors were restored to normal by treatment 
with inhibitors of prostaglandin synthesis, further suggesting a role for this hormone in 
depression of NK activity. 

Interestingly, ancillary experiments (Siegel and Morton, 1983) have suggested 
that regulation of levels of NK activity may be ascribed at least in part to bone marrow 
functions (Haller eta/., 1977). The relative levels of endogenous stem cell populations 
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Fig. 3. Cytotoxic cell activity in three inbred strains 
of mice, control (closed symbols) and vitamin C
treated (open symbols), in a 4-hr chromium release 
assay against YAC-1 target cells. Points represent 
average values of six to eight mice at three different 
effector cell/target cell ratios. (From Siegel and 
Morton, 1983, with permission.) 
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in these mouse strains displayed a similar order as their relative NK activities, thus 
appearing that stem cells from the marrow may be quite decisive in determining NK 
levels. Parenthetically, assays on endogenous hemopoietic stem cell activities (Morton 
and Siegel, 1980) in 8- to 10-month-old NZB did not demonstrate any significant 
differences between ascorbate-treated and water control mice. 

Prostaglandin Implications 

A number of studies in other systems have suggested augmentation of PGE2 by 
ascorbic acid. Pugh et al. ( 1975) observed a decreased rate of production of PGE2 in 
uterine tissue homogenates of guinea pigs fed an ascorbic acid-deficient diet. Puglisi et 
al. (1976) noted that tracheas of scorbutic guinea pigs released smaller amounts of 
PGE2 than tracheas from nonscorbutic guinea pigs; and subsequently showed (Puglisi 
and Maggi, 1977) that addition of ascorbic acid preferentially increased the production 
of PGE2 from guinea pig tracheal preparations. Mohsenin and DuBois ( 1987) noted an 
increase in airway responsiveness to histamine aerosol in ascorbic acid-deficient 
guinea pigs, and that even an intermediate level of lung ascorbic acid was associated 
with increased airway responsiveness. In humans, Ogilvy et al. (1981) showed that 
both the duration and intensity of the bronchoconstriction induced by methacholine in 
healthy adults were significantly reduced by prior ascorbate administration. This at
tenuation of airway constriction could be blocked by ingestion of indomethacin, as also 
later observed by Kawani et al. (1985). These findings suggested (Ogilvy et al., 1981) 
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that the observed effects with ascorbic acid could be mediated by an increase in the 
production of PGE2 , a known promoter of bronchial smooth muscle relaxation 
(Dawson et al., 1967; Mathe and Hedqvist, 1975). 

How ascorbic acid would enhance PGE2 production is not known. A number of 
speculations have been advanced (Ogilvy et al., 1981; Anderson, 1984) which require 
further extensive investigation and more biochemical data to evaluate the role ascorbate 
may play in the prostaglandin biosynthetic pathway (Horrobin et al., 1979). 

6. Autoimmunity 

In contrast to the number of studies of protein, caloric, and mineral restrictions on 
autoimmune disease, few have concerned themselves with the influence of vitamins on 
the initiation and development of these disorders (Keen and Gershwin, 1990). The 
metabolism of ascorbic acid has been reported to be affected in a murine autoimmune 
system (Leibovitz and Siegel, 1981 ), and a possible role for the vitamin in autoimmune 
progression has been suggested by these authors. A highly significant inverse rela
tionship was observed to exist between spleen weight, an index of autoimmune prog
ression, and spleen vitamin C levels in old (16 to 20 months) autoimmune NZB male 
and female mice on a regimen of 250 mg/1 00 ml of vitamin C in the drinking water. 
The autoimmune-prone NZB showed significantly lower levels of vitamin C in the 
spleen compared with nonautoimmune strains, indicating a possible relationship be
tween depressed spleen vitamin C levels and autoimmunity. In this regard, chronic 
phagocytosis of antigen-antibody complexes, a characteristic of autoimmunity, could 
conceivably account for the observed reduction in spleen vitamin C levels. Along 
related lines, Bates et al. (1978) noted that vitamin C-deficient guinea pigs exhibited a 
fivefold increase in spleen weight compared with pair-fed and ad libitum-fed controls. 
This splenomegaly was associated with a marked decrease in spleen vitamin C levels in 
the vitamin C-deficient group. 

A positive association was observed between spleen weight and the ratio of 
oxidized to reduced (ox/red) vitamin C in the spleens of NZB mice, indicating that the 
metabolism of ascorbic acid to the oxidized forms, dehydroascorbic acid and 2,3-
diketogulonic acid, was increased during spleen enlargement. The elevated spleen 
ox/red vitamin C ratios with splenomegaly could reflect phagocytosis-induced free 
radical production which is known to oxidize ascorbic acid. Along lines of the free 
radical theory of aging, Harman et al. (1977) noted that the development of autoim
mune disorders of NZB mice was slowed by the addition of antioxidants to the diet. Of 
particular interest, too, was that long-surviving NZB, 24-26 months old, which did 
not develop autoimmunity, showed significantly lower spleen weights and higher vi
tamin C levels than the autoimmune 16- to 20-month-old animals (Leibovitz and 
Siegel, 1981 ). Likely, the smaller spleens in these survivors would make for dimin
ished phagocytosis of antigen-antibody complexes and consequent higher spleen vi
tamin C levels. The relevance of these observations to the clinical situation has yet to 
be determined, but suggests that dietary supplementation of vitamin C might be useful 
in modifying autoimmunity in humans. 
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7. Host Defenses 

7.1. Microbicidal Activity 

Bactericidal activity of both neutrophils and macrophages have been reported 
to be markedly but reversibly affected during ascorbate deprivation. Nungester and 
Ames (1948), for example, noted that phagocytic activity in guinea pigs depended 
on an adequate dietary level of ascorbic acid. In this regard, Chatterjee et al. (1975) 
reported decreased phagocytosis of Bacillus subtillis in neutrophils isolated from 
scorbutic guinea pigs, which was reversed by ascorbate supplementation. In contrast, 
Stankova et al. (1975) observed that scorbutic guinea pig neutrophils phagocytized 
and killed Staphylococcus aureus in vitro and generated the antimicrobial oxidant 
H20 2 as well as normals, indicating that severe vitamin C deficiency did not im
pair microbicidal activity in vitro. Ganguly et al. (1976) similarly found no signif
icant impairment in phagocytosis of S. aureus in macrophages isolated from deficient 
guinea pigs. And Anderson (1979) reported that in vitro phagocytosis of Candida 
albicans by human neutrophils was unaffected by ascorbic acid concentrations of 10- 6 

to I0- 2 M. 

The antimicrobial activity of phagocytes depends primarily on oxygen-dependent 
mechanisms, specifically the MPO/H20 2/halide system, which is composed of my
eloperoxidase (MPO), an enzyme from the azurophil granules; H20 2 , a product of the 
PMNL oxidative burst of metabolism; and a halide cofactor. This system utilizes 
electrons from reduced nicotinamide adenine dinucleotide phosphate (NADPH) for the 
univalent reduction of oxygen to superoxide radical, and is under the influence of the 
enzyme NADPH oxidase. Subsequent reactions lead to the production of hydrogen 
peroxide, hydroxyl radicals, and singlet oxygen, all of which possess antimicrobial 
activity (Rosen and Klebanoff, 1979; Klebanoff, 1980; Leibovitz and Siegel, 1980). A 
critical step in the production of these reactive oxidants is the production of NADPH 
formed during HMPS activation which has been shown to be enhanced in vitro by 
ascorbic acid (DeChatelet et al., 1972; Anderson, 1979). DeChatelet et al. (1972) 
observed that ascorbate or dehydroascorbic acid increased HMPS activity in neu
trophils and proposed that the ability of ascorbate to potentiate neutrophil antimicrobial 
activity may be related to its ability to stimulate HMPS activity. In a mechanism 
suggested by DeChatelet et al. (1972), dehydroascorbic acid oxidized glutathione 
(GSH) to the disulfide form (GSSG), which oxidized NADPH to NADP+ under the 
influence of glutathione reductase, and the newly formed NADP+ stimulated HMPS 
activity and H20 2 production; this could provide phagocytes with an alternative anti
microbial system through interaction of ascorbate with H20 2 . In this context, oral 
supplements of ascorbic acid, 2 g/day for 2 weeks, were reported by Shilotri and Bhat 
(1977) to stimulate HMPS activity in normal human subjects, a finding not confirmed 
by Anderson et al. (198Jb). In humans treated with cortical steroids, ascorbic acid, 2 
g/day, was noted to normalize HMPS activity, suggesting a possible role for ascorbic 
acid supplementation in immunocompromised patients (Chretien and Garagusi, 1973 ). 
That ascorbic acid may play a role in augmenting microbicidal activity was further 
demonstrated by Olsen and Polk ( 1977) who reported that the in vitro addition of 
ascorbic acid partially reversed the inhibitory effect of hydrocortisone on the bac-
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tericidal activity of human neutrophils against S. aureus, suggesting that cortical 
steroid-induced immunosuppression may be mitigated by exogenous ascorbic acid. 

While the primary role of PMNL in host defenses is sequestration and killing of 
microorganisms by toxic products within phagocytic vacuoles (Tauber et al., 1979; 
Rosen and Klebanoff, 1979), there is also release by the activated phagocytes of these 
same toxic oxygen derivatives into the extracellular environment where they have the 
potential to impair the functional integrity of nearby cells. Phagocytosis by phagocytic 
cells, including monocytes, PMNL, and macrophages, is known to result in the pro
duction of reactive oxidants which may lead to autoxidation and diminished micro
bicidal activities (Klebanoff, 1980). In addition to being autotoxic to phagocytes 
(Baehner et al., 1977; Stendahl et al., 1984) and causing diminution of bactericidal 
activity, these phagocyte-derived reactive oxygen species cause inhibition of chemo
taxis and phagocytosis (Baehner et al., 1977; Tsan, 1980; Anderson, 1981b) and the 
cytotoxic activity of NK cells (Seaman et al., 1982; El-Hag and Clark, 1984), as well 
as inhibiting proliferation ofT and B lymphocytes (Kraut and Sagone, 1981; Zoschke 
and Messner, 1984; Farber et al., 1984). Also, as El-Hag et al. (1986) have noted, 
oxidants generated by the MPO system are potent immunosuppressive agents. In this 
regard, Anderson and Lukey ( 1987) observed that exposure to an experimental oxidiz
ing system caused significant inhibition of mononuclear leukocyte responsiveness to 
PHA. However, inclusion of ascorbate, 10-200 f.lg/ml, produced a dose-related in
creased PHA responsiveness, suggesting the potential value of ascorbate in lessening 
activated phagocyte-derived immunosuppression. These authors (Anderson and Lukey, 
1987) also found that ascorbate enhanced intraphagocyte oxidant production by neu
tralizing extracellular autoreactive oxidants, resulting in sustained activity of the respi
ratory burst enzyme in the PMNL membrane. 

The experiments of El-Hag and Clark (1987) on the immunosuppressive proper
ties of human PMNL have further stressed the importance of reactive oxidants. El-Hag 
and Clark ( 1987) have suggested that the activated PMNL secretes MPO and H20 2 to 
form toxic agents such as hypohalous acids or halogens which cause sublethal func
tional injury on adjacent immunocompetent cells. In this connection, Anderson et al. 
(1990) have recently shown that the sensitivity of human neutrophils to hypochlorous 
acid (HOCl)-mediated cellular dysfunction was due to oxidative inactivation of the 
glycolytic enzyme, glyceraldehyde phosphate dehydrogenase. Ascorbate protected 
neutrophil metabolic activity and functions from HOCl-mediated inhibition, while 
mononuclear cells were sensitive to both H20 2 and HOC!. Also, ascorbate prevented 
the immunosuppressive effects of HOC! but not of H20 2 . Anderson et al. (1990) have 
proposed that a primary biological role of ascorbate in host defense may be the 
neutralization of granulocyte-derived HOC!, thus maintaining the functions of pha
gocytes and the functional integrity of lymphocytes by way of protection of cellular 
energy metabolism from oxidative attack. 

7.2. Neutrophil Function Disorders 

7.2.1. Chediak-Higashi Syndrome 

A number of studies, with conflicting results, have been carried out on the in vitro 
and in vivo effects of vitamin Con the Chediak-Higashi syndrome (CHS), a disorder 
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characterized by defective neutrophil motility and antimicrobial activity and recurrent 
infections, and also associated with reduced NK cell function as well as other immu
nologic abnormalities. Among these studies, Boxer et al. (1976) treated an 11-month
old CHS female with 200 mg/day ascorbate. After 4 months on therapy, the child 
manifested normal neutrophil migratory responsiveness, improved bactericidal ac
tivity, and marked reduction of intracellular cAMP levels. With cessation of therapy 
there was a recurrence of defective neutrophil activities and other abnormal functions. 
It was suggested (Boxer et al., 1976) that the enhancing effect of ascorbate on chemo
taxis in CHS might be due, in part, to diminution in cAMP levels, which in tum 
regulate microtubule formation and degranulation. Gallin et al. (1979) reported that 
two young adult brothers (26 and 27 years old) with CHS, treated with 6 g/day 
ascorbic acid for 8 months, showed no clinical improvement; no changes were noted in 
chemotaxis, bactericidal activity, lymphocyte transformation, or intracellular cAMP 
levels. However, these investigators did find that Chediak (beige mutant of 
C57BL/6N) mice treated with ascorbic acid evidenced improved neutrophil functions 
and bactericidal activity, and increased survival. In a teenaged CHS patient, treatment 
with ascorbate, 500 mg/day for 3 years, resulted in normalized antimicrobial activity 
and significantly less infections, and decreased cellular cAMP levels, but with cell 
motility unaltered (Weening et al., 1981). Administration of 200 mg/day ascorbic acid 
to a 5-month-old CHS patient brought about improvement in abnormal neutrophil 
chemotaxis and antimicrobial function, but the clinical course of the disease was 
unaffected and progressed to the death of the child at the age of 23 months (Saitoh et 
al., 1981). Panush et al. (1982) noted that treatment with 6-8 g vitamin C daily for 5 
days of two brothers with CHS and defective NK cell function resulted in normalized K 
cell activity during vitamin C ingestion. 

7.2 .2. Chronic Granulomatous Disease 

In other disorders of neutrophil functions, vitamin C supplementation has tended 
to suggest clinical value of potential significance. In patients with chronic gran
ulomatous disease, administration of 1 g/day ascorbate led to increased HMPS activity, 
staphylocida1 activity, and clinical improvement (Anderson, 1981a). Friedenberg et al. 
(1979) reported that ascorbic acid, 3 g/day, brought about improved mononuclear cell 
and neutrophil functions in vitro in a patient with hyperimmunoglobulinemia E syn
drome. Similarly, Rebora et al. (1980) reported that patients with neutrophil dysfunc
tion and recurrent infection responded to ascorbic acid supplementation with improved 
chemotaxis, staphylocidal activity, and clinical benefit. In patients with chronic gran
ulomatous disease, Patrone et al. ( 1982) found that ascorbic acid brought about signifi
cantly enhanced in vitro bacterial killing and HMPS activity. 

8. Aging 

Aging is the progressive accumulation of changes with time that are associated 
with or responsible for the ever-increasing susceptibility to diseases and death which 
accompanies advancing age (Harman, 1981). It is Harman's thesis that it is the sum of 
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the deleterious free radical reactions going on continuously throughout the cells and 
tissues which constitutes the aging process or is a major contributor to it; in mammalian 
systems the free radical reactions are largely those involving oxygen. 

Significant age-associated changes have been observed in plasma and leukocyte 
ascorbic acid levels in humans. Significant decreases were noted in plasma, leukocyte, 
platelet, and huffy coat vitamin C content in humans with advancing age (Loh and 
Wilson, 1971;Milneetal., 1971;Burretal., 1974;McCleanetal., 1976;Attwoodet 
al., 1978; Banerjee et at., 1978). It is of interest that a significant negative correlation 
between plasma or huffy coat vitamin C levels and total urinary proline excretion was 
found in humans 74-86 years of age (Bates, 1977). This observation would suggest a 
potential defect in connective tissue repair in aged humans with low vitamin C status, 
and could well correlate with known changes in cross-linking and solubility with 
increasing age. Little information is available on variations in tissue vitamin C levels 
with age in humans. Schaus (1957) observed decreases in all tissues which he exam
ined, which included about 70 specimens obtained at autopsy. Major declines were 
noted in vitamin C levels of pituitary, cerebral cortex, myocardium, and pectoral 
muscle with advancing age. 

Hughes and Jones ( 1971) found significantly lower concentrations of ascorbic 
acid in spleen, adrenal glands, and eye lens with increased levels in brain of older 
guinea pigs dosed with ascorbate; there was also a decreased ability of older animals to 
concentrate large doses of ascorbate in these tissues. Studies on vitamin C levels in 
mice demonstrated that aging in the mouse was also associated with depression in 
vitamin C content (Siegel and Leibovitz, 1979). Decreases in vitamin C levels of 25 to 
70% in serum and most of the organs studied, including liver and spleen, were ob
served within 27 months of life. These decreases correlated well with the observations 
in humans, where tissue vitamin C levels have been reported to decline from 33 to 77% 
between 1 and 89 years of age (Schaus, 1957). In an animal species completely 
independent of dietary ascorbic acid, tissue levels of vitamin C thus declined with 
advancing age as in the human. 

An explanation for aging at the biochemical level is based on the production of 
free radicals with subsequent free radical chain reactions (Harman, 1981) leading 
ultimately to a decline in cellular integrity caused by reduced enzyme activities, error
prone nucleic acid metabolism, damaged membrane functions, and accumulation of 
"aging pigments" in lysosomes (Cutler, 1984; Halliwell, 1988). The depression in 
tissue and serum vitamin C content may, in part, be responsible for the increase in free 
radical damage that is associated with aging (Harman et al., 1977; Leibovitz and 
Siegel, 1980). Free radical reactions, initiated mainly in the mitochondrion as a result 
of reduction of molecular oxygen, result in cross-linking of biomolecules with con
comitant loss of function expressed by such varied phenomena as decreased muscle 
elasticity, decreased transport and permeability of membranes, and decreased en
zymatic activity (Harman, 1982). In this regard, ascorbate can prevent the oxidative 
induction of degranulation by neutrophils, thus preventing extracellular release of 
lysosomal enzymes such as elastase and collagenase· which may cause destruction of 
the extracellular matrix (Anderson and Jones, 1982). These free radical reactions may 
be measured by accumulation of aging pigments, as for example lipofuscin, by assay 
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for malondialdehyde, or by assay of pentane (a decomposition product of omega-6 
unsaturated fatty acid peroxides) in expired air. In vivo addition of antioxidants, natural 
or synthetic, has been observed to prevent formation of aging pigments, malon
dialdehyde, or pentane (Csallany et al., 1977; Hafeman and Hoekstra, 1977). 

Reports of low vitamin C blood levels (Wilson et al., 1972) or intake (Hodkinson 
and Exton-Smith, 1976) have suggested an association with increased risk of death. 
Other findings have indicated that vitamin C supplementation of elderly people with 
low blood ascorbate levels did not decrease the mortality rate (Burr et al., 1975; 
Wilson et al., 1973). Meydani et al. ( 1990) attributed the failure of supplementation 
trials in this group to show any beneficial effects to possible irreversible damage 
occurring as a consequence of a long-standing vitamin C deficiency; this deficiency 
could also have occurred as a consequence of poor health which eventually caused 
death. In other supplementation studies, Kennes et al. (1983) tested the cell-mediated 
immunity effects of vitamin C supplements, 500 mg/day intramuscularly, in 20 healthy 
subjects over the age of 70. After 30 days of supplementation the mitogenic response 
of T lymphocytes to PHA and Con A in vitro and tuberculin skin hypersensitivity in 
vivo were significantly enhanced over placebo-treated subjects. Delafuente et al. 
( 1986) studied a group of patients over the age of 65 with chronic cardiovascular 
disease receiving a variety of medications. Oral ingestion of 2 g vitamin C daily was 
without effect on in vitro mitogen-stimulated lymphocyte proliferation or in vivo reac
tivity to Candida albicans and mumps skin test antigens; this was in contrast to the 
findings of Kennes et al. ( 1983) who tested healthy elderly subjects receiving no other 
medications. However, immunoenhancement was noted (Delafuente et al., 1986) 
when overnight preincubated lymphocytes from the elderly were cultured in the pres
ence of vitamin C, and as a consequence Con A-stimulated proliferation increased to 
levels comparable to a young control group. Thus, while low vitamin C status has been 
demonstrated to contribute to the diminished immune responsiveness observed in the 
elderly, the beneficial effects of high-dose vitamin C supplementation in this group 
seem to be questionable. 

9. Vitamin C and Cancer 

There is good evidence that vitamin C potentiates the immune response in a 
variety of ways. It may provide some protection against a variety of chemical and 
physical carcinogens and against oncogenic viruses, and may be involved in a number 
of other biological processes thought to be associated with resistance to cancer (Cam
eron et al., 1979). Supplements of ascorbic acid have been demonstrated to increase T
lymphocyte activity, monocyte and macrophage functions including increased neu
trophil chemotaxis and phagocytosis, and delayed hypersensitivity. Vitamin C also 
enhances the synthesis of interferon, producing elevated levels in the blood circulation 
with potential protective effects against oncogenic viruses and virus-induced tumors. 
Interferon may act to increase NK cell activity (Targan and Dorey, 1980; Silva et al., 
1980) and, additionally, to enhance the cytotoxicity of sensitized lymphocytes (Lindahl 
et al., 1976), a highly specific immune mechanism by which tumor cells may be 
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eliminated. Vitamin C also has a number of biochemical functions which are linked to 
the functions of the immune system. Ascorbate is required for the hydroxylation of 
proline to hydroxyproline, augmenting the formation of collagen (Levine, 1986). In 
addition to providing for the protective encapsulation of tumors associated with re
stricted invasiveness (Cameron, 1982), collagen provides the matrix for the dermal and 
epidermal layers of the skin, and is an essential component of basement membrane 
important in the maintenance of natural barriers against infection (Bendich, 1987). 
Another important biochemical aspect of vitamin C is its effects on oxygen radicals, 
and in this role as a potent antioxidant may contribute significantly to anticancer 
activity (Ito and Hirose, 1987; Block et al., 1991). 

9.1. Clinical Trials 

Previous studies (Basu et al., 1974; Krasner and Dymock, 1974) suggested that 
since most patients with malignancies had minimal stores of ascorbate, administration 
of the latter might be beneficial in the treatment of cancer. This was subsequently 
supported by reports of its beneficial use in treating cancer patients. The first large
scale clinical trial of vitamin C was carried out by Cameron and Pauling (1976). 
Survival times were studied of 100 terminal cancer patients who were given supple
mental sodium ascorbate, usually 10 g/day, as part of their routine management, and 
their progress compared with that of 1000 similar patients treated identically except for 
not receiving supplemental ascorbate. The mean survival time of those receiving 
ascorbate was 4.2 times (210 days) grater than the survival time (50 days) for the 
controls. In a similar subsequent study (Cameron and Pauling, 1978) with a new set of 
1000 matched controls, treatment of patients with terminal cancer with 10 g ascor
bate/day increased their survival significantly, by an average of about 30 days. In a 
Mayo Clinic trial (Creagen et al., 1979) the same dose of vitamin C did not result in 
therapeutic benefit. These patients, however, had been treated with chemotherapy or 
irradiation, which would undoubtedly damage their immune system. A second trial 
(Moertel et al., 1985) in 100 untreated colorectal cancer patients, dosed with 7.5 g/day 
for 2 Y2 months, was similarly without significant clinical improvement. In studies in 
two hospitals in Japan, Murata et at. ( 1982) noted that supplemental ascorbate in large 
dosage had significant benefits for patients with advanced untreatable cancer. In one 
clinic, patients receiving higher doses up to 30 gl day survived 5. 7 times longer than 
patients given doses lower than 5 g/day. To our knowledge, a satisfactory resolution of 
these disparate reports has yet to be established. 

Bussey et al. ( 1982) in a study of large-bowel adenomas observed a reduction in 
polyp area in patients receiving 3 g/day ascorbic acid, at 9 months of follow-up, with 
trends toward reduction in both number and area of rectal polyps. In other studies, 
Glatthaar et al. ( 1986) described clinical trials in Russia (Sergeev, 1983) of 144 stage II 
and III colon cancer patients aged 30-65. One group received retinyl acetate, 50,000 
IU I day, for 8-12 days pre- and 15-20 days postsurgery; a second group received 
vitamin C, 1 g twice daily, and a third group were given retinyl acetate and ascorbic 
acid simultaneously in the pre- and postoperative periods; a fourth group served as 
controls. The functional activity of patients' lymphocytes was determined by measur
ing the rate of cell proliferation in mixed lymphocyte culture and by the proliferative 
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response to Con A and pokeweed mitogens. The results demonstrated that T-cell 
immunity was improved in patients receiving daily doses of retinyl acetate (50,000 IU) 
and ascorbic acid (2 g). 

9.2. Anima/Investigations 

In animal investigations (Glatthaar et al., 1986), carcinogenesis has generally 
been experimentally induced to study the possible interaction between vitamin C, an 
immunopotentiator and potent antioxidant, and tumor development, host survival, or 
cellular regulation. Experimental results in these studies have not always been consis
tent, and in some instances conflicting, dependent in part upon species, dosage, route 
of administration, and duration of treatment. Some of these studies, while not always 
directly referable to the immune response, will be mentioned or discussed briefly. 

Evidence for involvement of vitamin C in cancer prevention was attributed by 
Mirvish (Mirvish eta/., 1972; Mirvish, 1981) to the ability of the vitamin to prevent N
nitroso compound formation. In his experiments with rats, sodium nitrite reacted with 
morpholine in the diet to form N-nitrosomorpholine, which induced liver cancer in the 
animals. Simultaneous supplementation with dietary ascorbate (22. 7 g/kg) was ob
served to increase the time required for tumor induction almost twofold; however, 
ascorbate did not affect liver tumor induction by preformed N-nitrosomorpholine. In a 
later experiment, Greenblatt ( 1973) showed that ascorbate inhibited both the formation 
of nitrosamines and the induction of adenomas in mice treated with amines and nitrite. 

The subcutaneous injection of I 0 mg benzo(a)pyrene induced in rats rapidly 
growing local malignant tumors, such as fibrosarcoma, rhabdomyosarcoma, and poly
morph cell sarcoma. Of five rats receiving 525 mg/day ascorbic acid in the drinking 
water, only one slowly growing rhabdomyosarcoma developed, while all five control 
animals died as a result of rapid growth of malignant sarcomas (Kallistratos and 
Fasske, 1980). Abui-Hajj and Kelliher (1982), employing the same experimental de
sign, found that high doses of ascorbic acid, 540 mg/day administered orally in 
drinking water, had no effect on the growth of R3230AC and MT/W9a-B transplanta
ble rat mammary tumors, and were unable to delay dimethylbenzanthracene mammary 
tumor induction, to reduce tumor incidence, or to prolong survival time in the rats. The 
authors were unable to explain the differences in the results from those of Kallistratos 
and Fasske ( 1980), but suggested the possibility that under appropriate conditions an 
inhibitory effect might be obtained. 

In guinea pigs the growth of 20-methylcholanthrene-induced tumors was observed 
for 20 weeks after placing them on various doses of vitamin C. Complete tumor 
regression occurred in over half of those animals fed 0.3 mg/kg per day, and tumor 
inhibition but no regression in those given 10 mg/kg per day. Tumors in animals 
maintained on I g/kg per day grew without sign of retardation, suggesting that ascorbic 
acid was necessary for tumor growth in this carcinogenesis model (Migliozzi, 1977). 
Similarly, with methylcholanthrene-induced tumors in guinea pigs, Banic (1981) ob
served that the tumors tended to appear earlier in the group of animals injected subcuta
neously with I 00 mg vitamin C/kg for 4 months, and that this regimen failed to inhibit 
the growth of the tumors. On the basis of these findings, Banic concluded that vitamin 
C is a cocarcinogen (promoter) of methylcholanthrene carcinogenesis. The survival 
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time of C3H/He mice inoculated with C3HBA mouse mammary adenocarcinoma and 
fed a diet supplemented with a low dose of ascorbic acid (1 mg/ml) in the drinking 
water was significantly increased over controls (Frazier and McGinn, 1979). However, 
in a subsequent experiment (Rettura et al., 1982), a diet supplemented with vitamin C 
(5 g/kg diet) failed to increase the survival times of C3H/He mice inoculated with 
C3HBA mouse mammary adenocarcinoma. 

Rauscher leukemia virus (RLV) produces an early erythroblastosis accompanied 
by anemia and marked hepatosplenomegaly with deterioration of the general condition 
and death of the animals (Siegel et al., 1964; Siegel and Morton, 1976). In an earlier 
investigation (Siegel and Leibovitz, 1979) of the influence of vitamin C on mouse 
leukemia progression, Rauscher virus was inoculated intraperitoneally into DBA/2 
male and female mice. Supplementary dietary ascorbic acid, 250 mg/ 100 ml in the 
drinking water from birth to termination of the experiment, did not appear to have 
significant effects on survival of either female or male mice, although a slight protec
tive effect was noted in the females. In succeeding experiments (Siegel and Leibovitz, 
1982) the leukemia incidence was followed in strains of mice, such as the AKR and 
SJL, which are known to develop lymphomas spontaneously, obviating the experimen
tal manipulations involved in exogenous virus-induced disease. The spontaneous lym
phocytic leukemia of AKR mice is of viral etiology and progresses more rapidly from 
the age of 6 months. Here the administration of vitamin Chad only a slightly protective 
effect. In the case of the SJL strain which spontaneously develops a very high and early 
incidence of reticulum cell neoplasms, not of established viral etiology, mice treated 
with vitamin C exhibited a 50% survival time of 72 weeks, compared to a 50% survival 
time of 50 weeks for controls (Fig. 4). 

Pipkin et a!. (1969) implanted 3-hydroxyanthranilic-impregnated pellets into the 
bladders of Swiss albino female mice. Animals receiving ascorbic acid (250 mg/100 
ml) in their drinking water showed a decreased incidence of bladder malignancies, 
suggesting that this antioxidant might prove beneficial against human bladder cancer. 
Soloway et al. ( 1975), however, found no evidence that ascorbic acid had an effect on 
bladder tumor formation. Using the more potent bladder carcinogen N-[4-(5-nitro-2-
furyl)-2 thiazolyl] formamide (FANFf) and C3H/He female mice, they noted that 92% 
of the mice ingesting this urinary carcinogen with ascorbic acid in their drinking water 
developed bladder cancer. Differences in carcinogens and their route of administration 
and genetically different inbred strains of mice employed might all have contributed to 
these contradictory results. 

Ascorbate, 30 mg/ml in the drinking water, beginning 2 weeks prior to tumor cell 
inoculation, inhibited B 16 melanoma tumor growth in female C57BL/6 x DBA/2 F 1 

mice fed a tyrosine- and phenylalanine-deficient diet, and increased survival by 82% 
(Pierson and Meadows, 1983). The prophylactic administration of ascorbate in female 
DBA/2 mice, I g/kg per day in the drinking water, at least 1 week prior to the 
inoculation of Cloudman S91 melanoma cells, was reported by Varga and Airoldi 
( 1983) to delay the appearance of visible tumors 2-4 weeks; however, it had no 
significant effect on the growth rate once the size of the tumors had reached I 0 mm3 . 

Shamberger ( 1972) previously found that ascorbic acid when applied to mouse skin 
significantly reduced tumor formation by 7, 12-dimethylbenzanthracene (DMBA) ini
tiation in a two-stage system of tumorigenesis. In a more recent study (Slaga and 
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Fig. 4. Effect of ascorbic acid on the survival of leukemic SJLI J male mice. Mice were placed on an ascorbic 
acid <"-l regimen of 250 mg/100 ml in the drinking water at 6 weeks of age until termination of the 
experiment. Controls (e) received tap water. Only those mice having spleen W<"'ights over 250 mg were 
considered as having died from leukemic involvement. A substantial protective effect of vitamin C supple
mentation was noted with a 50% survival of 72 weeks in the vitamin C-treated group compared with 50 
weeks in the controls. (From Siegel and Leibovitz, 1982, with permission.) 

Brachen, 1977), l mg ascorbic acid was applied to the shaved skin of CD-I mice 5 min 
prior to initiation with DMBA and promoted l week later with a phorbol diester. After 
20 weeks the number of papillomas per mouse in the ascorbic acid-treated mice was 
50% fewer than in the controls. Dunham et al. (1982) carried out an investigation of 
skin tumors in hairless mice intermittently exposed to ultraviolet light, 5 days/week, 
over a period of 15 weeks to a total exposure of 135 J I cm2 . Addition of ascorbic acid to 
the chow of these mice greatly decreased the number of mice that had developed skin 
cancer (papillomas, squamous cell carcinomas) 14 weeks after the end of the period of 
irradiation, and also delayed the formation of the malignant lesions. Further epi
demiological evidence regarding the role of vitamin C in cancer has recently been 
provided in a comprehensive review by Block (1991). 

10. Summary 

There is now substantial evidence that vitamin C affects the immune process in a 
variety of ways. Ascorbic acid supplementation has been reported, generally, to be 
without effect on the humoral immune response, while inducing increased cell-medi
ated responses. Clinical studies have demonstrated that supplementary ascorbic acid 
may have beneficial effects in allergic diseases, but not in the case of asthma as for 
other forms of allergy. Contradictory reports on the relationship between ascorbate and 
complement are not supportive of a role for ascorbate in maintaining complement 
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levels. Assessing the published evidence for the role of vitamin C in the humoral and 
cellular immune response leads to the conclusion, in concurrence with the evaluation of 
Thomas and Holt ( 1978), that vitamin C can contribute to the induction and expression 
of cellular immunity, and that its effect on antibody production and complement levels, 
because of conflicting reports, is controversial but probably minimal. Vitamin C en
hances interferon synthesis, producing elevated levels in the blood circulation with 
potential protective effects against oncogenic viruses and virus-induced tumors. In this 
context, interferon may stimulate NK cell activity, and also enhance the cytotoxicity of 
sensitized lymphocytes, a highly specific immune mechanism by which tumor cells 
may be eliminated. Vitamin C also has a number of biochemical functions which are 
linked to the functions of the immune system. Ascorbate is required for the hydroxyla
tion of proline to hydroxyproline, augmenting the formation of collagen, an essential 
component of basement membrane important in the maintenance of natural barriers 
against infection. The free radical quenching or antioxidant capability of vitamin C is 
one of the more important activities of the vitamin. Ascorbate stimulates leukocyte 
functions, including neutrophil motility, phagocytosis, and antimicrobial activity. Anti
microbial activity of phagocytes is by way of internalization and killing of micro
organisms by toxic products within phagocytic vacuoles. Phagocyte reactive oxygen 
derivatives which are autotoxic, immunosuppressive, potentially carcinogenic, and 
inhibit chemotaxis and phagocytosis, are released into the extracellular environment 
and can be neutralized by ascorbic acid. Along these lines, the depression in tissue and 
serum vitamin C content has been suggested to be responsible for the increase in free 
radical damage associated with aging. At this time, while low vitamin C status has 
been demonstrated to contribute to the diminished immune responsiveness observed in 
the elderly, the beneficial effect of high-dose vitamin C supplementation in this group 
has appeared to be questionable. Vitamin C has also been used to treat, with mixed 
results, a number of immunologic associated dyscrasias, including rheumatic and 
allergic diseases. In patients with neutrophilic dysfunctions such as Chediak-Higashi 
syndrome, chronic granulomatous disease, and recurrent infections, vitamin C has 
been administered with some immunologic and clinical benefit. With regard to the 
common cold, ascorbate supplementation has been found by various investigators to be 
either effective or ineffective in reducing the incidence of colds; but there has been 
general agreement for a positive role for ascorbate treatment in the reduction of symp
toms. Human clinical trials of patients with malignancies treated with vitamin C have 
resulted in a number of conflicting reports. A satisfactory resolution, at this time, of 
these controversial observations has yet to be established. Some clinical conditions, as 
indicated, may be responsive to supplemental vitamin C, suggesting its possible use as 
an immunopharmacologic agent or adjunct in the treatment of immunocompromised 
individuals. 
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