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Vitamin C and the common cold
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The effect of vitamin C on the common cold has been the subject of several studies. These studies do not
support a considerable decrease in the incidence of the common cold with supplemental vitamin C.
However, vitamin C has consistently decreased the duration of cold episodes and the severity of
symptoms. The benefits that have been observed in different studies show a large variation and, therefore,
the clinical significance may not be clearly inferred from them. The biochemical explanation for the
benefits may be based on the antioxidant property of vitamin C. In an infection, phagocytic lencocytes
become activated and they produce oxidizing compounds which are released from the cell. By reacting
with these oxidants, vitamin C may decrease the inflammatory effects caused by them. Scurvy, which is
caused by a deficiency in vitamin C, is mostly attributed to the decreased synthesis of collagen. However,
vitamin C also participates in several other reactions, such as the destruction of oxidizing substances. The
common cold studies indicate that the amounts of vitamin C which safely protect from scurvy may still
be too low to provide an efficient rate for other reactions, possibly antioxidant in nature, in infected
people.

Ascorbic acid: Infection: Neutrophils: Superoxide: Hypochlorite

Twenty years ago Linus Pauling (1970 a) wrote the book Vitamin C and the Common Cold
in which he claimed that vitamin C is beneficial against the common cold. Pauling (1970 4)
based his opinion on several earlier studies. For example, Cowan et al. (1942) reported 30%
fewer days of sickness in a group taking supplemental vitamin C (0-2 g/d) compared with
a control group, and Ritzel (1961) observed about half the number of sickness days in the
vitamin C group (I g/d) compared with controls. Pauling (1971¢) made a statistical
analysis of four double-blind studies which were the only investigations available that had
used a regular intake of at least 0-1 g/d. He found a very low probability (P = 0-00002) that
all the decreases in the total morbidity observed in the vitamin C groups would have
occurred by chance. The studies also indicated that the vitamin would decrease the
incidence of the common cold, although the combined significance was lower (P = 0-001).
Of these four studies, the one carried out by Ritzel (1961, 1976) used the largest dose
(1 g/d) and found the greatest benefit. This led Pauling (19704, 1971 a, b) to conclude that
such amounts would considerably decrease the incidence of, and morbidity due to, the
common cold. However, the studies Pauling referred to had some shortcomings (Dykes &
Meier, 1975), and so far not many nutritionists and physicians have been convinced of the
usefulness of vitamin C in the prevention or treatment of the common cold.

Pauling’s (1970a) book provoked disagreement and irritation because he wrote it for
laymen, even though the opinions expressed in it were not generally accepted in medicine.
He was considered to have abused the respect due to a double Nobel prize winner.
However, one result of Pauling’s (19704) book was that several controlled trials were
performed to clarify the possible role of vitamin C in the common cold. Table I lists the
studies carried out since 1970 in which at least 1 g vitamin C/d was regularly given to
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subjects. Thus, they tested the validity of Pauling’s (19704, 1971 g, b) conclusions. So far,
over one hundred articles have dealt with the role of vitamin C in the common cold
(Pauling, 1970a; Briggs 1984; Truswell, 1986; Kleijnen er al. 1989).

Effect on incidence
According to the studies listed in Table 1, vitamin C has no significant prophylactic effect
against the common cold when the incidence is considered. Several studies have shown a
small decrease in the number of episodes of the common cold in the vitamin C group;
however, other studies have found a small increase in the incidence. A statistically
significant decrease in the incidence has been observed in only two rather minor studies
(Charleston & Clegg, 1972; Sabiston & Radomski, 1974).

Another variable reflecting the prophylactic effect that has been measured in a few
studies is the percentage of subjects free of illness. Anderson et al. (1972) found that 26 %
of the vitamin C group, but only 18 % of the control group, remained free of illness (P <
0-05). Coulechan er al. (1974) made a similar observation which was also statistically
significant. Furthermore, a statistically significant negative correlation has been reported
between the daily vitamin C intake and the incidence of common cold symptoms in a group
of 527 subjects (Cheraskin ef al. 1973). Whether all the small decreases in the incidence are
due to a minor biological effect or due to statistical artifacts cannot be answered on the
basis of available studies.

Decrease in morbidity

There has been a consistent decrease in the duration of the common cold episodes, or
amelioration of the symptoms in all studies (Table 1). In this respect Pauling’s (19704,
1971 a, b) claims have been corroborated. All the studies have been double-blind, except
that by Charleston & Clegg (1972). Not all the results are statistically significant, yet all of
them point consistently in the same direction. None of the studies shows an increase in
morbidity, which would be expected if the results were mainly due to chance. The
probability that none of the eighteen studies would find an increase in the duration of the
episode purely by chance is 1:2** (P = 0-000004).

The benefits which have been observed in the studies differ substantially. This is not
surprising, since several factors may affect the efficacy of vitamin C. The studies have used
different types of subjects, and they have been performed in different geographical regions.
There are several types of viruses which may cause the common cold (Sperber & Hayden,
1988), and the criteria for the disease have not been consistently defined.

One possible cause of the differences is the background intake of vitamin C, which is not
usually determined. This factor can be observed clearly in the study by Miller ez al. (1977).
Before the study the subjects excreted, on average, 300 mg vitamin C/d in their urine. The
level of intake must have been even larger, since not all is absorbed from the intestine, and
only part is excreted in urine. Thus, the background intake in these subjects has been much
greater than the recommended dietary allowance, (RDA; 60 mg/d; National Research
Council, 1989). If one intends to study whether amounts larger than the RDA have a
beneficial effect on the common cold, then the background intake should be quite close to
the recommendation, in contrast to the study by Miller er al. (1977). Anderson et al. (1972,
1975) found that supplemental vitamin C is more beneficial to those who have a low daily
intake of fruit juice, which points out the importance of the background intake. The level
of background intake may be a source of error in other studies besides that of Miller et al.
(1977), but unfortunately it was usually not determined and, thus, the validity of the control
groups cannot be evaluated in this respect. Assuming that the background intake has been
larger than the RDA in most cases, this factor would tend to decrease the observed effect.
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Some of the studies have used twins as subjects (Miller e al. 1977; Carr et al. 1981) which
may cause protocol problems, since playful boys particularly may change the tablets that
they are expected to ingest regularly. In these two studies no protocol was used to eliminate
the possibility of tablet interchange by children living in the same home. In the study of
Miller et al. (1977) the vitamin C content in the urine of boys, but not of girls, receiving
a placebo increased greatly. Obviously, the girls obeyed the rules better than the boys, who
probably swapped tablets. In the case of the girls, vitamin C decreased the duration and
severity of colds by a statistically significant amount (P < 0-05). Furthermore, in the study
of Carr et al. (1981), vitamin C appeared ineffective in twins living together, while it was
more effective than the placebo for twins living apart (Table 1).

According to some studies, vitamin C seems to have a greater effect on the subjective
feeling of severity, but a smaller effect on the objective symptoms of the common cold
(Anderson et al. 1972, 1975; Sabiston & Radomski, 1974; Ludvigsson et al. 1977; Pitt &
Costrini, 1979). Thus, the episode is only somewhat shorter but the severity is significantly
decreased by the vitamin. This observation has several implications. First, the absence from
school or from work is of greater practical importance than the presence of a runny nose.
Thus, the clinical significance of vitamin C may be greater than one may conclude by strict
pathology (e.g. the effect on nasal symptoms). Second, some of the studies which have
found only a minor effect from the vitamin have recorded only the objective symptoms and
not variables which are connected to the subjective feeling of the severity (Clegg &
Macdonald, 1975; Elwood et al. 1976). Third, the smaller effect on the objective symptoms
may suggest that the major effect of vitamin C in these studies is not a stimulation of the
immunological system. Instead, the major effect of the vitamin may be due to the
suppression of harmful host responses which are triggered by the viral infection, and the
prevention of the decrease in the vitamin level which regularly occurs during the cold
episode (see p. 10). Both these mechanisms may cause a greater effect on the subjective
feeling of the severity, and a smaller effect on the natural progress of the viral infection.

One of the critical factors in the studies has been the maintenance of the double-blind
protocol. Karlowski et al. (1975) found in a questionnaire that several subjects had guessed
correctly whether they were receiving the placebo or the vitamin and, therefore, the authors
concluded that the protocol was partially broken. In their study, the placebo tablets were
made of lactose and, thus, they could be distinguished from ascorbic acid tablets by taste.
However, in several other studies the placebo and the vitamin tablets were indistinguishable
(e.g. Anderson et al. 1972; Elliott, 1973; Coulehan et al. 1974; Ludvigsson et al. 1977; Pitt
& Costrini, 1979; Carr ez al. 1981). Another reason for the breaking of the code may be the
benefit shown by the vitamin. For example, Asfora (1977) initiated a double-blind study to
determine whether 6 g vitamin C/d was beneficial when given at the onset of the cold
episode. The benefits were so obvious that the physician could recognize the subjects
receiving the vitamin by their clinical progress. Therefore, the double-blind study was
terminated, and a less-well-controlled study was performed (see p. 7). Vitamin C also
decreased the morbidity and mortality due to parainfluenza infection in an animal study,
where the risk of the placebo effect is smaller (Murphy et al. 1974).

The design of the studies and the quality of the reports show some variation. One of two
studies showing the greatest benefits was reported concisely (Elliott, 1973), while the other
gave insufficient details and was not published in a regular scientific forum (Sabiston &
Radomski, 1974). On the other hand, a high background intake of the vitamin, or
observing only the nasal and throat symptoms, may provide an explanation for some of the
smallest benefits that have been reported. The study by Anderson et al. (1972) was intended
to show definitely that Pauling (1970a) was wrong, and while it appears to be the most
carefully planned and extensively analysed, its observed benefits were not the lowest nor the
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highest reported. Thus, the consideration of the quality of the studies does not seem to
make a clear statement in the quantitative variation of the results. For the technical details
and for the complete set of results of the eighteen studies, the reader is referred to the
original publications.

Therapeutic studies

The studies listed in Table 1 used regular vitamin intake, but in some other cases the
therapeutic effect of vitamin C has been examined. In such cases the vitamin was
administered only after the onset of the common cold episode. Asfora (1977) gave the same
subjects either vitamin C (6 g/d for 5 d) or other medications (e.g. aspirin) during different
episodes, but not in a double-blind fashion. Vitamin C decreased the average duration of
common cold episodes from 6-9 to 3-6 d (— 48 %, P < 0-01). If the vitamin supplementation
was initiated later than 24 h after the start of the cold episode, the benefit was much smaller.

Anderson e al. (1974) tested the therapeutic effect of 4 and 8 g doses given only on the
first day of sickness. When eight classes of symptoms were followed to determine the
duration of cold episodes, the larger dose was consistently more effective than the smaller
in shortening the duration. In another double-blind study Anderson et al. (1975) used 1-5
g vitamin C for the first day of the cold episode, and 1 g/d for the next 4 d. The vitamin-
receiving group had a significant (P < 0-05) decrease in terms of days confined indoors
(—25%), days feeling ‘feverish’ (—29%) and days feeling ‘cold and shivery’ (—27%).
Several other symptoms were also decreased, but not to a degree of statistical significance.

Karlowski et al. (1975) gave 3 g vitamin C/d for 5d from the start of the episode: the
control group had an average episode duration of 7-1 d, while the vitamin-receiving group
had a duration of 6-5 d (— 8 %). The shortest duration (59 d; —17 %) was in a group which
was regularly given 3 g/d, and an extra 3 g/d when they caught a cold (total 6 g/d). In this
study a prophylactic group (3 g/d) was also included. This fourth group had an average
episode duration of 67d (—5%). Thus, the benefit in this double-blind study was
consistently greater with larger levels of vitamin intake. A pair-wise comparison did not
show a statistical significance for any pair of groups. However, no statistical analysis was
made to determine the probability that such a consistent pattern of results for four groups
would appear randomly.

Elwood et al. (1977) and Tyrrell et al. (1977) also studied the therapeutic effect of vitamin
C by double-blind studies: these studies showed no clear benefit. Elwood et a/. (1977) found
a decrease in the duration of ‘simple’ colds (nasal symptoms) in men (—30%, P < 0-01),
but an increase in women (+22 %), and no clear effect on ‘chest’ colds (cough or other
chest symptoms). An odd observation by Tyrrell et al. (1977) was that men treated with the
vitamin had a significant reduction in reoccurring colds affecting the same subject.
However, in both these studies the period of vitamin supplementation was much shorter
than the average duration of the cold episodes. These studies used 3-4 g vitamin C/d for
only 3 d (total 10 g), while the average duration of the cold was 5 and 8 d for ‘simple”’ and
‘complex’ colds respectively (Elwood et al. 1977), and 8 d (Tyrrell et al. 1977). Accordingly,
in these two studies the test period was shorter than that in the studies of Anderson et al.
(1975), Karlowski ez al. (1975) and Asfora (1977), which may partially explain the
differences in the results. Also, due to the protocol, the vitamin supplementation in all
studies in Table 1 covered the entire cold episode.

The therapeutic trials have not been extensive enough to allow clear conclusions, yet they
indicate that a regular ingestion of vitamin C is not needed to gain benefit from the vitamin
for the relief of common cold symptoms. The results of Anderson er al. (1974) and
Karlowski et al. (1975) suggest that the therapeutic effect may be dose-dependent. To
obtain a better quantitative estimation for the best amounts, and for the significance of
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vitamin C in the amelioration of the common cold symptoms, it is quite clear that more
therapeutic investigations with better experimental design are required.

Secondary infections

The common cold and certain other viral infections are sometimes accompanied by
secondary bacterial infections (Abramson & Mills, 1988). Some of the vitamin C-related
common cold studies have measured the incidence of secondary infections. Asfora (1977)
reported a much lower incidence of bacterial complications when patients were treated with
vitamin C. Coulehan et al. (1976) found thirteen subjects in the control group that were g-
haemolytic streptococcus positive, while in the vitamin C group only six were positive
(P < 0-1). Pitt & Costrini (1979) found seven cases of pneumonia in the control group, but
only a single case in the vitamin C group (P < 0-04). However, this small amount of
information does not allow any definite conclusions to be drawn.

What are the upper limits for ‘ physiological’ amounts?

The vitamin C doses that have been used in the common cold studies are markedly larger
than the RDA of 60 mg/d. In contrast to humans and guinea-pigs, most other mammals
synthesize vitamin C by themselves in amounts which correspond to 1-10 g/d when
extrapolated to the human size (Levine, 1986). Of course, one may not conclude that such
amounts are certainly the best for humans, yet one should not maintain the rigid opinion
that the doses used in the common cold studies are strictly pharmacological. According to
Pauling (197056) and Eaton & Konner (1985), the typical diet of our ancestors may have
contained 0-4-2 g vitamin C/d and, therefore, such levels are not very high for human
physiology, even though the optimal amount is an open question. Moreover, the rate of
synthesis in animals is not constant, but increases due to various stress factors. Vitamin C
synthesis in the rat may increase tenfold in response to some drugs (Conney et al. 1961);
also, a low ambient temperature increases the rate of synthesis (Dugal, 1961). Accordingly,
the best levels for humans may depend on several factors, with the optimal level for a
person infected by a virus possibly being larger than for people in good health.

Vitamin C is quite safe even in large amounts and, despite some warnings, large doses
do not result in calcium-oxalate stones, impaired vitamin B,, status or iron overload
(Rivers, 1987). One common side-effect of large doses of vitamin C is diarrhoea and other
stomach problems which, in healthy people, are caused by 4-10 g/d. The stomach
problems are apparently caused because a large portion of the dose is not absorbed from
the intestine. Viral infections such as the common cold and some other diseases affect the
metabolism of vitamin C. People with a common cold may ingest over 30 g vitamin C/d
without getting diarrhoea (Luberoff, 1978 ; Cathcart, 1981). According to Cathcart (1981),
such very large doses are beneficial in treating viral diseases, and the best amount seems to
be one slightly smaller than the dose which causes stomach problems. Large amounts of
vitamin C have also been used by others in the treatment of the common cold and other
infectious diseases (Klenner, 1951, 1971 ; Dalton, 1962 ; Regnier, 1968 ; Stone, 1972). These
doses have usually been larger than those used in the controlled experiments. This invites
the speculation that an even larger effect might have been observed in the therapeutic trials
if larger doses of the vitamin had been used.

Biochemical model
At the biochemical level, the effect of vitamin C on the common cold may be explained to
a large degree by the protection it may provide against the oxidizing agents that are
produced by neutrophilic leucocytes. Neutrophils are phagocytic cells which participate in
the destruction of viruses and bacteria (Lehrer ef al. 1988 ; Hurst & Barrette, 1989 ; Weiss,
1989; Anderson & Theron, 1990). Viruses and bacteria are engulfed into an intracellular
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vacuole, the phagosome, where they are digested. For this purpose, several proteases (e.g.
elastase (EC 3.4.21.37)) are released into the phagosome from intracellular granules. In
addition, there is also an enzyme-mediated ‘respiratory burst’, which results in the
production of a set of reactive oxygen-derived compounds. Contact with a foreign particle
causes the activation of membrane bound NADPH-oxidase, which produces superoxide in
the phagosome. Superoxide dismutates to oxygen and hydrogen peroxide: the hydrogen
peroxide formed is used as a substrate for the myeloperoxidase (EC 1.11.1.7)-catalysed
reaction, which converts chloride to hypochlorite. Hypochlorite is an extremely effective
oxidant which reacts with amines, sulphydryl groups, aromatics and unsaturated carbon
bonds among others; it is the common household bleaching reagent.

The strongly reactive substances released by the neutrophils are intended to participate
in the destruction of viruses and bacteria within the phagosomes, but they also have several
harmful effects on the body. To some degree, they escape from the cell and cause damage
to sensitive biochemical compounds in the extracellular space and in the cell membranes.
One of the critical targets appears to be the a,-proteinase inhibitor, which is rapidly
inactivated by hypochlorite. The «,-proteinase inhibitor is present in plasma where it reacts
rapidly with elastase, and thereby protects the extracellular space from the escaped
protease. Inactivation of the inhibitor allows the released elastase to remain active. Thus,
among other damaging reactions, the reactive oxidants may indirectly cause the activation
of proteolysis. The oxygen radicals and the proteases have been implicated in several kinds
of neutrophil-mediated non-infectious inflammatory diseases (Jackson & Cochrane, 1988;
Weiss, 1989; Ward & Varani, 1990). Studies with model systems have suggested that
various oxidant scavengers can prevent neutrophil-induced injury (Jackson & Cochrane,
1988 ; Anderson & Theron, 1990). In a test system, physiological concentrations of vitamin
C provided concentration-dependent protection for the «,-proteinase inhibitor against
hypochlorite (Theron & Anderson, 1985; Halliwell ez al. 1987). Also, in a model system of
lung inflammation, vitamin C inhibited the influx of neutrophils to the lungs, and thereby
it may protect the lungs from neutrophil-mediated injury (Nowak ez al. 1989).

It has been shown that the respiratory burst of neutrophils causes efficient oxidation of
extracellular vitamin C (Hemild er al. 1984; Anderson & Lukey, 1987; Frei et al. 1988;
Thomas et al. 1988). Intracellular vitamin C is also partially oxidized (Stankova ef al. 1975;
Winterbourn & Wissers, 1983). Vitamin C is apparently the most efficient antioxidant in
human plasma (Frei et al. 1988, 1989; Halliwell & Gutteridge, 1990) and, therefore, the
concentration of the vitamin may be a significant factor in counteracting the escaped
oxidants.

Common cold episodes are usually caused by rhinovirus infections (Sperber & Hayden,
1988). The pathogenesis of rhinovirus infections is not well understood. However,
according to Turner er al. (1982) and Hendley (1983), the viral infection per se does not seem
to be the main reason for the symptoms since there is only slight damage to the nasal
epithelium. Instead, the host responses have been suggested to play a crucial role in the
pathogenesis. In support of this model, a rhinovirus infection does not produce detectable
damage or cytopathic effects on a monolayer culture of nasal epithelial cells (Winther ez al.
1990). Neutrophils appear in the nasal mucosa early in the course of infection, even before
the appearance of symptoms, which suggests a role for them in the pathogenesis (Winther
et al. 19844, b). Furthermore, upon infection with rhinoviruses, human embryonic lung
fibroblast cultures start to produce a chemo-attractant for the neutrophils (Turner, 1988),
and there is a strong correlation between the severity of symptoms and the number of
neutrophils in the nasal lavages (Naclerio et al. 1988). The respiratory syncytial virus (RSV)
is another of the several viruses which cause the common cold. A RSV-antibody complex
has been shown to activate the respiratory burst of neutrophils and the resulting oxidants
have been suggested to play a role in the pathogenesis of the RSV infection (Faden et al.

ssa.d Asssnun abprique) Aq auljuo paysiignd #000266 LNIG/6£01°01/610°10p//:sd1y


https://doi.org/10.1079/BJN19920004

10 H. HEMILA

1983). Thus, neutrophils and their activation may have a crucial role in the pathogenesis
of the common cold.

Consistently, a common cold episode significantly decreases the vitamin C concentration
in leucocytes (Hume & Weyers, 1973; Wilson, 1975), and may also decrease it in plasma
(Schwartz et al. 1973). The decrease within the leucocytes is quite small if subjects are given
6 g vitamin C/d during the cold episode (Hume & Weyers, 1973). In addition, the excretion
of vitamin C in the urine is markedly decreased during a cold episode (Schwartz ef al. 1973 ;
Davies et al. 1979). These changes indicate that vitamin C is utilized during the common
cold infection, and a possible reason may be the activation of neutrophils.

No clinical trials have been made to determine the role of oxygen radicals in the common
cold. However, the harmful effects of superoxide production in an influenza A infection
have been shown in mice. The infection increases superoxide production by phagocytic
leucocytes several-fold. Furthermore, the activity of xanthine oxidase (FC 1.1.3.22), a
superoxide-producing enzyme, is increased in serum and in the lungs. The mortality due to
influenza infection is decreased if mice are injected with superoxide dismutase (EC
1.15.1.1) which causes the breakdown of superoxide (Oda er al. 1989). However, this does
not show that superoxide per se is necessarily the most harmful compound. The role of
superoxide could be indirect as, for example, it enhances the production of hypochlorite
(Kettle & Winterbourn, 1990). Accordingly, the oxygen radicals appear to play a role in
respiratory virus infections in vivo, although one must be cautious when extrapolating from
data for mice influenza to the human common cold. Vitamin C reacts efficiently with
superoxide and hypochlorite, and in sufficiently high concentrations it may provide
protection similar to superoxide dismutase.

The reaction of vitamin C with the released oxidants has two implications. First, vitamin
C may decrease the oxidation of sensitive compounds in the plasma and in the cell
membranes by reacting rapidly with the generated oxidants. Second, vitamin C participates
in many reactions in the body, and a reduced concentration due to its oxidation may cause
a decrease in the reaction rates of several other vitamin C-dependent reactions.

Previously, the possible role of neutrophil activation in the common cold was only briefly
suggested (Faden er al. 1983; Hemild et al. 1984). However, there generally has been an
increasing suspicion that the oxygen radicals, generated by neutrophils and by several other
mechanisms, may play a significant role in many diseases such as; immune complex caused
diseases, the toxicity of certain drugs, atherosclerosis, cancer, and a long list of others
(Cross et al. 1987; Jackson & Cochrane, 1988; Cohen, 1989; Halliwell, 1989; Heffner &
Repine, 1989).

The reaction of vitamin C with released oxidants is a reasonable model to explain the
benefits observed in the common cold studies, yet there are also other reactions whereby
vitamin C could be connected to the common cold.

Other effects of vitamin C
There is much information to suggest a role for vitamin C in the physiology of neutrophils.
Within neutrophils the concentration of vitamin C is approximately fifty times that found
in plasma (Washko ef al. 1989). This high concentration may protect intracellular regions
from oxidants that leak into the cytoplasm.

Neutrophil chemotaxis in vitro is significantly stimulated by 2-5 mm-vitamin C (Goetzl
et al. 1974 ; Boxer et al. 1979). Although this concentration is markedly higher than the level
in plasma (0-01-0-15 mM), a physiological significance is supported by an increase in
neutrophil chemotaxis when normal subjects are supplemented with 2-3 g vitamin C/d
(Anderson et al. 1980). Furthermore, leucocytes from scorbutic guinea-pigs exhibit
significantly reduced migration compared with normal cells {(Ganguly es al. 1976;
Goldschmidt er al. 1988).
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Vitamin C may affect the bactericidal capacity of neutrophils. Neutrophils from
scorbutic guinea-pigs have decreased phagocytic activity according to several studies
(Nungester & Ames, 1948; Mills, 1949; Merchant, 1950; Chatterjee et al. 1975a).
Monocytes incubated with different concentrations of the vitamin (0-1 mm) show a clear
correlation between the extracellular vitamin C concentration and the efficiency of
phagocytosis (Thomas & Holt, 1978). Also, a decrease in the bactericidal activity of
leucocytes from scorbutic guinea-pigs has been described in two reports (Shilotri, 1977;
Goldschmidt et al. 1988), but not in another (Stankova et al. 1975). Furthermore,
corticosteroids cause defects in neutrophil functions, but vitamin C supplementation
(2 g/d) restores the respiratory burst in the neutrophils of patients treated with cortico-
steroids (Chretien & Garagusi, 1973).

The effect of vitamin C on phagocytosis and chemotactic response appears to be due to
the modulation of tubulin tyrosinolation by an antioxidant effect. Tubulin is the subunit
of microtubules which play a central role in the contractile machinery that causes cellular
movements such as phagocytosis and locomotion. Microtubule organization seems to
depend on the redox state of the cell (Nath & Gallin, 1983, 1987).

The oxidants produced by neutrophils cause auto-oxidation of the cells themselves,
which results in the inhibition of phagocytosis, chemotaxis and respiratory burst (Baehner
et al. 1977; Tsan, 1980; Stendahl et al. 1984). This auto-oxidation has been attributed to
hydrogen peroxide and hypochlorite. The decrease in phagocytosis due to auto-oxidation
was not observed in neutrophils isolated from subjects supplemented with vitamin E, a
lipid-soluble antioxidant. However, vitamin E decreased the bactericidal activity at the
same time (Bachner et al. 1977). Also, auto-oxidative inhibition of the respiratory burst
components by hypochlorite may be decreased by vitamin C (Anderson & Lukey, 1987).
Still, auto-oxidation is not the only means whereby a viral infection may impair the
functions of neutrophils ; neutrophil deactivation by influenza viruses appears to have other
mechanisms as well (Hartshorn & Tauber, 1988).

Although several studies suggest that vitamin C is important in the function of
neutrophils, many of them are neither extensive nor detailed enough to allow a clear and
consistent picture to emerge. The role of vitamin C in the function of neutrophils does not
appear to be an obvious explanation for the effects the vitamin has on common cold
symptoms. However, the decrease in the vitamin level caused by the cold episode may
render the neutrophils more susceptible to auto-oxidative damage. Defects in phagocytosis,
chemotaxis or the respiratory burst of the neutrophils would tend to make the host more
sensitive to secondary infections. Such a mechanism could explain the decrease in
secondary infections reported in some studies when supplemental vitamin C was
administered (see p. 8).

The common cold is sometimes treated with antihistamines (Sperber & Hayden, 1988).
Vitamin C appears to react non-enzymically with histamine (Chatterjee et al. 19755, c;
Subramanian, 1978), and a significant negative correlation has been reported between the
levels of vitamin C and histamine in human plasma (Clemetson, 1980). Common cold
infection may cause a transient increase in bronchial responsiveness to inhaled histamine,
and vitamin C has been found to inhibit this effect (Bucca e al. 1989). Histamine has been
suggested to play a role in the increased airway hyperactivity of asthma patients in
rhinovirus infection (Lemanske et al. 1989). RSV infection in children is sometimes
accompanied by wheezing, and histamine levels are often increased in the patients with
wheezing (Welliver et al. 1981). However, there is no increase in the levels of histamine in
the nasal lavages of normal subjects infected with rhinovirus (Naclerio et al. 1988).
Accordingly, histamine breakdown by vitamin C might have some role in certain cases, but
obviously it is not the main mechanism for the decrease in common cold symptoms.

Several in vitro studies have shown inactivation of bacteria and viruses by vitamin C
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(Drath & Karnovsky, 1974; Samuni er al. 1983). The inactivation is caused by a metal ion-
catalysed reaction which uses vitamin C as a pro-oxidant. The level of metal ions able to
catalyse the reaction is very low in the body, and in normal physiological conditions
vitamin C is an antioxidant and not a pro-oxidant (Halliwell & Gutteridge, 1990). Thus,
the inactivation reaction does not seem to occur freely in plasma, yet there is the possibility
of a site-specific reaction. For example copper ions bound to specific sites of DNA may
catalyse strand breakage by a vitamin C-dependent reaction (Wang & Ness, 1989).

Conclusions

Vitamin C has consistently ameliorated the symptoms of the common cold in several
controlled studies, and this observation is not unexpected on biochemical grounds.
However, the optimal doses and the real significance of vitamin C cannot be inferred from
the studies performed. What practical conclusions should be drawn? Because of potential
side-effects and its quite moderate direct effects, vitamin C has been suggested to be useless
clinically for the common cold (Chalmers, 1975; Dykes & Meier, 1975; Coulehan, 1979).
However, several of the potential risks have appeared to be unfounded (Rivers, 1987), and
there is some information to suggest that the benefit may be greater with higher doses.

The common cold studies also have more general implications. The goals of nutritional
recommendations are to prevent overt deficiencies; for example the recommended dose of
vitamin C has been chosen only for the prevention of scurvy (Hemild, 1984, 1986; Levine,
1986; Pauling, 1986; Ginter, 1989). At the biochemical level, scurvy has been considered
to be mostly due to decreased collagen synthesis. However, vitamin C is a significant factor
in the function of several enzymes; e.g. it participates in the transformation of cholesterol
to bile acids, and in the metabolism of carnitine (Levine, 1986; Ginter, 1989). Also, vitamin
C participates in the transformation of dopamine to norepinephrine, and in several other
reactions of both nervous and endocrine systems (Levine and Morita, 1985; Diliberto et al.
1987; Glembotski, 1987). Furthermore, vitamin C has several non-enzymic functions, e.g.
it reacts with nitrite (Tannenbaum & Wishnok, 1987), with several oxidizing agents, and
probably with histamine. The nutritional recommendations are not based on studies
determining the best amounts for these other reactions. The RDA (60 mg/d) may be too
low to provide good protection against oxidizing reagents, and 150 mg/d has been
suggested as a better dose with respect to the reaction with the oxidants (Frei er al. 1989).
The recommended levels are intended to be adequate to meet the ‘nutrient needs’ of
healthy persons, yet the concept of exact ‘nutrient need’ appears to lack a sound
biochemical basis (Hemild, 1991).

Common cold studies show that the level of vitamin C intake is of importance even in
the absence of an overt deficiency. Furthermore, in several disease conditions such as the
common cold, the level of intake derived from a normal or a balanced diet may be
insufficient for optimal body function.

The author is grateful to Drs Simo Hemild and Patrick Russo for help in preparing the
manuscript.

REFERENCES

Abramson, J. S. & Mills, E. L. (1988). Depression of neutrophil! function by viruses and its role in secondary
microbial infections. Reviews of Infectious Diseases 10, 326-341.

Anderson, R. & Lukey, P. T. (1987). A biological role for ascorbate in the selective neutralization of extracellular
phagocyte-derived oxidants. Annals of the New York Academy of Sciences 498, 229-247.

Anderson, R., Oosthuizen, R., Maritz, R., Theron, A. & Rensburg, A. J. (1980). The effect of increasing weekly
doses of ascorbate on certain cellular and humoral immune functions in normal volunteers. American Journal
of Clinical Nutrition 33, 71-76.

Anderson. R. & Theron, A.J. (1990). Physiological potential of ascorbate, p-carotene and x-tocopherol

ssa.ld Aissanun sbpuquied Ag suljuo paysiignd #000266 LNIG/6£01°0 /610" 10p//:sdny


https://doi.org/10.1079/BJN19920004

VITAMIN C AND THE COMMON COLD 13

individually and in combination in the prevention of tissue damage, carcinogenesis and immune dysfunction
mediated by phagocyte-derived reactive oxidants. World Review of Nutrition and Dietetics 62, 27-58.

Anderson, T. W., Beaton, G. H.,, Corey, P. N. & Spero, L. (1975). Winter illness and vitamin C: the effect of
relatively low doses. Canadian Medical Association Journal 112, 823-826.

Anderson, T. W., Reid, D. B. & Beaton, G. H. (1972). Vitamin C and the common cold: a double-blind trial.
Canadian Medical Association Journal 107, 503-508.

Anderson, T. W., Reid, D. B. & Beaton, G. H. (1973). Vitamin C and the common cold. Canadian Medical
Association Journal 108, 133.

Anderson, T. W., Suranyi, G. & Beaton, G. H. (1974). The effect on winter illness of large doses of vitamin C.
Canadian Medical Association Journal 111, 31-36.

Asfora, J. (1977). Vitamin C in high doses in the treatment of the common cold. International Journal for Vitamin
and Nutrition Research Suppl. 16, 219-234.

Baehner, R. L., Boxer, L. A,, Allen, J. M. & Davis, J. (1977). Autooxidation as a basis for altered function by
polymorphonuclear leukocytes. Blood 50, 327-335.

Bancalari, A., Seguel, C., Neira, F., Ruiz, I. & Calvo, C. (1984). Valor profilactico de la vitamina C en infecciones
respiratorias agudas del escolar (Prophylactic value of vitamin C in acute respiratory infections of
schoolchildren). Revista Medica de Chile 112, 871-876.

Boxer, L. A., Vanderbilt, B., Bonsib, S., Jersild, R., Yang, H. H. & Baehner, R. L. (1979). Enhancement of
chemotactic response and microtubule assembly in human leukocytes by ascorbic acid. Journal of Cellular
Physiology 100, 119-126.

Briggs, M. (1984). Vitamin C and infectious disease: a review of the literature and the results of a randomized,
double-blind, prospective study over 8 years. In Recent Vitamin Research, pp. 39-82 [M. H. Briggs, editor].
Boca Raton: CRC Press.

Bucca, C., Rolla, G., Arossa, W., Caria, E., Elia, C., Nebiolo, F. & Baldi, S. (1989). Effect of ascorbic acid on
increased bronchial responsiveness during upper airway infection. Respiration 55, 214-219.

Carr, A. B, Einstein, R., Lai, Y. C., Martin, N. G. & Starmer, G. A. (1981). Vitamin C and the common cold:
A second MZ co-twin control study. Acta Geneticae Medicae et Gemellologiae 30, 249-255.

Cathcart, R. F. (1981). Vitamin C, titrating to bowel tolerance, anascorbemia, and acute induced scurvy. Medical
Hypotheses T, 1359-1376.

Chalmers, T. C. (1975). Effects of ascorbic acid on the common cold. An evaluation of the evidence. American
Journal of Medicine 58, 532-536.

Charleston, S. S. & Clegg, K. M. (1972). Ascorbic acid and the common cold. Lancet i, 1401-1402,

Chatterjee, G. C., Majumder, P. K., Banerjee, S. K., Roy, R. K., Ray, B. & Rudrapal, D. (1975a). Relationships
of protein and mineral intake to L-ascorbic acid metabolism, including considerations of some directly related
hormones. Annals of the New York Academy of Sciences 258, 382-400.

Chatterjee, 1. B., Das Gupta, S., Majumder, A. K., Nandi, B. K. & Subramanian, N. (19755). Effect of ascorbic
acid on histamine metabolism in scorbutic guinea-pigs. Journal of Physiology 251, 271-279.

Chatterjee, 1. B.,, Majumder, A. K., Nandi, B. K. & Subramanian, N. (1975¢). Synthesis and some major
functions of vitamin C in animals. Annals of the New York Academy of Sciences 258, 24-47.

Cheraskin, E., Ringsdorf, W. M. Jr, Michael, D. W. & Hicks, B. S. (1973). Daily vitamin C consumption and
reported respiratory findings. International Journal for Vitamin and Nutrition Research 43, 42-55.

Chretien, J. H. & Garagusi, V. F. (1973). Correction of corticosteroid-induced defects of polymorphonuclear
neutrophil function by ascorbic acid. Journal of the Reticuloendothelial Society 14, 280-286.

Clegg, K. M. & Macdonald, J. M. (1975). L-ascorbic acid and p-isoascorbic acid in a common cold survey.
American Journal of Clinical Nutrition 28, 973-976.

Clemetson, C. A. B. (1980). Histamine and ascorbic acid in human blood. Journal of Nutrition 110, 662-668.

Cohen, M. V. (1989). Free radicals in ischemic and reperfusion myocardial injury: is this the time for clinical
trials? Annals of Internal Medicine 111, 918-931.

Conney, A. H., Bray, G. A_, Evans, C. & Burns, J. J. (1961). Metabolic interactions between L-ascorbic acid and
drugs. Annals of the New York Academy of Sciences 92, 115-127.

Coulehan, J. L. (1979). Ascorbic acid and the common cold. Reviewing the evidence. Postgraduate Medicine 66
(3), 153-160.

Coulehan, J. L., Eberhard, S., Kapner, L., Taylor, F., Rogers, K. & Garry, P. (1976). Vitamin C and acute illness
in Navajo schoolchildren. New England Journal of Medicine 295, 973-977.

Coulehan, J. L., Reisinger, K. S., Rogers, K. D. & Bradley, D. W. (1974). Vitamin C prophylaxis in a boarding
school. New England Journal of Medicine 290, 6-10.

Cowan, D. W., Diehl, H. S. & Baker, A. B. (1942). Vitamins for the prevention of colds. Journal of the American
Medical Association 120, 1268-1271.

Cross, C. E., Halliwell, B., Borish, E. T., Pryor, W. A., Ames, B. N_, Saul, R. L., McCord, J. M. & Harman, D.
(1987). Oxygen radicals and human disease. Annals of Internal Medicine 107, 526-545.

Dalton, W. L. (1962). Massive doses of vitamin C in the treatment of viral diseases. Journal of the Indiana State
Medical Association 88, 1151-1154.

Davies, J. E. W., Hughes, R. E., Jones, E., Reed, S. E., Craig, J. W. & Tyrrell, D. A. J. (1979). Metabolism of
ascorbic acid (vitamin C) in subjects infected with common cold viruses. Biochemical Medicine 21, 78-85.

ssa.d Asssnun abprique) Aq auljuo paysiignd #000266 LNIG/6£01°01/610°10p//:sd1y


https://doi.org/10.1079/BJN19920004

14 H. HEMILA

Diliberto, E. J. Jr, Menniti, F. S., Knoth, I., Daniels, A. J., Kizer, J. S. & Viveros, O. H. (1987). Adrenomeduliary
chromaffin cells as a model to study the neurobiology of ascorbic acid: from monooxygenation to
neuromodulation. Annals of the New York Academy of Sciences 498, 28-53.

Drath, D. B. & Karnovsky, M. L. (1974). Bactericidal activity of metal-mediated peroxide-ascorbate systems.
Infection and Immunity 10, 1077-1083.

Dugal, L. P. (1961). Vitamin C in relation to cold temperature tolerance. Annals of the New York Academy of
Sciences 92, 307-317.

Dykes, M. H. M. & Meier, P. (1975). Ascorbic acid and the common cold. Evaluation of its efficacy and toxicity.
Journal of the American Medical Association 231, 1073-1079.

Eaton, S. B. & Konner, M. (1985). Paleolithic nutrition: a consideration of its nature and current implications.
New England Journal of Medicine 312, 283-289.

Elliott, B. (1973). Ascorbic acid; efficacy in the prevention of symptoms of respiratory infection on a Polaris
submarine. International Research Communications System/Medical Science 1 (3), 12.

Elwood, P. C., Hughes, S.J. & Leger, A. S. (1977). A randomized controlled trial of the therapeutic effect of
vitamin C in the common cold. Practitioner 218, 133-137.

Elwood, P. C., Lee, H. P., Leger, A. S., Baird, I. M. & Howard, A. N. (1976). A randomized controlled trial of
vitamin C in the prevention and amelioration of the common cold. British Journal of Preventive and Social
Medicine 30, 193-196.

Faden, H., Kaul, T. N. & Ogra, P. L. (1983). Activation of oxidative and arachidonic acid metabolism in
neutrophils by respiratory syncytial virus antibody complexes: possible role in disease. Journal of Infectious
Diseases 148, 110-116.

Frei, B., England, L. & Ames, B. N. (1989). Ascorbate is an outstanding antioxidant in human blood plasma.
Proceedings of the National Academy of Sciences, U.S.A. 86, 6377-6381.

Frei, B., Stocker, R. & Ames, B. N. (1988). Antioxidant defenses and lipid peroxidation in human blood plasma.
Proceedings of the National Academy of Sciences, U.S.A4. 85, 9748-9752.

Ganguly, R., Durieux, M.-F. & Waldman, R. H. (1976). Macrophage function in vitamin C-deficient guinea pigs.
American Journal of Clinical Nutrition 29, 762-765.

Ginter, E. (1989). Ascorbic acid in cholesterol metabolism and in the detoxification of xenobiotic substances:
problem of optimum vitamin C intake. Nutrition 5, 369-374.

Glembotski, C. C. (1987). The role of ascorbic acid in the biosynthesis of the neuroendocrine peptides x-MSH and
TRH. Annals of the New York Academy of Sciences 498, 54-61.

Goetzl, E. J., Wasserman, S. 1., Gigh, I. & Austen, K. F. (1974). Enhancement of random migration and
chemotactic response of human leukocytes by ascorbic acid. Journal of Clinical Investigation 53, 813-818.
Goldschmidt, M. C., Masin, W. J., Brown, L. R. & Wyde, P. R. (1988). The effect of ascorbic acid deficiency on
leukocyte phagocytosis and killing of Actinomyces viscosus. International Journal for Vitamin and Nutrition

Research 58, 326-334.

Halliwell, B. (1989). Free radicals, reactive oxygen species and human disease: a critical evaluation with special

reference to atherosclerosis. British Journal of Experimental Pathology 70, 737-757.

Halliwell, B. & Gutteridge, J. M. C. (1990). The antioxidants of human extraceltular fluids. Archives of

Biochemistry and Biophysics 280, 1-8.

Halliwell, B., Wasil, M. & Grootveld, M. (1987). Biologically significant scavenging of the myeloperoxidase-
derived oxidant hypochlorous acid by ascorbic acid. FEBS Letters 213, 15-18.

Hartshorn, K. L. & Tauber, A. 1. (1988). The influenza virus-infected phagocyte. Hematology/Oncology Clinics
of North America 2, 301-315.

Heftner, J. E. & Repine, J. E. (1989). Pulmonary strategies of antioxidant defense. American Review of Respiratory
Diseases 140, 531-554.

Hemild, H. (1984). Nutritional need versus optimal intake. Medical Hypotheses 14, 135-139.

Hemild, H. (1986). A re-evaluation of nutritional goals - not just deficiency counts. Medical Hypotheses 20, 17-27.

Hemild, H. (1991). Is there a biochemical basis for 'nutrient need’? Trends in Food Science and Technology 2, 73.

Hemild, H., Roberts P. & Wikstrom, M. (1984). Activated polymorphonuclear leucocytes consume vitamin C.
FEBS Letters 178, 25-30.

Hendley, J. O. (1983). Rhinovirus colds. Immunology and pathogenesis. European Journal of Respiratory
Diseases. 64, Suppl. 128, 340-343.

Hume, R. & Weyers, E. (1973). Changes in leucocyte ascorbic acid during the common cold. Scottish Medical
Journal 18, 3-7.

Hurst, J. K. & Barrette, W. C. Jr (1989). Leukocytic oxygen activation and microbicidal oxidative toxins. Critical
Reviews in Biochemistry and Molecular Biology 24, 271-328.

Jackson, J. H. & Cochrane, C. G. (1988). Leukocyte-induced tissue injury. Hematology/Oncology Clinics of North
America 2, 317-334.

Karlowski, T. R., Chalmers, T. C., Frenkel, L. D., Kapikian, A. Z., Lewis, T. L. & Lynch, J. M. (1975). Ascorbic
acid for the common cold. A prophylactic and therapeutic trial. Journal of the American Medical Association
231, 1038-1042.

Kettle, A. J. & Winterbourn, C. C. (1990). Superoxide enhances hypochlorous acid production by stimulated
human neutrophils. Biochimica et Biophysica Acta 1052, 379-385.

ssa.ld Aissanun sbpuquied Ag suljuo paysiignd #000266 LNIG/6£01°0 /610" 10p//:sdny


https://doi.org/10.1079/BJN19920004

VITAMIN C AND THE COMMON COLD 15

Kleijnen, J., Riet, G. & Knipschild, P. G. (1989). Vitamine C en verkoudheid; overzicht van een megadosis
literatuur. (Vitamin C and the common cold; a review of the megadose literature.) Nederlands Tijdschrift voor
Geneeskunde 133, 1532-1535.

Klenner, F. R. (1951). Massive doses of vitamin C and the virus diseases. Journal of Southern Medicine and
Surgery 113, 101-107.

Klenner, F. R. (1971). Observations on the dose and administration of ascorbic acid when employed beyond the
range of a vitamin in human pathology. Journal of Applied Nutrition 23, 61-88.

Lehrer, R. 1., Ganz, T., Selsted, M. E., Babior, B. M. & Curnutte, J. T. (1988). Neutrophils and host defence.
Annals of Internal Medicine 109, 127-142.

Lemanske, R. F. Jr, Dick, E.C., Swenson, C. A., Vrtis, R. F. & Busse, W. W. (1989). Rhinovirus upper
respiratory infection increases airway hyperreactivity and late asthmatic reactions. Journal of Clinical
Investigation 83, 1--10.

Levine, M. (1986). New concepts in the biology and biochemistry of ascorbic acid. New England Journal of
Medicine 314, 892-902.

Levine, M. & Morita, K. (1985). Ascorbic acid in endocrine systems. Vitamins and Hormones 42, 1-64.

Luberoff, B. J. (1978). Symptomectomy with vitamin C. A chat with Robert Cathcart, MD. Chemtech 8, 76-86.

Ludvigsson, J., Hansson, L. O. & Tibbling, G. (1977). Vitamin C as a preventive medicine against common colds
in children. Scandinavian Journal of Infectious Diseases 9, 91-98.

Merchant, D. J. (1950). The effect of serum on the activity of the polymorphonuclear leukocytes of the guinea pig.
Journal of Infectious Diseases 87, 275-284.

Miller, J. Z.. Nance, W. E., Norton, J. A., Wolen, R. L., Griffith, R. S. & Rose, R. J. (1977). Therapeutic effect
of vitamin C. A co-twin control study. Journal of the American Medical Association 237, 248-251.

Mills, C. A. (1949). Bone marrow nutrition in relation to phagocytic activity of blood granulocytes. Blood 4,
150-159.

Mink, K. A., Dick, E. C., Jennings, L. C. & Inhorn, S. L. (1988). Amelioration of rhinovirus colds by vitamin C
(ascorbic acid) supplementation. Medical Virology 7, 356.

Murphy, B. L., Krushak, D. H., Maynard, J. E. & Bradley, D. W. (1974). Ascorbic acid (vitamin C) and its effects
on parainfluenza type I virus infection in cotton-topped marmosets. Laboratory Animal Science 24, 229-232.

Naclerio, R. M., Proud, D., Lichtenstein, L. M., Kagey-Sobotka, A., Hendley, J. O., Sorrentino, J. & Gwaltney,
J. M. (1988). Kinins are generated during experimental rhinovirus colds. Journal of Infectious Diseases 157,
133-142.

Nath, J. & Gallin, J. I. (1983). Studies in normal and chronic granulomatous disease neutrophils indicate a
correlation of tubulin tyrosinolation with the cellular redox state. Journal of Clinical Investigation 71,
1273-1281.

Nath, J. & Gallin, J. I. (1987). Effect of vitamin C on tubulin tyrosinolation in polymorphonuclear leukocytes.
Annais of the New York Academy of Sciences 498, 216-228.

National Research Council (1989). Recommended Dietary Allowances, 10th ed. Washington, DC: National
Academy Press.

Nowak, D., Ruta, U. & Piasecka, G. (1989). Ascorbic acid inhibits polymorphonuclear leukocytes influx to the
place of inflammation - possible protection of lung from phagocyte-mediated injury. Archivum Immunologiae
et Therapiae Experimentalis 37, 213-218.

Nungester, W. J. & Ames, A. M. (1948). The relationship between ascorbic acid and phagocytic activity. Journal
of Infectious Diseases 83, 50-54.

Oda, T., Akaike, T., Hamamoto, T., Suzuki, F., Hirano, T. & Maeda, H. (1989). Oxygen radicals in influenza-
induced pathogenesis and treatment with pyran polymer-conjugated SOD. Science 244, 974-976.

Pauling, L. (19704). Vitamin C and the Common Cold (reprinted in 1976 as Vitamin C, Common Cold, and the Flu).
San Francisco: Freeman.

Pauling, L. (1970 5). Evolution and the need for ascorbic acid. Proceedings of the National Academy of Sciences,
U.S.A. 67, 1643-1648.

Pauling, L. (1971 a). The significance of the evidence about ascorbic acid and the common cold. Proceedings of

the National Academy of Sciences, U.S.A. 68, 2678-2681.

Pauling, L. (1971 5). Ascorbic acid and the common cold. American Journal of Clinical Nutrition 24, 1294-1299.

Pauling, L. (1986). How to Live Longer and Feel Better. San Francisco: Freeman.

Pitt, H. A. & Costrini, A. M. (1979). Vitamin C prophylaxis in marine recruits. Journal of the American Medical
Association 241, 908-911.

Regnier, E. (1968). The administration of large doses of ascorbic acid in the prevention and treatment of the
common cold. Part II. Review of Allergy 22, 948-956.

Ritzel, G. (1961). Kritische Beurteilung des Vitamins C als Prophylacticum und Therapeuticum der
Erkaltungskrankheiten. (Critical analysis of the role of vitamin C in the treatment of common cold.) Helvetica
Medica Acta 28, 63-68.

Ritzel, G. (1976). Ascorbic acid and the common cold. Journal of the American Medical Association 235, 1108.

Rivers, J. M. (1987). Safety of high-level vitamin C ingestion. Annals of the New York Academy of Sciences 498,
445-454.

Sabiston, B. H. & Radomski, M. W. (1974). Health Problems and Vitamin C in Canadian Northern Military

ssa.ld Aissanun sbpuquied Ag suljuo paysiignd #000266 LNIG/6£01°0 /610" 10p//:sdny


https://doi.org/10.1079/BJN19920004

16 H. HEMIL A

Operations. DCIEM Report no. 74-R-1012. Downsview, Ontario: Defence and Civil Institute of Environmental
Medicine.

Samuni, A, Aronovitch, J., Godinger, D., Chevion, M. & Czapski, G. (1983). On the cytotoxicity of vitamin C
and metal ions. European Journal of Biochemistry 137, 119-124.

Schwartz, A. R., Togo, Y., Hornick, R. B., Tominaga, S. & Gleckman, R. A. (1973). Evaluation of the efficacy
of ascorbic acid in prophylaxis of induced rhinovirus 44 infection in man. Journal of Infectious Diseases 128,
S00-505.

Shilotri, P. G. (1977). Glycolytic, hexose monophosphate shunt and bactericidal activities of leukocytes in
ascorbic acid deficient guinea pigs. Journal of Nutrition 107, 1507-1512.

Sperber, S. J. & Hayden, F. G. (1988). Chemotherapy of rhinovirus colds. Antimicrobial Agents and Chemotherapy
32, 409-419.

Stankova, L., Gerhardt, N. B, Nagel, L. & Bigley, R. H. (1975). Ascorbate and phagocyte function. Infection and
Immunity 12, 252 256.

Stendahl, O., Coble, B.-1., Dahlgren, C., Hed, J. & Molin, L. (1984). Myeloperoxidase modulates the phagocytic
acitivity of polymorphonuclear neutrophil leukocytes. Journal of Clinical Investigation 73, 366-373.

Stone, 1. (1972). The Healing Factor: Vitamin C Against Disease. New York: Grosset & Dunlap.

Subramanian, N. (1978). Histamine degradative potential of ascorbic acid : considerations and evaluations. Agents
and Actions 8, 484487,

Tannenbaum, S. R. & Wishnok, J. 8. (1987). Inhibition of nitrosamine formation by ascorbic acid. 4nnals of the
New York Academy of Sciences 498, 354-363.

Theron, A. & Anderson, R. (1985). Investigation of the protective effects of the antioxidants ascorbate, cysteine
and dapsone on the phagocyte-mediated oxidative inactivation of human alpha-1-protease inhibitor in vitro.
American Review of Respiratory Diseases 132, 1049-1054.

Thomas, E. L., Learn, D. B, Jefferson, M. M. & Weatherred, W. (1988). Superoxide-dependent oxidation of
extracellular reducing agents by isolated neutrophils. Journal of Biological Chemistry 263, 2178-2186.

Thomas, W. R. & Holt, P. G. (1978). Vitamin C and immunity: an assessment of the evidence. Clinical and
Experimental Immunology 32, 370-379.

Truswell, A. S. (1986). Ascorbic acid. New England Journal of Medicine 315, 709.

Tsan, M.-F. (1980). Phorbol myristrate acetate induced neutrophil autotoxicity. Journal of Cellular Physiology
105, 327-334.

Turner, R. B. (1988). Rhinovirus infection of human embryonic lung fibroblasts induces the production of a
chemoattractant for polymorphonuclear leukocytes. Journal of Infectious Diseases 157, 346-350.

Turner, R. B., Hendley, J. O. & Gwaltney, J. M. Jr. (1982). Shedding of infected ciliated epithelial cells in
rhinovirus colds. Journal of Infectious Diseases 145, 849-853.

Tyrrell, D. A. 1, Craig, J. W, Meade, T. W. & White, T. (1977). A trial of ascorbic acid in the treatment of the
common cold. British Journal of Preventive and Social Medicine 31, 189-191.

Wang, Y. & Ness, B. V. (1989). Site-specific cleavage of supercoiled DNA by ascorbate/Cu(1l). Nucleic Acids
Research 17, 6915-6926.

Ward, P. A. & Varani, J. (1990). Mechanisms of neutrophil-mediated killing of endothelial cells. Journal of
Leukocyte Biology 48, 97-102.

Washko, P., Rotrosen, D. & Levine, M. (1989). Ascorbic acid transport and accumulation in human neutrophils.
Journal of Biological Chemistry 264, 18996-19002.

Weiss, S. J. (1989). Tissue destruction by neutrophils. New England Journal of Medicine 320, 365-376.

Welliver, R. C., Wong, D. T., Sun, M., Middleton, E., Vaughan, R. S. & Ogra, P. L. (1981). The development of
respiratory syncytial virus-specific IgE and the release of histamine in nasopharyngeal secretions after infection.
New England Journal of Medicine 305, 841 -846.

Wilson, C. W. M. (1975). Ascorbic acid function and metabolism during colds. Annals of the New York Academy
of Sciences 258, 529-539.

Winterbourn, C. C. & Vissers, M. C. M. (1983). Changes in ascorbate levels on stimulation of human neutrophils.
Biochimica et Biophysica Acta 763, 175-179.

Winther, B., Brofeldt, S., Christensen, B. & Mygind, N. (1984 ). Light and scanning electron microscopy of nasal
biopsy material from patients with naturally acquired common colds. Acta Otolaryngologica 97, 309-318.
Winther, B., Farr, B, Turner, R. B., Hendley, J. O., Gwaltney, J. M. Jr. & Mygind, N. (19844). Histopathologic
examination and enumeration of polymorphonuclear leukocytes in the nasal mucosa during experimental

rhinovirus colds. Acta Otolaryngologica Suppl. 413, 1924,

Winther, B., Gwaltney, J. M. & Hendley, J. O. (1990). Respiratory virus infection of monolayer cultures of human

nasal epithelial cells. American Review of Respiratory Diseases 141, 839-845.

Printed in Great Britain

ssa.ld Aissanun sbpuquied Ag suljuo paysiignd #000266 LNIG/6£01°0 /610" 10p//:sdny


https://doi.org/10.1079/BJN19920004

