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ABSTRACT

Effect of ingesting mega doses of ascorbic acid was studied on the leukocyte

function in five normal human subjects. During the first 15 days the subjects received daily
supplements of 200 mg of ascorbic acid, and during the next 2 weeks they were given 2 g of
vitamin C per day. Supplementation of 200 mg as well as 2 g of ascorbic acid stimulated hexose
monophosphate shunt activity of resting leukocytes indicating an increase in resting metabolism.
Intakes of 200 mg of ascorbic acid per day did not affect bactenal killing by leukocytes. On the
other hand, daily intakes of 2 g of ascorbic acid for 2 weeks significantly impaired bactericidal
activity. Four weeks after withdrawal of the viatmin supplementation, bactericidal activity

returned to normal,

Numerous clinical reports claim that large
doses of ascorbic acid supplements are ben-
eficial in a variety of stress conditions such
as burns, injuries, surgical operations, and
infections (1, 2). On the basis of results of
clinical trials and the nontoxic nature of as-
corbic acid, Pauling (3) has strongly recom-
mended a daily intake of 2 g or more of
vitamin C for an adult with an energy re-
quirement of 2500 Kcal/day. However, the
beneficial and prophylactic effects of mega
doses of ascorbic acid supplements have
been questioned by other workers (4-6).
The use of massive doses of ascorbic acid is
thus a controversial issue. There is, how-
ever, a lack of definite information on the
effects of large doses of ascorbic acid on the
functional parameters of biological systems
under normal conditions.

Immune mechanism is one of the func-
tions believed to be affected by ascorbic
acid. Phagocytosis and microbicidal activity
of leukocytes are among the major defence
mechanisms of the host against infection,
The process of phagocytosis by human paly-
morphonuclear leukocytes (PMN) is accom-
panied by a major change in oxidative me-
tabolism that includes an increase in hexose
monophosphate shunt (HMS) activity (7). It
has been shown that HMS activity of leuko-
cytes plays an important role in the bacteri-
cidal activity of PMN (8). We report here,
the effects of mega doses of ascorbic acid on
the bactericidal and HMS activities of the
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leukocytes obtained from normal adult vol-
unteers.

Materials and methods

Five apparently healthy male volunteers, ages be-
tween 23 and 28 years were investigated. A sample of
venous blood was obtained at the beginning of the
study. To each of them, an oral supplement of 200 mg
of ascorbic acid was given daily in two divided doses for
a period of 15 days to ensure that they were saturated
with respect to the vitamin as indicated by their leuko-
cyle ascorbic acid levels. Samples of blood were again
obtained for biochemical investigations. All the sub-
jects were then supplemented daily with 2 g of ascorbic
acid in four equally divided doses for a further period of
15 days. Twelve hours following the last dose of the
vitamin supplement, a sample of blood was obtained.
The treatment was withdrawn thereafter and a repeat
blood sample was obtained 4 weeks after the with-
drawal of the vitamin treatment. Blood was collected
under heparin and PMN were isolated by a modified
dextran flotation technique as described carlier (9) and
suspended in Krebs Ringer phosphate buffer, pH 7.4.
Phagocytic and bactericidal activities were determined
in the leukocytes of all samples of blood.

Bactericidal activity of leukocytes was measured vs-
ing Escherichia coli as the test organism, and HMS
activity of resting and phagocytizing PMN was assayed
by the conversion of glucose-1-"C to "“CO, as de-
scribed by Selvaraj and Bhat (9). Total ascorbic acid in
leukocytes was estimated by the method of Denson and
Bowers (10) and plasma cortisol by the competitive
protein binding technique (11). In parallel expen-
ments, the effect of in vitro additions of ascorbic acid
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and dehyroascorbic acid (DHA) in final concentrations
of 1 mm on the bactericidal system of leukocytes was
investigated. Similarly the effect of preincubation of
cells with DHA on the bactericidal activity was also
studied.

Glucose-1-"*C (specific activity 50 mCi/mmeole) was
obtained from BARC, Bombay, India. ['/s, */s (n)-*H]
Corticosterone (specific activity 34 Ci/mmole) was pur-
chased from the Radio Chemical Centre, Amersham.
Hydrocortisone was obtained from Sigma, U.S.A.
DHA was prepared freshly whenever needed, by add-
ing bromine to a solution of ascorbic acid and removing
excess bromine under nitrogen. All other chemicals
were of analytical grade, and used without further puri-
fication.

Results

The mean ascorbic acid concentration in
leukocytes at the beginning of the study was
9.3 = 0.61 pg/10® cells. At the end of 15
days supplementation with 200 mg of the
vitamin per day and 2 g of ascorbic acid per
day the levels increased significantly (P <
0.005) to 14.1 % 0.39 pg/10® cells and 16.1
*+ 1.02 pg/10® cells, respectively. Adminis-
tration of large doses of ascorbic acid was
not associated with alterations in circulating
levels of cortisol (12.4 * 1.59 pg/dl and
11.1 = 0.29 pg/dl before and after dosing).

Data on bactericidal activity are pre-

TABLE 1
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sented in Table 1. Initially, the mean num-
ber of viable bacteria was 0.28 = 0.081 x
10% at the end of 30 min incubation period.
Supplementation of 200 mg of ascorbic
acid/day did not bring about any significant
changes in this number (2.17 = 1.28 x
10%). However, the number of viable E. coli
markedly increased to 28 = 9.2 x 10° (P <
0.01) when the dose was raised to 2 g/day,
indicating reduced bactericidal capacity of
the leukocytes. The impaired bactericidal
activity was restored to initial levels after
withdrawal of ascorbic acid (Fig. 1).

In Figure 2A are shown the effects of
ascorbic acid and DHA, on the bactericidal
activity of intact leukocytes, when added to
the medium at 1 mm concentration. Neither
ascorbic acid nor DHA had any effect on
microbicidal activity under the conditions
used. Similarly no effect was seen when the
cells were pre-incubated with DHA (Fig.
2B).

Results of oxidation of glucose-1-"'C to
"CO, by leukocytes during resting and
phagocytizing conditions are presented in
Table 2. Although there was an increased
production of "“CO, during phagocytosis
following the intake of 200 mg as well as 2

Effect of mega doses of vitamin C administration on bactericidal activity of human PMN

Mumber of viable bactena < [{®

Subjects
Flasma conirol Initial 200 mg vitamin C* 2 g vitamin C*
30 min
N 100 0.37 0.11 56.0
P 100 0.07 6.50 43.0
R 100 0.50 3.70 15.0
s 100 0.32 0.20 19.0
SP 100 0.12 0.32 7.0
Mean = SE 100 0.28 + 0,081 2,17 = 1.28* 28 = 9.2¢

® Every subject received 200 mg of vitamin C per day for 15 days followed by 2 g of vitamin C per day for 15

days. * Not significant.

TABLE 2

¢ P < 0.01 using paired ¢ test.

Effect of mega doses of ascorbic acid on HMS activity of PMN in five human subjects

Glucose-1-*C-"*CO, (mumoles)/ 10° cells

Description

Resting Phagocytizing P.E*

Initial 1.77 = 0.56 2.85 = 0.44 261
(115-595)*

Vitamin C (200 mg)* 2.77 £ 0.33 4.00 = 0.33 149
(113-184)°

Vitamin C (2 g)* 2.99 = 0.8] 5.76 = 1.33 208
(130-296)°

* P.E. = phagocytic effect in % (1009 —no effect).
¢ Range.

followed by 2 g of vitamin C/day for 15 days.

® Each subject received 200 mg per day for 15 days
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FIG. 1. A profile of bactericidal activity of leukocytes after withdrawal of supplementation with mega doses of
ascorbic acid. The data are mean = SEM for the five human subjects.
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FIG. 2. A, the effect of ascorbic acid and DHA on the bactericidal activity of human leukocytes. The assay
system consisted of leukocytes and bacteria (E. coli) in the ratio 1:2, 1 pmole of ascorbic acid or DHA and 20%
heat inactivated (56°C, 30 min.) autologous plasma in the final volume of 1 ml Krebs Ringer phosphate medium,
pH 7.4. B, the effect of preincubation of leukocytes with DHA on the bactericidal activity. PMN were incubated
with DHA 1 g mole in 1 ml Kreds Ringer phosphate medium, pH 7.4 for 30 min at 37 C. The cells were washed
and their bactericidal activity was determined.
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g/day of ascorbic acid, the phagocytic effect
expressed as percentage of resting activity
was not different from that of the initial
because of increased CO, production in the
resting cells.

Discussion

Data presented here indicated that daily
supplements of 200 mg of ascorbic acid/day
did not affect bactericidal activity of leuko-
cytes significantly. On the other hand, daily
intakes of 2 g of ascorbic acid for 15 days,
significantly impaired bacterial killing by
leukocytes. This effect was reversible as evi-
denced by the return to normal activity fol-
lowing the withdrawal of the vitamin supple-
ment. The mechanism by which large doses
of ascorbic acid administration brought
about an inhibition in bactericidal activity of
leukocytes is not clear. It has recently been
shown that elevated levels of plasma cortisol
in response to ACTH administration, in-
hibit bacterial killing by human PMN (12).
Encarnacion et al. (13) have reported that
animals fed massive amounts of ascorbic
acid exhibited high levels of plasma cortisol.
However, in the present study such an in-
crease in plasma cortisol was not observed
and the decrease in bactericidal activity of
leukocytes following the intake of large
doses of ascorbic acid cannot therefore be
attributed to elevated plasma cortisol levels.

Chatterjee et al. (14) demonstrated that
large doses of ascorbic acid supplements in
man lead to high levels of DHA in blood,
which can be one of the reasons for altered
bactericidal activity, since DHA is known to
inhibit the NADPH-oxidase activity of
PMN, in vitro (P. G. Shilotri, unpublished
observation). Leukocyte NADPH-oxidase
1s considered to be a primary oxidase for the
production of hydrogen peroxide (H.O.)
which 1s a bactericidal agent (15). McCall et
al. (16) have reported the inhibitory action
of ascorbic acid on the H,O,-myeloperoxi-
dase-halide reactions that have been impli-
cated in the bactericidal activity of neutro-
phils. The results of the present investi-
gation however, show that exposure of leu-
kocytes to high levels of either ascorbic
acid or DHA did not result in any inhibi-
tion of bactericidal activity of leukocytes

SHILOTRI AND BHAT

(Fig. 2A and B). Klebanoff and Hamon
(17) have also observed similar effects.
However, the possibility of inhibitory action
of DHA on bactericidal activity of leuko-
cytes cannot be ruled out in a situation
wherein cells are exposed to high levels of
DHA for long durations.

Daily intakes of 2 g of ascorbic acid have
been found to result in increased concentra-
tions of cyclic adenosine monophosphate in
blood (18). Bourne et al. (19) have shown
that cyclic adenosine monophosphate in-
hibits the killing of ingested bacteria. Circu-
lating levels of cyclic nucleotides were not
measured in the subjects investigated here
and it is not possible to comment on this
possibility,

In vitro additions of vitamin C have been
shown to stimulate HMS activity of resting
human PMN (20). In the present investiga-
tion too, increased HMS activity of leuko-
cytes was observed following ingestion of
large doses of the vitamin. Hanck (21) also
reported that activity of transketolase, a key
enzyme of the shunt pathway, of blood cells
increased in normal humans receiving mega
doses of ascorbic acid. Although HMS activ-
ity was higher in resting cells, the phagocytic
effect remained unchanged after vitamin C
supplementation.

Data presented here indicate that not
only is there no beneficial effect of mega
doses of ascorbic acid supplements on bacte-
ricidal activity of leukocytes, but there 15 a
distinct decrease.

Several undesirable side effects attributa-
ble to massive doses of ascorbic acid have
been reported. These include oxalate stone
formation (22), loss of nutritionally re-
quired cations, lowering of blood sugar
(18), increased mortality of animals fed cer-
eal based diets (23), and abortion in guinea
pigs and rats (24). However, the physiologi-
cal significance of the findings reported here
is not clear. The general state of health of
the subjects studied in the present investiga-
tion was not altered. It is therefore pro-
posed to undertake studies in animals to
determine the functional implications, if
any, of this altered bactericidal capacity by
imposing infection on the animals fed mega
doses of ascorbic acid and studying their
physiological response. [
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