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Short Communication

Effect of Ascorbic Acid on Interleukin-2 Secretion By T
Lymphocytes in Whole Blood Cultures
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Abstract

The effect of vitamin C on T lymphocyte function is not clear. In-vivo supplementation of vitamin C is found
to have a stimulatory effect on T cells while studies in which ascorbic acid was added to T cell cultures
show an inhibition of cell function. The study aims to investigate the effect of ascorbic acid on interleukin-
2 secretion by T cells in whole blood cultures which better resembles the physiological environment than
pure T cell cultures. It was found that ascorbic acid, when added to whole blood cultures at a very high
concentration of 1 mM, inhibits interleukin-2 secretion by T cells (p<0.05). However at lower concentrations
of 0.25 mM and 0.5 mM significant inhibition was not seen which is contrary to earlier reports in pure T cell
cultures. Hence it can be concluded that ascorbic acid inhibits T cell function in-vitro at high concentrations
but the effect is relatively less in whole blood cultures compared to pure T cell cultures.
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Introduction

Vitamin C is known to have wound healing, immune
enhancing and anticarcinogenic effects (1). Though
vitamin C is known to have benefical effects on the
immune system, its effect of on T cell function is
not very clear. Ascorbic acid is found to have
s t im u la tory e f fec ts  on  T  cel l  f unc t ion  when
supplemented in-vivo. In-vivo supplementation of
ascorb ic  ac id  was  found to  inc rease the
lymphoprol iferat ive capacity on st imulat ion by
mitogens in guinea pigs (2) and in aged women (3).
In another  s tudy i t  was found ascorbic ac id
supplementation in humans with weekly increasing
doses augmented the lymphoproliferative capacity on

mitogenic stimulation in all doses tested (4). However,
studies in which ascorbic acid was added to cell
cultures show an inhibition of T cell function. Viability
of purified human T cells was found to decrease and
interleukin-2 synthesis inhibited when cells were
maintained in culture with ascorbic acid (5). Though
pure T cell cultures are a good model to study T
lymphocyte function in isolation, they may not
replicate the events that happen in the in-vivo
envi ronm ent .  Ascorb ic  ac id  is  a  we l l - known
ant iox idant  (6 )  bu t  i t  has been shown tha t
pharmacological concentrations of ascorbic acid
generates ascorbate radical and hydrogen peroxide
in the extracellular fluid but not in blood (7). Another
study reports that ascorbic acid caused production
of hydrogen peroxide in the culture medium but not
in blood and thereby it could act as a prodrug which
destroys cancer cells (8). The absence of hydrogen
peroxide production in whole blood is probably due
to the presence of antioxidant enzymes in the whole
blood but not in the medium. Whole blood culture
may replicate the in vivo environment in a better way
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the supernatants were aliquoted and frozen. The
concentration of IL-2 was measured using a ELISA
kit (BD biosciences). Five independent experiments
were conducted and all samples were duplicated.

Statistical analysis

The data is expressed as mean±SD. The IL-2
secretion in the control and cultures with different
concentrations of ascorbic acid were compared by
one way ANOVA and Tukey’s post hoc analysis using
SPSS software version 17. p<0.05 was considered
significant.

Results

Significant inhibition of IL-2 secretion by T cells in
whole blood cultures was found at the highest
concentrat ion of  ascorbic acid tested (1 mM)
(p<0.05). Ascorbic acid did not inhibit IL-2 secretion
by T cells at low concentrations (0.125 mM). At
higher concentrations of 0.25 mM and 0.5 mM a
decrease in IL-2 secretion is seen but it is not found
to be significant.

Discussion

The purpose of the present study was to determine

due to the presence of other cells and soluble factors
which are absent in pure cell cultures. Interleukin-2
(IL-2) is a cytokine secreted predominantly by T
lymphocytes on activation and hence it is used in
assessment of T cell function. The aim of the present
work is to investigate the effect of ascorbic acid on
IL-2 secretion in whole blood cultures.

Materials and Methods

The study was carried out in the Department of
Physiology, Christian Medical College, Vellore
and it was approved by the Institutional Review
Board.

Whole blood cultures

Peripheral venous blood was obtained from healthy
human volunteers and heparinised. Whole blood was
diluted in a ratio of 1:4 with RPMI-1640 (Sigma-
Aldrich, St. Louis, MO, USA) medium containing
100 U/ml Penci l l in/Streptomycin,  2.5 µg/ml of
Amphotericin B. The cells were activated with 10 µg/
m l phytohemagglut in in (PHA) (Sigma)  in  the
presence of different concentrations of ascorbic acid
(Sigma) (0.125 mM, 0.25 mM, 0.5 mM, 1 mM) at
37ºC in a humidified CO

2 
incubator for 72 hours.

Culture without ascorbic acid was used as control.
After incubation the cultures were centrifuged and

Fig. 1 : Ascorbic acid caused significant inhibition of IL-2 secretion by T
cells at high concentration (1 mM) in whole blood cultures. *p<0.05
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the effect of ascorbic acid on interleukin -2 secretion
by T cells in whole blood cultures. Effect of ascorbic
acid on T cell function in vitro has been previously
studied and an inhibitory effect has been reported,
which is contradictory to the stimulatory effects found
in in-vivo supplementation studies. One possible
reason for this discrepancy could be that ascorbic
acid behaves differently in culture medium and whole
blood. Ascorbic acid was found to be more stable in
blood when compared to Ringer’s solution or plasma
in which it gets rapidly oxidized to dehydroascorbic
acid (9). Ascorbic acid caused formation of hydrogen
peroxide in medium and was found to be cytotoxic
to Burkitt lymphoma cells and other cell lines. This
effect was not seen in whole blood where the
hydrogen peroxide, that is produced is quenched by
glutathione peroxidase and catalase found in red
blood cells (8). The inhibition of T cell function by
ascorbic acid seen in in-vitro experiments could
possibly be due cytotoxic free radicals produced in
the culture medium, hence the effect of ascorbic
acid on T cell function in whole blood cultures was
studied.

In the present study ascorbic acid was found to
cause significant inhibition of IL-2 secretion at the
highest concentration (1 mM). In a previous study
vitamin C was found decrease viability, proliferation
and cytok ine  sec re t ion s ign i f icant ly a t  h igh
concentrations (0.25-0.5 mM) when added to T cell

cu l tures  wh i le  no  change was  seen at  low
concentrations (10). Present study does not show a
s ign i f icant  decrease in  IL -2  sec re t ion  a t
concentrations of 0.25 mM and 0.5 mM. The results
of the present study indicate that ascorbic acid does
have an inhibitory effect on T cell function in vitro
when present at high concentrations. However the
inhibitory effect in whole blood cultures is relatively
less when compared to pure T cell cultures. This
could be due to the presence of antioxidant enzymes
in red blood cells that neutralize the cytotoxic free
radicals produced by the oxidation of ascorbic acid.
As the concentration of ascorbic acid in culture
increases the free radical generation probably
overwhelms the antioxidant defense, hence inhibition
of cell function occurs.

Conclusion

The results of the present study suggest that ascorbic
acid inhibits T cell function at high concentrations in
vitro but the inhibition appears to be less in whole
blood cultures compared to pure T cell cultures.

Acknowledgements

The work was supported by Christian Medical College
fluid research grant. Sincere thanks to Dr. Abitha
Sukumaran, Mr. Soosai Manickam and Mr. Natarajan
for their help and support.

References

1. Naidu KA. Vitamin C in human health and disease is still
a mystery? An overview. Nutr J 2003; 21; 2:7.

2. Fraser RC, Pavloviæ S, Kurahara CG, Murata A, Peterson
NS, Taylor KB, et al. The effect of variations in vitamin
C intake on the cellular immune response of guinea pigs.
Am J Clin Nutr 1980; 33(4): 839–847.

3. De la Fuente M, Ferrández MD, Burgos MS, Soler A,
Prieto A, Miquel J. Immune function in aged women is
improved by ingestion of vitamins C and E. Can J Physiol
Pharmacol 1998; 76(4): 373–380.

4. Anderson R, Oosthuizen R, Maritz R, Theron A, Van
Rensburg A. The effects of increasing weekly doses of
ascorbate on certain  ce l lu lar and humoral  immune
functions in normal volunteers. Am J Clin Nutr 1980;
33(1): 71–76.

5. Eylar E, Báez I, Navas J, Mercado C. Sustained levels of
ascorbic acid are toxic and immunosuppressive for human
T cells. P R Health Sci J 1996; 15(1): 21–26.

6. Carr A, Frei B. Does vitamin C act as a pro-oxidant under

physiological conditions? FASEB J Off Publ Fed Am Soc
Exp Biol 1999; 13(9): 1007–1024.

7. Chen Q, Espey MG, Sun AY, Lee J-H, Krishna MC, Shacter
E, et a l.  Ascorbate in pharmacologic concentrat ions
selectively generates ascorbate radical and hydrogen
peroxide in extracellular fluid in vivo. Proc Natl Acad Sci
USA. 2007; 104(21): 8749–8754.

8. Chen Q, Espey MG, Krishna MC, Mitchell JB, Corpe CP,
Buet tner  GR,  e t  a l .  Pharmaco log i c  asc orb i c  ac id
concentrations selectively kill cancer cells: action as a
pro-drug to deliver hydrogen peroxide to tissues. Proc
Natl Acad Sci USA. 2005; 102(38): 13604–13609.

9. Borsook H, Davenport HW, Jeffreys CEP, Warner RC. The
oxidation of ascorbic acid and its reduction in vitro and
in vivo. Journal of Biological Chemistry 1937; 117: 237–
279.

10. Maeng HG, Lim H, Jeong Y-J, Woo A, Kang JS, Lee WJ,
et al. Vitamin C enters mouse T cells as dehydroascorbic
acid in vitro and does not recapitulate in vivo vitamin C
effects. Immunobiology 2009; 214(4): 311–320.


