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Here, I address the topic of suitability for redox research of common settings in cell cultures. This is done
through the prism of in vitro anticancer effects of vitamin C. Cell culture media show lower concentrations
of iron and a higher level of oxygen compared to interstitial fluid. Such a setup promotes ascorbate-
mediated production and accumulation of hydrogen peroxide, which efficiently kills a variety of cancer cell
lines. However, the anticancer effects are annihilated if the iron level is corrected to mimic in vivo
concentrations. It appears that the potential benefits of application of vitamin C in cancer treatment have
been significantly overestimated. This might be true for other pro-oxidative agents as well, such as some
(poly)phenols. We urgently need to establish medium formula and culture maintenance settings that are
optimal for redox research.
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Commercial cell culture media, such as DMEM or
RPMI-1640 supplemented with (usually) 10% (v/v)
fetal calf serum (FCS), are built to mimic extracellular
milieu, i.e. interstitial fluid. Apparently, on many
accounts they do. Different types of cultured cells effi-
caciously grow and proliferate in those media, and
there are thousands of cell culture studies conducted
each year, some of them in the redox field. For
example, about 250 papers were published in 2014,
containing a combination of terms ‘antioxidant’ in
the Title/Abstract section and ‘cell culture’ in All
Fields (source: PubMed). Pertinent to this, it is
clearly of the essence that cell culture media reflect in
vivo redox settings as accurately as possible. But
what if they do not, and what might be the
consequences?
It is believed that the concentration of iron in inter-

stitial fluid (outside the CNS) closely mirrors the range
(10–30 μM) found in the plasma.1,2 The presence of
different complexes and the susceptibility of iron in
interstitial fluid to reduction and oxidation are not
known, but cell culture media fail to reproduce even
the concentration. DMEM contains only 0.25 μM
ferric nitrate, whereas in RPMI-1640 iron probably
exists via impurities. The level of iron in fetal calf
serum (FCS) is not consistent and varies between man-
ufacturers and batches. In the end, the concentration
of iron does not exceed 5 μM in cell culture media

with 10% (v/v) FCS.3,4 The concentration of oxygen
represents another major problem of redox research
in cell cultures, as repeatedly pointed out by
Halliwell.5,6 Cell cultures are kept under 95/5% air/
CO2 atmosphere resulting in hyperoxia of the
medium (pO2≈150 mmHg) as compared to interstitial
fluid, where pO2 is in the 1–10 mmHg range.
Following over 20 studies on cancer cell lines

showing anticancer effects of pharmacological (milli-
molar) ascorbate, resulting in animal and human
trials,7 we have found recently that the supplemen-
tation of cell culture medium with as little as 5 μM
of iron (to reach the minimal level in interstitial
fluid) annihilates any anticancer effects of ascorbate.
A similar outcome has been observed when the level
of iron was corrected via increased percentage of
FCS.8 Briefly, the combination of iron, ascorbate,
and O2 in the medium generates H2O2, which enters
and kills cancer cells.9 But when iron is present at phys-
iological concentrations it reacts with H2O2 to produce
hydroxyl radical, which has an extremely low diffusion
radius and cannot affect the cells.8,10 For a more
detailed explanation, we need to take a closer look at
the ascorbate–iron–oxygen system, which is composed
of two branches (Fig. 1). With ascorbate present in
excess (μM), O2 and iron concentration are the rate
limiting factors. High pO2 in cell culture media pro-
motes branch 1,11 resulting in the accumulation of
H2O2. However, branch 1 also consumes O2, so
there is a negative feedback present. With the decrease
of O2 concentration, branch 1 slows down and branch
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2 takes over to reduce Fe3+ to Fe2+, which further
removes H2O2 via Fenton chemistry.8 Ascorbyl
radical is generated in branch 2 and via hydroxyl
radical scavenging. The consumption of O2 and the
production of ascorbyl radical are promoted with
increasing iron concentrations.8 The balance between
accumulation and degradation of H2O2 is defined by
the level of iron, and unfortunately it appears that
the major switch between these two is placed
between the concentrations of iron in cell culture
media and in interstitial fluid. Even more, at in vivo
O2 level branch 2 should clearly prevail, not allowing
the generation/accumulation of H2O2.
An immediate cause for this commentary is the

recently published paper by Du et al., entitled ‘The
role of labile iron in the toxicity of pharmacological
ascorbate’.12 The authors have cited our work and
recognized that extracellular iron can save cancer
cells from ascorbate-related H2O2 production but the
study, like many before, was conducted in DMEM
with 10% FCS. The focus was on the modulation of
intracellular level of iron, and it has been presumed
that the influx of H2O2 from the ascorbate-sup-
plemented medium is (patho)physiologically relevant.
The discussion is closed by the following suggestion:

‘However, increasing the level of extracellular as well
as intracellular catalytically active labile iron in
tumor tissue may enhance the effectiveness of pharma-
cological ascorbate as an adjuvant in cancer therapy’,
although the level of extracellular iron was not taken
into consideration as an experimental parameter, and
in spite of our findings that the increase of extracellular
iron in the medium (from 5 to 10–30 μM; in fact, we
went up to 100 μM – unpublished data) completely
prevents anticancer effects of ascorbate.8

If we, scientists directly involved in the redox field,
continue to keep our eyes closed to this and other tech-
nical but fundamental problems, the road is paved for
researchers in lucrative fields, such as food industry,
pharmacy, and cosmetic industry to develop ‘powerful
new antioxidants’, and to compromise our efforts. We
cannot act surprised by the fact that promising results
from in vitro redox studies are rarely translated into
success in human clinical trials. For example, at least
some phenolic compounds produce H2O2 in cell
culture media and exert in vitro anticancer effects via
mechanisms that appear to be similar to ascorbate.13,14

So it is no wonder that clear benefits for cancer
patients (such as tumor regression or prolonged survi-
val) from the application of (poly) phenolics are still
missing in spite of a number of finished clinical trials.15

To conclude, we urgently need to determine redox
properties of interstitial fluid, including the redox
activity of iron and the level of endogenous antioxi-
dants and antioxidative enzymes, and to define
medium formula and culture maintenance settings
that are optimal for redox research. Similarly to
medical associations and their guidelines for patient
treatment, the societies interested in free radicals
might provide recommendations for redox research.
Our field has yet much to offer and must not be
jeopardized.

Acknowledgement
This study was supported by the Ministry of
Education, Science and Technological Development
of the Republic of Serbia, grant number OI173014.

Disclaimer statements
Contributors None.

Funding None.

Conflicts of interest None.

Ethics approval None.

References
1 Ganz T, Nemeth E. Hepcidin and disorders of iron metabolism.
Annu Rev Med 2011;62:347–60.

2 Cavill I, Staddon G, Jacobs A. Iron kinetics in the skin of
patients with iron overload. J Invest Dermatol 1972;58(2):96–8.

Figure 1 Redox system composed of iron, ascorbate, and
molecular oxygen. Twomain branches are marked with 1 and
2. Asc, ascorbate; HO•, hydroxyl radical; •Asc, ascorbyl
radical.
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