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Ascorbic acid increases cell death in fibroblast
and VERO cultures after oxidative and thermic stress

L. Zanatta, M. Sandri, P. Arslan

Department of Diagnostics, University of Padova

Background: Ascorbic acid has been considered to
act as a scavenger of free radicals generated in the
cell after oxidative stress. Cultured rat fibroblasts
and monkey kidney tumor cells (cell line VERO)
were subjected to oxidative and thermic stress in the
presence and absence of ascorbic acid in order to
directly test this action.

Materials and Methods: The cell viability was ana-
lyzed by a cell proliferation assay (XTT), while cell
death was studied by in situ DNA nick/end labeling
(TUNEL), double vital Hoechst/Propidium iodide
staining and nuclear morphology.

Results: The incubation of the cells with hydrogen
peroxide for different times showed that after 2

Introduction

A prolonged and massive intake of ascorbic acid,
supposed to be beneficial to neoplastic patients', has
been shown to induce tubulointerstitial nephropathy”
and in general the problems of the action of ascorbic
acid are still open since the condition in which the
latter exerts an antioxidant or a pro-oxidant effect are
not well established.

Fibroblasts possess specific transporters for ascorbic
acid’ and in the cells the rates of radical generation
and radical scavenging seem to be subjected to home-
ostatic regulation maintained by ascorbic acid and
other endogenous antioxidants*. The antioxidant ef-
fect of ascorbic acid in blood is related to a mecha-
nism of recycling by red cells ultimately dependent
on the intracellular concentration of reduced glu-
tathione’. The presence of ascorbate increases the in-
tracellular concentration of hydrogen peroxide in ery-
throcytes and this has been related to its prooxidant
effect® ascribed to a Fe(Ill)-catalyzed extracellular
oxidation of ascorbate. Recently, a pro-oxidant action
has also been demonstrated in humans on diet supple-
mented with 500 mg/day of ascorbic acid’.

We investigated the effects of ascorbic acid on nor-
mal and neoplastic cells subjected to thermic (i.e. hot
and cold shock) and oxidative stress induced by hy-

hours the majority of the cells were dead and ascor-
bic acid did not protect fibroblast and VERO cells
from this oxidative stress. The decrease of cell via-
bility is dependent on hydrogen peroxide concentra-
tion and is not affected by the presence of increasing
concentrations of ascorbic acid. Necrotic cell death
occurs after a loss of cell membrane integrity with-
out nuclear shrinking and lack of labeling by
TUNEL. Similar results were obtained after induc-
ing a thermic stress.

Conclusions: Under the present experimental condi-
tions ascorbic acid did not protect the cells but
rather increased the effects of both the oxidative and
the thermic stress.

drogen peroxide in vitro. The aim and significance of
this study was to assess the behavior of normal and
neoplastic cells towards thermic and oxidative stress
in the presence and absence of ascorbic acid by
measuring cell death due to necrosis and/or apopto-
sis. We in fact used different types of stress to assess
whether they may involve a common oxidative
mechanism responsive to ascorbic acid.

Materials and Methods

Cell cultures: Primary fibroblasts were obtained from
paws of newborn male Wistar rats by digestion with
trypsin (2.25% in 15 mM phosphate buffer pH 7.2).
Cells were cultured in a Dulbecco’s Modified Eagle
Medium (DMEM) supplied with 10% fetal calf serum
(FCS), 100 U/ml penicillin, and 100 pg/ml strepto-
mycin (complete medium) in flasks and on gelatin-
coated (gelatin dissolved in 2% phosphate buffer PBS)
glass coverslips with a cell density of 30,000 cells/em?.
A line of monkey kidney tumor (VERO) was cultured
on the same medium under the same conditions.
Thermic stress: After preliminary experiments to as-
sess the optimal incubation times and temperatures
the cells were incubated at 45°C for 10 min or, alter-
natively, at - 20°C for 20 min.
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Oxidative stress: The oxidative stress was induced,
12 h after cell resuspension, by adding 1 mM hydro-
gen peroxide for 45 min in the presence and absence
of 1 mM ascorbate, unless otherwise indicated.
Determination of glutathione: Total glutathione was
spectrophotometrically determined at 412 nm with
the recycling procedure by using Ellman’s reagent.
Protein: Protein was estimated by the biuret method
according to Gornall et al.8 in cell extracts prepared
by one cycle of freezing-thawing followed by addition
of 2.2 U/10° cells aprotinin (Antagosan,Behring),
mixing with Vortex and 1 min sonic irradiation with an
Ultra-Turrax (Janke & Kunkle,GFR). The protein con-
tent was measured in different numbers of cells by a
calibration experiment (Figure 1).

Figure 1. Protein content as a function of cell number in fibrob-
lasts and VERO cells.
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Cell viability: Cell viability was analyzed by the
XTT assay (Cell Proliferation Kit IT XTT, Roche) by
growing 30,000 cells on 96-well plates in their
growing medium. The cells, after thermic and oxida-
tive stress, underwent treatment with the XTT
reagents added to each well and incubated at 37° C
for 4 h. After incubation, the plates were analyzed
with a multiwell ELISA reader.

In situ DNA nick/end labeling (TUNEL): Cells were
fixed for 30 min at room temperature in 4 %
paraformaldehyde buffered at neutral pH. After
washing with PBS, the cells were permeabilized by
0.1% Triton X-100 for 2 min at 4° C. The coverslips
were then washed with PBS and in situ nick/end la-
beling of fragmented DNA was performed using ter-
minal deoxynucleotidyl transferase (TdT) with fluo-
rescein-conjugated nucleotides, as described by the
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manufacturer. Negative control coverslips were pre-
pared by substituting distilled water for the TdT en-
zyme and proceeding with the staining procedure.
All coverslips were then washed three times with
PBS, mounted in Elvanol and observed under an
epifluorescence microscope (Zeiss). The labeled nu-
clei were easily identified from the counterstained
nuclei and photographed.

Double vital Hoechst/propidium iodide staining:
Double vital staining was performed according to
Sandri et al.?. Thirty minutes before analyzing the
cells 0.1 pg/ml Hoechst 33342 and 1 ug/ml
Propidium Iodide was dissolved in the cell culture
medium. Cells were mounted in Elvanol and red
necrotic nuclei against blue counterstained normal
nuclei were observed with an epifluorescence mi-
croscope, photographed and quantified.

Statistical analysis: The statistical significance of
the data was determined using Student’s t-test.

Results

Bioreductive defences in VERO cells and fibroblasts
Figure 1 allows us to evaluate the levels of protein
concentration expressed per cell number.

Oxidative effects of hydrogen peroxide

The cells were subjected to different concentrations
of hydrogen peroxide for various time intervals.
When hydrogen peroxide and ascorbic acid were
added together, a higher lethal effect was observed
on the cells compared to what observed when hy-
drogen peroxide or ascorbic acid were added alone.
After 120 minutes of exposure, most of the cells
(>85%) were dead both in the presence or absence
of ascorbic acid (Figure 2 A,B). VERO cells show
similar results when exposed to hydrogen peroxide
alone or combined with ascorbic acid (Figure 2 B).
With decreasing concentrations of hydrogen perox-
ide there is an increase of cell survival but in any
case ascorbic acid did not significantly protect the
cells from the oxidative stress (Figure 2 C,D).
Interestingly, at low concentration of hydrogen per-
oxide the presence of ascorbic acid seems to en-
hance its toxicity (Figure 3 C,D).

Thermic stress with hydrogen peroxide

In the presence of hydrogen peroxide VERO cells
are more resistant than fibroblasts to the thermic
stress but are more sensitive to oxidative stress
when ascorbic acid was present (Figure 3 A,B).

Effect of ascorbic acid at different concentrations
Cell survival does not seem to be dependent on the
concentration of ascorbic acid both for fibroblasts
and VERO cells (Figure 4 A,B). In fact, increasing
concentrations of ascorbic acid (from 0.1 mM to 50
mM) did not significantly protect the cells from ox-
idative and thermic stress.
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Figure 2. Ascorbic acid (AA) was at 1 mM final concentration when incubated for different times with fibroblasts (a) and VERO cells (b)
using hydrogen peroxide at a constant concentration of 1 mM. Dose-dependent effect of hydrogen peroxide (C,D) with ascorbic acid at a
constant concentration of 1 mM at an incubation time of 30 min with fibroblasts ( ¢) and VERO cells (d) The data are mean+/-SE of 5 ex-
periments. * Difference with control significant by Student’s t test (p < 0.001).
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Figure 3. Cell survival after applying thermic shocks in the pres-
ence of 1 mM ascorbic acid and hydrogen peroxide. The data are
mean+/-SE of 4 experiments. * See Figure 2. The significance of
the difference between treatment with hydrogen peroxide and
ascorbate/hydrogen peroxide is indicated with the bar (p < 0.001).
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Necrosis vs. apoptosis

The mode of cell death of treated fibroblasts was an-
alyzed to determine whether necrosis or apoptosis
had occurred. Our data show a progressive increase
of both necrotic and apoptotic cells which reach the
highest value in the presence of a combination of
ascorbic acid and hydrogen peroxide (Figure 5). The
number of necrotic cells was always much higher
than that of the apoptotic cells as indicated by the
vital staining with propidium iodide which only
stains nuclei of the cells with a damaged membrane,
that is necrotic cells.

The effect of the treatments on VERO cells was
demostrated with Hoechst 33342 vital staining indi-
cating both living and dead cells, and propidium io-
dide indicating dead cells. Morphology helps to distin-
guish the red necrotic cells from the equally red late
apoptotic cells (i.e. cytoplasm shrinkage , chromatin
condensation and fragmentation to form dense mass-
es). Apoptosis was detected by two different methods
giving similar results (Figure 6). Apoptotic cells reach
the highest value after hydrogen peroxide treatment
and ascorbic acid did not prevent apoptotic cell death.
Fibroblasts behaved similarly (see Figure 5).

Discussion

The present results document a different susceptivi-
ty of fibroblasts and VERO cells to thermic and ox-
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Figure 4. Different ascorbic acid concentrations in the presence
of 1 mM hydrogen peroxide with incubation time of 30 min with
and without thermic stress. The data are mean+/-SE of 3 exper-
iments. * See Figure 2.
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idative stress. The VERO cells appear to be less re-
sistant at shorter times of exposure and higher con-
centration of ascorbic acid and hydrogen peroxide.
The surviving fibroblasts on the contrary are less
than the surviving VERO cells after the thermic
stress in the presence of ascorbate and hydrogen
peroxide. The combination of ascorbate and hydro-
gen peroxide is particularly toxic for fibroblasts sub-
jected to thermic stress. The treatments induce a
prevalent necrotic death while apoptosis appears to
be rather limited with both types of cells. The pro-
oxidant action of ascorbic acid generally observed
under our experimental conditions is compatible
with what has been observed by other authors'. The
culture media in fact do not provide sufficient an-
tioxidant protection from the cytotoxic effects'. The
relatively higher sensitivity of tumor cells to the
pro-oxidant action of ascorbic acid may be related to
their lower antioxidant defences and to the presence
of transition metals'>. Ascorbic acid in fact has an
antioxidant effect in the absence of metals,while it
becomes a pro-oxidant when they are present® .

The cellular uptake of ascorbic acid is mediated by
membrane transporters and regulated in a cell-spe-
cific manner3#. The antineoplastic effect of ascor-
bic acid has been related to its power of inducing a
cytolytic and autophagic effect, cell membrane dis-
ruption, increased collagen synthesis, inhibition of
cancer cell metabolism and proliferation'®. Ascorbic
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acid supplementation affects on the other hand iron
status and increases bleomycin-induced DNA aber-
ration in tumors'®. Moreover, ascorbic acid has been
observed to induce a time-dependent decrease in
prostatic cancer cells viability in vitro through the
production of hydrogen peroxide'” and the same has
been observed with human urologic cancer cell
lines'. Low levels of glutathione have been shown
to favor a significant sensitization to oxygen and hy-
drogen peroxide toxicity in fibroblasts' and the
present results are in accord with those observations.
Other recent observations may be relevant to the
present results, such as those on a dehydroascorbate
transporter® and on low doses (micromolar) of an-
tioxidants which worsen the effects of the oxidative
stress*'. In addition, hydrogen peroxide effects are
not prevented by short term (48 hours) exposure to
ascorbic acid*, while the reduction of dehydroascor-
bate is a further cause of stress triggering apoptosis®
and ascorbic acid autoxidation or prooxidation seem
to depend on its environment*.

Figure 5. Necrotic and apoptotic fibroblasts found after applying
thermic shock and hydrogen peroxide treatments under the condi-

tions of Figure 2. The data are mean+/-SE of 3 experiments. * See
Figure 2.
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Figure 6. Apoptotic VERO cells measured by two methods after
hydrogen peroxide treatments as in Figure 3. The data are
mean+/-SE of 3 experiments. * See Figure 2.

COMPARISON BETWEEN TUNEL(+) AND NUCLEAR
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Apoptotic cells/field
S

Control AA H202 AA+H202

Treatments

References

1. Cameron E, Pauling L. Supplemental ascorbate in
supportive treatment of cancer: prolongation of survi-
val times in terminal human cancer. Proc Natl Acad
Sci USA 1976; 73: 3685-9.

2. Nakamoto Y, Motohashi H, Kasahava H, Numazawa
K. Irreversible tubulo interstitial nephropathy associa-
ted with prolonged, massive intake of vitamin C.
Nephrology, Dialysis, Transplantation 1990; 13:754-
6

3. Welch RW, Wang Y, Crossman A Jr, Park JB, Kirk
KL, Levine M. Accumulation of vitamin c (ascorbate)
and its oxidized metabolite dehydroascorbic acid oc-
curs by separate mechanisms. J Biol Chem 1995;
270:12584-92.

4. Fujita T, Fujimoto Y. Formation and removal of active
oxygen species and lipid peroxides in biological
systems. Folia Pharmacol Japonica 1992; 99:381-9.

5. Mendiratta S, Qu ZC, May J.M. Erythrocyte ascorbate
recycling: anti-oxidant effects in blood. Free Rad Biol
Med 1998; 24:789-97.

6. Mendiratta S, Qu ZC, May JM. Erythrocyte defenses
against hydrogenperoxide:the role of ascorbic acid.
Bioch Bioph. Acta 1998; 1380:389-95.

7. Podmore ID, Griffiths HR, Herbert KE, Mistry N,
Mistry P, Lunec J. Vitamin C exhibits prooxidant pro-
perties. Nature 1998; 392:559.

8. Gornall AG, Bardawill CJ, David MM. Determination
of serum protein by means of the biuret reaction. J
Biol Chem 1949; 177:751-66.

9. Sandri M, Massimino ML, Cantini M, Giurisato E,
Sandri C, Arslan P, et al. Dystrophin deficient myotu-
bes undergo apoptosis in mouse primary muscle cell
culture after DNA damage. Neurosci Lett 1998;
252:123-6.

10. Sakagami H, Satoh K. Prooxidant action of two antio-
xidants: ascorbic acid and gallic acid. Anticancer Res.
1997; 17: 221-4.

11.Raab B, Leist M, Mauer S, Rosick U, Brigelius-Flohe

Riv Med Lab - JLM, Vol. 4, N. 3-4,2003

R. Conventional cell culture media do not adequately
supply cells with antioxidants and thus facilitate pero-
xide-induced genotoxicity. Free Rad Biol Med 1996;
21:297-306.

12. Halliwell B, Gutteridge JM. Free Radicals in Biology
and Medicine. London: Clarendon Press. 1985. pp.
50-7.

13.van den Bergh JJ, Kuypers FA, Roelofsen B, Op den
Kamp JA. The cooperative action of vitamins E and C
in the protection against peroxidation of parinaric acid
in human erythrocyte membranes. Chem & Phys of
Lipids 1990; 53:309-20.

14.Vera JC, Rivas CI, Zhang RH, Farber CM, Golde DW.
Human HL-60 myeloid leukemia cells transport dehy-
droascorbic acid via the glucose transporters and ac-
cumulate reduced ascorbic acid. Blood 1994;
84:1628-34.

15. Lupulescu A. Ultrastructure and cell surface studies of
cancer cells following vitamin C. Exptl & Toxicol
Pathology 1992; 44:3-9.

16. Anderson D, Phillips BJ, Yu TW, Edwards AJ, Ayesh
R, Butterworth KB. The effect of vitamin C supple-
mentation on biomarkers of oxygen radical generated
damage in human volunteers with “low” or “high”
cholesterol levels. Environ & Molec Mutagenesis
1997; 30:161-74.

17.Maramag C, Menon M, Balaji KC, Reddy PG,
Laxanan S. Effect of vitamin C on prostate cancer
cells in vitro: effect on cell number, viability and
DNA synthesis. Prostate 1997; 32:188-95.

18. Venugopal M, Jamison JM, Gilloteaux J, Koch JA,
Summers M, Giammar D, et al. Synergistic antitumor
activity of vitamin C and K3 on human urologic tu-
mor cell lines. Life Sci 1996; 59:1389-400.

19. Spitz DR, Kinter MT, Roberts BJ. Contribution of in-
creased glutathione content to mechanisms of oxidati-
ve stress resistence in hydrogen peroxide resistant
hamster fibroblasts. J Cell Physiol 1995; 165:600-9.

20.Song JH, Shin SH, Wang W, Ross GM. Involvement
of oxidative stress in ascorbate-induced proapoptotic
death of PC 12 cells. Exp Neurol 2001; 169:425-37.

21.0rzrechowski A, Lokociejwska M, Muras P,
Hocquette JF. Preconditioning with millimolar con-
centrations of vitamin C or N-acetylcysteine protects
LG muscle cells insulin-stimulated viability and DNA
synthesis under oxidative stress. Life Sci 2002;
71:1793-808.

22.0da D, Nguyen MP, Royack GA, Tong DC. H,O,
oxidative damage in cultured oral epithelial cells: the
effect of short-term vitamin C exposure. Anticancer
Res 2001; 21:2719-24.

23.Song JH, Shin SH, Ross GM. Oxidative stress indu-
ced by ascorbate causes neuronal damage in an invitro
system. Brain Res 2001; 895:66-72.

24.Sakagami H, Satoh K, Hakeda Y, Kumegawa M.
Apoptosis-inducing activity of vitamin C and vitamin
K. Cell Mol Biol 2000; 46:129-43.



