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Abstract Recent studies have demonstrated that vegeta-
ble rich diets have protective effects on the occurrence and
prognosis of various cancers. In addition to dietary intakes,
ascorbic acid and ff-carotene are also taken as supplements.
The aim of this study was to assess effects of ascorbic acid,
f-carotene and their combinations on human hepatocellular
carcinoma cell line HepG2. Ascorbic acid and ff-carotene
were applied to cells as plasma peak concentrations (70 and
8 uM, respectively) and their half concentrations (35 and
4 uM, respectively) for 24 and 48 h. Genotoxic and cyto-
toxic effects of ascorbic acid and ff-carotene were evalu-
ated by alkali single cell gel electrophoresis (SCGE),
acridine orange/ethidium bromide staining patterns of cells
(apoptosis and necrosis) and lipid peroxidation (thiobarbi-
turic acid reactive substances, TBARS). Results of the
SCGE demonstrated that both ascorbic acid and f-carotene
caused DNA damage on HepG2 which were also concor-
dant to increased apoptosis and necrosis of cells. Increased
TBARS values also demonstrated increased lipid peroxi-
dation in these cells. Results of the present study demon-
strates that when dietary intakes of ascorbic acid and
f-carotene and their relevant achievable plasma level
concentrations were considered, both ascorbic acid and
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p-carotene induce genotoxic and cytotoxic damage on
HepG2 together with increased oxidative damage in con-
trast to their protective effect on healthy cells. This may be
correlated to oxidative status and balance of ROS in
hepatocellular carcinoma cells.
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Introduction

Relation between consumption of vegetable rich diets and
cancer occurrence and prognosis has been one of the
important issues for many centuries. Interestingly, there are
historical reports on discussions of “Cato the elder” (BC
234-149) on the issue. Today, epidemiological researches
on cancer and diet have been supporting the historical
previsions [1, 2].

In fact, dietary nutrients are combinations of pro- and
antioxidants. Increase of reactive oxygen species (ROS) in
cells may be cause of impaired mitochondrial electron
transport, inflammatory reactions, cellular damage or
exposure of cells to various toxic agents even including the
air pollution [3]. Increase of ROS in healthy cells may
affect various control mechanism of cells including cell
cycle, DNA damage repair and apoptosis and may in turn
cause tumor formation in different organs including gas-
trointestinal system [2, 3]. Cells have either enzymatic
(e.g., superoxide dismutase, catalase, glutathione peroxi-
dase) or non-enzymatic (e.g., vitamins, uric acid, gluta-
thione) protective mechanisms against oxidative damage
caused by ROS [3].

Herbal nutrients are composed of many bioactive com-
pounds and in general, these compounds are believed to

@ Springer



4266

Mol Biol Rep (2011) 38:4265-4272

have effects on decreasing the risk of cancer prognosis [4].
Many people are recently using herbal based dietary
nutrient supplements. Clinical studies of the last 30 years
on the issue have proven protective effects of individual or
combinational antioxidant and mineral supplements against
cancer and other chronic diseases. On the contrary, some
results of the previous studies demonstrated that vitamin
and mineral supplements did not have any preventive role
in development of primary tumors. Since development of
malignant tumors may exceed clinical research period and
heterogeneity of the subjects may cause unpredictable
outcomes, individual or combination of antioxidant com-
pounds should also be studied in model established cell
lines especially for in the case of cancer [4, 5].

Ascorbic acid (AsA) and f-carotene (BC) are well
defined for their antioxidant effect in cells against ROS
production which effect cellular proliferation pathways and
effect development and prognosis of carcinogenesis [4, 5].
AsA (vitamin C, ascorbate) is an essential dietary nutrient
required as a co-factor for many enzymes and a very effi-
cient antioxidant, scavenging reactive oxygen and nitrogen
species and protecting cells against free radical-mediated
damage. Besides exerting antioxidant influence directly,
vitamin C can promote the removal of oxidative DNA
damage from the DNA and/or nucleotide pool, through the
upregulation of repair enzymes [6]. BC, which is the prin-
cipal source of vitamin A for most of the world’s population,
is effective in the neutralization of singlet oxygen and for the
inhibition of oxidation by peroxide compounds [7].

Aim of the present study was to assess effects of in vitro
applications of AsA, BC and their combinations on human
hepatocellular carcinoma cell line HepG2 in terms of DNA
damage, apoptosis/necrosis and oxidative damage as con-
centrations relevant to previously reported peak plasma
levels of dietary intakes.

Materials and methods
Cell culture and treatments

In the present study, HepG2 human hepatocellular carci-
noma cells, which are capable of metabolizing many
nutrients, metabolites and xenobiotics, was used. In addi-
tion to secretion of plasma proteins and lipoproteins, these
cells have also inductive P450 cytochromes [8]. Cells were
maintained as an attached type monolayer culture in Dul-
becco’s minimal essential medium (DMEM; Biochrom
AG, Germany) supplemented with 10% heat-inactivated
fetal bovine serum (FBS; Biochrom AG), L-glutamine
(Biochrom AG) and antibiotics (Biological Industries,
Israel) at 37°C in a humidified atmosphere of a 5% CO,
(Heraeus, Hanau, Germany). Stock solutions of L-ascorbic
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acid (Sigma—Aldrich USA) and BC (Sigma—-Aldrich USA)
were prepared in distilled water and ethanol (EtOH),
respectively. Control groups were assayed without any
treatment in each experiment. Ethanol was also applied in
separate flasks in each experiment (EtOH controls), in
order to determine solvent effect on experimental setups.
AsA and BC were applied to HepG2 cells as previously
reported relevant achievable peak plasma level and half
concentrations as 70-35 pM AsA, and 84 pM BC for 24
and 48 h [9, 10]. Correspondingly, 8—4 uM EtOH were
applied to cells for 24 and 48 h.

Alkaline comet assay (alkaline single cell gel
electrophoresis; SCGE)

For the determination of genotoxic effects AsA, BC and
AsA-BC treatments on HepG2 cells alkaline SCGE was
performed as previously described [8]. In brief, trypsinized
cells were resuspended in 0.5 ml phosphate buffered saline
(PBS) and 5 pl of cell suspension was mixed with 35 pl of
1% (w/v) low melting point agarose (LMPA; Sigma-
Aldrich, USA) and added on to the slides coated with 0.5%
(w/v) normal melting point agarose (NMPA; Sigma—
Aldrich, USA). Cover slips were placed and slides were
incubated on ice packs until the solidification of the agarose.
Cover slips were removed and 40 pl 1% (w/v) LMPA was
added on to the slides. Slides were incubated in lysis solu-
tion (2.5 M NaCl, 100 mM EDTA disodium salt, 10 mM
Tris; pH 10) at 4°C (dark) for 2 h. Slides were incubated in
electrophoresis buffer (300 mM NaOH, 1 mM EDTA
disodium salt; pH > 13) for 20 min at dark and electro-
phoresis was performed at 24 V (300 mA) for 30 min.
After neutralization (0.4 M Tris; pH 7.5), slides were
stained with 2 pg/ml EtBr and observed under fluorescence
microscope (Nicon, Eclips 600, Japan). A computerized
image analysis system (Comet Assay IV; Perceptive
Instruments, UK) was employed. Olive tail moment (TM)
was used as the measure of DNA damage. A minimum of
three SCGE slides were prepared for each treatment and in
total, 100 nuclei were analyzed per treatment [8].

Assessment of apoptosis and necrosis by acridine
orange/ethidium bromide staining

Apoptosis, necrosis and viable cells were differentiated
after staining with a modified acridine orange/ethidium
bromide (AO/EtBr) double staining [11]. Trypsinized cells
were resuspended in 0.5 ml PBS and cell suspension was
mixed with AO (4 pg/ml) and EtBr (0.5 pg/ml). The sus-
pension was immediately examined by fluorescence
microscopy (Nikon, Eclips 600, Japan) at 400x magnifi-
cation. A minimum of 300 cells was counted for every
treatment.
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Lipid peroxidation

Lipid oxidation was determined by the modified method of
Ahn et al. [12]. Cells were seeded to 25 cm? culture flasks
and treated with AsA, BC and AsA and BC for 24 and
48 h. Trypsinized cells were resuspended in 1 ml PBS and
lysed with repetitive freezing and thawing at —20°C with
vigorous vortexing in between freezing and thawing. Pro-
tein amount of lysates were determined according to
Bradford method [13]. Twenty-five microliters of 0.04 M
butylated hydroxytoluene (BHT; Sigma—Aldrich, USA) in
ethanol was added to prevent artificial increase of mal-
ondialdehyde during the experiment. After addition of
0.5 ml 30% (w/v) trichloro acetic acid (TCA; Sigma-—
Aldrich, USA), suspension was vortexed. Three mililiters
of thiobarbituric acid (TBA; Sigma—Aldrich, USA)/TCA
(20 mM TBA in 15% (w/v) TCA) solution was added and
the samples were vortex mixed. Samples were incubated in
boiling water for 1 h for the development of color. Samples
were cooled to room temperature on ice and centrifuged at
4000 rpm for 5 min. Absorbance of the supernatants were
measured at 532 nm and TBA reactive substance (TBARS)
concentrations were determined by using extinction coef-
ficient as 155 mM~' cm™'. All data of the lipid peroxi-
dation were obtained from triplicate experiments and
expressed as nmole TBARS per mg protein.

Statistical analysis

All data are expressed as mean + standard error of the
means (SE). All statistical analysis was performed using
SPSS 11.5 Software (SPSS Inc., USA). Shapiro—Wilk test
was used to test normality of distributions and homoge-
neity of variances was tested by Levene’s test. In case of
normal distribution and homogeneity of variances, treat-
ments were statistically evaluated by one-way ANOVA
analysis at 0.05 levels and post hoc Tukey analysis were
carried out to find groups whose mean differences were
significant. Differences between 24 and 48 h in treatments
were statistically evaluated by independent-samples t-test
at the 0.05 level. If data were not normally distributed or
variances were not homogenous, Mann—Whitney U or
Kruskal-Wallis with post hoc Dunn’s test was used at 0.05
levels for the comparison of incubation periods and treat-
ments, respectively.

Results

Genotoxic effects of AsA and BC on HepG2 cells

After 24 and 48 h of treatment with AsA and f-carotene,
the comet assay was conducted (Fig. 1). With relevant

plasma level and half plasma level concentrations of AsA
(70 and 35 pM, respectively), the mean tail moment in
HepG2 nuclei significantly increased from 1.73 + 0.23 um
(control) to 7.53 £ 0.68 and 5.83 4+ 0.43 um after 24 h
treatment, respectively. In addition, 24 h of 70 um AsA
treatment caused significantly higher DNA damage when
compared to 35 pm AsA treatments (Fig. 1b). When
treatment duration was increased to 48 h, though the DNA
damage induced (4.37 & 0.74 and 2.83 £ 0.50 pm for 70
and 35 um, respectively) was significantly higher than the
control (1.88 £ 0.08 pum), AsA induced DNA damage
significantly decreased (with respect to 24 h treatment
groups. When AsA was applied in combination with BC
for 24 h, there was not any significant change in mean tail
moments in comparison to 70 pm AsA treatment where the
levels significantly higher than that of 35 um AsA treat-
ment group. AsA induced DNA damage did not change
when same AsA concentrations were applied with BC for
48 h; however the levels varied between different con-
centration treatment groups (Fig. 1b). In contrast to AsA,
BC application in plasma level relevant concentrations
induced concentration dependent but incubation period
independent DNA damage in nuclei of HepG2 cells
(Fig. 1c). Since BC stock solutions were prepared in eth-
anol, solvent effect of ethanol was evaluated for DNA
damage. After 24 h of EtOH application there was not any
significant change in the mean tail moments of EtOH
applications (1.43 £ 0.15 and 1.82 £ 0.3 pm for EtOH
and EtOH/2, respectively) when compared to control.
Similarly, the values were 1.64 £ 0.25 and 1.71 +
0.18 um for EtOH and EtOH/2, respectively, which were
statistically insignificant when compared to 48 h control
groups. BC treatment induced DNA damages were signif-
icantly higher in comparison to combination applications
of AsA and BC for both 24 and 48 h of treatments. In
addition, BC induced considerably higher tail moment
when compared to AsA in both 24 and 48 h of applications
(except for the 24 h AsA/2 and BC/2 treatment groups).

AsA and BC induced apoptosis and necrosis of HepG2
cells

When results of the acridine orange/ethidium bromide
staining were evaluated (Table 1), single and combination
applications of AsA and BC induced apoptosis in HepG2
cells in 24 and 48 h when compared to untreated cells.
70 uM AsA induced apoptosis and necrosis were signifi-
cantly higher of than that of 35 puM for both 24 and 48 h
treatments. Likewise, 8 pM BC induced apoptosis and
necrosis were significantly higher of than that of 4 uM for
both 24 and 48 h treatments. When both AsA and BC were
applied to cells, apoptosis were not different for 24 and
48 h whereas after 48 h statistically significant increased
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Fig. 1 a Representative micrographs for comet evaluation; and
induction of DNA damage in treated HepG2 cells. b Effect of AsA
and AsA + BC on tail moments; *donations represent significant
difference between 24 h treatment groups (i.e., *control versus other
treatments, **AsA versus AsA/2, ***AsA/2 versus AsA + BC,
(AsA + BC)/2) and *donations represent significant difference
between 48 h treatment groups (i.e., “control versus other treatments,
**AsA versus AsA/2, (AsA + BC)/2, ***AsA/2 versus AsA + BC,
X AsA + BC versus AsA + BC)/2); ¢ Effect of BC and

apoptosis was observed when 35 ptM AsA and 4 uM BC
were applied in combination. On the contrary, when two
agents were used together necrotic cell rates decreased in
both time and dose dependent manner. Furthermore,

@ Springer

AsA + BC on tail moments; *donations represent significant differ-
ence between 24 h treatment groups (i.e., *control versus other
treatments, **BC versus BC/2, AsA + BC, (AsA + BC)/2, ***BC/2
versus AsA + BC, (AsA + BC)/2), and *donations represent
significant difference between 48 h treatment groups (i.e., “control
versus other treatments, **BC versus BC/2, AsA + BC,
(AsA + BC)/2, ***BC/2 versus (AsA + BC)/2, ****AsA + BC
versus AsA + BC)/2). Letters represent significant difference in
between 24 and 48 h incubation periods

combined applications of agents caused neither increased
apoptosis nor necrosis in comparison to single applications
of AsA and BC. When EtOH treatment groups were
evaluated after 24 h, results obtained (apoptotic cells were
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Table 1 Results of acridine

orange/ethidium bromide Treatment C(I\r/llcentration Time (h) Cells (% £+ SE)
staining (M) Apoptotic Necrotic

Control - 24 349 + 1.71° 4.63 £ 0.73"

- 48 3.08 £ 0.65 4.62 £ 1.36°
Superscript letters represent AsA 70 24 10.02 4+ 0.49%P 8.30 + 0.99'2
significant difference between fo 6.7
apoptosis of treatment groups 48 11.81 + 194 8.99 + 176~
when 24 h treatments compared 35 24 8.46 £ 2.02%"¢ 4.28 £ 0.27*°
to other 24 h treatments and 48 10.16 + 2.6M&h 436 + 1.24%78
a8 h treaments compared to BC 8 24 1051 4073 1320 + 118
Superscript numbers represent 48 14.96 + 2.36' 7.60 % 0.06°
significant difference between 4 24 507 £ 1.29%4¢ 1098 £+ 1.41*
necrosis of treatment groups 48 11.36 4+ 1.984 5.58 + 0.60%1°
when 24 D treaments compared\ x 1 Be 70 + 8 24 10.45 + 1.94°¢ 8.00 & 0.34134
48 h treatments compared to 48 10.46 £ 0.920&"* 4.19 + 1,755
other 24 h treatments 35+4 24 7.84 £ 0.34%0¢ 6.39 £ 0.87"**°
AsA ascorbic acid, BC f5- 48 12.98 + 234k 4.86 £ 0.12678910.11
carotene
3.59 £ 0.6 and 2.87 £ 0.23% for EtOH and EtOH/2,
respectively; and necrotic cells were 4.12 £ 0.56 and a
4.31 £ 0.48% for EtOH and EtOH/2, respectively) were < 18 . *mb
not statistically different from control groups (Table 1). 2 161 M24n — i
The results were similar for 48 h treatments, i.e. apoptotic S 1‘21 1 B4en 2
cells were 3.17 & 0.62 and 3.87 & 0.42% for EtOH and € || X e KX
EtOH/2, respectively; and necrotic cells were 4.91 + 0.41 _g 0.8 4 b 2 “x
and 4.411 =+ 0.51% for EtOH and EtOH/2, respectively. £ 06 . = xx
@ 044 o
Lipid peroxidation levels in treated HepG2 cells E g:s m . . .
Control AsA AsA/2 AsA+BC (AsA+BC)/2

With relevant plasma level and half plasma level concen- b
trations of AsA (70 and 35 pM, respectively), the TBARS % f:g { W24h a
levels in HepG2 significantly increased from 0.33 + 164 m4sh X G
0.01 nmol/mg protein (control) to 1.30 £ 0.05 and 0.75 + o 1.4 -
0.07 nmol/mg protein after 24 h treatment, respectively. In E 12 . B
addition, 24 h of 70 um AsA treatment caused significantly g (1)2 K [ ki "
higher lipid peroxidation when compared to 35 pm AsA o 061 xx
treatments (Fig. 2a). When treatment duration was T 049 - X
increased to 48 h, though the TBARS levels (0.95 £ 0.01 B %2 m
and 0.052 £ 0.04 nmol/mg protein for 70 and 35 pm, 00 Control ' BC ' BC/2 ASA+BC ' (AsA+BC)/2

respectively) were significantly higher than the control
(0.34 &+ 0.01 nmol/mg protein), AsA induced oxidative
damage significantly decreased with respect to 24 h treat-
ment groups. In addition, decreasing AsA concentration
caused significant decrease of lipid peroxidation for both
24 and 48 h treatments. When 70 pM AsA was applied in
combination 8§ pM with BC for 24 h, there was not any
significant change in TBARS levels in comparison to
70 um AsA treatments where the levels were significantly
higher than that of half concentration values of combination
treatment. Similar to AsA treatments, combination treat-
ments of AsA and BC caused concentration dependent
increase in TBARS values (0.83 4= 0.11 and 0.46 +

Fig. 2 Lipid peroxidation (TBARS) levels a *donations represent
significant difference between 24 h treatment groups (i.e., *control
versus other treatments, **AsA versus AsA/2, (AsA + BC)/2,
*#*%kAsA/2 versus AsA + BC, ****AsA + BC versus (AsA + BC)/
2) and “donations represent significant difference between 48 h
treatment groups (i.e., “control versus other treatments, **AsA
versus AsA/2, (AsA + BC)/2, ***AsA + BC versus (AsA + BC)/
2); b *donations represent significant difference between 24 h
treatment groups (i.e., *control versus other treatments, **BC versus
BC/2, AsA + BC, (AsA + BC)/2, *##*BC/2 versus AsA + BC,
#xxx AGA + BC versus (AsA + BC)/2); *donations represent signif-
icant difference between 48 h treatment groups (i.e., *control versus
other treatments, **BC versus BC/2, AsA + BC, (AsA + BCQ)/2,
***AsA + BC versus (AsA + BC)/2). Letters represent significant
difference in between 24 and 48 h incubation periods
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0.09 nmol/mg protein for AsA + BC and (AsA + BC)/2,
respectively). Furthermore, similar to 70 um AsA treatment,
70 um AsA and 8 um BC treatment caused significantly
higher levels of lipid peroxidation in 24 h when compared to
48 h. According to Fig. 2b, 8 and 4 pm BC applications
increased TBARS levels in concentration dependent but
incubation period independent manner (i.e., 1.49 £ 0.06 and
0.71 £ 0.03 nmol/mg protein for 48 h, and 1.49 £+ 0.03 and
0.81 £ 0.01 nmol/mg protein for 48 h). Solvent effect of
ethanol was insignificant (i.e. 0.41 £ 0.09 and 0.38 +
0.03 nmol/mg protein for 24 h EtOH and EtOH/2, respec-
tively; and 0.29 £ 0.05 and 0.36 4 0.04 nmol/mg protein
for 48 h EtOH and EtOH/2, respectively). Eight pum BC
treatment caused significantly higher lipid peroxidation than
combination applications of AsA and BC in 48 h where the
levels were significantly higher than 35 um AsA and 4 pm
BC but indifferent from 70 pm AsA and 8 um BC in 24 h.
Conversely, when BC was lowered to 4 pm, lipid peroxi-
dation was indifferent from 35 pm AsA and 4 pm BC but
significantly lower than that of 70 pum AsA and 8 um BC in
24 h where the levels were statistically indifferent in 48 h
treatment groups.

Discussion

Ascorbic acid (vitamin C) is one of the most important
hydrophilic ROS scavengers in extracellular fluid and
protects biological membranes from peroxidation and
oxidative damage by scavenging free radicals in liquid
phase [14]. Likewise, carotenoids including ff-carotene free
radical scavenger antioxidants. In addition, they affect
cellular processes such as cell proliferation, differentiation
and receptor mediated cell signaling and malignant trans-
formation, which is related to their chemo preventive effect
as well [15].

Many in vitro studies demonstrated antioxidant effect of
ascorbic acid and f-carotene in the presence of pro-oxi-
dants, DNA damaging agents and mutagens which lead to
malignant transformation [2, 5, 14, 16, 17]. On the other
hand, there are some meta-analysis reports on lack of
anticarcinogenic effect of these agents on gastrointestinal
cancer incidence and mortality [3].

In this study, effects ascorbic acid and f-carotene were
demonstrated in hepatocellular carcinoma cell line HepG2
in the absence of any other pro-oxidant compound. Beta-
carotene concentration was determined considering dietary
supplement daily intake of f-carotene and its peak plasma
level concentrations as previously reported [9, 10].

Previous reports on fibroblasts demonstrated that
ascorbic acid might prevent cellular proliferation and
induce necrosis via targeting genes related to S phase of the
cell cycle [18]. Prasad et al. [19] also reported that ascorbic
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acid had prevented proliferation of various human and
mouse carcinoma cells dependent on concentration. Fur-
thermore, it was shown to inhibit COX-2, p38 and IGF
pathways and induce apoptosis. In melanoma cells [20],
which are concordant to other findings on inhibitory effect
of ascorbic acid on cell cycle. According to our results,
ascorbic acid induced DNA damage, apoptosis and necro-
sis together with lipid peroxidation in dose dependent
manner. However, in contrast to decreased DNA damage
and necrosis, apoptosis increased when incubation period
prolonged to 48 h (Fig. 1; Table 1).

Antioxidant capacity of f-carotene and ascorbic acid is
dependent on oxygen pressure, their concentration, and
combinational effects when applied together. Moreover,
previous studies demonstrated pro-oxidant effect of f-
carotene under effect of these factors [1, 3]. For example,
1-3 uM f-carotene was shown to protect HT-29 human
colon carcinoma cells against DNA and membrane dam-
age where 4-10 uM of application concentration its pro-
tective role was shown be diminished. Furthermore, in
vitro cell culture conditions of 5% CO, was also shown to
increase pro-oxidant activity of f-carotene [21]. Results
present in this study are also in concordance with these
previous findings. Here, we demonstrate that [-carotene
induced genotoxic and cytotoxic damage in HepG2 cells
in dose and time dependent manner in the absence of any
other oxidative damage inducing agents (Figs. 1, 2;
Table 1).

AsA is a potent water-soluble antioxidant and can
reduce most biologically relevant radicals and oxidants
such as hydroxyl radical, superoxide anion, hypochlorous
acid or singlet oxygen [22]. Similarly, BC deactivates
reactive chemical species, such as singlet oxygen and free
radicals that lead to lipid peroxidation [23]. Since AsA and
BC have similar scavenging effects on same ROS, they
seem to act through similar pathways in cells. In agreement
with this, in the current study, the results obtained with the
combined applications of AsA and BC were not higher
from that of separate treatment of these antioxidants
(Figs. 1, 2; Table 1).

Vitamin C has been reported to increase the efficacy of
several chemotherapeutic drugs either in vitro or in vivo
[22, 24]. Though, beneficial and chemo preventive effects
of ascorbic acid supplementation seems to be supported by
many clinical and in vitro studies two points have been
considered on the issue; first one is about insufficiency of
plasma ascorbate levels to kill tumor cells achieved with
oral vitamin C supplementation [25], which may be over-
come by intravenous supplementation at higher doses [26—
28]. Secondly, higher concentration of ascorbate was
recorded to accumulate in tumors than in normal tissues
[29, 30]. This has raised the discussions as other preventive
supplements that it can also protect tumor cells from
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oxidative damage and decrease efficiency of chemotherapy
associated with increased ROS in tumor cells. However,
Casciari et al. [31] demonstrated antitumor effect of
ascorbic acid alone on cells in the SW620 hollow fiber in
vitro solid tumor model at clinically achievable concen-
trations or in combination with doxorubicin. They have
reported that the effect of ascorbate on doxorubicin effi-
cacy was concentration dependent i.e., low doses were
protective while high doses increased cell killing. There are
in vivo researches on antitumor potency of f-carotene as
well [reviewed in 32]. For example, Seifter et al. [33]
reported that slight regression of transplanted adenocarci-
noma of breast in rat after supplementation with high doses
of fS-carotene. Similarly, growth inhibition of oral carci-
noma in hamsters has been reported when f-carotene was
directly administrated adjacent to the tumor site [34, 35].

Here we demonstrate in vitro potential genotoxic and
cytotoxic antitumor effect of ascorbic acid and f-carotene
on HepG2 human hepatocellular carcinoma cells at
achievable plasma level concentrations. Tough, more
studies at molecular level and probably with other hepa-
tocellular carcinoma cell lines are required this study gives
a preliminary insight to further in vivo research, and first to
our knowledge, on their potential effect on hepatocellular
carcinoma.
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