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Introduction.
In addition, the removal of an elecFor many years, The Center has tron from AA results in the generation
used the infusions of 15-50 g of vitamin of ascorbic acid free radical. Removal of
C (ascorbic acid, ascorbate, AA) intrave- another electron by reactive oxygen spenously as an adjunctive therapy for cancer cies (ROS) or ascorbic free radical results
patients. The first experiments studied the in the formation of dehydroascorbic acid.
effect of vitamin C on cultured tumor cells Dehydroascorbic acid is either reduced to
and tumors in animal tests and found that ascorbic acid or hydrolyzed to di-ketoguAA is preferentially toxic to tumor ~ells.l-~lonic acid.17-l8Ascorbic free radical is a
Results of these studies showed that high relatively stable radical; however, it can
doses of AA are useful in the treatment cause the oxidative damage of cellular
of cancer patients. We analyzed the phar- components, including those associated
macokinetics of vitamin C after 15-50 g with lipid peroxidation.
of intravenous infusion and developed an
The pro-oxidant function of vitamin
infusion protoco1.l
C was demonstrated in reactions when
Over the past years, the health benefit AA reduced transition metal ions like
of high doses of AA has been the subject Fe3+ and Cu2+ which, in the presence of
of debate.
hydrogen peroxide, generate the hydroxyl
Many studies have demonstrated that radical.
ascorbic acid is the most effective waterThe other studies in human plasma
soluble antioxidant in human pla~ma.~-lO demonstrated that even in the presence of
A number of papers raised concerns that redox-active iron or copper and hydrogen
high doses of AA induce pro-oxidant ef- peroxide, AA acts as an antioxidant that
fect, cause genetic damage of ~ e l l s , l land
- ~ ~ prevents lipid peroxidation and does not
increase oxidative stress in -plasma and promote oxidation in human plasma.lg
cell environment.
The measurements were performed in
For low doses, the pro-oxidant and physiological concentrations of AA. The
anti-oxidant effects of &
have
I been a prevention of lipid peroxidation was
subject of many investigations. Several proven by measuring protein carbonyl
studies indicated that in the presence of formation and the depletion of reduced
redox-active transition metals, AA could thiols.
There are many different antioxiact as a pro-oxidant.l4l5This phenomenon
is based on the ability of ascorbate metal- dant components in plasma. The most
dependent production of hydroxyl and important biological antioxidants would
alkoxyl radicals in vitro by Fenton chemis- appear to be AA, vitamin E, uric acid,
try.16In vitro, the combination of ascorbic glutathione peroxidase, catalase, suacid, hydrogen peroxide, and transition peroxide dismutase, transferrin, and
metals forms a highly pro-oxidant mixture ceruloplasmin. The goal of this research
was to analyze the effect of high doses of
generating hydroxyl radicals.
AA supplementation on the antioxidant
1.The Center for the Improvement of Human Functioning
capacity of plasma and the resistance
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of the plasma to oxidative stress. This induced by plasma was compared with
experiment measured the total level of 6-hydroxy-2,5,7,8, tetramethy-lchromanantioxidant capability of plasma instead 2-carboxylic acid (Trolox, a water-soluble
of measuring the antioxidant effect of analogue of vitamin E).
All reagents and the reaction mixture
AA only. This is because the synergistic
effect of antioxidants and evaluation of were prepared in buffered saline without
the level of each antioxidant does not ions by treating the buffer with Chelex
show the total antioxidant status. The 100 (Bio-Rad Laboratories). After mixing
synergistic effect of antioxidants can be the buffer and Chelex 100 for about one
demonstrated by the following example. hour and filtration, the buffer was stored
If the stoichiometric factor of ascorbate in plastic tubes no longer than 2 weeks.
is 0.7 and ascorbate recycles tocopherol, Degradation of R-PE was measured every
which has a stoichiometric factor of 2, 10 minutes and cuvettes were kept at a
then the effect of ascorbate supplementa- constant temperature of 37°C.
The reaction mixture consisted of
tion on the antioxidant status of plasma
1.5
M R-PE diluted in 2 mL 75 mM
will be higher than a simple comparison
phosphate buffer, pH=7.0 without ions.
of the levels of these antioxidants.
In our study, we analyzed the total Eight pL of plasma or 30 pL of 120 pM
peroxyl-radical trapping capacity of Trolox were added to 2.0 mL final volume.
plasma after treatment of patients with The solution was maintained at 37°C for
high doses of AA and in vitro experiments five minutes in 10 mm quartz fluorometer
by addition of AA in plasma in doses that cells. The oxidation reaction was started
by adding ABAP 0.03 g per 2 mL of buffer
are achieved after 15-50 g of IV AA.
without ions.
The level of emission was measured
Methods
Measurements of the Antioxidant Capacity by spectrofluorometer Fluorolog-3 (SPEX
Company). The excitation wavelength was
of Plasma
The total level of antioxidant capacity 540 nm and the emission of protein R-PE
of plasma was determined by fluorescence was measured in the range of 560 nm -590
method TRAP (The Total Radical-Trap- nm with the maximum emission at 573
ping Antioxidant Parameter).20-21
TRAP nm, The measurements demonstrated a
measures the total peroxyl radical-trap- reproducible decrease in the emission of
ping capacity, and practically all chain- protein over time due to oxidation.
breaking antioxidants are included in
these measurements. The procedure Measurements of the ContributionofAscorbic
is based on the properties of reagent Acid in Plasma Antioxidant Capacity by the
2,2'-diazobis (2-amidinopropane) dihy- Use ofAscorbate Oxidase
To estimate the contribution of ascordrochloride (ABAP). It produces peroxyl
radicals at a constant rate. The peroxyl bate to the plasma antioxidant capacity,
radicals produced in this way have suf- plasma was treated by ascorbate o ~ i d a s e . ~ ~
ficient energy to remove hydrogen from Briefly, 100 pL of plasma were added to 200
a lipid substrate, thus inducing a lipid pL of 50 mM phosphate b d e r at pH=5 and
peroxidation chain reaction, and they incubated with 0.5 U/mL of ascorbate oxiare able to oxidize fluorescent protein dase for 30 minutes at 25 "C. At the end of
the incubation, a neutral pH was restored.
R-phycoerythrin (R-PE).
The addition of plasma antioxidants Measurements were performed for treated
in the reaction mixture protects proteins and untreated plasma. Dilution of plasma
R-PE from oxidation. The lag phase was the same in all samples (1:250).
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Sample Preparation
Human plasma was obtained from
healthy volunteers and patients and collected in BD vacutainer EDTA tubes. The
project was reviewed and approved by The
Center's IRB committee. EDTA treated
tubes were immediately centrifuged at
3000 g for 15 minutes, kept on ice and
assayed for TRAP. For comparison of
emission curves with and without proteins, proteins were removed from plasma
by precipitating them by ammonium
sulphate. In most experiments, plasma
was measured with proteins, as we found
that removal of proteins changed the antioxidant capacity of plasma, probably as
the result that lipid soluble antioxidants,
such as vitamin E, precipitated along with
proteins.
Results
In VitroEfect ofAscorbicAcid Supplementation on the Plasma Antioxidant Capacity
According to TRAP procedure, the
addition of plasma in the reaction mixture
protects protein R-PE from oxidation. The
time of protection depends on the antioxidant capacity of plasma. Incubation
of human plasma at 37°C with the watersoluble initiator ABAP, led to depletion of
the plasma antioxidants. The depletion of
antioxidants of plasma due to oxidants
can be seen at the slope of the emission
curve (Figure 1, p.156). The time of protection, or lag phase, was calculated at the
0.9 level of fluorescent protein intensity
from the initial level.
In our experiments, different concentrations of AA were added to plasma.
Time of R-PE protection was measured
for concentrations of AA 50 pM, 100
pM, 200 pM, ImM, 3 mM, and 5 mM.
The effect of the addition of different
concentrations of AA to plasma on R-PE
fluorescence decay is presented in Figure
1.The curves presented in Figure 1demonstrate the fluorescent intensity of proteins decreases, over time, after oxidation

in reaction mixture with radical initiator.
The higher level of antioxidant leads to the
longer time of protection of fluorescent
protein from oxidation. The lowest level of
protection to radical initiator ABAP was
measured for plasma without addition of
AA (25 minutes of protection for level 0.9
of normalized intensity). The addition of
0.5rnM of AA to plasma increased time
of fluorescent p r ~ t e i n ' ~ r o t e c t i oton 45
minutes (1.8 times). The addition of ImM
of AA to plasma increased the time of
protection to 60 minutes (2.4 times) and
the addition of 5 mM of plasma increased
the time of protein protection to 100 min
(4 times).
According to these data, supplementation of plasma in vitro with an increasing amount of AA led to an increase of the
lag phase proceeding to R-PE oxidation
and lipid peroxidation.
The time of protection against peroxyl radicals was normalized at the time
of protection of standard (Trolox) and
calculated as the difference between the
time of protection of plasma with exogenous AA and protection time of plasma
with endogenous AA. The calculated
time of protection demonstrated that
the addition of AA in plasma increased
the antioxidant effect proportional to
the added AA. The dependence of the
time of protection on the concentration
of exogenous ascorbic acid is presented
in Figure 2 (p.156).
According to these data, the time of
protection increased with increasing AA
concentration in plasma and ascorbate
had antioxidant activity for all measured
values in the range of 50 pM-5 mM. This
range includes the typical natural concentration of AA in plasma (about 50 @I)
and the level of AA in plasma after 15 g
of intravenous AA treatment.
As it can be seen from graph, there
is non-linearity of the protection time
with ascorbate concentration for high
doses of AA. We explored the possible
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Figure 1.Antioxidant defenses of plasma supplemented by different concentrations
of ascorbic acid exposed to water-soluble radical initiator ABAP.
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Figure 2. Dependence of the time of antioxidant defense on the exogenous
concentration of ascorbic acid.

0

1

2

3

4

Concentration of ascorbate (mM)

5

6

-

IV Vitamin C, Plasma Antioxidant Capacity and Oxidative Stress Level

causes of the nonlinearity of protection
time with ascorbate concentration. Experiments were repeated with ascorbatesupplemented buffer in place of ascorbate
-supplemented plasma. According to our
measurements, this effect was caused by
the presence of trace metal ions in the
buffer. The presence of trace metal ions in
the buffer may cause the formation of free
radicals from AA and additional oxidation
of fluorescent protein R-PE. Another factor may be that the stoichiometric factor
for AA depends on the initial concentration of AA and decreases with increased
c~ncentration.~~

Antioxidant Capacity of Plasma Before and
AJter IVC
Intravenous doses of AA produce
plasma concentrations much higher than
the maximum tolerated oral doses. According to our previous study, infusion of
15 g of ascorbate during 45 minutes usually
produces a maximum plasma concentration about 120 mg/dL (6.8 mM). Infusion
of 60 g of ascorbate during 160 min may
produce a maximum concentration in
plasma near 300 mg/dL (17 mM). With in
vitro experiments, we demonstrated that
an ascorbate concentration of 140-400mg/
dL induced a 50% decrease in the number
of cancer cells (different cell lines had different resistance to ascorbic acid).23
To evaluate whether intravenous
ascorbate infusion, which may have antitumor activity, does not have pro-oxidant
effects on plasma lipids and proteins,
TRAP assay was applied to measure the
antioxidant capacity of plasma for several
patients before and after treatments by
intravenous vitamin AA. The experimental approach used to measure antioxidant
capacity of plasma before and after IV AA
was as described before. The analysis was
performed at the same experimental conditions for plasma, which was taken before
and after IV AA. Eight pL of plasma were
added in the reaction mixture with R-PE

and ABAP, and the protection time was
measured at 10 minute intervals.
An example of the plasma protection
time before and after 15 g of IV AA is
shown for a healthy subject and a patient
with liver and lung cancer (Figure 3, p.158).
In addition, the oxidation of R-PE proteins
without addition of plasma is presented
as a control.
According to these data, the plasma
level of antioxidant protection was 30%
lower in the cancer patient before IV AA
in comparison with the healthy subject,
and it was improved after treatment. The
peroxyl-radical trapping ability of plasma
was increased 3 times after 15 g IV AA
treatment of a cancer patient. For the
healthy subject, the level of peroxyl trapping ability was improved 2 times, and
the plasma response curves to oxidative
stress were similar for the cancer patient
and the healthy volunteer after IV AA
treatment.
The lower level of antioxidant capability of plasma for the patient with
cancer may be explained by the higher
level of oxidative stress and the plasma
level of lipid peroxidation products in
patients with early and advanced cancer
in comparison with healthy s ~ b j e c t s . ~ ~ , ~ ~
The increased level of oxidative stress
increases the consumption of antioxidant
molecules and enzymes.
The level of antioxidant protection
after 15 g IV AA was measured for five
patients and two healthy volunteers. According to these measurements 15 g of IV
AA improved the antioxidant properties
of plasma two to four times. For all plasma
samples, the level of AA was measured by
HPLC with an electrochemical detector.
After 15 g of IV AA, the level of AA was
in the range of 60-90 mg/dL (3.4 mM-5.1
mM).
The level of antioxidant protection
of plasma depended on the dosage of
IV AA. We measured serum from five
patients treated with 15 g of IV AA, two
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Figure 3. Effect of 15 g IV C on time of plasma protection against oxidative stress.
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Figure 4. Dependence of the antioxidant capacity of plasma on the dosage of IVC.
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patients treated with 25 g of IV AA, and
two patients treated with 50 g of IVAA to
plot the dependence of the antioxidant
capacity of plasma on the dosage of IV
AA injection (Figure 4, p.158)
According to these data, the treatment of patients intravenously with
dosages of 15-25 g of AA resulted in the
increased antioxidant capacity of plasma,
and the level of antioxidant capacity correlated with the level of supplementation.
For higher doses, the time of protection
was not improved due to plasma saturation with AA.
To estimate the contribution of
ascorbic acid in the total antioxidant capacity of plasma, AA was removed from
serum by ascorbate oxidase. Treated and
untreated plasma were added in the reaction mixture with the same dilution and
the antioxidant capacity was measured by
TRAP assay. The contribution of ascorbic
acid in the total antioxidant capacity of
plasma was in the range of 10-15%.
Conclusion
High-dose AA treatment is beneficial
in a variety of clinical situations, when
overproduction of reactive oxygen species
is a critical pathological factor. Because
free-radical damage and the formation of
lipid peroxides are suspected in carcinogenesis and other pathological conditions,
ascorbic acid supplementation may be
useful for disease prevention.
According to these results, even high
doses of ascorbate do not cause oxidative
damage in plasma and can prevent the initiation of peroxidative damage to plasma
lipids and proteins by aqueous peroxyl
radicals. The level of protection time was
improved by increasing the concentration
of AA in plasma.
The peroxyl-trapping ability of plasma
was increased 3 times after 15 g of IV AA
treatments of a cancer patient. The level
of antioxidant capacity correlated with
the doses of AA in vitro experiments and

in vivo after treatment of patients with
15-25 g of IVC.
Ascorbic acid can directly scavenge
oxygen free radicals with and without
enzyme catalysts and can indirectly scavenge them by recycling tocopherol to the
reduced form. Reacting with activated
oxygen more readily than other aqueous
components, ascorbate protects critical
macromolecules in c e h and lipids and
proteins in plasma from oxidative damage. According to our measurements,
the contribution of ascorbic acid in total
antioxidant capacity of plasma at the
physiological level for endogenous AA is
in the range of 10-15%.
As the result of our studies, we can
conclude that AA is very important and is
a primary antioxidant in plasma, protecting serum lipid peroxidation and protein
oxidation. In addition, according to these
results, high doses of AA increase the level
of antioxidant capacity of plasma and do
not have pro-oxidant effects on plasma
lipids and proteins.
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