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Abstract: Considering drug-induced lipid peroxidation as a possible mediator of drug-induced toxicity and
exploiting the free radical scavenging action of antioxidants, the present study was designed to evaluate the pro-
tective effects of ascorbic acid (AA) and water extract of Spirulina plantesis (SP) to minimize 5-fluorouracil (5-
FU)-induced lipid peroxidation. The study has been performed in vitro using goat liver as an experimental
model. This evaluation was done by measuring the malondialdehyde (MDA), reduced glutathione (GSH), 4-
hydroxy-2-nonenal (4-HNE) and nitric oxide (NO) content of the tissue as markers of lipid peroxidation. The
results suggest that ascorbic acid and water extract of Spirulina plantesis could suppress the 5-FU-induced lipid

peroxidation to a significant extent.
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Free radical production and lipid peroxidation
are potentially important mediators for pathophysi-
ology of many diseases (1). Lipid peroxidation is the
introduction of a functional group containing two
catenated oxygen atoms O-O, into unsaturated fatty
acids in a free radical chain reaction (2). Lipid per-
oxidation leads to generation of peroxides and
hydroperoxide that can decompose to yield a wide
range of cytotoxic end products, most of which are
aldehydes as exemplified by molondialdehyde
(MDA), 4-hydroxy-2-nonenal (4-HNE) etc. (3).
Free radicals are highly reactive molecules with odd
number of electrons. They are constantly being gen-
erated in the body through various mechanisms and
also being removed by endogenous antioxidant
defense mechanism that acts by scavenging free rad-
icals, decomposing peroxides and/or binding with
prooxidant metal ion (4). Free radical mediated
oxidative stress results usually from deficient natu-
ral antioxidant defense. In case of reduced or
impaired defense mechanism and excess generation
of free radicals that are not counterbalanced by
endogenous antioxidant defense, exogenously
administered antioxidants have been proven useful
to overcome oxidative damage (4).
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Ascorbic acid has versatile medicinal proper-
ties. It has been now established that besides its own
physiological effects it has potential antioxidant
property. Ascorbic acid has been reported to have
protective role against cadmium induced thyroid
dysfunction due to its antioxidant action (5).
Spirulina plantesis (blue green algae) has diverse
biological activities. Due to high content of highly
valuable proteins, indispensable amino acids, vita-
mins, B-carotene and other pigments, mineral sub-
stances, indispensable fatty acids and polysaccha-
rides, spirulina has been found suitable for use as
bioactive additive (6). Spirulina has direct effect on
reactive oxygen species. It also contains an impor-
tant enzyme superoxide dismutase (SOD) (1700
units/g of dry mass) that acts indirectly by slowing
down the rate of oxygen radical generating reactions
(7). It was found that besides antioxidant effects
spirulina has versatile properties like immunomodu-
lation effects (8), anticancer effects (9), effects on
hyperlipidemia (10, 11) and diminishing toxicities
from heavy metal and other compounds (12). In
view of the above findings it would be of interest to
obtain more information regarding antiperoxidative
potential of ascorbic acid and spirulina.
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5-Fluorouracil (5-FU), an anticancer drug, has
several toxic side effects besides its antitumor prop-
erty. It has been reported that 5-FU produces
nephrotoxicity on Wistar rats (13). It has also been
observed that the drug induces cardiotoxicity (14)
because 5-FU treatment causes impairment in the
myocardial antioxidant defense system and leads to
cardiac peroxidation and it has been postulated that
antioxidant therapy might have therapeutic advan-
tage (15). Lipid peroxidation induction capacity of
drugs may be related to their toxic potential as
exemplified by adriamycin-induced cardiotoxicity,
which occurs through free radical mediated process
(16). Thus, the evaluation of antioxidants as sup-
pressor of drug induced lipid peroxidation provides
a scope of further investigation for their co-adminis-
tration with drugs to reduce drug-induced toxicities
that are possibly mediated by free radical mecha-
nism.

In the ongoing search of the present authors for
antioxidants that may reduce drug induced lipid per-
oxidation (17-27), the present work has been carried
out in vitro to evaluate the antioxidant effect of
ascorbic acid (AA) and water extract of Spirulina
plantesis (SP) on 5-fluorouracil-induced lipid per-
oxidation.

EXPERIMENTAL

Thiobarbituric acid (TBA), 2,4-dinitrophenyl-
hydrazine (DNPH), sodium nitrite and trichloro-
acetic acid (TCA) were purchased from Ranbaxy
Fine Chemicals Ltd., New Delhi; 5,5’- dithiobis(2-
nitrobenzoic acid) was from SRL Pvt. Ltd.,
Mumbai; sulfanilamide from S.D. Fine Chem. Ltd.,
Mumbai; N-naphthylethylenediamine dihydrochlo-
ride was from Loba Chemie Pvt. Ltd., Mumbai;
1,1,3,3-tetraethoxypropane, reduced glutathione
were from Sigma Chemicals Co. St. Louis, MO,
USA. The standard sample of 4-HNE was purchased
from ICN Biomedicals Inc., Ohio, USA. All other
reagents were of analytical grade.

The study was performed on goat (Capra
capra) liver using some common laboratory markers
of lipid peroxidation like measurement of the mal-
ondialdehyde (MDA), 4-hydroxy-2-nonenal (4-
HNE), reduced glutathione (GSH) and nitric oxide
(NO) content of the tissue. The goat liver was select-
ed because of its easy availability and close similar-
ity to the human liver in its lipid profile (28).

Preparation of water extract of Spirulina plantesis
Spirulina was obtained from INDO LEENA,
Biotech Private Ltd., Spirulina Farm, Namakkal,

Tamil Nadu. Attempt was made to determine the
maximum concentration of the algae in water extract.
For this purpose, first 2.5 g of spirulina powder was
weighed and added to 200 mL of water. The mixture
was heated cautiously until the volume was reduced
to 50 mL. The hot solution was twice filtered at a
suction pump using one and then double filter paper.
The filtrate was transferred in a 50 mL volumetric
flask and the volume was made up to the mark with
double distilled water. The concentration of the solu-
tion was determined as follows: At first a clean Petri
dish was weighed accurately and 1 mL of the extract-
ed solution was placed on it and heated on steam bath
to remove the water. The last traces of water were
removed by drying in hot air oven. The Petri dish
was cooled in dessicator and weighed. The procedure
was repeated fourfold yielding the amount of solid in
5 mL of extract. The concentration of water extract
determined in this way was 0.92% w/v. The same
procedure was followed with4 g,5¢g,6g,and 7 g
of spirulina powder and the concentrations were
1.4%, 1.7%, 1.7%, 1.7% w/v, respectively. It was
found that the maximum concentration of the water
extract of the algae was 1.7% w/v. The A, of the
water-extracted solution was found at 259 nm.

Preparation of tissue homogenate

Goat liver was collected from Kolkata
Municipal Corporation (KMC) approved outlet.
Goat liver perfused with normal saline through
hepatic portal vein was harvested and its lobes were
briefly dried between filter papers to remove excess
blood and thin cut with a heavy-duty blade. The
small pieces were then transferred in a sterile vessel
containing phosphate buffer (pH = 7.4) solution.
After draining the buffer solution as completely as
possible, the liver was immediately grinded to make
a tissue homogenate (1 g/mL) using freshly prepared
phosphate buffer (pH = 7.4).

Incubation of tissue homogenate with drug
and/or antioxidant

The tissue homogenate was divided into four
parts of 50 mL each. The first portion was kept as
control (C), while the second portion was treated
with drug (D) at a concentration of 0.012 mg/g of
tissue homogenate. The third portion was treated
with drug and antioxidant (AA / SP) (DA) and the
fourth one was treated with antioxidant alone at a
concentration of 0.166 mg/g of tissue homogenate.
After treatment with drug and/or antioxidant, the
different portions of liver homogenate were shaken
for 1 h and incubated at ambient temperature for 4 h
for further work.



In vitro evaluation of protective effects of ascorbic... 337

Estimation of malondialdehyde (MDA) level
from tissue homogenate

The extent of lipid peroxidation was measured
in terms of malondialdehyde (MDA) content using
thiobarbuturic acid (TBA) method (29). The estima-
tion was done at 2 and 4 h of incubation and repeat-
ed in five animal sets. In each case three samples of
2.5 mL of incubation mixture were treated with 2.5
mL of 10% (w/v) trichloroacetic acid (TCA) and
centrifuged at room temperature at 3000 rpm for 30
min to precipitate protein. Then, 2.5 mL of the
supernatant was treated with 5 mL of 0.002 M TBA
solution and the volume was made up to 10 mL with
distilled water. The mixture was heated on a boiling
water bath for 30 min. The tubes were cooled to
room temperature and the absorbance was measured
at 530 nm against a TBA blank (prepared from 5 mL
of TBA solution and 5 mL of distilled water) using
Shimadzu UV-1700 double beam spectrophotome-
ter. The concentrations of MDA were determined
from standard curve, which was constructed as fol-
lows. Different aliquots from standard 1,1,3,3-
tetrahydroxypropane (TEP) solution were taken in
graduated stoppered test tubes and volume of each
solution was made up to 5 mL. To each solution, 5
mL of TBA solution was added and the mixture was
heated in a steam bath for 30 min. The solutions
were cooled to room temperature and their
absorbances were measured at 530 nm against TBA
as blank. By plotting absorbances against concentra-
tions a straight line passing through the origin of
grid was obtained. The best-fit equation is A =
0.007086M, where M = nanomoles of MDA, A =
absorbance, r = 0.995, SEE = 0.006.

Estimation of reduced glutathione (GSH) level
from tissue homogenate

Reduced glutathione (GSH) was measured acc.
to Ellman’s method (30). The estimation was done at
1 and 2 h of incubation and repeated in five animal
sets. In each case three samples of 1 mL of incubation
mixture were treated with 1 mL of 5% (w/v) TCA in
1 mM EDTA centrifuged at 2000 g for 10 min. After
that, 1 mL of the filtrate was mixed with 5 mL of 0.1
M phosphate buffer (pH = 8.0) and 0.4 mL of 5,5’-
dithiobis(2-nitrobenzoic acid) in 0.01% phosphate
buffer (pH = 8.0) (DTNB) was added to it. The
absorbances of the solutions were measured at 412
nm against blank (prepared from 6.0 mL of phosphate
buffer and 0.4 mL of DTNB). The concentrations of
reduced glutathione were determined from standard
curve, which was constructed as follows. Different
aliquots of standard reduced glutathione stock solu-
tion were taken in 10 mL volumetric flasks. To each
solution 0.4 mL of DTNB solution was added and
volume was adjusted up to the mark with phosphate
buffer (pH = 8.0). The absorbance of each solution
was measured at 412 nm against a blank containing
9.6 mL of phosphate buffer (pH = 8.0) and 0.4 mL of
DTNB solution. By plotting absorbances against con-
centration a straight line passing through the origin of
grid was obtained. The best-fit equation was A =
0.00151C, where C = nanomoles of reduced glu-
tathione, A = absorbance, r = 0.997, SEE = 0.008.

Estimation of 4-hydroxy-2-nonenal (4-HNE) level
from tissue homogenate

The estimation was done only at 2 h of incuba-
tion and it was repeated in 5 animal sets. In each

Table 1. ANOVA and multiple comparison for changes of MDA content.

Name of the Hours of Analysis of variance and multiple comparison
antioxidant incubation ) )
F1 =41.29 [df = (2,8)], F2 = 5.44 [df = (4,8)], Pooled variance (S%)" = 4.79,
2 Critical difference, (p = 0.05)", LSD = 4.12, Ranked means™ (D) (DA, A)
Ascorbic acid
4 F1=67.92 [df = (2,8)], F2 = 0.26 [df = (4,8)], Pooled variance (S?)" = 8.94,
Critical difference, (p = 0.05)%, LSD = 5.63, Ranked means™, (D) (DA, A)
F1=59.33 [df = (2,8)], F2 = 1.153 [df=(4,8)], Pooled variance (S*)" = 14.06,
- . T P — -
Water extract of 2 Critical difference, (p = 0.05)%, LSD = 7.06, Ranked means™, (D) (DA, A)
Spirulina plantesis 4 Fl=27.23 [df = (2.8)], F2 = 0.13 [df = (4,8)], Pooled variance (S*) = 56.90,
Critical difference, (p = 0.05)*, LSD =14.20, Ranked means™, (D) (DA, A)

Theoretical values of F: p = 0.05 level F1 = 4.46 [df = (2,8)], F2 = 3.84 [df = (4,8)]; p = 0.01 level F1 = 8.65 [df = (2,8)], F2 = 7.01 [df =
(4,8)]; F1 and F2 corresponding to variance ratio between groups and within groups, respectively.* Error mean square, * Critical difference
according to the least significant procedure (34); ** Two means not included within the same parenthesis are statistically significantly

different at p = 0.05 level.
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Table 2. ANOVA and multiple comparison for changes of 4-HNE content.

Name of the Hours of Analysis of variance and multiple comparison

antioxidant incubation y P P

Ascorbic acid 2 F1 =34.99 [df = (2,8)], F2 = 4.64[df = (4,8)], Pooled variance (S?)" = 48.89,
Critical difference, (p = 0.05)%, LSD = 13.16, Ranked means™ (D) (DA, A)

Water extract of 2 F1 =50.25 [df = (2,8)], F2 = 1.10 [df = (4,8)], Pooled variance, (S?)" = 41.18,

Spirulina plantesis Critical difference, (p = 0.05)%, LSD = 12.08, Ranked means™ (D) (DA, A)

Theoretical values of F: p = 0.05 level F1 = 4.46 [df = (2,8)], F2 = 3.84 [df = (4,8)]; p = 0.01 level F1 = 8.65 [df = (2,8)], F2=7.01 [d f=
(4,8)]; F1 and F2 corresponding to variance ratio between groups and within groups, respectively.* Error mean square, * Critical difference
according to the least significant procedure (34); ** Two means not included within the same parenthesis are statistically significantly
different at p = 0.05 level.

Table 3. ANOVA and multiple comparison for changes of GSH content.

Name of the Hours of . . . .
.. . . Analysis of variance and multiple comparison
antioxidant incubation
F1 =28.62 [df = (2,8)], F2 = 5.30 [df = (4,8)], Pooled variance (S*" = 8.49,
1 Critical difference, (p = 0.05)*, LSD = 5.48, Ranked means™ (D) (DA, A)
Ascorbic acid
2 F1 =15.49 [df = (2,8)], F2 = 1.12 [df = (4,8)], Pooled variance (S*" = 10.14,
Critical difference, (p = 0.05)%, LSD = 5.99, Ranked means™ (D) (DA, A)
1 F1 =17.87 [df = (2,8)], F2 = 1.05 [df = (4,8)], Pooled variance (S*)" = 22.71,
Water extract of Critical difference, (p = 0.05)%, LSD = 8.97, Ranked means™ (D) (DA, A)
Spirulina plantesis 2 F1 = 19.27 [df = (2,8)], F2 = 0.65 [df = (4,8)], Pooled variance (S?)' = 41.58,
Critical difference, (p = 0.05)% LSD = 12.14, Ranked means™ (D) (DA, A)

Theoretical values of F: p = 0.05 level F1 = 4.46 [df = (2,8)], F2 = 3.84 [df = (4,8)]; p = 0.01 level F1 = 8.65 [df = (2,8)], F2 =7.01 [df =
(4,8)]; F1 and F2 corresponding to variance ratio between groups and within groups, respectively.* Error mean square, * Critical difference
according to the least significant procedure (34); ** Two means not included within the same parenthesis are statistically significantly

different at p = 0.05 level.

case three samples of 2 mL of incubation mixture
were treated with 1.5 mL of 10% TCA solution and
centrifuged at 3000 rpm for 30 min. Then, 2 mL of
the filtrate was treated with 1 mL of 2,4-dinitro-
phenylhydrazine (DNPH) (100 mg/100 mL of 0.5 M
HCI) and kept for 1 h at room temperature. After
that the samples were extracted with hexane and the
extract was evaporated to dryness under argon at
40°C. After cooling to room temperature, 2 mL of
methanol was added to each sample and the
absorbance was measured at 350 nm against
methanol as blank (31). The values were determined
from the standard curve. The standard calibration
curve was drawn based on the following procedure.
A series of dilutions of 4-HNE in different concen-
trations of solvent (phosphate buffer) were prepared.
From each solution 2 mL of sample was pipetted out
and transferred into stoppered glass tube. 1 mL of
DNPH solution was added to all the samples and
kept at room temperature for 1 h. Each sample was
extracted with 2 mL of hexane for three times. All
extracts were collected in stoppered test tubes. After
that, the extract was evaporated to dryness under

argon at 40°C and the residue was reconstituted in 1
mL of methanol. The absorbance was measured at
350 nm using the 0 mM 4-HNE standard as a blank.
The best-fit equation is: Nanomoles of 4-HNE =
(Asz50 — 0.005603185)/0.003262215, where Asy, =
absorbance at 350 nm, r = 0.999, SEE = 0.007.

Estimation of nitric oxide (NO) level from tissue
homogenate

The estimation was done at 1 and 2 h of incu-
bation and it was repeated in five animal sets. NO
content was determined by reaction with the Griess
reagent. This reagent was prepared by mixing equal
volumes of sulfanilamide (1% w/v in 3 M HCI) and
0.1% w/v N-naphthylethylenediamine dihydrochlo-
ride (32). In each case three samples of 4.0 mL of
tissue homogenate were treated with 2.5 mL of 10%
TCA solution and centrifuged at 3000 rpm for 30
min. Then 5 mL of the filtrate were treated with 0.5
mL of Griess reagent. After 10 min the absorbances
of the solutions were measured at 540 nm against
blank (prepared from 5.0 mL of distilled water and
0.5 mL of Griess reagent). The values were calcu-
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Table 4. ANOVA and multiple comparison for changes of NO content.

Name of the Hours of Analysis of variance and multiple comparison
antioxidant incubation y p P
F1 =132.78 [df = (2,8)], F2 = 5.29 [df = (4,8)], Pooled variance (S*)" = 7.47,
1 Critical difference, (p = 0.05)*, LSD = 5.15, Ranked means™ (D) (DA, A)
Ascorbic acid
2 F1 = 139.58 [df = (2,8)], F2 = 1.60 [df = (4,8)], Pooled variance (S*)" = 9.87,
Critical difference, (p = 0.05)%, LSD = 5.91, Ranked means™ (D) (DA) (A)
F1 =77.34 [df = (2,8)], F2 = 1.54 [df = (4,8)], Pooled variance (S*)" = 10.90,
Water extract of 1 Critical difference, (p = 0.05)%, LSD = 6.22, Ranked means™ (D) (DA, A)
Spirulina plantesis 2 F1 = 173.80 [df = (2,8)], F2 = 3.23 [df = (4,8)], Pooled variance (S?)" = 12.96,
Critical difference, (p = 0.05)", LSD = 6.78, Ranked means™ (D) (DA) (A)

Theoretical values of F: p = 0.05 level F1 = 4.46 [df = (2,8)], F2 = 3.84 [df = (4,8)]; p = 0.01 level F1 = 8.65 [df = (2,8)], F2 =7.01 [df =
(4,8)]; F1 and F2 corresponding to variance ratio between groups and within groups, respectively.* Error mean square, * Critical difference
according to the least significant procedure (34); ** Two means not included within the same parenthesis are statistically significantly

different at p = 0.05 level.

lated from standard curve, which was constructed as
follows. Different aliquots from standard sodium
nitrite solution were taken in 5 mL volumetric
flasks. To each solution 0.5 mL of Griess reagent
was added and the volume was adjusted up to the
mark with phosphate buffer. The absorbances of
each solution were noted at 540 nm against a blank
containing the buffer and Griess reagent. By plotting
absorbance against concentration a straight line
passing through the origin was obtained. The best-fit
equation is A = 0.0108 M, where M = nanomoles of
NO, A = absorbance, r = 0.99581, SEE = 0.0064.

The percent changes in MDA, GSH, 4-HNE
and NO level of different samples at different hours
of incubation were calculated with respect to the
control of the corresponding hours of incubation and
the changes in MDA/GSH/4-HNE/NO levels were
considered as an indicator of the extent of lipid per-
oxidation. Interpretation of the results was support-
ed by Mann-Whitney U test (33) and also by statis-
tical multiple comparison analysis using the least
significant different procedure (34, 35).

RESULTS

The results of the studies on 5-fluorouracil-
induced lipid peroxidation and its inhibition with
ascorbic acid and water extract of Spirulina plante-
sis are shown in bar chart along with standard devi-
ation (Figs.1-8). From Figures 1-4, it is evident that
incubation of the liver homogenates with 5-FU
caused an increase in MDA and 4-HNE content with
respect to control to a significant extent after incu-
bation for varying period of time. However, the
MDA and 4-HNE content were significantly

reduced with respect to drug treated group when the
tissue homogenates were treated with 5-FU in com-
bination with antioxidants (AA / SP). The observa-
tions suggest that 5-FU could significantly induce
the lipid peroxidation process. So, the lipid peroxi-
dation induction capacity of the drug may be related
to its toxic potential. It was also found that the
antioxidants (AA / SP) could suppress the 5-FU
induced lipid peroxidation to a significant extent. It
was also noted that when the tissue homogenates
were treated with ascorbic acid alone, it showed
some increase in MDA content with respect to con-
trol (1 h), but when the tissue homogenates were
treated with spirulina alone, then there was a
decrease in MDA content with respect to the corre-
sponding control.

From Figures 5-8 it is evident that incubation
of the liver homogenates with 5-FU caused a
decrease in GSH and NO content with respect to
control to a significant extent. The decrease in GSH
and NO content was associated with an increase in
lipid peroxidation. When the tissue homogenates
were treated with drug and antioxidants (AA / SP),
then the GSH and NO levels increased in compari-
son to drug treated group of corresponding hours.
Again, when the tissue homogenates were treated
with antioxidants (AA / SP) alone, the GSH and NO
contents were increased in comparison to the control
samples. The increase in GSH and NO level suggest
the antiperoxidative potential of antioxidants (AA
/SP). The Z values obtained from Mann-Whitney
test for comparison of different groups (D-DA, DA-
A, D-A) (Table 5) indicate that the drug treated
groups are significantly different from the groups
treated with drug and antioxidant (DA), and antiox-
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idant alone (A). Only in case of measurements of
NO content using AA (1,2 h) and SP (2 h) as antiox-
idants the difference between DA and A is signifi-
cant. In other cases no significant difference was
found between the groups DA and A. This also cor-
relates with the multiple comparisons in ANOVA.
In this study ANOVA was used in addition to non-
parametric Mann-Whitney test to confirm the results
of differences between various groups and also
within a particular group. From Tables 1-4, it is seen
that there are significant differences among various
groups (F1), but within a particular group, differ-
ences (F2) were insignificant. The differences
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Figure 1. Effects of ascorbic acid on 5-FU induced lipid peroxida-
tion changes in MDA profile (n = 5).
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Figure 2. Effects of ascorbic acid on 5-FU induced lipid peroxida-
tion changes in 4-HNE profile (n = 5).

among objects within a treatment, is a measure of
the variability of the observation. If the F test is sig-
nificant and more than two treatments are included
in the experiments, it may not be obvious immedi-
ately, which treatments are different. To solve the
problem, multiple comparisons in ANOVA have
been done.

DISCUSSION

It has been understood that lipid peroxidation
induction capacity of drugs may be related to their
toxic potential. This is an analogy to insulin defi-
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Figure 3. Effects of water extract of Spirulina plantesis on 5-FU
induced lipid peroxidation changes in MDA profile (n = 5).
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Figure 4. Effects of water extract of Spirulina plantesis on 5-FU
induced lipid peroxidation changes in 4-HNE profile (n = 5).
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Figure 5. Effects of ascorbic acid on 5-FU induced lipid peroxida-
tion changes in GSH profile (n = 5).
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Figure 6. Effects of ascorbic acid on 5-FU induced lipid peroxida-
tion changes in NO profile (n = 5).

ciency diabetes induced by alloxan (36) that are
mediated through free radical mechanism. An
increase in MDA and 4-HNE levels or a decrease in
GSH and NO levels of the drug treated group sug-
gests the occurrence of lipid peroxidation. MDA is a
highly reactive three-carbon dialdehyde produced as
a byproduct of polyunsaturated fatty acid peroxida-
tion and arachidonic acid metabolism (37). An
increase in the accumulation of MDA in cells can
result into cellular degradation, some biochemical
changes and even cell death (38). 4-HNE is a major
product formed due to lipid peroxidation through the
oxidative degradation of arachidonic acid bound to
phospholipid (39, 40). It can diffuse within or even
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Figure 7. Effects of water extract of Spirulina plantesis on 5-FU
induced lipid peroxidation changes in GSH profile (n = 5).
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Figure 8. Effects of water extract of Spirulina plantesis on 5-FU
induced lipid peroxidation changes in NO profile (n = 5).

escape from the cell and attack targets far from the
site of the original free radical event (41, 42). So, the
decrease in MDA and 4-HNE content of tissue
homogenates when treated with drug and antioxi-
dants implies the free radical scavenging property of
antioxidants. The increase in MDA content (1 h)
with respect to control when the tissue homogenates
were treated with ascorbic acid alone indicates its
prooxidant effect. It was postulated that ascorbic
acid could reduce Fe** to Fe** which promotes gen-
eration of hydroxyl radicals and other reactive oxy-
gen species through Fenton’s reaction (43, 44).
Many known antioxidants like vitamins (45), estro-
gen (46, 47), superoxide dismutase (48), and
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flavonoids have been reported to act as prooxidants
in the presence of transition metals (49-50) or at
high concentration (51). Glutathione is a small pro-
tein composed of three amino acids, such as cys-
teine, glutamic acid and glycine (52). It is an impor-
tant antioxidant and plays a very important role in
the defence mechanism for tissue against the reac-
tive oxygen species (53). The depletion of GSH is
associated with an increase in lipid peroxidation.
The decrease in GSH level may be a consequence of
enhanced utilization of this compound by the antiox-
idant enzymes: glutathione peroxidase and glu-
tathione-S-transferase. NO plays a very important
role in host defense (54). Nitric oxide has versatile
role in biology because it can be a signaling mole-
cule in vasodilatation (55), a toxin (56), a prooxidant
(57), and a potential antioxidant (58-61). Thus, the
increase in GSH and NO content of tissue
homogenates when treated with drug and antioxi-
dant (AA / SP) implies the free radical scavenging
activity of the antioxidants. It has been found that
spirulina reduces the hepatic cytochrome P45 con-
tent and increases the hepatic glutathione-S-trans-
ferase activity (62). It has been proposed that NO
causes chain termination reactions during lipid per-
oxidation as observed in low-density lipoprotein
oxidation as well as in chemical systems (58-61).
The data presented in this work demonstrate the
lipid peroxidation induction potential of 5-fluo-
rouracil, which may be related to its toxic potential.
The results also suggest the antiperoxidative effects
of ascorbic acid and water extract of Spirulina
plantesis and demonstrate their potential to reduce
5-fluorouracil induced lipid peroxidation and thus to
increase therapeutic index of the drug by the way of
reducing toxicity that may be mediated through free
radical mechanisms.

CONCLUSION

Our findings clearly show that ascorbic acid
and water extract of Spirulina plantesis are capable
of preventing lipid peroxidation induced by 5-fluo-
rouracil. The concept of antioxidant cotherapy may
also be exploited during future formulation design to
reduce drug-induced toxicity. Moreover, lipid per-
oxidation induction capacity of a drug may be test-
ed at individual level to determine the extent of risk
from the drug in case of a particular individual, in
view of variable in vivo antioxidant defence and
accordingly, the decision about safe use of a drug
and necessary co-administration of antioxidants
may be taken. However, further extensive study is
required to advance such hypothesis.

Acknowledgments

The authors wish to thank Dabur Research
Foundation, Ghaziabud (U.P.) for providing the free
gift sample of 5-fluorouracil.

REFERENCES

1. Murugesan P., Muthusamy T., Balasubrama-
nian K., Arunakaran J.: Free Radic. Res. 39,
1259 (2005).

2. Alan Wheatley R.: Trends Anal. Chem. 19, 617
(2000).

3. Esterbauer H., Zollner H., Schaur R. J.: Atlas
Sci. Biochem. 1, 311 (1998).

4. Halliwell B.: Drugs 42, 569 (1991).

5. Gupta P., Kar A.: J.: Appl. Toxicol. 18, 317
(1998).

6. Blinkova L. P., Gorobets O. B., Baturo A. P.:
Zh. Mikrobiol. Epidemiol. Immunobiol. 2, 114
(2001).

7. Belay A.: J. Am. Nutraceut. Assoc. 5, 26
(2002).

8. Hayashi O., Katoh T., Okuwaki Y.: J. Nutr. Sci.
Vitaminol. 40, 431 (1994).

9. Mathew B., Sankarnarayanan R., Nair P.,
Varghese C., Somanathan T., Amma P., Amma
N., Nair M.: Nutr. Cancer 24, 197 (1995).

10. Devi M.A., Venkataraman L.V.: Nutr. Rep. Int.
28,519 (1983).

11. Kato T., Takemoto K., Katayama H., Kuwabara
Y.: J. Jap. Soc. Nutr. Food Sci. 37, 323 (1984).

12. Fukino H., Takagi Y., Yamane Y.: Eisei
Kagaku 36, 5 (1990).

13. Skretkowicz J., Sekulska M., Danilewicz M.,
Wagrowska-Danilewicz M., Polakowski P.:
Biol. Signals 5, 51 (1996).

14. Simbre C., Duffy A., Dadlani H., Miller L.,
Lipshultz E.: Pediatr. Drugs 7, 187 (2005).

15. Durak L., Karaayvaz M., Kavutcu M., Burak
Cimen M. Y., Kacmaz M., Buyukkocak S.,
Serdar Ozturk H.: J. Toxicol. Environ. Health,
Part A 59, 585 (2000).

16. Luo X., Evrovsky Y., Cole D., Trines J.,
Benson L. N., Lehotay D. C.: Biochim.
Biophys. Acta 1360, 45 (1997).

17. Sengupta M., De A.U., Sengupta C.: Indian J.
Biochem. Biophys. 32, 302 (1995).

18. Dutta H., De A.U., Sengupta C.: Indian J.
Biochem. Biophys. 33, 76 (1996).

19. Roy K., Rudra S., De A.U., Sengupta C.: Indian
J. Pharm. Sci. 60, 153 (1998).

20. Roy K., Rudra S., De A.U., Sengupta, C.:
Indian J. Pharm. Sci. 61, 44 (1999).



344

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.
39.

40.

41.

SUPRATIM RAY et al.

Roy K., Saha A., De, K., Sengupta C.: Acta Pol.
Pharm.-Drug Res. 57, 385 (2000).

Saha A., Roy K., De K., Sengupta C.: Acta Pol.
Pharm.-Drug Res. 57, 443 (2000).

De K., Roy K., Saha A., Sengupta C.: Acta Pol.
Pharm.-Drug Res. 58, 391 (2001).

Saha A., Roy K., De K., Sengupta C.: Acta Pol.
Pharm.-Drug Res. 59, 65 (2002).

Roy K., Saha A., De K., Sengupta C.: Acta Pol.
Pharm.-Drug Res. 59, 231 (2002).

Ray S., Sengupta C., Roy K.: Acta Pol. Pharm.-
Drug Res. 62, 145 (2005).

Ray S., Roy K., Sengupta C.: Indian J. Pharm.
Sci. 68, 199 (2006).

Hilditch T. P., Williams P. N.: The Chemical
Constituents of Fats, p. 100, Chapman & Hall,
London 1964.

Ohkawa H., Ohishi N., Yagi K. Anal.
Biochem. 95, 351 (1959).

Ellman G.L.: Arch. Biochem. Biophys. 82, 70
(1959).

Kinter M.: Free Radicals — A Practical
Approach, Punchard N.A., Kelly G.J. Eds., p.
136, Oxford University Press, Oxford 1996.
Sastry K..V. H., Moudgal R. P., Mohan J.,,
Tyagi J. S., Rao G. S.: Anal. Biochem. 306, 79
(2002).

Sigel S.: Non-parametric Statistics for the
Behavioral Sciences, p 19, McGraw Hill, New
York 1956.

Snedecor G.W., Cochran W.G.: Statistical
Methods, p. 301, Oxford & IBH Publishing Co.
Pvt. Ltd., New Delhi 1967.

Bolton S.: in Remington: The Science and
Practice of Pharmacy, 19th ed., Gennaro A.R.,
Ed., Vol. I, p. 111, Mack Publishing Co., Easton
Pa. 1995.

Gutteridge J. M. C., Halliwell B.: Antioxidants.
in Nutrition, Health and Disease, p. 12, Oxford
University Press, Oxford 1994.

Yahya N. D.: J. Autoimmunity 9, 3 (1996).
Winrow V. R., Winyard P. G., Morris C. J,,
Black D. R.: Br. Med. Bull. 49, 506 (1993).
Benedetti A., Comporti M., Esterbauer H.:
Biochim. Biophys. Acta 620, 281 (1980).
Esterbauer H., Benedetti A., Lang J., Fulceri R.,
Fauler G., Comporti M.: Biochim. Biophys.
Acta 876, 154 (1986).

Esterbauer H., Schaur R. J., Zollner H.: Free
Radic. Biol. Med. 11, 81 (1991).

42.

43.

44.

45.
46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Uchida K., Szweda L. 1., Chae H. Z., Stadtman
E. R.: Proc. Natl. Acad. Sci. USA 90, 8742
(1993).

Dennis R. F., Larry M. H., Howard A. I. N.,
Donald T. W.: Principles of Medicinal
Chemistry, 4th ed., Foye W. O, Lemke D. A,
Williams B. I. Eds., p. 523, Waverly Pvt. Ltd.,
New Delhi 1995.

Halliwell B., Gutteridge, J. M. C.: Methods
Enzymol. 186, 1 (1990).

Herbert V.: J. Nutr. 126, 1197 (1996).

Kose K., Dogan P., Ozesmi P.: Contraception
47,421 (1993).

Pizzichini M., Cinci G., Pandelli M. L., Aezzini
L., Pagani R.: Biochem. Soc. Trans. 21, 190s
(1993).

Offer T., Russo A., Samuni A.: FASEB J. 14,
1215 (2000).

Halliwell B.: Lancet 344, 721 (1994).

Hodnick W. F., Ahmad S., Pardini R. S.: Adv.
Exp. Med. Biol. 439, 131 (1998).

Chen C. Y., Holtzman G. I., Bakhit R. M.:
Pakistan J. Nutr. 1, 1 (2002).

Sen C. K.: Nutr. Biochem. 8, 660 (1997).
Kosower E. M., Kosower N. S.: Glutathione
Metabolism and Function, p. 139, Raven Press,
New York 1976.

Nathan C.: FASEB J. 6, 3051 (1992).

Ignarro L. J., Byrans R. E., Buga G. M., Wood
K. S.: Circ. Res. 61, 866 (1987).

Moncada S., Higgs A.: N. Engl. J. Med. 329,
2002 (1993).

Beckman J. S., Beckman T. W., Chen J.,
Marshal P. A., Freeman B. A.: Proc. Natl. Acad.
Sci. USA 87, 1620 (1990).

Hogg N., Kalyanaraman B., Joseph J., Struck
A., Parthasarathy S.: FEBS Lett. 334, 170
(1993).

Rubbo H., Parthasarathy S., Barnes S., Kirk M.,
Kalyanaraman B., Freeman B.A.: Arch.
Biochem. Biophys. 324, 15 (1995).

Yamanaka N., Oda O., Nagao S.: FEBS Lett.
398, 53 (1996).

Odonnel V.B., Chumley P.H., Hogg N.,
Bloodsworth A., Freeman B.A.: Biochemistry
36, 15216 (1997).

Mittal A., Kumar P.V., Banerjee S., Rao A.R.,
Kumar A.: Phytother. Res. 13, 111 (1999).

Received: 22.1.2006



