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Abstract Alcoholic extract of the marine algae Chlorella
vulgaris was examined for its free radical scavenging effect
with reference to naphthalene-induced lipid peroxidation in
serum, liver, and kidney of rats. Initially, upon naphthalene
intoxication (435 mg/kg body weight, intraperitoneally),
the lipid peroxidation activity increased significantly
(P < 0.001), and in contrast, the enzymic antioxidants
(superoxide dismutase, catalase, glutathione peroxidase)
and non-enzymic antioxidants (glutathione, ascorbic acid,
and a-tocopherol) levels decreased remarkably. When the
naphthalene stressed rats were treated with Chlorella
vulgaris extract (70 mg/kg body weight, orally), the lipid
peroxidation activity reduced significantly (P < 0.001) and
the activities of both the enzymic and non-enzymic antioxidants increased reaching near control values. The
minimum concentration (70 mg/l) of the extract that
exhibited maximum (85%) free radical scavenging activity
was chosen for the experimental study. The present results
suggest that Chlorella vulgaris extract exerts its chemopreventive effect by modulating the antioxidants status and
lipid peroxidation during naphthalene intoxication.
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Introduction
Naphthalene is a bicyclic aromatic hydrocarbon, widely
used commercially in moth repellents, lavatory scent discs,
soil fumigants, raw material for manufacturing naphthylamines, anthranilic and phthalic acids, and synthetic resins.
It is one of the predominant compounds found in crude oil
and refined petroleum products [1]. Naphthalene is of
considerable toxicological interest because of its widespread human exposure and the potential to generate
reactive oxygen species (ROS) as it undergoes extensive
microsomal metabolism leading to the generation of quinone, hydroquinone and semiquinone free radical intermediates [2]. The free radicals generated by microsomal
metabolism may augment an oxidative stress by the formation of hydrogen peroxide and superoxide anions [3].
The free radicals cause cellular injury, the consequences of
which are often exhibited as a measure of lipid peroxidation (LPO). However, cells possess antioxidant system viz.
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), glutathione (GSH), ascorbic acid
(Vitamin C), a-tocopherol (Vitamin E) etc. to protect them
against the oxidative stress and consecutive LPO. Findings
by previous researchers indicate that antioxidant system
play a crucial role in the prevention of naphthalene toxicity
by counteracting the oxidative stress thereby modulating
their levels [4, 5].
ROS are fundamental to any biochemical processes.
Under normal conditions, equilibrium exists between the
amounts of free radicals being generated and antioxidants
available to quench or scavenge them thus protecting the
organism against deleterious effects of oxidative stress.
The status of LPO and antioxidants in an organism
reflects the dynamic balance between the antioxidants
defense and pro-oxidant conditions in animals, which is
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an useful index for assessing the risk of oxidative damage [1, 6].
Marine algae have the potential to subside the biochemical imbalances induced by various toxins associated
with free radicals. The unicellular algae Chlorella vulgaris
contains many bioactive substances with medical properties. Experimental studies have demonstrated the medicinal
properties of Chlorella viz. antitumor effect [7, 8], hepato
protective properties, antioxidant properties [9], and antibacterial effects [10], etc. Chemical analysis performed by
Hasegawa et al. [11] revealed that Chlorella extract contained 44.3 g protein, 39.5 g carbohydrates and 15.4 g
nucleic acids in 100 g (dry weight) whole material. Biochemically, Chlorella contains many dietary antioxidants
such as lutein, a-carotene, b-carotene, ascorbic acid and atocopherol [12–14]. These bioactive compounds have the
capacity to scavenge the free radicals.
Major avenues of research remain to be explored to
establish the scope of dietary, nutritional and pharmacological prospective of antioxidant regimes in the preventive
and palliative therapy of a number of oxidative stress-related disorders. Hence, the present research utilized rats as
an animal model to investigate biochemical changes elicited by naphthalene intoxication and attempt to screen the
free radical savaging action of Chlorella vulgaris.

moisture. The dried algal powder was packed in a permeable cellulose thimble and subjected to continuous Soxhlet
extraction with ethanol. The resulting extract was concentrated to dry residue using a rotary evaporator and
refrigerated until use.
Free radical scavenging activity of Chlorella vulgaris
The radical scavenging activity of Chlorella vulgaris
extract was assayed by the DPPH (1,1-Diphenyl-2picrylhydrazyl) method as described by Abe et al. [15].
A 0.5 ml aliquot of 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 mg l–1ethanol dissolved Chlorella vulgaris extract was
mixed with 0.25 ml of ethanolic, 0.5 mM DPPH solution
and 0.5 ml of 100 mM acetate buffer (pH 5.5). The
decrease in absorbance of DPPH radicals at 517 nm
was measured by a UV-vis spectrophotometer (Shimadzu
UV-1201). The inhibition (%) of DPPH* was calculated
based on the formula (Acontrol – Atest)/Acontrol · 100, where
Acontrol is the absorbance of the control (DPPH solution
without the test sample), and Atest is the absorbance of the
test sample. The free radical scavenging activity of the test
samples was expressed as the effective concentration of the
extract (mg l–1) required for inhibiting the free radicals. All
tests were performed in triplicate.
Experimental animals

Materials and methods
Chemicals
Naphthalene was procured from Sigma Chemical Co., Ltd,
St. Louis, MO, USA. The readymade formulation of
Chlorella vulgaris strains (tablets) was obtained from
Taiwan Chlorella Manufacturing Co., Ltd (Taiwan). Other
chemicals used for biochemical assays were of analytical
grade and obtained from local suppliers.
Chlorella vulgaris culture
Chlorella
seawater.
free zone
sterilized
Schreiber
28 ± 1C
tion.

vulgaris was cultured in a glass tank (20 l) of
The seawater (30 ppt) collected from pollution
was filtered (0.5 lm pore-size Millipore filters),
at 120C for 30 min, and enriched with Erdmedium. The cultures were then maintained at
with sufficient aeration and constant illumina-

Extract preparation
The algae were harvested by continuous-flow centrifugation (10 l/h) at 2,000g for 40 min at 4C. The resulting
whole-cell pellet was weighed and air-dried to remove
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Male Wistar strain albino rats, weighing about 120 ± 150 g
were obtained from the International Institute of Biotechnology and Toxicology (IIBAT), Padappai, Chennai, India.
The animals were maintained in a 12-h dark and light cycle
at 22 ± 3C, fed with commercial pelleted diet (M/s.
Hindustan Foods Ltd., Bangalore, India) and had free
access to water.
Experimental design
The experiments were conducted according to the ethical
norms approved by Ministry of Social Justices and
Empowerment, Government of India and Institutional Animal Ethics Committee Guidelines. The rats were randomized into three groups, each group comprising six animals.
Group I rats served as normal control which received corn oil
in addition to food and water. Group II rats were administered with naphthalene dissolved in corn oil (435 mg/kg
body weight, intraperitoneally), and group III rats were
treated with Chlorella vulgaris extract in 0.9% NaCl solution (70 mg/kg body weight, orally) and naphthalene in corn
oil intraperitoneally (435 mg/kg body weight, intraperitoneally) daily for a period of 15 days. At the end of experiment, the rats were anesthetized with sodium pentobarbitone
(35 mg/kg body weight, intraperitoneally), sacrificed by
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Biochemical assays
Protein concentration was estimated according to the
method of Lowry et al. [16] using bovine serum albumin
as a standard. LPO was determined by the method of
Okawa et al. [17] following a reaction of thiobarbituric
acid (TBA) with malonyldialdehyde (MDA) formed by the
peroxidation of lipids. SOD activity was measured at
absorbance 420 nm as the degree of inhibition of autoxidation of pyrogallol in an alkaline pH by the method of
Marklund and Marklund [18]. The amount of hydrogen
peroxide consumed per minute per milligram of protein
was assayed as the CAT activity. The color developed was
read at 570 nm in a spectrophotometer by the method of
Sinha [19]. GPx activity was estimated using the procedure of Rotruck et al. [20] in which available GPx catalyses the oxidation of reduced GSH by hydrogen peroxide.
In the presence of GSH reductase and NADPH, oxidized
GSH is converted to its reduced form with concomitant
oxidation of NADPH to NADP+. Oxidation of NADPH
was measured by the decrease in the absorbance at
340 nm in a spectrophotometer. GSH was estimated by the
method of Moron et al. [21] by reading the optical density
(412 nm) of the yellow substance formed when 5¢5¢-dithio-2-nitro benzoic acid (DTNB) is reduced by GSH.
Ascorbic acid is oxidized by copper to form dehydroascorbate, which reacts with 2,4, dinitrophenyl hydrazine
to form a colored substance with an absorption maximum
at 520 nm. This was measured to estimate the ascorbic
acid (Vitamin C) content using ascorbic acid as standard
by following the method of Omaye et al. [22]. Vitamin E
(a-tocopherol) levels were estimated by the method of
Desai [23], where the ferric ions are reduced to ferrous
ions in the presence of tocopherol and bathophenanthroline to form a pink colored substance, which was read at
520 nm using a spectrophotometer. a-tocopherol was used
as the standard.
Analysis of data
Values were expressed as mean ± S.D. for six rats in each
group and significance differences between the mean values were determined by one-way analysis of variance
(ANOVA). The significance was given as P < 0.05,
P < 0.01 and P < 0.001.

Results
The DPPH scavenging activity of Chlorella vulgaris extract is presented in Fig. 1. The minimum concentration
(70 mg/l) of the extract that exhibited maximum (85%)
free radical scavenging activity was chosen for the animal
experimental study. The levels of LPO and antioxidants
system in serum, liver, and kidney of control and experimental groups are presented in Table 1. There was a
marked increase in the LPO activity in serum, liver, and
kidney of rats administered with naphthalene in corn oil
(P < 0.001). In contrast, the antioxidants level was found
to decrease in tested samples of naphthalene-intoxicated
rats when compared to control rats. Treatments of naphthalene-intoxicated rats with Chlorella vulgaris extract
significantly (P < 0.001) reduced the LPO activity and
increased the antioxidants levels thus bringing back their
activity to near normal.

Discussion
Naphthalene toxicity is considered primarily due to prooxidant and antioxidant imbalance that is associated with
increased production of free radicals during its metabolism
and perturbation of intracellular redox equilibrium resulting in the development of oxidative stress [3]. In the
present investigation, there is a significant increase
(P < 0.001) in the levels of TBARS in the serum, liver, and
kidney of naphthalene-administered rats when compared to
control. The observed oxidative stress may be due to the
generation of the intermediates like quinone, hydroquinone
and semiquinone which further stimulates the production
of various radicals like superoxide anion, hydrogen peroxide and hydroxyl radical during the metabolism of
naphthalene in the cell [24]. The results presented in this
study reveal that Chlorella vulgaris extract reduced the
lipid membrane peroxidation by inhibiting the production

DPPH radical scavenging activity (%)

cervical decapitation, and blood was collected to obtain
serum. The liver and kidney were quickly dissected and
placed in ice cold 0.9% NaCl solution. Portions (100 mg) of
liver and kidney tissues were homogenized in 5 ml ice-cold
0.125 M Tris-HCl (pH 6.8) and then centrifuged at 5000 g
for 15 min. The clear supernatants were used for biochemical assays.
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Fig. 1 Free radical scavenging capacity of Chlorella vulgaris extract
on DPPH
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*** Values are statistically significant at P < 0.001

** Values are statistically significant at P < 0.01

* Values are statistically significant at P < 0.05

Group II compared with Group I and Group III compared with Group II

Values are expressed as mean ± S.D. for six rats in each group

LPO, nanomoles of malondialdehyde released/mg protein; SOD, units/(min mg protein); CAT, micromoles of H2O2 consumed/(min mg protein); GPx, micromoles of GSH oxidized/(min mg
protein); GSH, lg/mg protein; Ascorbic acid, lg/mg protein; a-tocopherol, lg/mg protein
Group I, control; Group II, Naphthalene; Group III, Naphthalene + Chlorella vulgaris

2.14** ± 0.05
1.28** ± 0.07
2.30 ± 0.08
2.30* ± 0.05
1.02** ± 0.07
2.83 ± 0.04
2.17* ± 0.03
2.62 ± 0.09
Vitamin E

1.36* ± 0.06

2.84* ± 0.01
2.07* ± 0.05
3.74 ± 0.02
3.16*** ± 0.019
1.62** ± 0.06
3.92 ± 0.13
2.84** ± 0.02
3.15 ± 0.01
Vitamin C

1.87*** ± 0.08

5.82*** ± 0.24

4.22* ± 0.02
2.72** ± 0.01
5.16 ± 0.03
4.95** ± 0.04
3.44** ± 0.09
5.47 ± 0.13
4.13** ± 0.17
4.63 ± 0.012
GSH

2.51** ± 0.07

124.86** ± 1.08
87.53*** ± 1.24

4.11** ± 0.35
6.52 ± 0.17

141.74 ± 1.69
133.29*** ± 1.51

6.88*** ± 0.08
3.17** ± 0.06

91.38*** ± 0.33
146.84 ± 1.22

7.42 ± 0.09
5.91* ± 0.02

129.62* ± 1.36

6.45 ± 0.03
GPx

3.55** ± 0.01

134.81 ± 1.10
CAT

97.42** ± 0.24

266.83*** ± 1.85
32.46** ± 0.21
181.69 ± 1.63
48.31 ± 0.15
188.26*** ± 1.58
49.47** ± 0.24
311.75*** ± 1.21
23.68*** ± 0.19
194.22 ± 1.26
51.13 ± 0.17
175.15*** ± 1.05
41.86** ± 0.24
295.27*** ± 1.22
26.36** ± 0.19
173.41 ± 1.16
43.52 ± 0.11
LPO
SOD

Group II
Group I
Group I
Group II

Group III
Group I

Group II

Group III

Kidney
Liver
Serum
Parameters

Table 1 Effect of Chlorella vulgaris extract on lipid peroxidation and antioxidants status in serum, liver, and kidney of naphthalene-intoxicated rats
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177.46*** ± 1.66
42.65*** ± 0.36
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Group III

42

of ROS with their free radical scavenging effect or by
improving the antioxidant capacity of the cells.
Antioxidant enzymes are considered to be the primary
defense that prevents biological macromolecules from
oxidative damage. Among the antioxidant system, GSH
(L-c-glutamyl-cysteinyl-glycine) has an important role as it
is a ubiquitous non-protein thiol present in the cell in its
reduced form acts as an intracellular reductant. SOD
catalyzes the transformation of superoxide radicals to
H2O2 and O2, CAT is responsible for the reduction of
hydrogen peroxide, and GPx catalyzes the reduction of
both hydrogen and lipid peroxides. Thus by using GSH as a
cofactor, the antioxidant system scavenges the oxygen
radicals and protects the biological molecules from damage
[3, 5, 24, 25].
The reduction in the level of SOD activity in naphthalene-intoxicated rats might be due to the increase of
superoxide anion radical during its metabolism. The observed reduction in the CAT activity may be explained by
the insufficient supply of NADPH, which is required for
the activation of CAT for its regeneration from its inactive
form. Therefore, it is clear that deficiency of NADPH
production during naphthalene stress could alter the CAT
activity. Decline in the CAT activity in the naphthalene
administered rats may be due to the increased accumulation
of hydrogen peroxide thereby leading to augmented LPO.
Decrease in the activity of GPx point outs the reduction in
the levels of GSH and amplification in the levels of peroxides.
Maintenance of normal cell functions in the presence of
oxygen largely depends on the efficiency of the defense
mechanisms against free radical mediated oxidative stress,
where non-enzymic antioxidants play a crucial role [1]. A
significant decline in the levels of GSH, ascorbic acid and
a-tocopherol was observed in naphthalene-exposed rats.
GSH is responsible for the regulation of intracellular levels
of LPO and also acts as a reactant in conjugation with
electrophillic substances. Therefore, changes in GSH level
may be a very important marker of the detoxification
ability of an organism. Lowered levels of GSH in serum,
liver, and kidney of naphthalene stressed rats represent an
excess free radical production, which may be due to the
binding of naphthalene with various sulfhydryls that exist
in the cell [25]. The dehydroascorbic acid formed in the
reaction is reduced to ascorbic acid by non-enzymatic
reaction with GSH, which is eventually converted into
oxidized GSH [26]. Since GSH reduces the dehydroascorbate to ascorbate, the decreased level of ascorbic acid
observed in naphthalene-exposed rats might be due to the
diminishing availability of GSH.
The rats administered with naphthalene along with
Chlorella vulgaris extract exhibited reduction in LPO
activity and an increase in the antioxidants activity of
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serum, liver, and kidney. The chief mechanism involved in
the reduction of LPO activity occurs primarily through the
rearrangement of cellular redox status. This is evidenced by
the fact that serum, liver, and kidney antioxidants reserve
show substantial increase in their activity after Chlorella
vulgaris extract treatment when compared to naphthalenestressed rats. The increase in the activities of these antioxidants may be due to the ability of a-carotene and bcarotene in Chlorella vulgaris extract to react with various
ROS as well as to interfere with oxidation processes in the
lipid and in the cellular compartment [13].
The supplementation of Chlorella vulgaris extract to
naphthalene-intoxicated rat showed an increase in the level
of reduced-GSH, which may be due to the regeneration of
reduced GSH. The antioxidants GSH, ascorbic acid and atocopherol are interrelated by a recycling process. Moreover, ascorbic acid present in Chlorella vulgaris might
influence the increase in the affinity for GSH reductase,
which has a key role in GSH recycling and maintenance of
cellular GSH levels [27]. The algal extract is also responsible for reducing the oxidative stress either by removing
the toxic metabolites from the target organ and/or by directly scavenging ROS by its sulfhydryl groups.
Carotenes are ubiquitously distributed in algae exhibiting a wide pharmacological spectrum of effects. The
inhibition of LPO may be due to the free radical scavenging property of carotenes which can scavenge singlet
oxygen and terminate peroxides by their low redox potential due to the presence of a hydroxyl group [9]. Previous phytochemical investigations on Chlorella and other
marine algae demonstrated that carotenes exhibit free
radical scavenging action [27–29] and their presence in
Chlorella extract could explain the antioxidant property
reported here. The free radical scavenging activity of
Chlorella vulgaris could also be related to their interaction
with enzymic and non-enzymic antioxidants system attenuating and resisting the oxidative stress and further LPO
consequences. The ethanolic extract of Chlorella vulgaris
expressed significant antioxidant activity against naphthalene-induced oxidative stress in the studied rat model.
Considering the free radical scavenging property of Chlorella vulgaris, this marine alga can be used as a supplement
in traditional medicine.
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