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ABSTRACT

Antioxidants are free radical scavengers which protect the human
body against free radicals that cause various pathological
conditions such as ischemia, anemia, asthma, arthritis,
inflammation and aging process. Some of the antioxidant enzymes
and non-enzymatic molecules widely distributed in the biological
system which are capable of scavenging free radicals. The present
study was conducted to evaluate the antioxidant potential of
Oscillatoria terebriformis C.A. Aged ex Gomont by assessing
enzymatic and non enzymatic parameters. The enzymatic
antioxidants  (Superoxide dismutase, Catalase, Glutathione
peroxidase,) and non-enzymatic antioxidants (Ascorbic acid, and
a-Tocopherol) activities were determined. The results obtained in
the present study showed significant levels of enzymatic and non-
enzymatic antioxidants in Oscillatoria terebriformis. From above
study it is concluded that, the Oscillatoria terebriformis showed
promising antioxidant activity which can be used as effective
protecting agent against oxidative stress and various related
diseases.
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INTRODUCTION

Cyanobacteria, a group of photosynthetic organisms, supposed to have evolved around3.5 billion
years ago are the first oxygen evolving organisms to release oxygen into the then oxygen free
atmosphere leading to the development of aerobic metabolism and the subsequent rise of higher
plants and animal forms (Walter etal., 1992).

Antioxidants can be divided into three general classes; (i) lipid soluble and membrane associated
tocopherols, (i1) water soluble reductants such as ascorbic acid and glutathione and (iii) enzymes
such as superoxide dismutase (SOD), catalase, peroxidase, ascorbate peroxidase and glutathione
reductase(Foyeretal.,1993). Recent research in natural products of cyanobacteria has made
significant advances in aquaculture and they have been shown to produce a variety of compounds
and some of them have been proved to possess biological activity of potential medicinal value
(Kumar et al., 2003).

The aim of the present work was. to investigate the antioxidant potentials of Oscillatoria
terebriformis, which might be used as a possible source for antioxidative substances for
commercial or pharmaceutical purpose.

MATERIALS AND METHODS

Collection and culturing of algae

Oscillatoria terebriformis, a thermophilic cyanobacterium was obtained from the culture
collected from the culture collection of Vivekananda Institute of Algal Technology (VIAT),
Chennai, Improvised CFTRI medium was used for cultivating thermophilic cyanobacterium and
the composition is as follows (Venkataraman etal.,1985).

The algal samples were dried and the 0.5g of dried algal material was extracted in 20ml of
methanol kept in an orbital shaker for overnight. The obtained extracts were filtered with
Whatman no.1 filter paper and the filtrate was collected. The solvents were removed under
reduced pressure at 50°C to yield a concentrated extract (15%)( Sivasubramanian et.al.,2011).
Estimation of Enzymatic and Non-enzymatic antioxidants in Oscillatoria Terebriformis:

The enzymatic antioxidant activities of Superoxide dismutase, Catalase, Glutathione peroxidase,
Hydrogen peroxide radical scavenging (H202) assay were determined spectrophotometrically by
using the methods of Beauchamp and Fridovich (1971), Jin, Cai, Li, and Zhao (1996), Paglia and
Valentine (1967). Ruch et al., (1989). The non-enzymatic antioxidants like chlorophyll ‘a’
(Jeffrey and Humphrey (1975),B-Carotene(Shaish etal.,1992) ,Ascorbic acid, a-tocopherol,

Thiamine, Pyridoxine and Cobalamin were studied by the method of (Roe and Keuther et al.,
(1953), Emmerie-Engel method et al., 1938 , Lawrence Evans etal ., 2004).
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RESULTS AND DISCUSSION

Cellular systems scavenge these active oxygen species by invoking increased antioxidative
machinery such as enzymatic and non enzymatic mechanism. Enzymatic defense mechanism
includes superoxide dismutase, catalase and peroxidase etc., and the non-enzymatic mechanism
includes organic chemicals like proline, ascorbate and carotenoids etc.Superoxide dismutase
(SOD) and catalase (CAT) are widely distributed in aerobic organisms. Since the first discovery
of these metalloenzymes in 1969 (Fridovich,1975), SOD and CAT has been considered as a key
enzyme defending against oxidative stress. SOD can catalyzes peroxide anions to oxygen and
hydrogen peroxide rapidly; then hydrogen peroxide is decomposed to water and oxygen by
catalase. For many bacteria in natural environments, resistance to hydrogen peroxide and
superoxide anions is mainly due to the presence of SOD and CAT (Mandell, 1975). Changes in
antioxidant enzyme activity, along with protection against pollution, are the most important
characteristics of an antioxidant system (Zhao et al., 2002).

The super oxide dismutase activity of methanol extract from Oscillatoria terebriformis was
estimated and were compared with the Butylated hydroxytoluene. Figure 1 shows the levels of
superoxide dismutase were found to be 74.56 +£0.56% super oxide inhibitions at maximum
concentration of 500 pg/ml.

Srivastava et al., (2005) described that every cyanobacterial cell possesses a complex array of
enzymatic antioxidant defense system which comprises mainly the enzymes super oxide
dismutase (SOD), catalase (CAT),) glutathione reductase (GR) (Wiktelius and Stenberg, 2007).
Some Cyanobacteria have been shown to have both chemo preventive and or therapeutic effects
on human diseases; SOD is one of the antioxidant enzymes that play a key role in cellular defense
against ROS (Bowler et al., 1992) Bandyopadhyay et al., (1999) stated that singlet oxygen (02-)
is one of the active oxygen species, which plays a central role in oxidative damage of biological
system (Kalai etal., 1998). The formation of O2 in different organisms under various stressful
conditions such as drought, salt, low temperature and freezing, nutrient limitations, heavy metal
toxicity, air pollutants, herbicides, UV-exposure etc., has been well reported (Alia et al., 2001).
The first enzyme involved in the antioxidant defense is the superoxide dismutase: a
metalloprotein found in both prokaryotic and eukaryotic cells. SOD catalyzes the dismutation of
super oxide free anions (O2+—) to oxygen and hydrogen peroxide, and are rather considered the
first line of defense against damage by O2¢—.SODs are ubiquitous metalloenzymes that exist in
four forms depending upon the nature of their catalytic metals: FeSOD, MnSOD, Cu/ZnSOD and
NiSOD (Fridovich, 1997).
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The Catalase activity of methanol extract from Oscillatoria terebriformis was estimated and were
compared with the Butylated hydroxytoluene .Figure 2 shows the activity of CAT of Oscillatoria
terebriformis. The levels were found to be 81.25 £0.41% Hydroxyl inhibitions at concentration of
500 pg/ml.Tichy and Vermaas, 1999 reviewed that the catalase exclusively dismutates hydrogen
peroxide (H202), whereas peroxidases use a broad range of peroxides (ROOH) as substrates
(Chelikani et al., 2004). Hydrogen peroxide is well known to have an inhibitory effect on the
phototrophic growth of cyanobacteria. Catalases are one of the most-studied enzymes, and the
availability of a huge number of their sequences has allowed a detailed understanding of their
structure—function relationship. CAT is also one of the principal antioxidant enzymes; it
eliminates H,O; by transforming it into H;O and O,. The stimulation of SOD activity along with
CAT seemed to play a protective role against membrane damage as Cu is particularly toxic to
membranes (Ahmed et al.,2010).

The Glutathione peroxidase (GPX) activity of methanol extract from Oscillatoria terebriformis
was estimated and were compared with the Butylated hydroxytoluene. Figure 3 shows
Glutathione peroxidase (GPX) activity of Oscillatoria Terebriformis. The levels were found to be
81.23 +£0.94 % at concentration of 500pg/ml. Gaber et al., (2004) experimented on Glutathione
peroxidase (GPX) is the general name for a family of multiple isozymes that also catalyse the
reduction of H202 or organic hydro peroxides to water or corresponding alcohols using reduced
glutathione (GSH) as an electron donor (Hydrogen peroxide (H202) + 2 Reduced glutathione
(GSH) Oxidized glutathione (GSSG) + 2 water ( H20)). A recently performed phylogenetic
analysis demonstrates the occurrence of GPXs in cyanobacteria as well as their scattered
distribution inside the group of proteobacteria (Margis et al., 2008). Glutathione peroxides utilize
the reducing equivalents of glutathione to reduce hydrogen per oxide and it may be the main
mechanism for protection against the deleterious effects of hydro peroxides. Glutathione

peroxidase (Halliwell et al., 1994)
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Figure 1.Superoxide Dismutase activity of Oscillatoria terebriformis
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Figure 2. Catalase Activity of Oscillatoria terebriformis
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Figure 3. Glutathione peroxidase (GPX) activity of Oscillatoria Terebriformis.
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Figure 4: Hydrogen peroxide radical scavenging (H202) activity of Oscillatoria

Terebriformis.
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The cosmopolitan distribution of cyanobacteria indicates that they can cope with a wide spectrum
of global environmental stresses such as heat, cold, desiccation, salinity, nitrogen starvation,
photo-oxidation, anaerobiosis and metal stress etc. (Fay 1992, Tandeau de Marsac, Sinha and

Hiader, 1996). They have developed a number of mechanisms by which cyanobacteria defend
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themselves against environmental stressors. Important among them are enzymes such as
superoxide dismutase, catalases and peroxidases (Burton and Ingold, 1984, Canini et al., 2001)
The Hydrogen peroxide radical scavenging (H,O,) activities of methanol extract from Oscillatoria
terebriformis was estimated and were compared with the Butylated hydroxytoluene .Figure 4
shows the activity of Hydrogen peroxide radical scavenging (H,O,) assay of Oscillatoria
terebriformis. The levels were found to be 97.56 +0.21 (%) at concentration of 500
pg/ml.Maintenance of a high antioxidant capacity in cells has been related to increased tolerance
against different kinds of environmental stress (Okamoto et al., 2001). All of these factors lead to
increasing number and accumulation of ROS in Cyanobacteria Scientific research shows that
ROS are harmful to the cell because they can raise the oxidative level through loss of cellular
structure and function Lee et al., 2001). The presence of antioxidant enzyme was observed in
control due to presence of ROS. Normally the ROS was produced in the aerobic organism, which
is involved in signal transduction etc., but level of ROS was increased during stress conditions.
The organism also increased the production of antioxidant enzymes in order to protect themselves
from oxidative damage caused by ROS and to maintain the low rate of generation of reactive
oxygen species. Catalase decomposed the hydrogen peroxide into water and oxygen. Similarly
increased production of catalase was observed in endosulfon treated Plectonema boryanum
(Prasad et al., 2005).

Figure 5. Concentrations of Chlorophyll and Beta-carotene (in mg/g) of Oscillatoria Terebriformis
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Figure 5 shows that levels of the biochemicals such as chlorophyll a& b and B -carotene. For
photosynthesis, both carotenoids and chlorophylls are necessarily bound to peptides to form
pigment-protein complexes in the thylakoid membrane. In cyanobacteria, some carotenoids are

located in cytoplasmic membrane for protection from high-light (Kana, 1998, Masamoto, 1999).
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Chlorophyll consists of two forms, A and B.A: C¢cH72,0sN4Mg, B: Ce6H70OsNsMg
Chlorophyll is the chemical in plants accomplishes photosynthesis and it is responsible
for the green color of the plant. Chlorophyll can be found in dark green leafy vegetables,
some algae, wheat grass and barley grass. Historically, chlorophyll was used to improve
bad breath, and reduce the odors of urine and feces. It was also believed that it might
have health benefits on constipation and anemia.Some preliminary evidence suggests that
chlorophyll might have anti-inflammatory, antioxidant, and wound-healing activities. (Rudolph et
al., 1930). Chlorophyll has also been shown to have benefits on chemoprevention.(Chernomorsky
et al.,1988). A few studies have shown that chlorophyll prevents the detrimental, cytotoxic
and hyperproliferative colonic effects of dietary haem. Diets high in red meat are associated with
increased colon cancer risk. This association might be partly due to the haem content of red meat.
In rats, dietary haem is metabolized in the gut to a cytotoxic factor that increases colonic
cytotoxicity and epithelial proliferation. Chlorophyll is magnesium porphyrin structurally
analogous to haem. (De Vogel et al., 2005).

Beta-carotene belongs to a group of plant compounds called carotenoids. To date, over 500
carotenoids have been found to occur in nature. Carotenoids are the pigments that provide the
yellow, orange, and red coloration in fruits and vegetables. Beta-carotene is the most abundant
carotenoid in human foods and is generally thought to be the most important carotenoid for
humans. Beta-carotene, which is also known as pro-vitamin A, consists of two molecules of
vitamin A linked together (A-A). Enzymes in the epithelial lining of the intestinal tract split beta-
carotene into two molecules of vitamin A whenever the body needs it. (Nagao A et al., 1996)
Beta-carotene is the most abundant precursor of vitamin A in fruits and vegetables.Beta-carotene
functions as a chain-breaking antioxidant. This means it does not prevent the initiation of lipid
peroxidation, but rather, it stops the chain reaction by trapping free radicals, which halts the
progression of free radical activity.(Mathews-Roth etal.,1990) Beta-carotene is capable of
quenching singlet oxygen free radicals in humans., ( lannone et al. ,1998).Chemotherapy stresses
the antioxidant defense system and may lead to lower antioxidant levels which could cause an
increase in the adverse side effects of the therapy. A study was conducted involving children with
acute lymphoblastic leukemia who were undergoing chemotherapy were administered greater
intakes of antioxidants. The increased consumption of beta-carotene at 6 months decreased the
risk of toxicity. (Kennedy etal, 2004.).Figure 6 shows that levels of the essentials vitamins such

as ascorbic acid, a-tocopherol, vitamin B;, Vitamin B,
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Figure 6. Concentration of Ascorbic acid, Alpha-tocopherol, Thiamine, Pyridoxine,

Cobalamin (in mg/g) of Oscillatoria Terebriformis
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Vitamin B, Ascorbic acid or vitamin C is a water-soluble antioxidant that can reduce radicals
from a variety of sources. It also appears to participate in recycling vitamin E radicals.
Interestingly, vitamin C also functions as a pro-oxidant under certain circumstance (Ranjith
kumar etal., 2011). Vitamin C is an antioxidant, a compound that helps block the action of
unstable molecules known as free radicals, which can damage cells. Vitamin C is thought by
some to enhance the immune system by stimulating the activities of natural killer cells (a type of
white blood cell) and anti-cancer agents. Some claim that the vitamin can prevent a variety of
cancers from developing, including lung, prostate, bladder, breast, cervical, intestinal, esophageal,
stomach, pancreatic, and salivary gland cancers, as well as leukemia and non-Hodgkin’s
lymphoma. Vitamin C is also said to prevent tumors from spreading, help the body heal after
cancer surgery, enhance the effects of certain anti-cancer drugs, and reduce the toxic effects of
other drugs used in chemotherapy. It also appears to participate in recycling vitamin E radicals.
Interestingly, vitamin C also functions as a pro-oxidant under certain circumstances Neely et al.,
(1988) described that the o-Tocopherol (vitamin E) is a lipid-soluble organic molecule
exclusively synthesized by oxygenic phototrophs, including all green algae, plants and some
cyanobacteria. Tocopherols can undergo two oxidation reactions: they maybe oxidized by ROS to
a tocopheryl radical and convert singlet oxygen to hydroperoxide. Both reactions can be reversed
by ascorbate, recycling tocopherol Vitamin E is one of the few nutrients for which
supplementation with higher than recommended levels have been shown to enhance immune

response and resistance to diseases (Bendich A et al 1997). All B vitamins are water-soluble,
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meaning that the body does not store them .Thiamine is a vitamin, also called vitamin
B,.Thiamine is also used for digestive problems including poor appetite, ulcerative colitis, and
ongoing diarrhea. Thiamine is also used for AIDS and boosting the immune system, diabetic pain,
heart disease, alcoholism, aging, a type of brain damage called cerebellar syndrome, canker sores,
vision problems such as cataracts and glaucoma, motion sickness, and improving athletic
performance. Other uses include preventing cervical cancer and progression of kidney disease in
patients with type 2 diabetes (Raschke et al., 2007).

Vitamin Bg, also called pyridoxine, is one of 8 B vitamins. All B vitamins help the body convert
food (carbohydrates) into fuel (glucose), which is used to produce energy. B complex vitamins
are needed for healthy skin, hair, eyes, and liver. They also help the nervous system function
properly.B6 helps control levels of homocysteine in the blood. Homocysteine is an amino acid
that may be associated with heart disease. Your body needs B6 in order to absorb vitamin B12
and to make red blood cells and cells of the immune system (McCormick et al., 2006).

Vitamin By, also called cobalamin, is one of 8 B vitamins. All B vitamins help the body convert
food (carbohydrates) into fuel (glucose), which is used to produce energy. These B vitamins often
referred to as B complex vitamins, also help the body use fats and protein. B complex vitamins
are needed for healthy skin, hair, eyes, and liver. They also help the nervous system function
properly ‘Robert Clarke et al., 2007).

CONCLUSION

The results of the above study clearly indicated the presence of enzymatic and non — enzymatic
antioxidant in Oscillatoria terebriformis that could protect against oxidant and other free radical
diseases.Thus the source of Oscillatoria terebriformis can be employed in all medicinal
preparations to cure disease associated with oxidative stress like cancer and other related diseases.
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