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Abstract Excessive generation of oxygen free radicals
plays a pivotal role in destruction of biological molecules
like DNA, proteins, lipids, carbohydrates and results in
various pathologies including neuronal disorders. Antioxi-
dant molecules from natural products are reported to have
ability to mitigate their production or at least halt their
progression and metastasis in the system. Different studies
have been performed to spot antioxidants from natural
sources and attempts have been made to integrate them in
conventional therapy. In our present study, food grade
Phycocyanin, a nutraceutical isolated from Spirulina
platensis, has been evaluated for its in vitro and in vivo
antioxidant potential using a battery of antioxidant assays
viz. DPPH, TAC, FRAP, hydroxyl radical, hydrogen per-
oxide scavenging, SOD, GSH, and LPO assays. Reducing
properties of Phycocyanin were also assessed by FRAC
assay. For in vivo evaluation of antioxidant profile, animal
model of intracerebroventricular administration of strep-
tozotocin was employed. Levels of oxidative stress
biomarkers were measured in cortex and hippocampal parts
of brain. Results obtained depicted that Phycocyanin
demonstrated a dose-dependent pattern in its efficacy,
which indicates the presence of free radical scavenger
moieties and possible role as a neuroprotective agent.
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Introduction

Ironically Oxygen, an element vital for life, at some points
becomes destructive for human body and the most delete-
rious effects are owing to the production of free radicals
and reactive oxygen species (ROS), which have a dispo-
sition to donate oxygen to other elements (Lobo et al.
2010). Free radical is depicted as any chemical moiety,
which has an unpaired electron in its orbital and thus has
the tendency to donate/accept an electron from other
molecules (Galano 2015). The most significant oxygen-
containing free radicals contributing towards many patho-
physiological problems are hydroxyl radical, superoxide
anion radical, hydrogen peroxide, nitric oxide radical, and
peroxynitrite radical (Birben et al. 2012). These highly
reactive and unstable species are capable of doing damages
and their most vulnerable targets are biologically important
molecules such as DNA, proteins, carbohydrates, and
lipids. Apart from physical damages this leads to havoc in
the homeostasis of body. Moreover, role of free radicals
and oxidative stress has long been linked to the neuronal
cell damage that is implicated in various neurodegenerative
situations. Taking this into consideration targeting free
radicals may embody a promising treatment option to
attenuate neurodegeneration and lessen allied symptoms.
Spirulina platensis, a filamentous cyanobacterium and
nutritionally enriched algae, owes versatile biological and
nutritional profile (Karkos et al. 2010). It has been pro-
duced in several countries for its health befitting properties
due to its rich armory of proteins and vitamins. Spirulina is
a good source of the phycobilliproteins and Phycocyanin is
one of them with many beneficial effects being a
nutraceutical as well as therapeutic agent (Agrawal et al.
2017). As it has fluorescent properties, it is commercially
utilized as fluorescent probe or fluorescent tracer that is


http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-020-04922-4&amp;domain=pdf
https://doi.org/10.1007/s13197-020-04922-4

J Food Sci Technol (November 2021) 58(11):4382—4390

4383

beneficial in medical diagnosis and other research fields.
Phycocyanin is a nontoxic photosensitizer that can be used
as an adjuvant in the photodynamic therapy (PDT) of
tumors (Agrawal et al. 2017). Besides this, Phycocyanin is
reported to have potent therapeutic regimen in having
strong anticancer, antidiabetic, hepatoprotective and neu-
roprotective effects to list a few and that to be principally
due to its strong antioxidant activity (Bertolin et al. 2011).
It scavenges free radicals, protects against lipid peroxida-
tion and has been studied for its anti-cancer effect on
malignant solid tumors (Jiang et al. 2017). Phycocyanin is
documented to protect against diabetic as well as cisplatin-
induced nephrotoxicity by inhibiting oxidative stress and
activation of antioxidant enzymes (Fernandez-Rojas 2014).
Protective effects of phycocyanin on ischemia/reperfusion
cardiac dysfunctions and liver injuries have also been
demonstrated through its potent antioxidant profile along
with antiapoptotic activities (Khan et al. 2006; Gdara et al.
2018). Through its combined effects of enhanced antiox-
idative, neurotrophic, and anti-inflammatory mechanisms,
phycocyanin has been known to stimulate oxidized astro-
cytes to protect and repair the ischemic brain (Min et al.
2015).

Considering these merits, objective of the present study
was to investigate the free radical scavenging properties of
Phycocyanin of food grade status in vitro and later on to
evaluate its effect on oxidative stress induced by strepto-
zotocin in animal model of neurodegenration.

Materials and methods
Chemicals and reagents

Food grade Phycocyanin (Pc) was procured as gift sample
from EID Parry Nutraceuticals, India. Ascorbic acid was
procured from Sigma Aldrich chemical Co. 2,2-Diphenyl-
1-picrylhydrazyl (DPPH), potassium ferricyanide, FeCls,
Nitroblue tetrazolium, 2-Deoxy-d-ribose, trichloroacetic
acid (TCA), thiobarbituric acids (TBA) were procured
from Himedia laboratories and all other chemicals
including, solvents were of analytical grade and obtained
from SD fine chemicals Ltd., India.

In vitro antioxidant assay

Several different in vitro methods were employed to ensure
the free radical scavenging activities and reducing power of
Phycocyanin. Pc was dissolved in water at a stock con-
centration of 10 mg/ml and serially diluted at required
concentration of 5-1000 pg/ml. All the assays were carried
out in triplicate, and mean values were considered for final

evaluation. ICs, value was calculated by Graphpad prism
5.0 (Graphpad Software Inc, CA, USA).

DPPH (2, 2'-diphenyl-1-picrylhydrazyl) method

DPPH radical-scavenging activity was determined
according to the procedure described by Dontha (2016)
with some modifications. The assay is based on the prin-
ciple of bleaching of DPPH violet colour and then its
reaction with a hydrogen donor. Briefly, 100 pl of each
concentration (50-1000 pg/ml) was added to 400 pL of
100 mM TRIS-HCI buffer (pH 7.4) and 500 pL of 100 pM
of DPPH. The reaction mixture was kept for incubation for
20 min in the dark at 37 °C. The absorbance was recorded
at 517 nm. Ascorbic acid was used as reference standard
which is a water soluble vitamin C analog and known to
have powerful oxygen radical inhibition. Percentage
scavenging of the DPPH radical was calculated using the
below equation.

DPPH scavenged (%)
__ Mean absorbance of control — Mean absorbance of sample

Mean absorbance of control
X 100

Ferric ion reducing antioxidant power (FRAP)

FRAP assay is based upon the principle of reducing tri
pyridyltriazine complex to the ferrous tri pyridyltriazine,
an intensive blue colour complex by a reductant at low pH
(Sirawdink Fikreyesus Forsido et al. 2013). Briefly, the
FRAP reagent consists of 25 ml acetate buffer, 2.5 ml
TPTZ solution (in 40 mM HCI), and 2.5 ml FeCl;.6H,O
solution. Each concentration (5-1000 pg/ml) in distilled
water was mixed with freshly prepared FRAP reagent and
incubated at 37 °C for 5 min. Absorbance of resultant
coloured product was recorded at 593 nm. All solutions
were freshly prepared on the day of experiment. Results
were calculated as ascorbic acid equivalent (png/ml).

Hydroxyl radical antioxidant capacity (HORAC)

Hydroxyl radical scavenging activity of Pc was analysed
by the method described by Dontha (2016). The assay is
based on the principle of measuring the quantity of 2-
deoxy-d-ribose degradation product, which forms a pink
chromogen upon heating with TBA at low pH. Briefly, the
reaction mixture for the assay consisted of 0.2 M sodium
phosphate buffer (pH 7.4), 10 mM 2-deoxyribose, 10 mM
FeSO4-EDTA, 10 mM H,0, and required concentrations
(5-1000 pg/ml) of sample solution. Immediately after
addition of H,0,, reaction mixture was kept for incubation
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of 4 h at 37 °C. The reaction was stopped by adding 2.8%
trichloroacetic acid and 1% TBA in 50 mM NaOH, fol-
lowed by boiling for 10 min and then cooling in water
bath. The absorbance of the solution was recorded at
520 nm. Ascorbic acid (50-1000 pg/ml) was used as pos-
itive control. The ability to scavenge the hydroxyl radical
was calculated using the following equation.

%HORAC
= (1 — absorbance of sample /absorbance of control)
x 100

Hydrogen peroxide scavenging activity

The scavenging of hydrogen peroxide radicals by Pc were
established according to the method of Nagonda (2013).
Required concentrations (5-1000 pg/ml) of the Pc was
combined with hydrogen peroxide solution prepared in
phosphate buffer at pH 7.4 and absorbance was recorded at
560 nm using UV spectrophotometer against a blank
solution containing phosphate buffer, without hydrogen
peroxide. Ascorbic acid was used as reference standard.
The percentage amount of hydrogen peroxide scavenged
by Pc was calculated using the given formula.

% H,0,
= (1 — absorbance of sample/absorbance of control)
x 100

Total antioxidant capacity (TAC)

Total antioxidant capacity of Pc was determined by Phos-
phomolybdenum assay as described by Rahman et al.
(2015). Briefly, 100 pl of each dilution (5-1000 pg/ml)
was taken in a vial and 900 pl of reagent solution (0.6 M
sulphuric acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate) was added to each of them. Reac-
tion was kept for incubation in a water bath at 95 °C for
90 min. After the incubation, samples were brought to
room temperature, and the absorbance of the reaction
mixture was recorded at 695 nm against a blank. TAC
value was calculated by following equation.

% inhibition
= (1—absorbance of sample/absorbance of control)
x 100
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Reducing power assay

The reducing power of Pc at all the concentrations
(5-1000 pg/ml) was assessed by the method of Rahman
et al. (2015). Briefly, 250 pL of (0.2 M) phosphate buffer
(pH 6.6) was added to 250 pL of (1%) K4FeCNg and
incubated for 20 min at 50 °C, followed by precipitation
with 10% TCA. This supernatant was diluted with equal
volume of distilled water. Ferric reducing capacity of Pc
was checked by adding 0.10% FeCl; to this solution. The
absorbance was recorded at 700 nm against a reagent
blank. The blank was prepared by adding every other
solution but without Pc and ferric chloride (0.1%) and the
control was prepared by adding all other solution but
without Pc. The absorbance measured is a direct reflection
of the reducing power of the test samples.

Animals

As a part of current study, thirty two female Wistar albino
rats weighing between 200 and 250 g bred in Central
Animal House of Panjab University, Chandigarh, India
were used. Animals were acclimatized for 2 weeks before
the initiation of experiment. They were maintained in
accordance with the guidelines of Committee for Control
and Supervision of Experimentation on Animals, Govern-
ment of India, on animal experimentation. The experiment
was approved by the University Animal Ethics Committee.
We selected the doses of phycocyanin (50 mg/kg and
100 mg/kg) to study based on previous literature and both
of the doses exerted no toxic effects in rats (Romay et al.
1998; Salama et al. 2016). Twenty-four hours after the last
treatment, animals were sacrificed to harvest brain.
Rivastigmine (RIV) was used as reference standard. Rats
were randomly divided into five groups. Group 1 served as
the sham (n = 6), Group 2 served as diseased i.e. Intrac-
erebroventricular-Streptozotocin (ICV-STZ) induced (n =
8), Group 3 received ICV-STZ + 2mg/kg (i.p.) of RIV,
Group 4 received ICV-STZ + 50 mg/kg (i.p.) of the Pc
(n = 6), and Group 5 received 100 mg/kg (i.p.) of the Pc
(n=6).

Surgical procedures: Intracerebroventricular (ICV)
injection of Streptozotocin (STZ)

ICV injection of STZ was given according to the procedure
of Mehala et al. (2013). Rats were anesthetized with
Ketamine  (60-100 mg/kg BW)/Xylazine  (5-13 mg/
kg BW), (i.p.). The scalp was shaved, cleaned and cut to
expose the skull. The head was positioned in a stereotaxic
frame and a midline sagittal incision was made in the scalp.
Burr holes were drilled in the skull on both sides over the
lateral ventricles by using the following coordinates:
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0.8 mm posterior to bregma; 1.5 mm lateral to sagittal
suture and 3.6 mm beneath the surface of the brain (Kumar
et al. 2017). STZ (3 mg/kg, ICV) was injected bilaterally in
two divided doses on first and third day making the dose of
1.5 mg/kg each day. The concentration of STZ in artificial
cerebrospinal fluid (ACSF) was adjusted so as to deliver
6 pl of the solution. Sham animals received ICV injection
of the same volume of ACSF on the first and third day. The
skin was sutured after second injection followed by daily
application of antiseptic powder. Postoperatively, the rats
were fed with oral glucose and normal pellet diet for
4 days, followed by normal pellet diet alone. The animals
were dosed for 28 days and were observed daily for
changes and other signs of toxicity and death throughout
the period of study. To measure plasma nitrite level, before
sacrificing, blood was taken retro orbitally.

In vivo antioxidant activity
Determination of Lipid peroxidation levels

The extent of lipid peroxidation was determined quantita-
tively in the form of thiobarbituric acid-reactive substances
by the method described by Wills (1965). Briefly, 0.5 ml of
Tris—HCI was added to 0.5 ml of supernatant and the
mixture was incubated at 37 °C for 2 h. After incubation,
1 ml of 10% ice-cold trichloroacetic acid was added to it
and mixture was centrifuged at 1000 g for 10 min. Then,
1 ml of 0.67% thiobarbituric acid was added to the tubes
containing 1 ml of supernatant and the tubes were kept in
boiling water for 10 min. After cooling, 1 ml of double
distilled water was added and absorbance was measured at
532 nm (Perkin Elmer UV/VIS Spectrophotometer, Lamda
20). The amount of malondialdehyde (MDA) was calcu-
lated using molar extinction coefficient of 1.56 x 10° M~
"em! and expressed as nanomoles (nmol) of malondi-
aldehyde equivalents per mg protein (mgpr).

Plasma nitrite estimation

Total nitrite was estimated using the Greiss reagent which
served as an indicator of nitric oxide (NO) production. The
nitric oxide spontaneously oxidizes to nitrite and nitrate. A
measure of 500 pL of Griess reagent (1:1 solution of 1%
sulphanilamide in 5% phosphoric acid and 0.1% Naphthyl
ethylene diamine dihydrochloride in water) was added to
the 100 pL. of plasma and 400 pL of distilled water was
added to it. The mixture was kept at room temperature for
5 min. Absorbance was taken at 546 nm. Sodium nitrite
(5.0 pmol/L) was taken as standard. Nitrite concentration
was calculated using a standard curve for sodium nitrite.
Nitrite levels were expressed as percentage of control and
expressed as pg/ml (Green et al. 1982).

Determination of superoxide dismutase (SOD) activity

Superoxide dismutase is an important antioxidant defense
in cells exposed to oxygen. It converts superoxide (O,")
radical into molecular oxygen (O,)/hydrogen peroxide
(H>O5). Superoxide dismutase activity was assayed
according to the method of Kono (1978). The assay system
consisted of 96 mM of nitro blue tetrazolium (NBT) was
dissolved in Solution A [50 mM sodium carbonate in
0.1 mM EDTA (pH 10.8)]. In the cuvette, 2 ml of NBT
solution along with 0.1 ml of brain homogenate and 0.5 ml
of hydroxylamine hydrochloride (adjusted to pH 6.0 with
NaOH) was added as reaction mixture. The auto-oxidation
of hydroxylamine was observed by measuring the change
in optical density at 560 nm for 2 min at 30/60s intervals.
SOD activity was calculated in terms of units per mg
protein (Kono 1978).

Determination of reduced glutathione activity

Glutathione (GSH) is an antioxidant that prevents cellular
damage associated with reactive oxygen species (ROS).
Reduced glutathione in the brain was estimated using ElI-
man et al. (1961). Briefly, equal volumes of homogenate
and 5% sulphosalicylic acid were mixed and kept for cold
digestion at 4 °C for 1 h. The supernatant was separated by
centrifugation at 4500 g for 10 min at 4 °C. 50 pl of the
clear supernatant was mixed with 450 pL of 0.01 M 5,
5-dithiobis-(2-nitrobenzoic acid) (DTNB) (0.4% in 0.1 M
phosphate buffer, (pH 7.4)). Reaction mixture was incu-
bated for 10 min at 37 °C and colour developed was
measured at 412 nm. Results were expressed as pM GSH
per mg protein.

Result and discussion

In the present study, food grade Pc was evaluated against a
panel of in vitro and in vivo anti oxidant assays. Previous
studies suggested that the tetra chromophore in the Phy-
cobiliprotein accounts for the blue color as well as pow-
erful antioxidant activity of Pc. Several other studies have
claimed that the antioxidant activity is related not only to
the tetra chromophore but also to the protein backbone
(Garcia et al. 2016). However no study was found where a
series of in vitro tests along with in vivo assays on ICV-
STZ rat model was used to evaluate its antioxidant
efficacy.

DPPH radical is commonly used as a marker in evalu-
ating the hydrogen donating capacity and thus the anti
oxidant activity of any molecule (Cerretani and Bendini
2010). DPPH radical scavenging activity is visually evident
as the purple colour of the solution changed into yellow on
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scavenging of radicals. This change in colour resulted in
decrease of absorbance and is inversely proportional to the
extent of scavenging. In this assay, aqueous solution of Pc
at different concentrations (5—1000 pg/ml) was evaluated
for its free radical scavenging activity compared with
ascorbic acid as standard. It was observed that the radical
scavenging activity of Pc increased with increasing con-
centrations respectively (R = 0.961, p <0.01). The ICsq
value for Pc was 158.3 pg/ml which was slightly higher as
compared to the ICsq (112.9 pg/ml) of ascorbic acid. These
results depicted that aqueous solution of food grade Pc
displayed the ability to quench the DPPH radical which
further pointed out that solution was antioxidant with
radical scavenging activity (Fig la). The FRAP assay is
also regarded as an imperative marker of the antioxidant
potential of any test sample. It bestowed a direct inference
of the antioxidants or redunctants available in the sample.
In FRAP assay reduction of ferric (Fe*")/(Fe*™) ferrous
couple takes place. In this assay, blue-colored ferrous
tripyridyltriazine complex at acidic pH were monitored
spectrophotometrically at 593 nm. The activity was con-
centration dependant, as the aqueous solution of Pc dis-
played the highest antioxidant capacity at the highest
concentration (R = 0.934, p <0.05) (Fig 1b). The ICs,
value for Pc and ascorbic acid were 152.7 png/ml and
91.47 ng/ml respectively. Hydroxyl radical is a strong
oxidizing molecule having the potency to react unselec-
tively and immediately. It targets proteins, DNA, PUFA in
membranes, and most of the biological molecule in its
adjacent area and aids to peroxidic reaction of lipids
(Phaniendra et al. 2014). Pc displayed concentration
dependent scavenging activity against hydroxyl radical
generated in the Fenton reaction system (R? = 0.945,
p <0.01) (Fig 1c). The ICs( value for Pc and ascorbic acid
were 88.67 pg/ml and 57.78 pg/ml respectively. Pc was
capable of scavenging hydrogen peroxide in a concentra-
tion-dependent manner (R2 =0.985, p <0.05) (Fig 1d). The
radical scavenging activity of Pc increased with increase in
concentrations and the ICs value for Pc and ascorbic acid
were 110.9 pg/ml and 44.63 pg/ml respectively. Total
antioxidant capacity (TAC) of Pc was determined using
phosphomolybdate assay. The assay is based on the
reduction of Mo (VI) to Mo (V) forming a green phos-
phomolybdate (V) complex, which can be estimated
spectrophotometrically at 695 nm (Ahmed et al. 2015). The
results indicated a concentration dependent total antioxi-
dant capacity (R2 = 0.932, p <0.001) (Fig le). The ICs,
value for Pc and ascorbic acid were 164.78 pg/ml and
26.76 pg/ml respectively. These results indicate that
aqueous solution of Pc exhibited the effective in vitro
antioxidant activity. Generally the reducing ability of any
compound is demonstrated by the presence of reductants
that break the free radical chain by donating a hydrogen
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atom and depict their antioxidant potential (Adebiyi et al.
2017). In line with some previous study by Mahfooz et al.
(2017), here too, Pc caused the reduction of the Fe3*/fer-
ricyanide complex to the ferrous form and hence the Fe*™
can be observed by analyzing the formation of Perl’s
Prussian blue at 700 nm. Also the reducing power of Pc
was increased with increase in quantity of sample (R* =
0.905, p <0.001) (Fig 1f). The ICsq value for Pc was 198.9
pg/ml, which was comparable to the value of ascorbic acid
ie. 176.5 pg/ml.

Disparity in reactive oxygen species (ROS) and
antioxidative protection can lead to oxidative stress and has
been established to play a decisive role in pathogenesis of
several neurodegenerative diseases (Birben et al. 2012).
Despaired antioxidative systems comprising antioxidant
enzymes and antioxidants like super oxide dismutase and
reduced glutathione respectively encourage the augmented
free radical generation. Owing to the presence of unpaired
electron in the outer orbit, these free radicals are highly
unstable and have greater affinity towards macromolecules
such as proteins, sugars, lipids and nucleic acids, leading to
the alterations in structural and functional integrity of brain
cells (Lobo et al. 2010), eventually leading to destruction,
abnormal functioning and cell death. The laboratory rats as
a disease model, has provided hugely to neuroscience
research all over the years and wistar rats has been a
popular and potent animal model in this field (Benedikz
et al. 2009). Further, as ICV-STZ administration in rats has
been well established to induce oxidative stress and
increased cognitive dysfunction thereafter (Perumal et al.
2018); we assessed several oxidative stress markers in rat’s
brain pre and post treatment. Lipid peroxidation (LPO) is
the oxidative destruction of lipid molecule and is consid-
ered as a critical step in the pathogenesis of various dis-
eases. Nitrosative stress, via increased production of nitric
oxide and peroxynitrite, further destructs protein structure
(Dalle-Donne et al. 2005). Thus oxidative damage to lipids
(lipid peroxidation) and proteins initially results in a
change in cell structure, enzyamatic inactivation, followed
by loss of normal physiological cell function and eventu-
ally neuronal cell death (Barrere 2012). Increased malon-
dialdehyde (MDA) levels depict the enhanced lipid
peroxidative damage in the brain (Ayala et al. 2014). In the
present study MDA levels were significantly increased in
both cortex (p <0.001) (Fig 2a) and hippocampus
(p <0.001) (Fig 2b) in the ICV-STZ group as compared to
sham. Treatment with Pc significantly lowered the MDA
levels in cortex (p <0.01) at both the concentrations,
whereas in hippocampus significant activity (p <0.01) was
observed only at higher concentration of 100 mg/kg. Fur-
ther, rapid oxidation of nitric oxide converts it into nitrite
which is responsible for nitrosative stress in brain. Nitrite
levels were also significantly increased (p <0.001) in
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plasma of ICV-STZ treated rats as compared to sham
group. Results indicated that chronic treatment with Pc (50,
100 mg/kg) produced reduction in nitrite levels, but could
not achieve statistical significance, when compared to ICV-
STZ animals (Fig 2c). The super oxide dismutase (SODs)
is a group of universal enzymes that constitutes first line of
defense against ROS (Wang et al. 2018). They catalyze the
conversion of superoxide radical into hydrogen peroxide
(H,O,). Also, reduced glutathione, a prevalent tripeptide
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thiol, is an important intracellular and extracellular pro-
tective antioxidant (Lushchak 2012). In the present study
STZ significantly reduced the levels of SOD both in cortex
(p <0.001) and hippocampus (p <0.001) of ICV-STZ group
(Fig 3), whereas treatment with Pc significantly elevated
the levels in cortex at both the concentrations, where effect
was more pronounced at higher concentration (p <0.001).
However, Pc demonstrated significant increase only at
100 mg/kg (p <0.01) in hippocampus. Further, significant
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Fig. 3 Effect of treatment with Pc (50, 100 mg/kg) on superoxide
dismutase (SOD) levels in (a) cerebral cortex; #p <0.05—sham versus
ICV-STZ, "p <0.01—ICV-STZ versus RIV, “p <0.05—ICV-STZ
versus Pc 100 and (b) hippocampus of ICV-STZ administered rats;

###p <0.001—sham versus ICV-STZ, “p <0.01—ICV-STZ versus

decrease in glutathione levels was also observed in ICV-
STZ animals compared to sham animals in cortex (p <
0.01), and hippocampus (p <0.05). Treatment with Pc
displayed increase in the enzymatic activities of GSH
significantly in both cortex (p <0.001) and hippocampus
(p <0.001) at 100 mg/kg concentration (Fig 4).

In line with the previous reports our results indicated
strong antioxidant profile of Pc, as depicted by several
in vitro assays performed in the study. Further, in case of
animal model, ICV-STZ administration has led to signifi-
cant increase in cortical and hippocampal oxidative stress.
Treatment with Pc has demonstrated the alleviation of the
STZ-induced lipid peroxidation and nitrite levels. Fur-
thermore, it also helped in restoration of antioxidant
enzymatic armory like reduced glutathione and superoxide
dismutase levels.
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plasma of ICV-STZ administered rats; ###p <0.001—sham versus
ICV-STZ, ™p <0.001—ICV-STZ versus RIV, “p <0.05—ICV-STZ
versus Pc 100. Values were expressed as mean = SEM. The
intergroup variation was measured by one way ANOVA followed by
Tukey’s test using Graphpad prism 5.0 (Graphpad Software Inc, CA,
USA)
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mean + SEM. The intergroup variation was measured by one way
ANOVA followed by Tukey’s test using Graphpad prism 5.0
(Graphpad Software Inc, CA, USA)

Conclusion

Present study has displayed that the food grade Phyco-
cyanin possesses the significant antioxidant activity both
in vitro and in vivo. This antioxidant potential may be
attributed to the presence of amino acids in it, along with
its chromophore part. Amino acid often referred to as
synergetic oxidant agent due to their capability of chelation
of pro-oxidative metal traces and regeneration of intracel-
lular antioxidative system and Phycocyanin has a rich
amount of them in it. Study suggested that Phycocyanin is
a promising source of natural antioxidants that could have
great importance as nutritional as well as therapeutic sup-
plement in preventing or slowing the progress of ageing
and age associated oxidative stress related degenerative
disorders.
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Fig. 4 Effect of treatment with Pc (50, 100 mg/kg) on glutathione
levels in (a) cerebral cortex; #p <0.05—sham versus ICV-STZ,
***p <0.001—ICV-STZ versus RIV, **p <0.01—ICV-STZ versus Pc
100 and (b) hippocampus of ICV-STZ administered rats; *p <0.05—
sham - <0.001—ICV-STZ  versus

versus  ICV-STZ, p
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