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Cisplatin is an effective chemotherapeutic agent used in the
treatment of awide array of both pediatric and adult malignancies.
Dose-dependent and cumulative nephrotoxicity is the major toxic-
ity of this compound, sometimes requiring a reduction in dose or
discontinuation of treatment. Recent evidence has implicated oxi-
dative and nitrosative stress in cisplatin-induced nephrotoxicity.
Aphani zomenon flos-aquae (AFA), blue-green agae, is claimed to
be a potentia antioxidant. The present study was designed to
explore the renoprotective potential of AFA against cisplatin-
induced oxidative stress and rena dysfunction. The ethanolic
extract of Aphanizomenon flos-aquae (EEAFA) (25, 50, 100 mg/
kg™ p.0.) was administered two days before through three days
after cisplatin challenge (5 mg/kg™ i.p.). Rend injury was
assessed by measuring serum creatinine, blood urea nitrogen, crea-
tinine and urea clearance, and serum nitrite levels. Renal oxidative
stress was determined by renal TBARS levels, reduced glutathione
levels, and enzymatic activity of superoxide dismutase (SOD), cat-
alase (CAT), glutathione peroxidase (GPX), and glutathione trans-
ferase (GST). A single dose of cisplatin produced marked renal
oxidative and nitrosative stress and significantly deranged renal
functions. Chronic EEAFA treatment significantly and dose-
dependently restored renal functions, reduced lipid peroxidation,
and enhanced reduced glutathione levels, superoxide dismutase,
and catalase activities. The results of the present study clearly
demonstrate the pivotal role of reactive oxygen species and their
relation to renal dysfunction and point to the therapeutic potential
of AFA in cisplatin-induced nephrotoxicity.
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INTRODUCTION

Cisplatin [cis-diamminedichloroplatinum (1), CIS] isa
highly effective antineoplastic DNA alkylating agent that is
used to treat many types of solid tumors, including testicu-
lar, ovarian, breast, lung, bladder, and head and neck. How-
ever, reversible and irreversible side effects including
nephrotoxicity, bone marrow toxicity, gastrointestinal toxic-
ity, neurotoxicity, and ototoxicity may limit its utility and
therapeutic profileY The free radicals play apivotal rolein
the development of CIS-induced oxidative stress and renal
dysfunction. CIS-induced acute renal failure is closely
associated with enhanced lipid peroxidation.l¥ It has been
reported that CIS enhances the generation of hydrogen per-
oxide and hydroxy! radicals, induces glutathione depletion,
and increases peroxynitrite anion.[*"

Recent studies have demonstrated that in certain
micro algae, a blue protein called phycocyanin belonging
to the photosynthetic apparatus has antioxidant and free
radical scavenging properties in both in vivo and in vitro
models® Most of the species belonging to the order
Nostocales and Oscillatoriales are known to have renopro-
tective and biomodulator effects!”! A. flos-aquae (AFA) is
a cyanobacteria belonging to the order Nostocales, and no
work in this respect has been carried out with AFA until
this report.

Focusing our attention on natural and bioavailable
sources of antioxidants, we undertook to investigate the
antioxidant and renoprotective effects of the cyanophytes
AFA, a fresh water unicellular blue-green aga, is con-
sumed as a nutrient-dense food source and for its health-
enhancing properties. AFA is an important source of the
blue photosynthetic pigment phycocyanin (PC), which has
been described as a strong antioxidant!®? and natural anti-
inflanmatory!*®'!l compound, as evidenced by in vitro
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and in vivo studies on PC from the cyanophytes Spirulina
platensis. PC is a water-soluble phycobiliprotein composed
of h subunit polypeptides which associate into (ah)-
monomers,*? which, in turn, have a high affinity to
assembl e together to form (ah)3-trimers and finally (ah)6-
examers. a and h subunits are constituted of a protein
backbone to which linear tetrapyrrole chromophoric
groups are covalently bound.[*¥ The chromophore, named
phycocyanobilin is similar in chemical structure to biliru-
bin, and like the latter acts as a powerful scavenger of
reactive oxygen species.[**1% The objective of the present
work is to explore the renoprotective activity of AFA on
ClS-induced oxidative stress and renal dysfunctionin rats.

MATERIALSAND METHODS
Animals

Mae abino rats of Sprague-Dawley strain weighing
between 120-150 g were purchased from Smal Anima
Breeding Section of Kerda Agriculture University, Mannuthy,
Trichur, Kerda, India. The animals were maintained in an
anima house with standard facilities having CPCEA approva
(No. 732). The animas were housed in polypropylene cages
and maintained at 25 = 2°C under 12 hour light/dark. They
were fed with Amrut Laboratory Animal Feed, manufactured
by Nav, Maharashtra Chakan QOil Mills, Ltd., Pune, India
Water was provided ad libitum. The animals were acclima:
tized for one week under laboratory conditions. Ethicd clear-
ance for handling the animals was obtained from the ethic
committee congtituted for the purpose.

Drugs

CIS (Sigma) was suspended in 0.25% carboxymethyl
cellulose (CMC). Cyanobacteria strain, Aphanizomenon
flos-aquae, procured from NCCUBGA, IARI New Delhi
was used for the experiments.

Maintenance of Cyanobacteria Strain

Stock culture of the strains was maintained in our
laboratory by using BG-11 medium.!*® Cyanobacteria
culture (50 mL) from a mid-log phase growth culture was
dispersed asepticaly into cotton plugged 1000 ml steril-
ized conical flasks. These were maintained at 25°C + 2°C
under 24 hours light in an illuminated chamber at 2.5
Klux. These cultures were thoroughly shaken 2-3 times
daily to prevent mat formation.[*] Aeration was provided
by using an aerator.

Preparation of Extract

The cyanobacteria culture was grown up to the mid-
log phase (10-14 days old culture) and then it was har-
vested by filter removing the medium through coarse filter
paper.'¥ Then, the harvested cyanobacteria mass was
washed twice with distilled water for completely removing
the culture medium.’™® Approximately 8-10 ml water was
used for every 1 gm culture harvested. The harvested
strains of AFA were dried at 45-50°C for 48 hr. The dried
material was granules, which were macerated in liquid
nitrogen in a pestle and mortar until a fine powder was
obtained. The powdered material was mixed with petro-
leum ether and sonicated to break open the cell wall
(25 gm powder was mixed with 125 ml of solvent).[?9l
Then it was placed on the shaker platform for 24 hours for
cold extraction. The filtrate was collected by centrifuga
tion, and the material was obtained and repeatedly cold
extracted with solvents of increasing polarity (chloroform,
ethanol, methanol, and distilled water). The filtrate was
evaporated by rotary evaporator at temperature 30-35°C,
and the mass obtained was dissolved in distilled water and
employed for further experiments. The cold extraction
procedure was repeated two times. The extract (300 mg)
was dissolved in 10 ml of water, and each rat was orally
fed with 500 pl of this preparation. Thus, each rat received
approximately 15 mg of the drug (i.e., 100 mg/kg body
w.t). The average body weight of each rat was 120-150 g.

Experimental Design

Animals were divided into five groups, each group
comprising six animals. Group 1 was kept as normal that
received equivalent volume of sodium carboxymethylcel-
lulose for five days. Group 2 animals received single dose
of CIS 5 mg kg .Y Groups 3-5 animals received ethan-
olic extract of Aphanizomenon flos-aquae (EEAFA) 25,
50, and 100 mg kg, respectively, starting two days
before and continually until 3 days after CIS. The animals
were kept starved overnight on the sixth day of the CIS
treatment. On the next day, the animals were sacrificed by
decapitation, and the blood was collected by cutting the
jugular vein.[?d The kidney in each case were dissected
out, blotted of blood, washed in saline, and stored in a
freezer, and they were used for various biochemical
estimations.

Post-Mitochondrial Super natant Preparation

Kidneys were perfused with ice-cold saline (0.9%
sodium chloride) and homogenized in chilled potassium
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chloride (1.17%) by using a homogenizer. The homoge-
nate were centrifuged at 800 g for 5 min at 4°C to separate
the nuclear debris. The supernatant so obtained was
centrifuged at 10,500 g for 20 min at 4°C to get the post-
mitochondrial supernatant, which was used to assay anti-
oxidant enzyme activities.!?!

Biochemical Estimations

A midline abdomina incision was performed, and
both kidneys were isolated for enzymatic analysis and his-
topathological studies. Plasma samples were assayed for
blood urea nitrogen (BUN), urea clearance, serum creati-
nine, and creatinine clearance by using standard diagnostic
kits (Doctor’ s diagnostics, Kerala, India). Assay was com-
pleted based on the ability of the extracts to inhibit or
scavenge the super oxide radical generated from the photo
reduction of riboflavin according to the method of
McCord and Fridovich.?®l The measurement of thiobarbi-
turic acid reactive substances (TBARS) was done as an
index of lipid peroxidation by using the method of
Nichans and Samuelson.[?! Conjugated dienes (CD) was
estimated according to the method of Beuje and Aust.[*]
Activities of superoxide dismutase (SOD),!?® catalase
(CAT),?" reduced glutathione (GSH),[?¥ glutathione per-
oxidase (GPX),[?! glutathione transferase (GST),[*) and
serum nitrite concentration!®!! were also estimated.

Histopathological Examination of Kidney

A portion of the kidney in each group was fixed in
10% formasal (formalin diluted to 10% with saline) and
protected for histopathology. For histopathology, serial
sections of 5um thickness were made from the fixed kid-
ney tissues and then studied with hematoxylin and eosin to
evaluate the details of rena architecture in each group
microscopically. A minimum of 10 fields of kidney slides
were examined and assigned for severity of changes by an

observer blinded to the treatments of the animals and
assigned for severity of changes by using scores on the
scale of none (=), mild (+), moderate (++), and severe
(+++).

Statistical Analysis

Theresults are presented as the mean of six animalsin
each group £ SD. The data were obtained by one-way
ANOVA followed by Dunnett t-test.®? The level of
significance was set at p < 0.01.

RESULTS
Effect of EEAFA on ClS-Induced Renal Dysfunction

The single administration of CIS significantly (p < 0.01)
increased the serum creatinine and blood urea nitrogen
(BUN). Chronic EEAFA treatment significantly and dose-
dependently prevented the rise in BUN and serum creatinine
(see Table 1). Moreover, the creatinine and urea clearance,
which were markedly reduced by CIS administration, was
improved dose-dependently by EEAFA treatment.

Effect of EEAFA on CIS-Induced Nitrosative Stress

Serum nitrite levels were significantly (p < 0.01)
elevated by CIS administration. EEAFA treatment signifi-
cantly and dose-dependently improved this increase in
serum nitrite levels (see Figure 1).

Effect of EEAFA on CIS-Induced Lipid Peroxidation
and Changesin Antioxidant Profile

A pilot study was carried out by using the extracts
of AFA in different organic solvents. Among the

Tablel
Effect of ethanol extract of Aphanizomenon flos-aquae on ClS-induced nephrotoxicity in rats

Normal CIS CIS+ EEAFA,25mg CIS+ EEAFA,50mg CIS+ EEAFA, 100 mg

BUN 13.64+0.64 82.22+ 2.99* 64.98+ 0.32" 4378+ 0.75" 24,55+ 0.08"
Serum creatinine (mg/dL) 026+044 396+ 1.21* 244+ 056" 1.42+0.34" 0.76 £0.01"
Creatinine clearance (mL/Min)  0.98+0.05 0.06 + 0.06* 0.33+0.14" 0.61+ 0.64" 0.83+0.10"
Urea clearance (mL/min) 0.66+0.21 0.04+ 0.09* 0.21+1.14" 0.42+ 0.36" 0.57+0.11"

Values are mean £ SD of six animalsin each group. Statistical analysis ANOVA followed by Dunnett t-test.

*p < 0.01 as compared with group 1; Tp < 0.01 as compared with group 2.
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Figurel. Effect of different doses of EEAFA in serum nitrite in cisplatin-treated rats. Values are mean = SD of six animalsin each
group. Statistical analysis ANOVA followed by Dunnett t-test. “p < 0.01 as compared with group 1, 'p < 0.01 as compared with group 2.

extracts, extract with ethanol showed maximum antiox-
idant activity (see Figure 2), which was selected for the
studies. TBARS and CD levels were increased signifi-
cantly by CIS administration compared with normal
control group of animals. Treatment with EEAFA pro-
duced a significant (p < 0.01) reduction in TBARS and
CD in ClS-treated animals (see Table 2). Antioxidant
enzyme activities of kidney are presented in Table 3.
SOD, CAT, GST, and GPX activities were reduced sig-
nificantly (p < 0.01) in the ClS-intoxicated rats when
compared with normal rats. In CIS+ EEAFA-treated
rats, the activities of these enzymes attained near nor-
mal levels. The effect of EEAFA seems to be dose
dependent. Conversely, GSH content in the kidney of
group 2 animals showed a significant (p < 0.01) decline
when compared with group 1. But in all other groups of
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animals, GSH content was found to attain near normal
levels.

Effect of EEAFA on ClS-Induced Changes
on Renal Morphology

The histopathological changes were graded and
summarized in Table 4. The kidneys of rats treated with
CIS (see Figure 3, plate 2) showed marked histological
changes in the cortex and outer medulla, such as tubular
brush border loss, interstitial edema, and necrosis of
epithelium, as compared with normal rena (plate 1)
histopathological structure. Treatment with EEAFA
regressed most of these changes produced by CIS
(plates 3 and 4).
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Figure 2.

In vitro superoxide scavenging activity of ethanol, methanol, and agueous extract of A. flos-aquae.
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Table 2

Effect of ethanol extract of Aphanizomenon flos-aquae on lipid

peroxidation in ClS-treated rats

TBARS CD (mM/100g
Groups (mM/100 g tissue) tissue)
1. Normal 1.23+0.99 15.76 + 0.41
2.CIS 196+ 1.19* 24.68 + 0.74*
3. CIS+ EEAFA, 25 mg 171+ 087" 20.35+1.02"
4. CIS+ EEAFA, 50 mg 148+ 0.29" 17.22 + 0.59"
5. CIS+ EEAFA, 100 mg 1.30+ 0.69" 16.06 + 0.57"

Values are mean £ SD of six animals in each group. Statistical
analysis ANOVA followed by Dunnett t-test.

*p < 0.01 as compared with group 1; 'p < 0.01 as comparec
with group 2.

DISCUSSION

Oxidative stress plays a key role in ClS-induced renal
dysfunction.* CI'S has been reported to enhance production
of superoxide,¥ peroxynitrite,®™ hydrogen peroxide,*
and hydroxyl radicals via the metabolization of iron from
renal cortical mitochondria!®”) Because amost al ATP is
produced in mitochondria, mitochondrial dysfunction is a
central component of CIS nephrotoxicity to proximal

tubules in vivo and in vitro.*® Renal proximal tubule cells

(PTCs), which accumulate significantly greater amounts
of CISin vivo and in vitro than other nephron segments,
undertakes substance transport by consumption of large
amounts of ATP. PTCs are, therefore, highly sensitive to
any disturbance in ATP production.

Ample experimental and epidemiological studies sup-
port the involvement of oxidative stress in the pathogene-
sis and progression of several chronic diseases.*¥ It has
been reported that CIS nephrotoxicity is associated with
increased lipid peroxidation in renal cortical slices and that
antioxidants reverse ClS-induced lipid peroxidation.[*d In
the present study, we found that EEAFA could effectively
scavenge the free radicals in a dose-dependent manner. In
the present study, elevated level of TBARS and CD
observed in ClS-treated rats indicate excessive formation
of free radicals and the activation of lipid peroxidation
system resulting in kidney damage. The significant decline
in the concentration of these constituents in the kidney of
CIS+EEAFA-treated rats indicates anti-lipid peroxidative
effect of AFA. The antioxidant property of Aulosira fertil-
isima and Nostoc sphaeroides on CCl,-induced hepatic
damage in rats had been reported from earlier works con-
ducted in our laboratory.*42 |t has been reported that
Soirulina fusiformis effectively inhibited CIS-induced
lipid peroxidation in rat kidney in vivo.[?! GSH isamajor
non-protein thiol in living organisms that plays a central

Table3
Effect of ethanol extract of Aulosira fertilisima on activity of antioxidant enzymesin kidney of ClS-treated animals

Groups SOD CAT GPX GST GSH

1. Normal 5.79+1.18 348+ 1.64 156.09 + 0.99 0.36+1.80 0.76 + 2.46
2.CIS 425+ 1.19* 0.88+ 0.19* 133.55 + 2.94* 0.18 + 0.82* 0.34+ 2.22*
3. CIS+EEAFA, 25 mg 447 +2.09" 1.19+0.28" 142.26 + 2.647 0.24 + 2.08" 0.49 + 3.38"
4. CIS+EEAFA, 50 mg 495+2.01" 1.93+1.26" 148.19 + 3.97" 0.29+1.91" 0.61+ 357"
5. CIS+EEAFA, 100 mg 5.56+ 1.99" 3.28+0.67" 153.64 + 353" 0.34+1.08" 0.70+ 1.48"

Values of SOD, CAT, GPX, and GST are expressed in U/mg protein; GSH is expressed in mg/100 g tissue.
Values are mean £+ SD of six animalsin each group. Statistical analysis ANOV A followed by Dunnett t-test.
*p < 0.01 as compared with group 1, 'p < 0.01 as compared with group 2.

Table4
Effect of Aphanizomenon flos-agquae treatment on morphological changes as assessed by histopathological
examination of kidney in ClS-treated rats

Group Tubular brush border loss Interstitial edema Tubular dilation Necrosis of epithelium
Normal - - - —

CIS +++ +++ +++ +++

CIS+ EEN50 mg ++— ++— ++— H——

CIS+ EEN100 mg +—— ++/— +/—— +——
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Figure 3. Photomicrographs of kidney sections of rat stained with hematoxylin and eosin (x100). (A) Haematoxylin- and eosin-
stained sections of normal rat kidneys; (B) kidney section of ClS-treated rats showing tubular brush border loss and necrosis of
epithelium; (C) kidney section of CIS+EEAFA, 50 mg-treated rats showing prevention of ClS-induced aterations; (D) kidney section
of CIS+EEAFA, 100 mg-treated rats showing prevention of ClS-induced alterations.

role in coordinating the body’s antioxidant defense pro-
cesses.[*3* A decline in the GSH content in the liver of
ClS-intoxicated rats and its subsequent return toward the
near normal levels in CIS+tEEAFA-administered group
also reveal an anti-lipid peroxidative effect of AFA against
ClS-induced renal dysfunction.

The body has an effective mechanism to prevent and
neutralize the free radical-induced damage. Thisis accom-
plished by a set of endogenous antioxidant enzymes, such
as SOD, CAT, GPX, and GST. When the balance between
ROS production and antioxidant defensesislost, oxidative
stress results, which, through a series of events, deregu-
lates the cellular functions leading to various pathological
conditions.[***1 Nevertheless, the expression of superoxide
dismutase and glutathione peroxidase genes is down-
regulated by CIS.!*8 Any compound, natural or synthetic,
with antioxidant properties might contribute toward the
partial or total alleviation of this type of damage. In the
present study, a decline in the level of antioxidant
enzymes like SOD, CAT, GPX, and GST observed in the
ClS-treated rat is a clear manifestation of excessive forma-
tion of free radicals and activation of lipid peroxidation

system resulting in tissue damage. The significant increase
(p < 0.01) in the concentration of these constituents in the
kidney of CIS+tEEAFA-treated animals indicates the
antioxidant effect of EEAFA. The antioxidant activity (in
vitro) of Nostoc sphaeroides and Spirulina maxima has
been reported.[*748l |t was reported through animal models
that Dunaliella salina, agreen marine algae, has the ability
to protect against oxidative stress in vivo.['¥ It has been
established that carotenoids from micro algae exert their
action against lipid peroxidation, either through decreased
production of free radical derivatives or due to the antioxi-
dant activity of the protective agent itself.[*9)

Superoxide dismutase (SOD), one of the important
intracellular antioxidant enzymes present in all aerobic
cells, has an antitoxic effect against superoxide anion.>”
Catalaseis ahemoprotein that protects cells from the accu-
mulation of H,O, by dismutating it to form H,O and O, or
by using it as an oxidant in which it works as a peroxi-
dase.>! GST is another scavenging enzyme that binds to
many different lipophilic compounds. It acts as an enzyme
for GSH conjugation reaction. It catalyses the reaction of
hydroperoxides with reduced glutathione to form
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glutathione disulphide (GSSG) and the reduction product
of hydroperoxide.

Experimental evidence has suggested that CIS deteri-
orates renal functions in a dose-dependent manner.>?
Glomerular filtration rate (GFR) of both kidneys repre-
sents the integration of GFR in al functioning nephrons.
The cause of the decrease in glomerular filtration is affer-
ent vasocongtriction and possibly an altered ultra filtration
coefficient.¥ At the single nephron level, ROS may
decrease effective GFR by adversely affecting the deter-
minants of single nephron glomerular filtration rate
(SNGFR) and by predisposing to back leak of ultrafiltrate
across the tubular epithelium. Thus, ROS may contribute
to the reduction of GFR in acute tubular necrosis (ATN)
by adversely affecting the determinants of glomerular
hemodynamics, injuring tubular epithelial cells, and pro-
voking tubular cast formation.!>¥

In the present study, the single administration of CIS
caused marked renal dysfunction as evidenced by
decreased creatinine and urea clearance. CIS predictably
lowers GFR in a dose-dependent manner, the cause for
which is afferent vasoconstriction and possibly an altered
ultrafiltration coefficient.® Results of the present study
showed that EEAFA significantly improved creatinine and
BUN. It may be possible that AFA, due to its potential
antioxidant properties, improved renal functions via atten-
uating oxidative stress-mediated decline in GFR and rena
hemodynamics. The vasodilating property of Aphanizomenon
on rat aortic rings, possibly depending on a cyclo-oxygenase-
dependent product of arachidonic acid and nitric oxide,
has been reported.

Nitrite, the stable end product of nitric oxide metabo-
lism, reacts with superoxide radicals, which finaly leads
to nitrosative stress. Large amounts of nitric oxide can
lead to the depletion of cellular ATP, which can inactivate
enzymes that contain iron-sulphur clusters, such as the
TCA cycle enzyme aconitase, and enzymes involved in
mitochondrial electron transport. Nitric oxide damages
DNA, which in turn stimulates the DNA repair enzyme
poly-ADP-ribose synthetase, which further exacerbates
ATP depletion and reduces cellular levels of NAD.[5® By
depleting ATP and promoting ADP ribosylation, nitric
oxide may impair cytoskeleton integrity. In the present
study, CIS produced severe nitrosative stress as assessed
by marked increase in serum nitrite levels, which was sig-
nificantly and dose-dependently attenuated by EEAFA
probably due to the inhibition of inducible nitric oxide
synthase.

It has been reported that ROS may lead to tubular
damage in ClS-treated rats. ROS can induce either suble-
thal or lethal cell injury that culminates in either necrosis
or apoptosis. The kidneys of ClS-treated rats showed
marked histological alterations, especialy in the outer

cortex and medullary region of the kidneys, compared
with kidneys of normal control group. EEAFA signifi-
cantly regressed these structural changes in the kidney,
suggesting the possible involvement of ROS in mediating
these histological aterations.

The present study provides convincing evidence for
the oxidative stress-related renal dysfunction and morpho-
logical aterationsin thisrat model of ClS-induced ARF. It
demonstrates the renoprotective and antioxidant properties
of ethanol extract of A. flos-aquae. The renoprotective
effect of EEAFA may be due to the presence of phycocya-
nin pigment present in EEAFA. In this regard, it is rele-
vant to point out that phycocyanin has been suggested to
act as an antioxidant and exert its antioxidant activity by
scavenging lipid peroxidation. Thus, the plausible mecha-
nism of the renoprotective effect of EEAFA may be due to
its antioxidant effect. Further study is needed to identify
and isolate the active principle of EEAFA, which can have
offer antioxidant and renoprotective properties.
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