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Abstract Purpose: isplatin (CP)-induced nephrotoxicity is
associated with the increased generation of reactive oxy-
gen metabolites and lipid peroxidation in kidney, caused
by the decreased levels of antioxidants and antioxidant
enzymes. The purpose of this study was to evaluate the
role of Spirulina, blue-green alga with antioxidant
properties, in the protection of cisplatin-induced neph-
rotoxicity in rat. Methods: Rats were treated with CP
(6 mg/kg bw, single dose, intraperitoneally). Spirulina
(1,000 mg/kg) was administered orally for 8 days and CP
treatment was given on day 4. Nephrotoxicity was as-
sessed, 6 days after the CP treatment, by measuring
plasma urea, creatinine, urinary N-acetyl-(p-glucose-
aminidase) (f-NAG) and histopathology of kidney.
Results: Rats treated with CP showed marked nephro-
toxicity as evidenced from the significant elevation in
plasma urea, creatinine and urinary f-NAG. Histological
assessment revealed marked proximal tubular necrosis
and extensive epithelial vacuolization in the kidney of CP-
treated rats. Superoxide dismutase, catalase and gluta-
thione peroxidase were decreased and lipid peroxidation
was increased in kidney tissue. Pretreatment with Spiru-
lina protected the rats from CP-induced nephrotoxicity.
The rise in plasma urea, creatinine, urinary [-NAG,
plasma and kidney tissue MDA and histomorphological
changes were significantly attenuated by Spirulina.
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In vitro studies using human ovarian cancer cells revealed
that Spirulina did not interfere with the cytotoxic effects
of CP on tumor cells. Conclusions: In summary, Spirulina
significantly protected the CP-induced nephrotoxicity
through its antioxidant properties.
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Introduction

Cisplatin (CP) is a potent antineoplastic drug, whose
optimal clinical use is limited because of its ability to
induce nephrotoxicity [1]. Acute renal failure has been
observed after a single dose of cisplatin [2]. Primary
targets of CP in kidney are proximal straight and distal
convoluted tubules, where it accumulates and promotes
cellular damage, and by involving multiple mechanisms
including oxidative stress, DNA damage, apoptosis and
inflammation [3—6]. Many in vivo and in vitro studies
indicate an important role of reactive oxygen species
(ROS) in the pathogenesis of nephrotoxicity [7]. CP
induces free radical production causing oxidative renal
damage, possibly due to depletion of non-enzymatic
and enzymatic antioxidant systems [8]. Antioxidants
have been shown to be protective in CP nephrotoxicity
[9, 10]. Several radical scavengers and antioxidants
such as vitamin E, vitamin C [11], selenium [12], eda-
ravole [13], amifostine [14], superoxide dismutase
(SOD) [10] and caffeic acid phenylethyl ester [15] are
reported to attenuate CP-induced renal toxicity.
Spirulina (SP), a blue—green alga, is popularly used as
a nutritional supplement as well as in therapeutic
applications [16]. Spirulina contains proteins, lipids,
carbohydrates, some vital minerals, vitamins including
p-carotene and a pigmented protein, C-phycocyanin
[17]. The antioxidant potential of Spirulina was dem-
onstrated in both in vitro and in vivo studies [18].
Spirulina is known for its wide-ranging biological



activities and antioxidative [18], anti-inflammatory [19],
antimutagenic [20], antiviral [21], immune enhancing
[18], cardioprotective [22] and anticancer properties [23].

Many studies have suggested that the plasma and
tissue concentrations of various antioxidants including
p-carotene were decreased during CP-based therapy in
cancer patients and in experimental animal models [24],
which, in part, may contribute to the development of
nephroxicity by CP. Hence, the present study was car-
ried out to determine the nephroprotective role of
Spirulina against CP-induced nephrotoxicity in rats.
Results revealed that Spirulina significantly attenuated
the CP-induced nephrotoxicity in rats and further sup-
ported the crucial role of antioxidants in protecting
nephrotoxicity induced by CP.

Materials and methods

Spirulina, a fine dark blue—green spray-dried powder,
was prepared from Spirulina platensis (New Ambadi
Estates, India). The biochemical analysis of Spirulina
used in our experiments revealed a composition of
proteins (65.38%), crude phycocyanin (15.37%), min-
erals (7.95%), total carotenoids (0.43%), f-carotene
(0.17%) and total pheophorbide (0.02%). Required
quantity of Spirulina powder was dissolved in sterile
distilled water and used as the Spirulina preparation to
treat the animals. Cisplatin was purchased from Sigma
Chemical Co. (St. Louis, USA).

Animals and treatment

Adult male Wistar rats (weight 200-250 g) were used in
the study. The rats were housed under conditions of
controlled temperature and a 12-h lighting cycle and were
fed with standard rat chow. The animals were divided into
four groups of six animals each. The control group re-
ceived only normal saline orally. The second group re-
ceived Spirulina (1,000 mg/kg bw/day) orally for 8 days.
The third group received a single dose of cisplatin (6 mg/
kg bw) intraperitoneally and the fourth group received
Spirulina (1,000 mg/kg bw/day) daily for 8 days and cis-
platin (6 mg/kg bw, single dose, intraperitoneally) on day
4. On the fifth day after CP treatment, all the animals were
kept in metabolic cages for 24 h urine collection. Blood
was collected on the sixth day after CP treatment, by
ocular puncture, for biochemical analysis and the kidneys
were collected in buffered formalin for histopathological
examination. The study was approved by the Institutional
Ethics Committee for the use of laboratory animals at
Nizam’s Institute of Medical Sciences.

Biochemical assays

Plasma urea and creatinine levels were measured spec-
trophotometrically by using commercially available kits.
The urinary -NAG activity was measured as per the
reported procedure [25].
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Lipid peroxidation products

Kidney tissue was homogenized (10%, w/v) in PBS (pH
7.4) containing 20-mmol/] butylated hydoxytoluene. The
homogenate was centrifuged at 3,000 rpm for 10 min
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Fig. 1 Effect of Spirulina on cisplatin (CP)-induced nephrotoxicity
as measured by: a plasma urea; b plasma creatinine; and ¢ urinary
P-NAG. Nephrotoxicity in rat was induced by CP (6 mg/kg bw
single dose, intraperitoneally) and Spirulina (1,000 mg/kg) was
administered orally, 3 days prior to CP treatment and continued
till the end of the experiment. Values are expressed as mean + SD
(n=6), *P <0.05 versus control; **P <0.05 versus CP. The results
show that Spirulina treatment attenuated CP-induced nephrotox-
icity
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and the supernatant was mixed with equal volumes of
20% trichloroacetic acid, vortexed vigorously and cen-
trifuged at 5,000 rpm for 30 min. To the protein-free
supernatant, 0.33% thiobarbituric acid (TBA) was ad-
ded and boiled for 1 h at 95°C. The TBA-reactive
products were extracted in butanol and the intensity of
the pink color was read at 520 nm [26]. Freshly diluted
tetramethoxy propane (Sigma) was used as the standard
and data were expressed in nmol of MDA/g of heart
tissue.

Estimation of antioxidant enzymes

Superoxide dismutase activity in kidney tissue homoge-
nate was determined spectrophotometrically according
to the method of McCord and Fridovich [27]. This
method is based on the ability of SOD to inhibit the
reduction of cytochrome ¢ in the presence of xanthine
and xanthine oxidase. One unit was defined as the
amount of enzyme that inhibits the reduction of cyto-
chrome ¢ by 50% and activity was expressed in units/mg
protein. Catalase activity was determined by the method
of Aebi [28], with H,O, (10 mM) and phosphate buffer
(0.05 M, pH 7.0) at 210 nm. A unit is defined as the
amount of enzyme that catalyzed the dismutation of
1 pmol of H,O,/min. The specific activity is expressed in
units/mg protein [28]. Glutathione peroxidase activity
was measured by the NADPH oxidation method [29],
and expressed as nmol of NADPH oxidized to NADP/
mg protein. Protein was determined by method of
Lowry et al. [30].

Histopathological studies

Histological sections (5 pm) of kidney from all the
treated groups were stained with hematoxylin and
eosin and periodic acid Schiff’s stain. The microscopic
scoring of the kidney sections was carried out in a
blinded fashion by a pathologist who is unaware of the
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Fig. 2 Effect of Spirulina on cisplatin (CP)-induced lipid peroxi-
dation (MDA). Rats were treated with CP and Spirulina as
described in Fig. 1. Values are expressed as mean + SD (n=06),

treatment groups and assigned a score as described [31],
which represents the approximate extent of necrotic area
in the cortical proximal tubules on a scale of 0—4 (0, no
necrosis; 1, a few focal necrotic spots; 2, necrotic area
was about one half; 3, necrotic spots was about two
thirds; 4, nearly the entire area was necrotic).

Effect of Spirulina on antitumor activity of CP in vitro

Human ovarian cancer cells were seeded into 96-well
plates at a starting density of 2.5x10* cells/well and
cultured overnight in phenol red-free RPMI-1640 med-
ium, containing 5% fetal calf serum at 37°C, humidified
with 5% CO,. The following day, CP (6 pM) and/or
Spirulina (50 pg/ml) was added to the medium. Twenty-
four and forty-eight hours later, 0.5% of MTT was
added, incubated for 3 h, and then the medium was re-
moved. The water-insoluble blue formazan dye formed
was solubulized in DMSO, and the absorbance was read
using a 96-well plate ELISA reader (Beckmann Coulter,
AD 340) at 550 nm. All experiments were run in at least
four parallels and repeated three times.

Statistical analysis

The statistical significance of differences among values
of individual parameters was evaluated by using the
Student’s ¢ test. All the values are expressed as
mean + SD. The significance was set at P <0.05.

Results

To assess CP-induced nephrotoxicity, the plasma urea
and creatinine levels were determined. Figure 1 shows
significant elevation of plasma urea and creatinine levels
in rats treated with CP alone as compared with
untreated control (P <0.05). Urinary f-NAG, a marker
of renal tubular damage, was also significantly increased
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*P<0.05 versus control; **P <0.05 versus CP. The results show
that Spirulina treatment attenuated the CP-induced increase in lipid
peroxidation
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Fig. 3 Effect of Spirulina on Cisplatin (CP)-induced changes in
SOD, catalase and glutathione peroxidase in kidney tissue. Rats
were treated with CP and Spirulina as described in Fig. 1. Values
are expressed as mean + SD (n=6), *P<0.05 versus control;
**P<0.05 versus CP. The results show that Spirulina treatment
attenuated the CP-induced decrease in SOD, catalase and gluta-
thione peroxidase

in CP-treated animals (Fig. 1). In a dose-response study,
we found that Spirulina at 1,000 mg/kg was the most
effective dose in ameliorating the CP-induced nephro-
toxicity (data not shown). Hence all our experiments
were performed using this dose. The CP-induced rise in
the levels of plasma urea, creatinine and urinary f-NAG
was reduced significantly by Spirulina treatment. As
shown in Figs. 2 and 3, there was a significant increase
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in lipid peroxidation in plasma and kidney tissues and a
significant decrease in antioxidant enzymes, SOD, cat-
alase and glutathione peroxidase in CP-treated animals.
These findings are similar to those obtained by others,
showing increased lipid peroxidation and decreased
antioxidant enzymes in kidney tissues of CP-treated rats
[15, 32]. However, pretreatment of Spirulina significantly
attenuated the plasma and kidney tissue MDA levels.
Furthermore, SOD, catalase and glutathione peroxidase
levels were also restored to control levels.

The impaired renal function induced by CP was
further confirmed by histological examination of kidney,
from the regions of cortex and cortico-medullary junc-
tion (Fig. 4). As shown in Fig. 4a, kidney from control
rats showed no abnormality whereas kidney in CP-
treated animals revealed a marked proximal tubular
necrosis, extensive epithelial vacuolization, swelling and
tubular dilation and renal tubules with hyaline casts
(Fig. 4b). The glomerulus and tubular epithelial changes
were less severe in the group treated with CP + Spiru-
lina when compared with CP-treated rats (Fig. 4c). The
histological changes were graded as described in the
Materials and methods section and are summarized in
Table 1.

Though the urea and creatinine levels were not nor-
mal in Spirulina + CP-treated rats, they were signifi-
cantly less as compared with CP-treated rats. However,
histopathological data and urinary f-NAG (indicative
of tubular necrosis) clearly indicated that Spirulina
protected against CP-induced nephrotoxicity.

To evaluate whether Spirulina could modify the
chemotherapeutic efficacy of CP, we studied the effect of
Spirulina on CP-induced cell-killing in human ovarian
cancer cells in vitro. The results demonstrated that the
cell survival was reduced significantly with CP treatment
after 24 and 48 h of incubation, and co-administration
of CP with Spirulina had no significant effect on CP-
induced cell death (Fig. 5).

Discussion

The production of ROS and oxidative stress in kidney
tissue have been implicated in the pathogenesis of CP-
induced renal injury [33] including lipid peroxidation,
enzyme inactivation, changes in the cellular non-enzy-
matic and enzymatic antioxidant system [10, 15, 31]. It
has been reported that the administration of CP to rats
resulted in the depletion of GSH in kidney tissue [34].
CP has been shown to inhibit the function of
mitochondrial respiratory complex in normal tubular
cells [35], resulting in ROS generation and mitochon-
drial dysfunction [36]. The involvement of oxidative
stress was further supported by the fact that antioxi-
dants such as melatonin [37], vitamin E, vitamin C [11],
selenium [12], diethyldithiocarbamate [32] and MnSOD
prevented CP-induced nephrotoxicity [10]. Overexpres-
sion of heme oxygenase-1 (HO-1) ameliorated [38] the
renal damage induced by CP, while deficiency of HO-1
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Fig. 4 Histological
examination of rat kidney. Left
panel shows cortical region
(H&E 40x); Right panel shows
cortico-medullary junction
(H&E, 100x). a Control rat.
Left and right panels show
normal morphology;

b cisplatin-treated rat. Left and
right panels show renal tubules
with hyaline casts, swelling and
vacuolization and proximal
tubular necrosis; and

¢ cisplatin + Spirulina-treated
rat. Left and right panels show
minimal tubular necrosis

Table 1 Semiquantitative analysis of histology of rat kidney

Group Treatment Score
1 Control 0+
2 Spirulina 0+
3 Cisplatin 3+
4 Cisplatin + Spirulina 1+

Rats were treated with cisplatin and Spirulina and histological
grading was performed as described in Materials and methods
section

[39] worsened it, supporting the involvement of oxida-
tive stress in the experimental model of CP toxicity. The
protective effect of dimethylthiourea (OH radical
scavenger) against CP-induced proximal tubular (LLC-
PK1) cell toxicity in vitro, also demonstrated the crucial
role of ROS in CP-induced toxicity [7].

Pretreatment of Spirulina attenuated CP-induced
nephrotoxicity and this effect is attributed to its
antioxidant property. Several studies have demonstrated
that Spirulina possess significant antioxidant activity
both in vitro and in vivo [22, 40-42]. Earlier studies have
shown that Spirulina exhibits antioxidant property in
various oxidative conditions that can cause tissue injury

HEm 24h [C—3148h
100 1
’—§ T
£ 80 * *
)
o
o
&:/ 60 1 ¥ *k
©
2
:Es 40
w
(@)
(@)
O 20 -
T
Control SP CP CP + SP

Fig. 5 Effect of Spirulina (SP) on the antitumor potency of CP.
Human ovarian cancer cells were plated in 96-well plates and
allowed to attach overnight. The cells were treated with CP and/or
Spirulina for a period of 24 or 48 h and cell proliferation was
determined by MTT assay. Control cell growth was set at 100%.
Values are expressed as mean + SD (n=3), *P<0.01 versus
control; **P <0.001 versus control. The results show that Spirulina
does not interfere with the cytotoxic effect of CP on tumor cells



[18, 43-45]. Spirulina prevented the cyclophosphamide
and mitomycin-C toxicity [45] and CP- and urethane-
induced genotoxicity in mice [46]. Rats fed with a
Spirulina-enriched diet showed reduced ischemia—reper-
fusion-induced cerebral infarction [47]. In our recent
studies, we have demonstrated that mice pretreated with
Spirulina significantly protected doxorubicin-induced
cardiotoxicity [22], and also attenuated doxorubicin-in-
duced ROS generation and apoptosis in isolated rat
cardiomyocytes in vitro [42]. Recent study has demon-
strated that C-phycocyanin, one of the main constituents
of Spirulina, inhibited oxalate-mediated lipid peroxida-
tion and protected renal cell injury [48]. In addition, the
results of the present study also indicated that Spirulina
did not interfere with the inhibition of cell proliferation
induced by CP in human ovarian cancer cells in vitro.

Though the results of the present study suggest
Spirulina offers protection against CP-induced nephro-
toxicity through the inhibition of oxidative stress, other
possible mechanism(s) cannot be ruled out. It is evident
from many studies that apoptosis is involved in CP-in-
duced renal injury [6, 49]. A recent study has indicated
that treatment with a Spirulina-enriched diet reduced the
ischemia—reperfusion-induced apoptosis and cerebral
infarction by inhibiting caspase-3 activity [47]. The
chemoprotective agent, N-acetylcysteine blocks the CP-
induced apoptosis through the caspase signaling path-
way [50]. In our recent study, we have demonstrated that
Spirulina and C-phycocyanin significantly inhibited the
doxorubicin-induced free radical generation and apop-
tosis by attenuating caspase-3 activity in isolated rat
cardiomyocytes [42]. It is likely that Spirulina might be
altering the oxidative stress-mediated apoptotic path-
way, thereby inhibiting the CP-induced apoptosis.
However, this requires further investigation.

In summary, our study demonstrated that Spirulina
protected CP-induced nephrotoxicity in rats by its anti-
oxidant properties. Furthermore, Spirulina does not
compromise the antitumor effect of CP. Further studies
are required to examine the clinical use and exact
mechanisms behind a possible protective effect of
Spirulina on CP-induced nephrotoxicity.
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