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Effect of Spirulina, a blue green algae, on gentamicin-induced
oxidative stress and renal dysfunction in rats.
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Gentamicin (GM), an aminoglycoside, is widely employedlinical practice for
the treatment of serious Gram-negative infections.cliheal utility of GM is
limited by the frequent incidence of acute renal failusgoefimental evidences
suggest that oxidative and nitrosative stress play an tamgaole in GM
nephrotoxicity. Spirulina fusiformis is a blue green algaé potent free radical
scavenging properties. The present study was designed tagatest
renoprotective potential of S. fusiformis, against GM-iretlioxidative stress and
renal dysfunction. Spirulina fusiformis (500, 1000, 1500 mg/kg, pias)
administered 2 days before and 8 days concurrently withi{ & mg/kg, i.p.).
Renal injury was assessed by measuring serum creatinioe, unlea nitrogen and
creatinine clearance and serum nitrite levels. Rendhti¥e stress was
determined by renal malondialdehyde levels, reduced glutathevels and by
enzymatic activity of superoxide dismutase (SOD) and c@a@hronic GM
administration resulted in marked renal oxidative anasdttive stress and
significantly deranged renal functions. Treatment @itHusiformis significantly
and dose-dependently restored renal functions, reducegépackidation and
enhanced reduced glutathione levels, SOD and catalase estiViie results of
present study clearly demonstrate the pivotal role otikeaoxygen species and
their relation to renal dysfunction and point to tiherapeutic potential of S.
fusiformis in GM-induced nephrotoxicity.
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Salubrious effect of C-phycocyanin against oxalate-mediated renal cell
injury.

Faroog SM, Asokan D, Sakthivel R, Kalaiselvi P, Varalakshmi P.

Department of Medical Biochemistry, Dr. AL Mudaliarde@sraduate Institute of Basic
Medical Sciences, University of Madras, Taramani, Che60@i113, India.

BACKGROUND: C-phycocyanin, a biliprotein pigment found ange blue green algae
(Spirulina platensis) with nutritional and medicinal pntjes, was investigated for its
efficacy on sodium oxalate-induced nephrotoxicity in expentally induced urolithic
rats. METHODS: Male Wistar rats were divided into fourugr®. Hyperoxaluria was
induced in two of these groups by intraperitoneal infusiosodfum oxalate (70 mg/kg),
and a pretreatment of phycocyanin (100 mg/kg) as a singldasabe was given to one
of these groups by 1 h prior to sodium oxalate infusionemges. The study also
encompasses an untreated control group and a phycocyarentadated drug control
group. The extent of lipid peroxidation (LPO) was evaldateterms of renal
concentrations of MDA, conjugated diene and hydroperoxides following assay was
performed in the renal tissue (a) antioxidant enzymesasishperoxide dismutase
(SOD) and catalase, (b) glutathione metabolizing enzyoesas glutathione peroxidase
(GPXx), glutathione reductase (GR), glutathione-S-transf¢@S&) and glucose 6-
phosphate dehydrogenase (G6PD), (c) the low molecular tagigghxidants (GSH,
vitamins E and C) and protein carbonyl content. RESULT &:ifitreased concentrations
of MDA, conjugated diene and hydroperoxide (index of thiel [peroxidation) were
controlled (P < 0.001) in the phycocyanin-pretreated groughedbutset, the low
molecular weight antioxidants were appreciably incre@Bed 0.001), whereas the tissue
protein carbonyl concentration was decreased (P < 0.001), suggéat phycocyanin
provides protection to renal cell antioxidants. It wasaaatithat the activities of
antioxidant enzymes and glutathione metabolizing enzymes cagisiderably stabilized
in rats pretreated with phycocyanin. CONCLUSION: We sugted phycocyanin
protects the integrity of the renal cell by stabilizihg free radical mediated LPO and
protein carbonyl, as well as low molecular weight aatiants and antioxidant enzymes
in renal cells. Thus, the present analysis reveatsthie antioxidant nature of C-
phycocyanin protects the renal cell against oxalate-indupeiyiand may be a
nephroprotective agent.
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Prophylactic role of phycocyanin: a study of oxalate mediated renal
cell injury.
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Oxalate induced renal calculi formation and the assedtigenal injury is thought
to be caused by free radical mediated mechanisms. Amamwdel was used to
investigate the effect of phycocyanin (from Spirulinagnais), a known
antioxidant, against calcium oxalate urolithiasis. Maletd rats were divided
into four groups. Hyperoxaluria was induced in two of thrggseips by
intraperitoneal infusion of sodium oxalate (70 mg/kg) apdedreatment of
phycocyanin (100 mg/kg) as a single oral dosage was giveniathgsodium
oxalate infusion. An untreated control and drug control (pbyanin alone) were
also included in the study. We observed that phycocyammifisantly controlled
the early biochemical changes in calcium oxalate shmmeation. The
antiurolithic nature of the drug was evaluated by the assegsrhurinary risk
factors and light microscopic observation of urinagstals. Renal tubular
damage as divulged by urinary marker enzymes (alkaline phasghaicid
phosphatase and gamma-glutamyl transferase) and histoggthbtmbservations
such as decreased tubulointerstitial, tubular dilatatrmhmononuclear
inflammatory cells, indicated that renal damage wasmsed in drug-pretreated
group. Oxalate levels (P < 0.001) and lipid peroxidation (PO01) in kidney
tissue were significantly controlled by drug pretreatmsunggesting the ability of
phycocyanin to quench the free radicals, thereby pregtiienlipid peroxidation
mediated tissue damage and oxalate entry. This accdounke prevention of
CaOx stones. Thus, the present analysis revealedtiogidant and antiurolithic
potential of phycocyanin thereby projecting it as a promigiegapeutic agent
against renal cell injury associated kidney stone ftiona
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Oxalate mediated nephronal impairment and its inhibition by c-
phycocyanin: a study on urolithic rats.
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The assumption of oxidative stress as a mechanisnaiatexinduced renal
damage suggests that antioxidants might play a benebdéeahgainst oxalate
toxicity. An in vivo model was used to investigate theaftgd C-phycocyanin
(from aquatic micro algae; Spirulina spp.), a known aident, against calcium
oxalate urolithiasis. Hyperoxaluria was induced in twthef4 groups of Wistar
albino rats (n = 6 in each) by intraperitoneally itjgg sodium oxalate (70 mg/kg
body weight). A pretreatment of phycocyanin (100 mg/kg heedight) as a
single oral dosage was given, one hour prior to oxaaallenge. An untreated
control and drug control (phycocyanin alone) were emplolyagicocyanin
administration resulted in a significant improvemgn&(0.001) in the thiol
content of renal tissue and RBC lysate via increasimgtjlione and reducing
malondialdehyde levels in the plasma of oxalate indudsdpa< 0.001),
indicating phycocyanin's antioxidant effect on oxalate ntediaxidative stress.
Administering phycocyanin after oxalate treatment sigaiftly increased
catalase and glucose-6-phosphate dehydrogenase activi/@pX in RBC
lysate suggesting phycocyanin as a free radical quencheFs#isg calcium
oxalate crystal retention in renal tissue using polaaaamicroscopy and renal
ultrastructure by electron microscopy reveals noreatures in phycocyanin--
pretreated groups. Thus the study presents positive phaogaeadlimplications
of phycocyanin against oxalate mediated nephronal impatreme warrants
further work to tap this potential aquatic resource for gslicinal application.
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Evaluation of protective efficacy of Spirulina fusiformis against
mercury induced nephrotoxicity in Swiss albino mice.

Sharma MK, Sharma A, Kumar A , Kumar M .

Department of Zoology, University of Rajasthan, Jaipur 3020@H4a.
mkshrma@hotmail.com

The toxicity of mercury to animals and man is well essaleld and this depends
greatly on the form of the mercury compounds. In moshalsi species,
including man, the kidney is the main site of depositibmorganic mercury and
target organ for its toxicity. In the present study Spieufusiformis (a
cyanobacterium, belongs to family--Oscillatoriacel@®y been investigated as a
possible modifier of mercury induced renal damages insSalisno mice.
Animals were divided into four groups. (i) Control group--ovidicle (0.9%
NaCl) was administered as i.p. (ii) HgCI(2) treated gremip mg/kg b.wt.
HgCl(2) was administered as i.p. (iii) Spirulina treageaup--800 mg/kg b.wt.
Spirulina extract was administered orally. (iv) Comboragroup--S. fusiformis
was administered 10 days before mercuric chloride admaticet and continued
upto 30 days after mercuric chloride administration (5.0 mgikgy b.The
animals were autopsied on 1, 3, 7, 15 and 30 days after tréantethe activity
of alkaline phosphatase (ALP), acid phosphatase (AG@&tpte dehydrogenase
(LDH) and MDA (malondialdehyde) level were measured dnkly
homogenates. The results indicated that there wiageadependent significant
enhancement in MDA content and ACP activity and decreasBi and ALP
activity observed after HgCI(2) treatment. Mercury intaxicn also induces
pathological alterations in the kidney such as degenaraf glomerulus,
proximal and distal tubules. A dose-dependent mortalityalsas observed
following administration of different doses of HgCI(2) combined treatment of
Spirulina with HgCI(2), a significant decrease in MDAtent and ACP activity
and elevation in LDH and ALP activity was observed@sgared to HgCI(2)
treated group. Spirulina pre- and post-treatment with mgmdso significantly
reduces pathological alterations in kidney. Thusyéiselts from the present study
suggest that S. fusiformis can significantly modify teeal damages against
mercuric chloride induced toxicity.
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Spirulina attenuates cyclosporine-induced nephrotoxicity in rats
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Cyclosporine (CsA) causes a dose-related decrease Irfupcidon in
experimental animals and humans. The generation ofwveaoctygen species
(ROS) has been implicated in CsA-induced nephrotoxittityas previously
shown that Spirulina, a blue-green algae, with antioxigemperties effectively
attenuated the doxorubicin-induced cardiotoxicity in mice@syplatin-induced
nephrotoxicity in rat. The present study investigatechdgEhroprotective role of
Spirulina against CsA-induced nephrotoxicity in rats. Sipau500 mg kg(-1)
b.w.) was administered orally for 3 days before and 14 daysurrently with
CsA (50 mg kg-1 b.w.). Rats treated with CsA showed nepXioity as
evidenced from a significant elevation in plasma uresgtmine, urinary N-
acetyl-beta-D-glucosaminidase (beta-NAG) and a decieaseatinine and
lithium clearance. Pretreatment with Spirulina protec¢te rats from CsA-
induced nephrotoxicity. The CsA-induced rise in plasma uréai@atinine and
the decrease in creatinine and lithium clearance wezeugted by Spirulina.
There was a significant increase in plasma and kitissye MDA with CsA.
Spirulina prevented the rise in plasma and kidney tis&iDAa. Histopathology of
the kidney from CsA-treated rats showed severe iscenetguolization and
widening of the interstitium. However, pretreatment v@hirulina prevented
such changes, and the kidney morphology was comparalbiattoftthe control.
Spirulina treatment did not alter the blood CsA levelesE results suggest that
Spirulina has a protective effect against nephrotoxiotiyced by CsA. This
study further supports the crucial role of the antioxidabtire of Spirulina in
protecting against CsA-induced oxidative stress. Copyright 2006\lbley &
Sons, Ltd.
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Renoprotective effect of Spirulina fusiformis on cisplatin-inducd
oxidative stress and renal dysfunction in rats.

Kuhad A, Tirkey N, Pilkhwal S, Chopra K.

Pharmacology Division, University Institute of PharmamaultSciences, Panjab
University, Chandigarh, India.

Cisplatin is an effective chemotherapeutic agent uséueitreatment of a wide
array of both pediatric and adult malignancies. Dose+tgr@ and cumulative
nephrotoxicity is the major toxicity of this compoundiprstimes requiring a
reduction in dose or discontinuation of treatment. Reeeidiences have
implicated oxidative and nitrosative stress in cisplatduced nephrotoxicity.
Spirulina fusiformis, blue-green algae, is claimed to petantial antioxidant.
The present study was designed to explore the renopretectiential of
Spirulina fusiformis against cisplatin-induced oxidativess and renal
dysfunction. Spirulina fusiformis (500,1000,1500 mg/kg(-1) p.o0.) was
administered 2 days before and until 3 days after cisphtifilenge (5 mg/kg(-1)
I.p.). Renal injury was assessed by measuring serum cneatislood urea
nitrogen, creatinine and urea clearance, and serum fetvéts. Renal oxidative
stress was determined by renal TBARS levels, reduced lgtutatlevels, and by
enzymatic activity of superoxide dismutase and catalasengde dose of
cisplatin produced marked renal oxidative and nitrosativestaled significantly
deranged renal functions. Chronic Spirulina fusiformesttment significantly and
dose-dependently restored renal functions, reduced lipickigetmn, and
enhanced reduced glutathione levels, superoxide dismutase, alageat
activities. The results of the present study cleartypalestrate the pivotal role of
reactive oxygen species and their relation to rendudgson and point to the
therapeutic potential of Spirulina fusiformis in cisplainduced nephrotoxicity.
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Protection against cisplatin-induced nephrotoxicity by Spirulina in
rats.

Mohan IK , Khan M, Shobha JC Naidu MU, Prayag A, Kuppusamy P,
Kutala VK .

Department of Clinical Pharmacology and Therapeuticzzgam's Institute of
Medical Sciences, 500 082, Hyderabad, India.

PURPOSE: Cisplatin (CP)-induced nephrotoxicity is asdediwith the
increased generation of reactive oxygen metabolites jgiddpleroxidation in
kidney, caused by the decreased levels of antioxidadtartioxidant enzymes.
The purpose of this study was to evaluate the role ofif&; blue-green alga
with antioxidant properties, in the protection of cisiplanduced nephrotoxicity
in rat. METHODS: Rats were treated with CP (6 mg/kg $mgle dose,
intraperitoneally). Spirulina (1,000 mg/kg) was administenedly for 8 days and
CP treatment was given on day 4. Nephrotoxicity wassasesle 6 days after the
CP treatment, by measuring plasma urea, creatinineyyfhacetyl-(D-glucose-
aminidase) (beta-NAG) and histopathology of kidney. REBXI Rats treated
with CP showed marked nephrotoxicity as evidenced fromigmaficant
elevation in plasma urea, creatinine and urinary beta-NA§&ological
assessment revealed marked proximal tubular necrosisesige epithelial
vacuolization in the kidney of CP-treated rats. Supdsdismutase, catalase and
glutathione peroxidase were decreased and lipid peroxidatemaased in
kidney tissue. Pretreatment with Spirulina protectedabefrom CP-induced
nephrotoxicity. The rise in plasma urea, creatiningyauyi beta-NAG, plasma and
kidney tissue MDA and histomorphological changes wigaficantly attenuated
by Spirulina. In vitro studies using human ovarian cancks =vealed that
Spirulina did not interfere with the cytotoxic effecfsCP on tumor cells.
CONCLUSIONS: In summary, Spirulina significantly proted the CP-induced
nephrotoxicity through its antioxidant properties.
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Spirulina platensis protects against renal injury in rats with
gentamicin-induced acute tubular necrosis.

Avdagié¢ N, Cosovié E, Nakas-I¢indi ¢ E, Mornjakovi ¢ Z, Zaciraqgié¢ A,
Hadzovi¢-Dzuvo A.

Faculty of Medicine, Institute of Physiology and Bioghstry, University of
Sarajevo, Sarajevo, Bosnia and Herzegovina.

The present study was carried out to evaluate the remopivet antioxidant effect
of Spirulina platensis on gentamicin-induced acute tubulznoses in rats.
Albino-Wistar rats, (9male and 9 female), weighing apprataty 250 g, were
used for this study. Rats were randomly assigned to &ue& groups. Control
group received 0,9 % sodium chloride intraperitoneally’fdays at the same
volume as gentamicin group. Gentamicin group was treatexpearitoneally with
gentamicin, 80 mg/kg daily for 7 days. Gentamicin+spirulinaigneceived
Spirulina platensis 1000 mg/kg orally 2 days before and 7 adagsiorently with
gentamicin (80 mg/kg i.p.). Nephrotoxicity was assessed by niegglasma
nitrite concentration, stabile metabolic product of aibxide with oxygen.
Plasma nitrite concentration was determined by colorimetethod using Griess
reaction. For histological analysis kidney specimegese stained with
hematoxylin-eosin (HE) and periodic acid-Schiff (PAS)rstRlasma nitrite
concentration and the level of kidney damage werefgigntly higher in
gentamicin group in comparison both to the control and geaiat+spirulina
group. Spirulina platensis significantly lowered the plasntrite level and
attenuated histomorphological changes related to renay icgqursed by
gentamicin. Thus, the results from present study suggeés$piralina platensis
has renoprotective potential in gentamicin-induced acuteauhetrosis possibly
due to its antioxidant properties.
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Spirulina platensis protects against gentamicin-induced
nephrotoxicity in rats.

Karadeniz A, Yildirim A , Simsek N Kalkan Y, Celebi F.
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Erzurum, Turkey. karadenizali@atauni.edu.tr

The present study aimed to investigate the protectiveteffe@pirulina platensis
(SP) on gentamicin sulphate (GS)-induced changes ievtbés of lipid
peroxidation and endogenous antioxidants in the kidney @f 8grague-Dawley
rats were treated in separate groups as follows for Secative days: control (C),
gentamicin sulphate (100 mg/kg i.p.) (GS), Spirulina plasefii00 mg/kg
orally) (SP) and Spirulina platensis (1000 mg/kg orally) gkistamicin sulphate
(100 mg/kg i.p.) (SP + GS). The degree of protection was eedlny
determining the effects of Spirulina platensis on maklddhyde (MDA),
glutathione (GSH), superoxide dismutase (SOD), glutathiorexjgase (GPX)
and nitric oxide (NO), and plasma creatinine and urea |lewers estimated in
kidney homogenates to evaluate antioxidant activity,thadkidney was
histologically examined as well. Spirulina platensisiteld significant
nephroprotective activity by decreasing lipid peroxidatio®@®) and elevated
the levels of GSH, SOD, GPX, NO, creatinine and ureghErmore, these
biochemical observations were supplemented by histologxeamination of the
rat kidneys. In conclusion, the present study indicatesry important role of
reactive oxygen species (ROS) and the relation to dgrséinction and point to
the therapeutic potential of Spirulina platensis in gemtin sulphate induced
nephrotoxicity.
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