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Abstract

Th e present study was carried out to evaluate the renoprotective antioxidant eff ect of Spirulina 

platensis on gentamicin-induced acute tubular necrosis in rats. Albino-Wistar rats, (male and 

 female), weighing approximately  g, were used for this study. Rats were randomly assigned 

to three equal groups. Control group received ,  sodium chloride intraperitoneally for  days 

at the same volume as gentamicin group. Gentamicin group was treated intraperitoneally with 

gentamicin, mg/kg daily for  days. Gentamicin+spirulina group received Spirulina platensis 

 mg/kg orally  days before and  days concurrently with gentamicin (mg/kg i.p.). Neph-

rotoxicity was assessed by measuring plasma nitrite concentration, stabile metabolic product of 

nitric oxide with oxygen. Plasma nitrite concentration was determined by colorimetric method 

using Griess reaction. For histological analysis kidney specimens were stained with hematoxy-

lin-eosin (HE) and periodic acid-Schiff  (PAS) stain. Plasma nitrite concentration and the level of 

kidney damage were signifi cantly higher in gentamicin group in comparison both to the con-

trol and gentamicin+spirulina group. Spirulina platensis signifi cantly lowered the plasma nitrite 

level and attenuated histomorphological changes related to renal injury caused by gentamicin. 

Th us, the results from present study suggest that Spirulina platensis has renoprotective potential 

in gentamicin-induced acute tubular necrosis possibly due to its antioxidant properties.
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Introduction

Th e aminoglycoside antibiotic (gentamicin) is very ef-

fective in treating gram-negative infections (). Unfor-

tunately, acute renal failure is major complication in 

- of patients receiving the drug (). It has been 

demonstrated that gentamicin-induced nephrotoxic-

ity is characterized by direct tubular necrosis, which 

is localized mainly in proximal tubules (). Th e exact 

mechanisms of gentamicin-induced nephrotoxicity still 

remain unclear. Recent evidence showed that reactive 

oxygen species (ROS) play a pivotal role in gentamicin-

mediated nephrotoxicity. Walker et al. () have demon-

strated that oxidative stress induced by gentamicin, is 

the central pathway responsible for renal injury. Some 

studies have reported that antioxidant administra-

tion ameliorates gentamicin-induced nephropathy ().

Spirulina platensis is a type of fresh-water blue-green al-

gae which grows naturally in warm climate countries and 

has been considered as supplement in human and animal 

food (). Th e numerous toxicological studies have estab-

lished its safety for human consumption (). Th ey have 

been found to be rich source of minerals, essential fatty 

and amino acids, vitamins - especially vitamin B and 

antioxidant pigments such as carotenoids (). In addi-

tion, several studies showed that Spirulina species exhib-

it various biological activites such as anti-infl ammatory 

(), antitumor (), hepatoprotective (), radio protective 

(), antimicrobial (), strengthenining immune system 

(, ), metalloprotective () and antioxidant eff ects 

(). Th e present study was designed to investigate the 

renoprotective potential of Spirulina platensis on gen-

tamicin-induced oxidative stress and renal injury in rats.

Materials and Methods

Experiments were carried out in adult Wistar rats ( 

male and  female) weighing -g, which were 

fed standard diet and water. Th e experimental proto-

cols were approved by local Ethical Committee. Rats 

were randomly assigned to the three equal groups: 

control, gentamicin+spirulina and gentamicin group. 

Gentamicin was purchased, as mg/ml injec-

tion. Spirulina platensis was obtained commer-

cially such as a dark blue-green dry powder.) 

Control group (n=) received for a seven days , 

NaCl intraperitoneally (i.p.) in equivalent volume as 

gentamicin treated rats. Gentamicin group (n=)  was 

injected with gentamicin at a dose of  mg/kg/day i.p. 

for  days. Gentamicin+spirulina group (n=) received 

Spirulina platensis, dissolved in distilled water,mg/

kg p.o. two days before and seven days concomi-

tantly with gentamicin at a dose of  mg/kg/day i.p. 

At the end of the study the animals were sacrificed 

under deep ether anaesthesia. A midline abdomi-

nal incision was performed and blood was collected 

from the abdominal aorta for the measurement of 

plasma nitric oxide level. Both kidneys were isolated 

and stored in  formalin for the histological studies.  

NO measurement

The plasma level of nitric oxide was determined by 

measuring plasma nitrite concentrations, a stabile meta-

bolic product of NO with oxygen. Conversion of nitrate 

(NO

) into nitrite (NO


) was done with elementary 

zinc. Nitrite concentration in plasma was determined 

by Griess reaction (). Absorbance was measured 

at  nm. The results were expressed as μmol/dm.

Renal histology

The kidneys were fixed in  buffered formalin so-

lution and then embedded in paraffin wax. The sec-

tions were stained with periodic acid-Schiff  (PAS) and 

hematoxylin-eosin (H-E), and examined by light mi-

croscopy. Histological sections of the kidneys from all 

rats were qualitatively and quantitatively assessed. A 

semiquantitative evaluation of renal tissue was accom-

plished by scoring the degree of damage severity accord-

ing to previously published criteria (). Th e changes 

were limited to the tubulointerstitial areas and were 

graded as follows: =normal; =areas of focal granu-

lovacuolar epithelial cell degeneration and granular 

debris in the tubular lumen with or without evidence 

of desquamation in small foci (less than  of total tu-

bule population involved by desquamation); =obvious 

tubular epithelial necrosis and desquamation but in-

volving less than half of cortical tubules; = necrosis 

and desquamation in more than half of the proximal 

tubules, but intact tubules easily identifi ed; =complete 

or almost complete proximal tubular necrosis.

Statistical analyses were performed using SPSS soft-

ware, version .. Results are expressed as mean ± 

SEM. Th e diff erence in values of tested parameters was 

assessed by Kruskal-Wallis test. Afterwards, Mann-

Whitney test was used to test the significance of 

mean values diff erences between the two groups. As-

sociation between plasma level of NO and histologi-

cal injury score was tested with Spearman’s rank cor-

relation analysis. P<, was considered significant.
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Results

Plasma NO level was statistically signifi cantly diff erent 

between the groups (p<,). Using two-independent 

samples test, the signifi cant diff erence (p< ,) was 

found between the control group (X=,±, μmol/

dm) and gentamicin group (X=,±, μmol/

dm), as well as between gentamicin+spirulina group 

(X=,±, μmol/dm) and gentamicin group (p<,). 

No significant difference was found between control 

and gentamicin+spirulina group (p=,) (Figure .)

Renal histology

Th e kidney of control rats showed normal structure of 

renal parenchyma. Kidney specimens from this group 

showed the normal structure of proximal tubules with 

abundant brush border membranes. Glomeruli and 

distal tubules also showed normal structure (Figure A 

and B). By contrast, the kidney of rats treated with gen-

tamicin alone showed severe and extensive histological 

changes. Cortical tubules revealed degeneration and ne-

crosis of epithelial cells. In the proximal tubular lumen 

a significant quantity of desquamated epithelial cells 

debris was present. In some distal tubules amorphous 

PAS positive cylinders were noticed. Gentamicin also 

produced interstitial edema, tubular brush border loss 

and necrosis of epithelium (Figure A and B). Con-

comitant treatment of animals with Spirulina platensis 

and gentamicin signifi cantly reduced these changes. In 

superfi cial kidney cortex of gentamicin+spirulina group, 

qualitative changes were observed especially in proxi-

mal tubules. Th ese changes were characterized by nar-

row areas of degeneration, necrosis and desquamation 

of epithelial cells. Th ese segments were circled with sec-

tions of distal tubules whose epithelium was relatively 

preserved. Epithelial cells of proximal tubules that be-

long to juxtamedullary nephrons showed signifi cantly 

lesser degree of damage compared to those in superfi -

cial part of cortex. Damaged tubules were partly without 

epithelium, and partly epithelial cells preserved contact 

with basal membrane. Nuclei of these cells were to a cer-

tain extent dislocated and were present more apical, and 

they showed diff erent degree of damage. Tubular lumen 

of damaged areas was narrowed, and moderately fi lled 

with cytoplasmic and nuclear debris. Basal membrane of 

tubules in the areas of complete degeneration and ne-

crosis showed partly disintegration and because of that 

borders between tubules were not present. In the areas 

with lesser intensity of changes, basal membrane had 

preserved integrity. Epithelial cells of the loop of Henle, 

distal tubules and collecting duct had relatively pre-

served structure, but their lumen was to a certain degree 

militated and fi lled with amorphous PAS positive cylin-

ders. In certain glomeruli accumulation of amorphous 

mesangian matrix was observed. Interstitium in the ar-

eas of damaged tubules revealed signs of edema and fo-

cal infi ltration of mononuclear cells (Figure A and B).

In the control group all specimens of kidney tis-

sue had normal structure (grade ). In the gen-

tamicin group three samples of kidney tissue were 

graded as  and three were graded as . In the 

gentamicin+spirulina group two kidney samples were 
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graded as , one was graded as  and three were graded 

as  (Table .). Numbers indicate the specimens hav-

ing the same respective grading criteria in each group.

Histopathological injury score:

=normal

=tubular epithelium necrosis and desquamation aff ects 

< of all tubules 

=tubular epithelium necrosis and desquamation aff ects 

</ cortical tubules

=tubular epithelium necrosis and desquamation aff ects 

>/ cortical tubules

=complete or almost complete necrosis of proximal 

tubules

Using Spearman rank correlation analysis a posi-

tive, statistically significant, correlation was found 

between histopathological injury score and plasma 

NO level (r= ,; p<,) in all groups (Figure ).

Discussion

For a more overall insight in pathophysiological mech-

anisms in the development of toxic tubular damage 

induced with gentamicin, as well as in new therapeu-

tic approach, numerous studies were conducted in 

experimental model of acute tubular necrosis (ATN) 

(,). Recent evidences have indicated that reactive 

oxigen species (ROS) are potential mediators involved 

in gentamicin-induced renal injury. ROS can alter the 

basic cellular constituents and their organelles. Such 

oxidant-induced alterations can profoundly aff ect cel-

lular vitality. ROS impair enzymatic and structural pro-

tein molecules through such mechanisms as oxidation 

of sulfhydryl groups, carbonyl formation and deamina-

tion. They also may destabilize cytoskeletal proteins 

and integrins, which facilitate the attachment of cells 

Group
Grade 

0

Grade 

1

Grade 

2

Grade 

3

Grade

4

Control group 

(n=6) 

6 

(100%)
- - - -

Gentamicin+

spirulina 

group (n=6)

- -
3 

(50%)

1 

(12,5%)

2 

(37,5%)

Gentamicin

group (n=6)
- - -

3 

(50%)

3 

(50%)

TABLE 1. Kidney histopathological injury score
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to the neighboring extracellular matrix. Th us, oxidants 

have a capacity to attack and disable multiple criti-

cal cellular targets and thereby provoke cell death (). 

Gentamicin has been shown to enhance generation of 

superoxide anions, peroxinitrite anions, and hydro-

gen peroxide from renal cortical mitochondria (, ).

An enhanced generation of nitric oxide as occurs by 

activation of inducible nitric oxide synthase (iNOS) 

can prove deleterious to the kidney through sev-

eral mechanisms. Large amount of NO can lead to 

depletion of cellular ATP which can inactivate en-

zymes, such as the Krebs cycle enzyme and enzyme 

involved in mitochondrial electron transport ().

In our study, gentamicin administration produced 

marked increase in plasma nitrite level. Use of Spirulina 

platensis just before and concomitantly with gentamicin 

had signifi cantly reduced plasma NO production. Th is 

eff ect may be due to inhibition of iNOS. In the same 

time Spirulina attenuated gentamicin-induced nitrosa-

tive stress and renal injury.  Our results are in the accor-

dance with the results of Kuhad et al. () who tested 

the renoprotective effects of Spirulina fusiformis on 

cisplatin-induced renal injury due to oxidative stress 

in rats. Th e plasma nitrite level had been used to assess 

the level of renal damage. Cisplatin caused marked re-

nal oxidative and nitrosative stress, and significantly 

deranged renal function. Chronic Spirulina fusiformis 

treatment signifi cantly reduced plasma nitrite level. In 

the other study same authors tested the protective ef-

fects of diff erent doses of Spirulina (, , mg/

kg, p.o.) in gentamicin-induced oxidative stress and 

renal dysfunction in rats (). Th ey found the highest 

plasma NO level in rats treated only with gentamicin. 

Th e level of plasma NO in rats treated with gentamicin 

and Spirulina was the lowest in animals that received 

the highest dose of Spirulina (mg/kg), and the 

highest level of plasma NO in animals that received 

the lowest dose of Spirulina (mg/kg). Results of 

their study also suggest that increased production of 

NO is a consequence of increased activity of iNOS in 

the conditions of kidney damage caused by gentamicin. 

The results of our study showed marked nephro-

toxicity of gentamicin in rats with   characteristic 

morphological changes in kidneys such as tubular 

necrosis and degenerations, interstitial edema and 

infiltration of mononuclear cells. Spirulina platen-

sis significantly attenuated these structural changes. 

Our results are in the accordance with those of Ku-

had et al. (, ) who in both studies histologically 

confirmed protective effects of Spirulina platensis, 

whether it was cisplastin or gentamicin–induced ATN.
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Conclusion

Our results clearly indicate renoprotective role of Spirulina platensis in acute tubular necrosis caused by gentamicin 

probably due to her antioxidative eff ects. Th is study also indicates the possible role of nitric oxide in renal damage caused 

by oxidative stress.   

List of Abbreviations

NaCl    - sodium chloride

H-E - hematoxylin-eosin  

PAS      - periodic acid-Schiff 

ROS - reactive oxygen species

i.p. - intraperitoneally

p.o. -    per orally

ATN - acute tubular necrosis

iNOS -   inducible nitric oxide synthase
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