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Abstract

Different potentially therapeutic approaches
to prevent or attenuate gentamicin sulfate
(GM) induced nephrotoxicity have been pro-
posed. The present study was conducted to
investigate the effect of the saffron petals
extracts (Crocus sativus) (SPE) on male
Wistar rats with kidney failure. Rats (40) were
randomly assigned into five groups of 8 ani-
mals each: i) the control group, that received
normal saline (0.5 mL/kg); ii) the GM group,
that received GM (80 mg/kg) by intraperitoneal
(i.p.) injection on a daily basis; iii) the
GM+SPE group that received the same dose of
GM and SPE (40 mg/kg) by i.p. injection on a
daily basis; iv) the GM+2SPE group, that
received the same dose of GM and twofold of
SPE (80 mg/kg) by i.p. injection on a daily
basis; whereas v) 2SPE+GM group, that
received 80 mg/kg of SPE a week before initiat-
ing the treatment with GM (prevention group).
Significant differences were seen in the con-
centration of glucose, blood urea nitrogen
(BUN), and creatinine between treatment
groups and control in the male Wistar rats. GM
was observed to cause nephrotoxicity, which
was evidenced by an elevation of serum BUN
and creatinine levels. The biochemical find-
ings of the current study are concordant with
those of histopathologic findings. The results
of this study indicate that SPE especially in
dose of 40 mg/kg can ameliorate harmful
effects of GM on the kidney. The present
results may suggest that the SPE have amelio-
rative effects on kidney failures induced by
GM.

Introduction

Damages induced by aminoglycosides in
either man or experimental animals, have
been mentioned by many researchers.1,2
Aminoglycosides are the most commonly used
antibiotics in the world.3 Gentamicin sulfate
(GM) is an aminoglycoside antibiotic, which is
commonly used for the treatment of infections

caused by gram-negative bacteria. The most
side effects of aminoglycoside treatment are
cochlear, vestibular, and renal impairment.4
Nephrotoxicity induced by GM has been report-
ed in 10-20% of therapeutic regimes and is the
main limitation to therapeutic efficacy of GM.5
Results obtained from GM studies often
extrapolated to other aminoglycosides. The
exact mechanism of GM induced nephrotoxici-
ty is not well understood. Iron chelation and
oxidative stress have been implicated in the
pathophysiology of ototoxicity and acute renal
failure induced by GM.3,6 GM has been shown
in both in vitro and in vivo studies to enhance
the generation of reactive oxygen
metabolites.7 Saffron (Crocus sativus L.) is one
of the most important and valuable herbs of
Iran. Saffron is a perennial stemless herb with
numerous medical properties used in tradi-
tional medicine. Beneficial effects of saffron in
the treatment or prevention of kidney disor-
ders have been noted.8 Various pharmacologi-
cal studies have been done on saffron by
researchers. Some effects such as anticonvul-
sants, antihypertensives, antinociceptive and
anti-inflammatory, antidepressants, antimi-
crobial, anticancer and chemopreventive
agent, free radical scavenging, and the preven-
tion of cisplatin-induced nephrotoxicity using
the stigma of saffron have been mentioned.
Farombi and Ekor,9 found that curcumin, a nat-
ural antioxidant can be a potent protective
agent against renal oxidative damage mediat-
ed by GM in rats There was a positive linear
correlation between the phenolic content and
antioxidant capacity of the medicinal herbs.
Antioxidants can neutralize free radicals in the
environment and prevent the damaging effects
of them. The aim of this study was to investi-
gate the effects of SPE against kidney failure
induced by GM by evaluating the blood param-
eters and kidney histopathology characteris-
tics in male Wistar rats.

Materials and Methods

Animals 
Forty male Wistar rats with mean body

weight of 220±20 g were individually housed
in polypropylene cages in standard rat house
conditions (22-25ºC and 40-50% humidity on a
12 hour light-dark cycle). All rats were given
free access to food (pellet diet, Javaneh,
Khorasan Co, Mashhad, Iran) and tap water.

Animal ethics
This experiment was accomplished under

the approval of the state committee on animal
ethics, Birjand Medical University, Birjand,
Iran. In addition, we used the recommenda-
tions of European Council Directive

(86/609/EC) of November 24, 1986, regarding
the standards in the protection of animals
used for experimental purposes. All efforts
were made to minimize animal suffering and
reduce the number of animals used.

Treatment schedule 
The rats were allowed two weeks to adapt to

experimental conditions before the start of the
experiment. Experiments were done on 40
male Wistar rats divided into five groups of 8
animals each. The experiment was done in two
consecutives weeks (Table 1). Intraperitoneal
(i.p.) injection has been used for all solutions.
SPE injection was done an hour before the GM
injection.

Experimental groups 
Control group: healthy rats, that received

the normal saline as placebo, (0.5 ml/kg) daily;
GM group: intoxicated rats, that received GM
(80 mg/kg) daily; GM+SPE group: rats were
treated with GM (80 mg/kg) plus SPE (40
mg/kg) daily; GM+2SPE group: rats were treat-
ed with GM (80 mg/kg) plus twofold of SPE (80
mg /kg) daily; 2SPE+GM group: (prevention)
rats had experienced with the injection of
80mg/kg of SPE during 6 consecutive days,
then in 7th days injection of GM (80 mg/kg)
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was initiated and lasted in daily manner for a
week. 

Preparing the petal extract 
The SPE were collected from Birjand city in

South Khorasan province, North-east of Iran,
during October 2011 (Figure 1). The samples
were identified by the Agricultural Faculty of
Birjand University, Iran. The voucher number
specimen (No. 1766) was deposited in the
herbarium of Birjand University, Iran. To pre-
pare the petal extracts, the samples were dried
in shadow and then pulverized with a grinder
(Hamilton Beach Brand, Canada).
Hydroalcoholic extract was prepared by using
50 g of the dried powder in 1000 mL of 80% v/v
ethanol and shaking for 24 h. Then, the mix-
ture was filtered through No. 1 Whatman filter
paper and was oven dried at 40°C for 24 h. The
final powdered extract was then weighed to
calculate the yield. The yield (w/w) of the
ethanolic petal extract was 30%.

Biochemical and histopathological
analysis
At 24 hours following administration of the

last dose, the animals were anesthetized with
ether and blood samples were collected by car-
diac puncture. Sera were separated by cen-
trifugation of the samples at 750g for 15 min at
room temperature, and were stored at -21°C
for further analysis. All biochemical parame-
ters including urea nitrogen (BUN), creati-
nine and glucose were measured by commer-
cial kits (Pars Azmoon Co., Tehran, Iran).
Biochemical analyses were measured using a
standard autoanalyser with veterinary soft-
ware (Cobas-Mira, ABX-Diagnostics, Japan).
The serum concentrations of sodium and
potassium were measured by the flame photo-
metric method (Flame Photometer, Fater
Electronic Rizpardaz®, Iran). A urine sample
was collected by bladder puncture and creati-
nine and protein were measured using Jaffe
and Biuret methods, respectively. The right
kidney was removed and fixed in 10% formalin

buffer at room temperature. After fixing the
tissue, it was thoroughly washed under run-
ning water and dehydrated in ascending
grades of ethyl alcohol, cleared, and embedded
in soft paraffin. Tissue sections of about 5 mm
were obtained, and stained by hematoxylin and
eosin (H&E), and examined under light micro-
scope.

Statistics
Data were expressed as mean ± standard

error of mean (SEM). The differences among
treated groups were analyzed by one-way
ANOVA followed by Tukey test. Significance
level set at P<0.05.

Results

Concentrations of glucose, BUN, creatinine,
uric acid, sodium and potassium in the serum
as well as protein and creatinine in urine of
male Wistar rats are shown in the Table 2. The
lower serum levels of glucose were observed in
rats of 2SPE+GM group. Serum BUN and crea-
tinine concentrations in GM+SPE group were
almost similar to the control group. Serum
BUN and creatinine concentrations were sig-

nificantly elevated in other groups. Urine pro-
tein and ratio of urine protein to urine creati-
nine (UP/UC) were significantly lower in
GM±SPE group. Quantitative and qualitative
morphological analyses were used to evaluate
histologic changes in the kidney sections.
Lesions were graded in a single-blind manner
using a same scale. The normal structures of
glomerulus, proximal and distal tubules were
seen in healthy rats of the control group.
Necrosis, along with proximal and distal
tubules desquamation, was seen in GM group
(80 mg/kg, daily, i.p.). Some damages in proxi-
mal and distal tubular epithelial cells were pre-
vented in GM+SPE, GM+2SPE and 2SPE+ GM
groups. In overall, SPE reduced the degree of
kidney tissue damages induced by GEN
(Figure 2). 

Discussion and Conclusions

Rats that received 2SPE earlier than GM
showed lower level of glucose (P≤0.05).
Saffron is considered as a source of polyphe-
nols and carotenoids, which have antioxidant
ability and capable to reduce blood glucose and
inhibition of pancreatic lipase, lipoprotein
lipase and glycerophosphate dehydrogenase.10
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Table 1. Treatment schedule of male Wistar rats exposed to gentamicin sulfate and saf-
fron petal extract (n=40).

Group/week, mg/kg                            First                                                 Second
                                             GM                           SPE                   GM                          SPE

Control                                                0                                         0                               0                                       0
GM                                                       0                                         0                              80                                      0
GM+SPE                                            0                                         0                              80                                     40
GM+2 SPE                                         0                                         0                              80                                     80
2 SPE+GM                                         0                                        80                             80                                      0
Control group: healthy rats, that received the normal saline as placebo, (0.5 mL/kg) daily; GM group: intoxicated rats, that received GM (80
mg/kg) daily; GM+SPE Group: rats were treated with GM (80 mg/kg) plus SPE (40 mg/kg) daily; GM+2SPE group: rats were treated with GM (80
mg/kg) plus twofold of SPE (80 mL/kg) daily; 2SPE+GM group: (prevention group) rats had experienced with the injection of 80mg/kg of SPE
during 6 consecutive days, in 7th days injection of GM (80 mg/kg) was initiated and lasted in daily manner for a week; GM, Gentamicin sulfate;
SPE, saffron petal extract. 

Table 2. Biochemical analysis of serum levels of glucose, BUN, creatinine, uric acid, electrolytes, and urine creatinine and protein in
male Wistar rats (N=8 in each group).

Group/parameter  Glucose,         BUN,     Creatinine,    Uric acid,           Na,                K,        Urine protein,  Urine creatinine,  UP/UC
                                mmol/L        mmol/L       µmol/L          µmol/L          xmmol/L       mmol/L           mg/dL                 mg/dL                

Control                            9.94±0.83        12.31±1.02     57.46±1.76       172.49±28.55        64.52±0.63        1.08±0.04         155.83±10.44                131±31.37               1.18
GM                                    7.02±0.28        27.66±0.97    111.38±8.39      184.98±14.27        63.14±0.91        1.06±0.06           133±15.37                  92.1±31.24               1.44
GM±SPE                          7.7±1.17         17.31±0.76     81.05±7.95       175.46±14.87          63±0.79           1.17±0.04            52.5±7.28                    89±37.58                0.58
GM±2SPE                       9.91±1.17        22.03±0.99    101.66±0.88      196.87±24.38        66.24±0.43        1.14±0.05         196.28±65.47               95.14±16.09              2.06
2SPE±GM                       6.52±0.54        19.45±2.08     91.05±7.95       200.44±16.65        64.59±0.78        1.05±0.06         216.62±39.96              107.78±19.27               2
P value                                 ≤0.05                 ≤0.05              ≤0.05                    NS                        NS                      NS                     ≤0.05                              NS                    ≤0.05
Control group: healthy rats, that received the normal saline as placebo, (0.5 ml/kg) daily; GM group: intoxicated rats, that received GM (80mg/kg) daily; GM+SPE Group: rats were treated with GM (80 mg/kg) plus SPE
(40 mg/kg) daily; GM+2SPE group: rats were treated with GM (80mg/kg) plus twofold of SPE (80 ml/kg) daily; 2SPE+GM group: (prevention group) rats had experienced with the injection of 80mg/kg of SPE during 6
consecutive days, in 7th days injection of GM (80mg/kg) was initiated and lasted in daily manner for a week; GM, Gentamicin sulfate; SPE, saffron petal extract; BUN, blood urea nitrogen; UP, urine protein; UC, urine
creatinine.
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A similar mechanism may be raised about SPE
that administered prior that GM injection.
Many studies have shown that the SPE have a
large variety of flavonoid compounds, glyco-
sides and anthocyanins. Iranshahi and col-
leagues,11 assume that most hepatoprotective
effect of SPE is due to flavonoide and antho-
cyanins (phenolic compounds). Flavonoids can
inhibit the fatty acids enzymatic peroxidation
and also have free radical scavenging property.
In the present study, GM caused a marked
nephrotoxicity as evidenced by significant
increases in serum BUN (225%) and creati-
nine (194%). Increased BUN and creatinine
levels suggest impaired kidney function. The
results demonstrated amelioration of GM-
induced renal toxicity in rats by SPE. Injection
of SPE and 2SPE was found to lower the serum
BUN by 38 and 20% in rats that received GM
respectively. In rats of 2SPE+GM group, BUN
decreased till 30%. SPE and 2SPE injection was
found to lower the serum creatinine by 27 and
9% in rats that received GM respectively. In
rats of 2SPE+GM group, creatinine decreased
till 19%. Urine protein and UP/UC were signif-
icantly lowered in GM+SPE group. Generally,
UP/UC test gives similar information to the 24-
hour urine protein determination from a sin-
gle collection. This ratio is sensitive to signifi-
cant protein loss, with a value of greater than
1.0 prompting immediate investigation.12

Because the sample was obtained of urine at
the end of the experiment, it is not known how
much this finding is worth. In the histopathol-
ogy of renal tissues, normal structure of
glomerulus, proximal and distal tubules, in
shape, number and size were seen. Necrosis,
along with proximal and distal tubules desqua-
mation, was seen by administration of GM, (80
mg/kg bw). Damages in proximal and distal
tubules were prevented in GM+SPE and
GM+2SPE groups more than 2SPE+GM group.
Morphological changes in the kidney along
with biochemical findings showed that admin-
istration of SPE reduced the GM nephrotoxici-
ty. Many recent studies suggest role of reactive
oxygen species (ROS) generation in the kid-
ney in GM nephrotoxicity. Polat and col-
leagues,13 used aminoguanidine as an effec-
tive antioxidant against GM nephrotoxicity in
an in vivo rat model. Aminoguanidine signifi-
cantly decreased BUN level. They propose that
aminoguanidine acts in the kidney as a potent
scavenger of free radicals to prevent the toxic
effects of GM. In another study by Al-Majed,14

curative role of arabic gum which has been
widely used by eastern folk medicine practi-
tioners in treatment of renal failure was evalu-
ated. Arabic gum protected the rats from GM
nephrotoxicity (80 mg/kg, daily, i.p.) possibly
by inhibition of the production of oxygen free
radicals. Caffeic acid phenethyl ester (CAPE)
significantly decreased serum BUN and creati-
nine levels in GM nephrotoxicity. Probably,
CAPE acts in the kidney as a potent scavenger
of free radicals to prevent the toxic effects of
GM both at the biochemical and histological
level.15 Administration of vitamin C in equines
could have a protective effect against GM
nephrotoxicity.16 Protective effects of vitamin
E and probucol against GM nephrotoxicity in
rats were evaluated by Abdel-Naim and col-
leagues.17 In the mentioned study, vitamin E
pretreatment significantly lowered the elevat-
ed serum BUN and creatinine levels, probably
due to their antioxidant activity. Saffron petals
(SP) are a rich source of flavonoids, which can
be potentially used as an antioxidant com-
pound in pharmaceutical research.18

                                                                                                                             Article

Figure 1. The purple saffron petal is used in the experiment.

Figure 2. Photomicrographs of different experimental groups
showing the histopathology of renal tissues. Control: normal
structure of glomerulus, proximal and distal tubules, in shape,
number and size are seen. GM: necroses along with proximal and
distal tubules desquamation were seen by administration of gen-
tamicin sulfate (GM), (80 mg/kg bw). GM+SPE: with coadminis-
tration of gentamicin and low dose of saffron petal extract (SPE),
(40 mg/kg bw) damages in proximal and distal tubular epithelial
cells are obviously prevented. GM+2SPE: damages in proximal
and distal tubes are prevented in lesser extent compared with
GM+SPE group. 2SPE+ GM: damage of proximal and distal
tubes is prevented in some degrees, but lesser than GM+SPE and
GM+2SPE groups.
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Flavonoids are powerful antioxidants and pre-
vent DNA damages. SP are one of the easily
accessible sources of natural antioxidants and
several amounts of them are obtained during
the saffron processing. The protective effect of
SPE in prevention of acetaminophen induced
liver and kidney damages in male Wistar rats
was shown by Omidi and colleagues.19,20 In
addition, in a preliminary study on the effects
of SPE in lambs, some antioxidant activities of
SPE in sheep was noticed by Omidi and col-
leagues.21 Ardalan and colleagues22 found that
SPE has a considerable effect on scavenging
free radicals. The concentration of 500 ppm of
SPE is equal to a synthetic antioxidant
(TBHQ) at the level of 100 ppm in vitro. The
main overall finding from this study was that
SPE especially in 40mg/kg may be useful for its
antioxidant benefits and may possess amelio-
rative effects on kidney failures induced by
GM. The findings of the present study will, we
hope, serve as a valuable basis for future
research and clinical trials in use of SPE as
effective preventive agent in nephrotoxicity.
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