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ABSTRACT

Crocus sativus is a medicinal plant supposedly possessing various biological activities. Currently, it is
evaluated only by the medicinal properties of its stigma and many parts of this plant are unused. This
work contributes to the valorization of C.sativus stamens by exploring the property of methanolic
extract to prevent gentamicin-induced nephrotoxicity in rats. Twenty Wistar rats (weight 250 + 30g)
were assigned into four equal groups (n = 5), and among the assigned groups, group 1 was given only
distilled water (Control), group 2 received intraperitoneal (i.p.) injection of gentamicin (GEN) 80
mg/kg/d, group 3 received the combination of gentamicin (80 mg/kg/d, i.p.) and oral administration of a
lower dose of C. sativus methanolic extract (250 mg/kg/d), while the group 4 received the combination
of gentamicin (80 mg/kg/d, i.p.) and oral administration of a higher dose of C. sativus methanolic extract
(500 mg/kg/d). The injection of gentamicin for the nephrotoxicity induction and post-treatment with
methanolic extract was carried out once a day for 15 days. For nephrotoxicity evaluation, biochemical
and histopathological analyses were performed. The estimation of serum and urinary creatinine, blood urea
nitrogen, sodium levels was carried out with the help of Architect Ci 4100 Analyzer. Oxidative stress was
assessed by the determination of renal malondialdehyde (MDA) and catalase (CAT) levels. The results
of the study suggested that gentamicin injection induced a significant (p < 0.01) elevation in serum renal
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biochemical parameters and oxidative stress indices. The methanolic extract of C. sativus
significantly (p < 0.05) reduced serum creatinine, urea, and sodium levels, with an improvement
in the histopathological results of gentamicin-induced alterations. Furthermore, pretreatment with
plant extracts improved hepatic antioxidant status, by the elevation of the CAT and reducing the
lipid peroxidation level (MDA) in tissues. The present study suggests that the methanolic extract
of C. sativus stamens has an interesting nephroprotective effect on the renal lesions induced by
GEN in modulating renal parameters and oxidative stress on Wistar rats.

1 Introduction

The kidney is an organ at risk for drug toxicity because maximum
drugs are eliminated by the kidney either by glomerular filtration
(GF) or proximal tubular secretion (Ghuysen 2005). Drug-induced
nephropathies are usually lead to the appearance of acute kidney
diseases that only persist for the treatment period. However, some
chronic kidney disease progress may develop chronic end-stage renal
failure and given the high prevalence of acute nephrotoxicity (Karie
et al. 2010). Further, aminoglycosides, oxytetracycline, and
nonsteroidal types of anti-inflammatory drugs might be nephrotoxic
and can induce acute kidney injury (Conly et al. 1994).

Gentamicin (GEN) is an aminoglycoside and is frequently used to
inhibit Gram-negative bacteria. Although it is widely used and has
a positive effect, but nephrotoxicity is the most important obstacle
that limited its use (Reiter et al. 2002; Morales-Alvarez 2020). It
was reported that 10-30% of patients treated with GEN face acute
renal failure. Unfortunately, treatment with GEN for more than 7
days shows some symptoms of nephrotoxicity (Ali 2003). GEN
causes several histopathological and biochemical changes in the
kidney of humans and experimental animals. Some drugs including
antioxidant compounds, hormones, minerals, and vitamins play a
significant role in the treatment of GEN-induced kidney damage
(Ghaznavi et al. 2018; Huang et al. 2019).

On the other hand, some medicinal plants also confirmed a
protective effect against GEN nephrotoxicity. C. sativus belongs to
the genus Crocus, family Iridaceae and grows in the Eastern
Mediterranean region. Iran, Morocco, Italy, and Spain are the
largest producers of saffron ( Khan et al. 2020). The stigma of the
saffron is well known for its antioxidant, antimicrobial (Lahmass et
al. 2018), anti-inflammatory (Hosseinzadeh and Younesi 2002),
and anti-depression (Moshiri et al. 2006) activities. Currently, C.
sativus is only valued by its stigmas and much of the saffron by-
products such as tepals and stamens are not used and are usually
discarded during stigma development (Sanchez-Vioque et al.
2012a). Recently, some pharmacological studies have been
suggested the medicinal values of saffron tepals extract and found
hepatoprotective (Ouahhoud et al. 2021; Omidi et al. 2014),
antidepressant (Akhondzadeh Basti et al. 2007), anti-oxidant
(Sanchez-Vioque et al. 2012b; Wali et al. 2020), and antifungal
(Khoulati et al. 2019) properties. Till now the medicinal properties

of stamens is poorly studied. Therefore, the present study has been
carried out to valorize the renoprotective effect of C. sativus
stamens against the GM-induced nephrotoxicity in Wistar rats.

2 Materials and Methods
2.1 Chemical Compounds.

Gentamicin sulfate (GEN) was purchased from Sigma-Aldrich
Chemicals (St.Louis, MO, USA). Standard kits for urea, creatinine,
and sodium assay were purchased from Biosystems, Spain.
Thiobarbituric acid (TBA), Trichloroacetic acid (TCA),
Glutathione, and hydrogen peroxide (H2O) were purchased from
Sigma Chemicals, Germany. All other reagents used in this work
were of high quality and analytical grade.

2.2 Plants material and extract preparation

C. sativus plants were collected from Oujda-East of Morocco in
2019. The collected plants' specimen was identified by the trained
taxonomist and deposited in the herbarium of the Department of
Biology, Mohamed First University, Oujda, Morocco under the
reference number HUMPOMZ210. The stamens were collected
manually during the period between late October and early
November. For obtaining the methanolic extracts, the stamens
were dried at room temperature and after drying the stamens were
powdered, from this 50 g of powder was macerated in 500 ml of
80% methanol (Merck Company, Germany) for 24 hours at room
temperature (Montoro et al. 2012). This was followed by the
filtration of the extract by a paper filter and evaporated in a rotary
evaporator at 40 °C and finally, the obtained extracts were stored
at -20°C until their use. This operation was repeated several times
to prepare a sufficient amount of extract. The selected
concentrations were prepared by the dissolving extract in distilled
water.

2.3 Animals

Twenty male and female Wistar rats (weight 250 + 30g) were
collected and acclimatized for seven days in wire cages at constant
temperature (21 + 2°C) and in a 12h light/dark cycle with free
access to food and water at the animal house of the Department of
Biology, Faculty of Sciences, Oujda. Rats were cared for in
compliance with the internationally accepted guideline for the care
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and use of laboratory animals, published by the US National
Institutes of Health.

2.4 Experimental Protocol

Rats were randomly assigned to four equal groups and each group
has five animals. Among the assigned groups, animals of group 1
received only vehicle (distilled water 1 ml/kg) and served as a
control, animals of group 2 were intraperitoneally (i.p.) injected by
the gentamicin (80 mg/kg) for 15 days, animals of the group 3
orally received a methanolic extract of C. sativus stamens at a dose
of 250mg/kg body weight and after two hours, 80 mg/kg; GEN
was injected i.p. to rats for 15days, similarly, animals of the group
4 orally received the higher dose of C. sativus stamens methanolic
extract (500 mg/kg body weight), and after two hours, 80 mg/kg,
GEN was injected i.p. to rats for 15 days.

2.5 Collection and analysis of urine

To evaluate the diuretic activity, total urine volume and dietary
intake were measured at the start (To) and end of the experiment
for all rats groups. All animals were kept separately in metabolic
cages, and after 24 hours urine samples were collected on days 0
and 15 of the establishment of the treatment (Ouahhoud et al.
2019). After determining the urine volume, the samples were
stored at -20 °C, and were analyzed for creatinine, urea, total
protein, and electrolytes, including sodium with the help of
Architect Ci 4100 Analyzer.

2.6 Sample collection and Biochemical assays

Twenty-four hours after the last dose of intraperitoneal injection of
gentamicin, all animals were anesthetized under a light ethyl ether
and sacrificed. The blood samples were collected from the
abdominal aorta and were put into dry blood collection tubes
(Bernardi et al. 1996). Then, the blood was centrifuged at 4 °C for
10 min at 3000 rpm to separate the plasma. Thereafter, the
collected plasma sample was stored at -20 °C until biochemical
analysis.

2.7 Determination of lipid peroxidation

Malondialdehyde (MDA) is a biomarker commonly used to
estimate lipid. peroxidation. In this study, MDA level was
determined from the kidney tissue as per the method of Draper &
Hadley (1990). The excised kidneys were rinsed in 0.9% NaCl and
homogenized in iced phosphate buffer (0.1 M, pH 7.4). Each
supernatant from the organ homogenate extract (0.5 ml) is mixed
with 1 ml of trichloroacetic acid (TCA 30%) and centrifuged at
2500 rpm for 10 minutes. After this, 1ml of 0.67% solution of
thiobarbituric acid (TBA), and 0.5 ml of supernatant are incubated
for 15 minutes at a temperature of 90°C. The absorbance of the
TBA-MDA complex was determined at 532 nm by using a double
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beam uv Visible spectro-photometer (UV-Visible
spectrophotometer T80+). Lipid peroxidation was expressed in
nmol of MDA produced per gram (g tissue/mg of protein) using
the 1.56 x 10°M molar extinction coefficient:

2.8 Determination of catalase activity (CAT)

Catalases are present in a large number of tissues. They are
tetrameric enzymes involved in the cell's defenses against
oxidative stress (Aebi 1984). The enzymatic reaction is initiated by
adding to 20 pl the tissue homogenate prepared in a 100 mM
phosphate buffer solution (pH = 7.5), the substrate H,O, at a
concentration of 0.5 M. The amount of the supernatant (S) must be
determined according to the amount of protein, which should be
between 1 and 1.5 mg an amount of 10 to 20ul of diluted
supernatant. Then, monitoring the degradation of H,O, to O, at
240 nm by using a double beam UV Visible spectro-photometer
(UV-Visible spectrophotometer T80+) after 15s and 60s of this
addition. The catalase activity was determined according to the
below formula, and the results are expressed in pmol of H,O, per
minute and mg of protein. The catalase activity is determined
according to the following relationship: 1U/g = ((2.3033) /AT) x
(logA1/A2). Here, Al: Absorbance in after 15 seconds, A2:
Absorbance after 1 minute, T: Interval of time per minute.

2.9 Assessment of histopathology

The histopathological analysis of the kidneys of all animals was
performed to examine microscopically the lesions. Pieces of a
kidney from each group were immediately fixed in 10% neutral
formalin and dehydrated in alcohol (50~100%), embedded in
paraffin, and cut into 4~5 pm thick sections using the Leica
RM2235 hand-rotated microtome. These sections were stained
with hematoxylin-eosin. Tissue damages in kidneys, cortex,
external and internal medulla were studied using optical
microscopy (Optika microscopy, Italy). The ratio of glomerulus
dilation/ Bowman space in all groups was estimated using
"MESURIM_PRO" software, the scale was taken from "Optika
microscopy digital USB camera” microscopic imaging software,
and the Bowman's space/glomerulus ratio was calculated using the
following formula:

Ratio = (BSA/GS) *100

Here, BSA = Bowman's space area in mm?, GS = Glomerulus
surface mmz2

2.10 Statistical analyses

The results are expressed as mean + standard error of the mean
(SEM) and were analyzed by Graph Pad Prism 5 Software using
one-way ANOVA to compare the multiple-group. P < 0.05 was
considered statistically significant.
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Average relative kidneys weight (g/Kg)

Table 1 Effect of methanolic extract on the kidney weight and the body weight change on gentamicin induced nephrotoxicity in Wistar rats

% body weight change

Groups
Right kidney Left kidney Day 7 Day 14

Control 3.33+0.16 312+0.19 +7.09+1.24 +11.62 + 0.52

GEN (80 mg/kg) 367+0.11 4.00+0.15 * +3.66+2.47 +9.76 + 2.87

250 mg/kg extract + GEN 3.88+0.22 3.91+0.18 +8.04+153 +12.12 +3.62
(80 mg/kg)

500 mg/kg extract + GEN 364+0.24 3.65+0.27 +8.98+1.56 +12.68 +3.87
(80 mg/kg)

The data are expressed as mean = SEM (n = 5); "P < .05, ~'P < .01 compared to the control group; 250 mg/kg methanolic extract + GEN 80

mg/kg, while 500 mg/kg methanolic extract + GEN 80 mg/kg

Table 2 Effect of methanolic extract treatment on the urinary volume, hydric intake, and dietary intake.

urinary volume

Hydric intake Dietary intake

Groups (Mi/24 h) (g/ 24 h)

Control 13.1+06%* 31+16" 30.5+ 3.4
GEN (80 mg/kg) 24+ 2.6 ** 48+46 37.88+2.1
250 mg/kg + GEN (80 mg/kg) 9.2+0.8% 42+32 30.28+3.2
500 mg/kg + GEN (80 mg/kg) 132+16" 44+21 40.88+1.1

The data are expressed as mean + SEM (n = 5); P < .05, P < .01 compared to the control group; *P < .05, *P < .01 Compared to the GEN
group; 250 mg/kg methanolic extract + GEN 80 mg/kg, while 500 mg/kg methanolic extract + GEN 80 mg/kg

3 Results
3.1 Effect of extract treatment on body and kidney weight

The results related to the body and kidney weight revealed that
daily injection of gentamicin (80 mg / Kg) and the treatment with
250 and 500 mg/kg/day of the methanolic extract did not induce
any significant change in the bodyweight of rats compared to the
control (Table 1). Furthermore, no significant change was reported
in the weight of the right kidney in the mice treated with C. sativus
methanolic extract as compared to the control group while the
weight of the left kidneys in rats treated with GEN showed some
increases as compared to the control group. However, the mice
treated with the C. sativus methanolic extract did not induce a
significant increase in the left kidney weight as compared to the
GEN group.

3.2 Effect of extract treatment on urinary volume, hydric
intake, and dietary intake

Table 2 showed that water intake was significantly decreased in the
untreated control. While in the extract-treated rats, the water ratio
was less than in the rats treated with GEN groups. The volume of
24 hrs urine samples was also higher in the untreated rats than in
the control (p<0.01). In contrast, the treatment with methanolic
extract at 250 and 500 mg/kg significantly reduced the urinary
volume as compared to the untreated GEN group (p<0.01 and

p < 0.05 respectively). Further, food intake remained consistent in
the control rats, as well as in the treated and untreated groups.

3.3 Effect of extract treatment on biochemical parameters of
serum

Table 3 depicted the effect of C. sativus stamens methanolic
extracts (250 and 500 mg/kg) on the serum levels of urea,
creatinine, and sodium concentration in rats injected with
gentamicin. When compared to the standard control, serum urea
and creatinine levels in the GEN group increased significantly
(p<0.05). In addition, rats injected with gentamicin and then
treated with methanolic extract at a dose of 250 mg/kg showed a
significant (p<0.01) decrease in serum urea and creatinine levels as
compared to the GEN treated groups. Further, rats treated with the
higher dose of C. sativus stamens methanolic extracts (500 mg/kg)
remarkably reduced (p<0.01) the serum creatinine and urea level
(p<0.05) as compared to the GEN group. Besides, the treatment
with the methanolic extract reduces the levels of creatinine and
urea for both doses (p<0.01) as compared to the controls. Table 3
also suggested that the GEN reduced serum sodium levels
compared to control while the treatment with both extracts (250,
500 mg/kg) significantly improves (p<0.01, p<0.05) the serum
sodium levels compared to the GEN group, respectively. Besides,
the extract at 250 mg/kg significantly (p<0.05) increases serum
sodium compared to controls.
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Table 3 Effect of methanolic extract on the serum level of urea, creatinine and sodium in GEN-treated rats.

Serum creatinine

Blood Sodium Level

Groups (mg/dl) Blood urea nitrogen (mg/dl) (nmol/l)
Control 0.60 £ 0.01 35.4£13 150.8+ 7.7
GEN (80 mg/kg) 0.66 + 0.01* 36.6+£0.7 * 138.8+2.9
250 mg/kg + GEN (80 mg/kg) 0.51+0.02 #** 29.2+¢1 554%™ 181.2 +6.7°%"
500 mg/kg + GEN (80 mg/kg) 0.53 +0.005 “#™ 30.2+ 2.4* 174.4+ 13.7*

The data are expressed as mean = SEM (n = 5); "P < .05, "P < .01 compared to the control group; *P < .05, *P < .01 Compared to the GEN
group; 250 mg/kg methanolic extract + GEN 80 mg/kg, while 500 mg/kg methanolic extract + GEN 80 mg/kg

Table 4 Effect of methanolic extract on the urinary level of urea, creatinine and sodium in GEN-treated rats.

Uri?rﬁg/fjt:]gine Urine urea nitrogen (mg/24 h) Lé:r%eolslgiiﬁr)n

Control 703.3+63.8 3816+ 157.06 234.4+16.4

GEN (80 mg/kg) 318.6 +245* 1822.2 +107.9 140.8+ 9.5
Extract 1 (250 mg/kg) + GEN (80 mg/kg) 589.05 +50.6 * 3078.4+318.9% 2252 +30.8"
Extract 2 (500 mg/kg) + GEN (80 mg/kg) 4829 +488% 2565.4+ 346.5 204.6 + 238"

The data are expressed as mean + SEM (n = 5); P < .05, compared to the control group; P < .05, Compared to the GEN group; 250 mg/kg
methanolic extract + GEN 80 mg/kg, while 500 mg/kg methanolic extract + GEN 80 mg/kg.

[T Control group
Gentamicin group
[] Extract 1

Extract 2

**

14

MDA level (nmol/g of protein)

NS

Figure 1 Effect of methanolic extract of the Crocus sativus stamens on MDA production in the kidneys of GEN-treated rats. Extract 1:
methanolic extract (250 mg/kg + GEN 80 mg/kg), extract 2: methanolic extract (500 mg/kg + GEN 80 mg/kg). P < .05, **P < .01 compared
to the control group. #P < .05, Compared to the GEN group. NS. Not significantly different Compared to the GEN group.

3.4 Effect of extract treatment on urinary biochemical
parameter

Table 4 indicates that the daily injection of gentamicin (80 mg/Kg)
caused a significant (p<0.05) decrease in the concentration of
urinary creatinine and no significant reduction was reported in the
urinary urea and sodium as compared to the control. While, a
significant elevation was observed in creatinine, urea, and sodium
levels in the urine of rats intoxicated with GEN and treated with
the extract at 250 mg/ml compared to the GEN group (P < 0.05).
The extract at a dose of 500 mg/ml significantly (P < 0.05)

increased the creatinine and sodium levels while no significant
changes were reported in the level of urea as compared to the
control.

3.5 Effect of extract treatment on oxidative stress marker and
antioxidant enzyme activities

Figure 1summarized the protective effects of C. sativus stamens
methanolic extract on MDA production in the kidneys of GEN-
treated rats. Lipoperoxidation is manifested in the GEN group by a
significant increase in MDA (p < 0.01), compared to the control
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IS
1

N
1

CAT level (pmol of H202/min/mg of protein)

|
|

[ Control group
Gentamicin group
Extract 1
=] Extract 2
# *

Figure 2 Effect of methanolic extract of the Crocus sativusstamens on catalase activity of GEN-treated rats. Extract 1: methanolic extract
(250 mg/kg + GEN 80 mg/kg), extract 2: methanolic extract (500 mg/kg + GEN 80 mg/kg). Values are expressed as mean + SD (n = 5).
“P < .05 compared to the control group. #P < .05, Compared to the GEN group. NS. Not significantly different Compared to the GEN group.

Figure 3 Photomicrographs of rat’s kidneys from different experimental groups stained with H&E. Normal histopathological view of a renal
section in control rats (A), the treatment with Gentamicin sulfate (80 mg/kg/day) shows degeneration, tubular necrosis, and dilation,
glomeruli hypertrophy (B). Section from rat treated with GEN (80 mg/kg/day) plus methanolic extract (250 mg/kg/day) reveal near to normal
structure (C). Renal sections of GEN 80 mg/kg + methanolic extract 500 mg/ kg renal sections showed a remarkable recovery of the
glomerulus with tubules with moderate Bowman's capsule dilation (D).

group. Treatment with methanolic extract at a concentration of 250
mg/ml significantly (p < 0.05) decreases the lipid oxidation in rats,
whereas 500 mg/ml concentration has a non-significant effect on
the reduction of MDA value in the control group. Furthermore,
figure 2 suggested that GEN administration caused a decrease in
the activity of the defensive enzymes CAT compared to the control
group. Although methanolic extract at 250 mg/kg treatment
caused an insignificant increase in the CAT activity in the GEN-
treated group compared with the non-treated GEN group, while

methanolic extract 500 mg/kg induced a significant increase in
renal CAT of GEN-treated rats (P < 0.05).

3.6 Effect of extract treatment on histopathological alterations
in the kidney cell

Figure 3 depicted the sections of renal tissue light microscopic
examination from each animal group. Histopathological
assessment of gentamicin treated group kidneys showed massive
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D Control group
B Gentamicin group
[ Extract 1

! Extract 2

\ ]

Bowman space/glomerulus space ratio

N\

G 4 : A

Figure 4 Effect of Methanolic extract Crocus sativus stamens on o glomerulus dilation/ Bowmanspace ratio in the kidney of gentamicin
sulfate-treated rats. Extract 1: methanolic extract (250 mg/kg + GEN 80 mg/kg), extract 2: methanolic extract (500 mg/kg + GEN 80 mg/kg).

-

Values are expressed as mean + SD (n = 5). "P < .05 ™"P < .001 compared to the control group. “P < .05, P < .01, Compared to the GEN
group. NS. Not significantly different compared to control group.

and severe damage. Gentamicin induced renal injury that caused
tubular necrosis and dilation. Further, glomeruli hypertrophy
showed multifocal renal tubular degeneration and coagulative
necrosis in the cortex. Figure 4 suggested that the Bowman
space/glomerulus ratio increases significantly (p < 0.001) in the
GEN treated group as compared to the control group. This means
that GEN induces glomerulus dilatation and also causes some
alterations in the basement membrane and expansion of the
Bowman capsule. However, treatment with C. sativus stamens
methanolic extract at variable doses has a significant protective
effect (p < 0.01) against GEN-induced glomerulus damage. In
mice treated with GEN + higher dose of methanolic extract (500
mg/kg) renal sections showed a remarkable recovery of the
glomerulus with tubules with moderate Bowman’s capsule
dilation.

4 Discussion

Aminoglycosides have long been used against bacterial infections
and are widely used in clinical practice. However, drug-related
toxicity is the main constraint to clinical treatment with
aminoglycoside antibiotics, despite their positive effects (Vysakh
et al. 2018). The aminoglycosides accumulate in the proximal
tubule epithelial cells, causing nephrotoxicity. Due to high
efficacy, gentamicin is the first choice of aminoglycosides in
treating gram-negative infections (Choi et al. 2011). It induces
direct nephrotoxicity through the accumulation in the renal cortex.
In the current study, GEN was injected at a dose of 80 mg/kg (ip)
successively for 15 days. As expected, the administration of GEN
induced renal damage, which was associated with increased
biochemical parameters, urea, and creatinine. This study showed

that impaired renal function was correlated with increased kidney
weight and these results are confirmed by the findings of Ghaznavi
et al. (2016). The results of this study indicated that daily treatment
of rats with a methanolic extract (250 and 500 mg/kg/day) for 15
days prevented GEN-induced nephrotoxicity in kidney weight.

Plasma levels of creatinine and urea are crucial parameters of
kidney function. An increase in creatinine means impaired kidney
function or kidney disease (Gilbert et al. 1989; Hasanvand et al.
2019; Edeogu et al. 2020). The present study showed that
intraperitoneal injection of GEN (80 mg/kg) induced significant
nephrotoxicity (p<0.05) by increasing serum creatinine, urea,
sodium, and urine volume. These results are consistent with
several previous studies (Raju et al. 2011; Janjua et al. 2014;
Salama et al. 2020) which found that daily administration of GEN
resulted in a significant elevation in serum, urine urea, and
creatinine concentrations as compared to the control group.

The pathophysiology of gentamicin renal toxicity is complex and
still unknown. Recent literature has shown that GEN produces
reactive oxygen species (ROS) in the kidney (Choi et al. 2011;
Ozbek 2012), and has induced an elevation in lipid peroxidation
and a decrease in the levels of antioxidant molecules (Kang et al.
2013). Elevated levels of MDA, as an indicator of lipid
peroxidation, were shown in the GEN-treated group. In contrast to
this, increased MDA levels were significantly reduced (p < 0.05)
by methanolic extract of C. sativus stamens at 250 mg/kg. Whereas
at a higher concentration (500 mg/kg), the MDA value was not
significantly reduced, indicating that the generation of reactive
oxygen species in GEN-induced nephrotoxicity has been
eliminated and mitigated the effect of lipid peroxidation.
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Interestingly, methanolic extract administered restored the renal
activities and CAT level in GEN treated groups. Furthermore, the
elevation in MDA and increase in CAT activities in the GEN +
methanolic extract could be due to the antioxidant properties of C.
sativus stamens extract.

After filtration, GEN as a non-metabolized element is reabsorbed
by the renal tubules and enters in the tubular cells after their
binding to phospholipid membrane receptors that induced
structural or functional changes (Balakumar et al. 2008).
Accumulation of GEN in kidney tissue leads to severe kidney
damage, involving total tubular necrosis and dilatation,
hypertrophy of the glomeruli is evidenced in multifocal renal
tubular degeneration. Coagulant necrosis has been also observed in
the cortex. In addition, some changes such as inflation and
congestion have been also reported in the glomeruli, while damage
to the basement membrane and expansion of Bowman's capsule
was also reported during the study. These findings are in
agreement with the results of Josiah et al. (2020) and Okokon et al.
(2011). The histopathological results confirmed the changes in the
biochemical parameters.  Simultaneous administration  of
methanolic extracts improved the GEN-induced alterations in the
renal tubules and glomeruli. Antioxidant compounds show a
preventive effect against gentamicin-induced toxicity in rat
kidneys (Khan et al. 2009). C. sativus stamens is a by-product
generated during stigma collection has been evaluated as a potent
antioxidant compound (Montoro et al. 2012).

Conclusion

Results of the study can be concluded that treatment with both the
concentrations of methanolic extract would decrease and prevent
GEN-induced nephrotoxicity in rats. Administration of methanolic
extract resulted in a significant decrease in kidney weight,
biochemical parameters, as well as CAT and MDA concentrations
in the kidneys. These results suggest the antioxidant properties of
C. sativus stamens methanolic extract may cause the
renoprotective effect.
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