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Abstract

Background: One of the most prescribed classes of anti-
biotics is the aminoglycoside family. Gentamicin (Ge) is
considered the best frequent member of this family in clinical
practice. Although its serum level is within the therapeutic
range, its nephrotoxicity; the most prominent adverse effect;
might still happen. Furthermost, studies are seeking supple-
ments that could fight against the antibiotics adverse inflam-
matory and oxidative stress. Saffron (Sa) has been shown to
be an effective antioxidant and anti-inflammatory supplement.

Aimof Sudy: The current research highlights the possible
protective role of saffron against gentamicin-induced nephro-
toxicity in albino rats.

Material and Methods: Forty male albino rats were divided
into four equal groups. Group | (Control group) received daily
intraperitoneal (IP) injection of 0.3ml distilled water. Group
Il received Sa extract | P injection daily in a dose of 80mg/kg.
Group |11 received Ge daily intermuscular (IM) injection in
adose of 70mg/kg. Group IV received both Ge and Sa extract
in the does as previously described. After 7 days of al group's
treatment, the nephrotoxicity was assessed by measuring
serum creatinine and urea. Moreover, the tissue antioxidant
levels of Glutathione Peroxidase (GPx) and superoxide dis-
mutase (SOD) and genetic expression of Tumor necrosis factor
(TNF-a) and nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-icB) were evaluated. Distinguishing the
extent of renal tissue structural damage was done by both
histopathol ogical and immunohistochemical examination.
After conducting the quantitative morphometric evaluations,
the results were statistically analyzed.

Results: Rats given Ge revealed nephrotoxicity represented
by anincrease in blood urea and creatinine as well as acute
tubular necrosisin the form of tissue severe congestion,
vacuolation, desquamation, and interstitial mononuclear cell
infiltration. Collagen fibers were strongly deposited. Caspase-
3 immunoreactivity was highly positive. Whereas rats given
both Sa and Ge exhibited a decrease in serum urea and
creatinine levels as well as arelatively minor degree of tissue
necrosis. The biochemical results of both control and Sa-only
treatedgroups were the same.
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E-Mail: ghadanady @kasralainy.edu.

Conclusion: Sa extractameliorates the nephrotoxicity
induced by Ge antibiotics.
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Introduction

THE kidney is aprimary organ responsible for a
variety of xenobiotic toxicants, including poten-
tially dangerous environmental chemicals. Ex-
tremely high renal blood flow, an abundance of
metabolizing enzymes and transporters, and the
kidney's capacity to concentrate various solutes
during the generation of urine are all characteristics
that contribute to the organ's high sensitivity to

xenobiotics [1] . Because of their high bactericidal
potency, low level of resistance, and positive
interactions with beta-lactam antibiotics, aminogly-
coside antibiotics are among the most frequently
used classes of antibiotics. Gentamicin (Ge) and
tobramycin are the members that are used in the
clinical field frequently [2]. Geis bactericidal and
effective against Gram-negative and limited Gram-

positive organisms. Ge is not metabolized but is
distributed essentially unchanged within the ex-
tracellular space before excretion in the kidneys
by glomerular filtration [3].

Routine use of Ge at a dose of 80mg/kg/body
weight is the major and common cause of renal
toxicity associated with aminoglycosides in ap-
proximately 25% of patients [4] . Thistoxicity is
caused by one or more widespread pathogenic
pathways, including thrombotic microangiopathy,
glomerular hemodynamic changes, inflammation,
crystal nephropathy, and tubular cell toxicity.
Destruction of kidney cells was eventually caused
by an excess generation of reactive oxygen species
(ROS), which damage DNA, proteins, and lipids
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within cells [5] . Reduced glutathione (GSH) and
superoxide dismutase (SOD) levels have been
found to be low in the kidneys upon treatment with
Ge. Oxidetive stress played an important rolein
the nephrotoxicity of Ge [6]. Numerous researchers
have attempted to reduce the nephrotoxicity caused
by Ge and a variety of methods have been used
[7 . Treatment of rats with a variety of antioxidants
significantly reduces renal dysfunction and tissue
damage [8] . Ge-nephrotoxicity has been reduced
using herbal extracts. Garlic, Rheum emodi, Aer-
valanata, and corn silk have all been used to reduce
the nephrotoxicity of Ge [9] . Crocus sativusL.,
generally known as saffron (Sa), isaplant that is
commonly used as an antispasmodic, stomachic,
expectorant, diaphoretic, gingival sedative, and
carminative in folk medicine [10] . Crocin, a com-
ponent of Sa extract, has a protective impact on
oxidative stress carried by ischemia-reperfusion
in rat kidneys. Related to its potential to scavenge
ROS and enhance antioxidant responses, Sais
known for avariety of functions due to its antioxi-
dant effects [11] . Sa extract did not have a sufficient
impact on nephrotoxicity brought on by Ge. So,
in this article, we evaluate the potential impact of
Sa aqueous extract on Ge-induced nephrotoxicity.

Material and M ethods

Animals and housing conditions:

The experiment was involved according to all
ethical rules concerning animal research and was
approved by the Institutional Animal Care and Use
Committee of New Giza University during Novem-
ber 2022. Forty male albino rats weighing between
150 and 200gm were used in the experiment pro-
vided by New Giza University. The rats were
provided with ordinary rat chow and were housed
in wire mesh cages (4 rats/cage) at a controlled
temperature (24+1°C). The animals received un-
limited access to food and water.

Chemicals;

Gentamicin (Ge)vial of 80mg .M manufactured
by Memphis Co. for pharm. & chem. Ind. Cairo-
A.RE. [17.

Preparation of aqueous Saffron (Sa) extract:
Crocus sativus L. stigmas was supplied by the
Saharkhiz Saffron Co. in the form of a bottle of
110 gram. The stigmawas dried in the air and then
grounded to afine powder. The aqueous extract
was prepared by adding one gram of saffron stigma
powder to 100ml boiling distilled water, after 2
hours it was homogenized, filtered, and stored in
dark bottlesimmediately until use [13].

Experimental design:
Animal groups:

They were randomly allocated into two catego-
ries: Control rats (10 rats) and experimental rats
(30 rats). Group | (control): Animal of this group
received adaily IP injection of 0.3ml distilled
water for 7 days. Group I1: Sagroup (n=10); re-
ceived IP injection of Sa extract in a dose of
80mg/kg/day [10] (for 7 days. Group I11: Ge group
(n=10); received IM injection of Ge in a dose of
70mg/kg/day [12,14] for 7 days. Group I1V: Ge + Sa
group (n=10); received Sa extract in a dose of
80mg/kg/day IP aswell as Gein adose of 70
mg/kg/day IM for 7 days.

Blood biochemical study:

At the end of the experiment, the rats were
anesthetized with diethyl ether and blood samples
from the retro-orbital vein were obtained from
each animal and were subjected to seraanalysis
of the following: Serum cresatinine and urea.

Scarification and tissue sampling:

Following the blood samples extraction, the
animals were sacrificed after giving sodium thio-
pentone I P in adose of 50mg/kg, the kidney spec-
imens were dissected, and cleaned with distilled
water. The right kidneys of all different groups
were homogenized in ice-cold sodium, potassium
phosphate buffer (0.01 M, pH 7.4). The antioxidant
markers were estimated by measuring the renal
tissue quantitative activities of Glutathione Perox-
idase (GPx) and superoxide dismutase (SOD).
Also, the homogenates were used to isolate the
total RNA. The left kidneys were fixed overnight
in 10% neutral buffered Formalin at 4°C and em-
bedded intoparaffin blocks for further histopatho-
logical and immunohistochemical studies.

Histomor phometry study:

Unstained 4pum thicknesses sections were pre-
pared from the former paraffin blocks were allo-
cated for light microscopic examination and stained
with hematoxylin and eosin (H& E) and Masson's
trichrome (MT). Also, they have stained with
caspase 3 antibodies.

The quantitative study was performed with an
Image J analysis computer software system. The
specimen preparations of the kidney from each rat
were subjected to quantitative studiesin 10 non-
overlapping microscopic fields randomly picked
from each dlide. They were examined within the
standard measusing frame of a known area equal
t0 11694.91 ym . The following parameters were
measured: (1) The glomerular basement membrane,
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the area of glomeruli, and tubular epithelial height
in H& E-stained sections. (1) Area percentage of
collagen fibersin MT-stained sections. (I111) Area
percent of caspase 3 immune-reactivity in caspase
3 immunostai ned-sections.

Real-time quantitative PCR of the investigated
genes:

Using the Easy pure RNA Kit, total RNA was
extracted fromright kidney homogenates (transgen-
ic, China.catalog no. ER101-01). The Beckman
dual spectrophotometer was used to determine the
quantity and quality (USA). For highly reproducible
first-strand cDNA synthesis and subsequent real -
time PCR in asingle tube in a48-well plate utilizing
the Step One equipment, Transcript Green One-
Step qRT-PCR Supermix-Kit, catalogue no. AQ211
had been developed (Applied Biosystem, USA).
By using the mean critical threshold (CT) values
of the housekeeping gene expression of glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH),
each target gene was normalized for variation in
expression. The examined genes' primer base se-
quences are as follows: TNF-: (F) 5'-
AAATGGGCTCCCTCTATCAGTTC-3, (R) 5-
TGCTTGGTGGTTTGCTACGAC-3. NF-B: (F)
5 GATCATCAACATGAGAAACGATCTGT-3,
(R) 5TAGCGGTCCAGAAGACTCAG-3.

Satistical analysis:

Statistical analysis was performed using statis-
tical package for the social sciences (SPSS) version
21.0 (IBM Corporation, Somers, NY, USA) statis-
tical software. The data were expressed as means
+ standard deviation (SD). Statistical evaluation
was done using a one-way analysis of variance
(ANOVA). Significance was considered when the
p-value was equal to or less than 0.05 throughout
the study.

Results

Histopathological Results:
Hematoxylin and Eosin-Stained (H & E) Sections:

The sections of the control group | showed
normal histologica architecture of the renal tissue,
consisting of renal cortex containing renal corpus-
cles, proximal convoluted, distal convoluted, and
collecting tubules. The renal Ma pighian corpuscle
was composed of a glomerulus formed of numerous
blood capillary loops surrounded by a Bowman'
scapsule (Fig. 1-A,B). The sections of Sa group
I exhibited normal structurein renal corpuscles
and tubules as the control group (Fig. 1-C,D). The
sections obtained from Ge group |11 showed the
lining epithelium with vacuolation, and proximal
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convoluted tubules showed dilatation of their [u-
mens with the fragmentation of their lining epithe-
lium with exfoliated and sloughed epithelial cells
(tubular necrosis). Areas of congestion were noted
at glomerular capillaries and in between convoluted
tubules (Fig. 2-E,F). Sections obtained from Ge +
Sagroup 1V elaborated that most of the proximal
and distal convoluted tubules appeared relatively
with minimal fragmentation, and vacuolation of
their lining epithelium (Fig. 2-G,H).

Masson's trichrome (MT) stained sections:

The renal sections of control group | revealed
the normal distribution of collagen fibers between
the renal tubules and around blood vessels (Fig.
3I). Renal sections of Sagroup Il showed more or
less normal distribution of collagen fibersas a group
I (Fig. 3J). Renal sections of Ge group |11 showed
astrong deposition of collagen fibersin between
renal tubules and around the blood vessels (Fig.
3K). Sections of Ge + Sagroup 1V showed mild
collagen fiber deposition between renal tubules
(Fig. 3L).

Caspase 3 immunostaining:

Renal sections of control group | revealed few
nuclear immuno reactivities of caspase 3 in the
renal tubules (Fig. 4M). Renal sections of Sa group
I showed more or less normal immuno-expression
of Caspase-3 (Fig. 4N). Renal sections of Ge group
I11 showeda marked increase in Caspase-3 nuclear
immunostaining of the renal tubules (Fig. 40).
Sections of Ge + Sagroup 1V showed mild Caspase-
3 immunostaining of the renal tubules (Fig. 4P).

Quantitative histomorphometric study:

The Glomerular basement membrane thickness
(um): The thickness of the basement membranein
Ge Group |11 was significantly (p0. 05) increased
compared to the control group. Thereis no signif-
icant difference between control Group 1& Sa Group
[1. Although in Ge + Sagroup 1V, there was a
significant (p0. 05) thickness decrease comparable
to Ge Group Ill (Table 1, Fig. 5A).

The Mean of the glomerular areain Ge Group
Il was significant (p 0.05) decrease comparably
to the other groups. Although in Ge + Sa group
IV, there was a significant (p0. 05) increase com-
parably to Ge Group Il (Table 1, Fig. 5B).

The proximal tubular epithelial height in Ge
Group Il was significant (p 0. 05) decrease com-
parably to the other groups. Although in Ge + Sa
group 1V, there was a significant (p 0. 05) height
increase comparably to Ge Group 11 (Table 1, Fig.
5C).
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Mean area% of MT staining:

Morphometric and statistical studies showed
that in Ge group |11, the area percent of collagen
fibers was significantly larger than that in both
control group | and Sagroup Il. There was no
statistically significant difference between control
group | and Ge + Sagroup IVV. While there was a
significant decrease in the mean area% of Ge + Sa
group 1V compared with Ge group 111 (Table 1,
Fig. 5D).

Themean number of caspase3 immune-reactivity:

The number of Caspase-3 immuno positive
cellswas significantly higher in Ge group 111
compared to the control group | and Sa group I,
according to morphometric and statistical findings.
In Comparing betweenthe Ge group 111 and Ge +
Sagroup IV, there was a significant decrease in
the Caspase-3 immuno positive cells (Table 1, Fig.
5E).

Biochemical study:

Blood biochemical study:

The serum Ureaand creatinine levelsin the Ge
group |11 were significantly higher than in the
control group I, according to a blood biochemical

Table (1): Quantitative histomorphometric study of all groups.
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analysis. Sa showed significantly decreased levels
of serum Urea and creatinine in the Ge + Sa group
IV (Table 2, Fig. 6-A,B).

Renal tissue levels of GPX and SOD antioxi-
dants:

Thetissue levels of GPX and SOD antioxidants
in Ge group |11 were significantly decreased than
in thecontrol group I, according to arenal tissue
biochemical analysis. Sa showed a significant
increase in the levels of antioxidants in the Ge +
Sagroup IV (Table 2, Fig. 6-C,D).

NF-kB, TNF-a gene expression:

According to NF-KB gene expression, thereis
asignificant increase in Ge group 11 as compared
to control group |. There was a significant decrease
in NF-kB gene expression in Sareceived group |l
and in Ge + Sareceived group 1V as compared to
Gegroup Il (Table 2, Fig. 6E).

According to TNF-a gene expression, thereis
astatistically significant increase in Ge group 111
as compared to control group I. Therewas asig-
nificant decrease in TNF- o gene expression in Sa
received group Il and in Ge + Sareceived group
IV as compared to Ge group |11 (Table 2, Fig. 6E).

Variable Control group | Sagroup Il Gegroup 11 Ge + Sagroup IV

Glomerular basement membrane  1.0720+.34006 1.0550+.67571 2.9560+.54708* 1.1190+.29422* #
thickness (um)

Glomerular Area 227.1110+428.94108 220.1430+27.94111 127.6370+39.08865* 206.3330+27.33987*#

Proximal tubular epithelial height  10.7100+1.56216 10.2820+ 1.78584  4.1430+ 1.26658 * 9.5820+ 1.79884*#

Mean area % of collagenfibers  9.44+3.08 9.01+3.02 21.22+5.67* 12.85+2.81*#

Mean number of Caspase-3 4.0+1.0 4.3£2.0 36.50+6.11 * 12.10+2.72*#
immuno positive cells

Data were expressed as Mean + SD, p-value 0.05 was significant.

(*) Denotes significant as compared to control group I.

(#) Denotes significant as compared to Ge Group I11.

Table (2): The biochemical parameters of all groups.

Variable Control group | Sagroup Il Gegroup 11 Ge + Sagroup IV

Urea (mg/dL) 1891+121 15.81+1.41 113.27+17.68* 48.16+5.92* #

Creatinine (mg/dL) 0.46+0.03 0.49+0.02 2.36+0.49* 0.87+0.05*#

Mean of GPx tissue level (unit/mg) 139.3£12 135.5+9.4 85.9+ 11.6* 145.8+ 14.3*#

Mean of SOD tissue level (unit/mg) 2.35t0.4 2.21+0.5 0.55+0.2* 2.89+0.5*#

NF-kB 0.87+0.02 1+0.02 3.5+0.56* 2.1+0.13*#

TNF-a 1+0.007 1+0.045 6.2+0.25* 2.5+0.16*#

Data were expressed as Mean + SD, p-value 0.05 was significant.
(*) Denotes significant as compared to control group I.
(#) Denotes significant as compared to Ge Group I11.
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(A) (B)

© (D)

Fig. (1): H & E-stained sections, (A): A section of control group | showing Malpighian corpuscle (stars) with glomerular
capillaries surrounded by capsular space and parietal layer of Bowman, s capsule, proximal convoluted tubules (black
arrow) and distal convoluted tubules (blue arrow). (B): A section in the renal medulla of the control group showing
medullary tubules (black arrows). (C&D): Sections of Sa group Il showing nearly normal appearance of the renal
cortex (C) and medulla (D) as the control group.

B (F)

©) (H)

Fig. (2): H & E-stained sections, (E&F): Sections of Ge group |11 showing Malpighian corpuscle with rupture of glomerular
capillaries, escape of RBCs, disappearance of capsular space (black arrows). Cystic dilatation of the tubules (stars),
shed cellsin their lumen (blue arrows) and interstitial extravasation of RBCs with inflammatory infiltrate (arrow heads).
(G&H): Sections of Ge + Sagroup 1V showingnearly intact renal corpuscles (star) withminimal congestion of blood
capillary (arrows) and most of proximal convoluted tubules appeared more or less normal. However, some of them
showed fragmentation, vacuolation of their lining epithelium with exfoliated cells in their lumina (arrows head).
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0] )

(K) (L)

Fig. (3): MT-stained sections, (I): A section of control group | showing normal distribution of collagen fibers between the renal
tubules (arrow heads) and minimal amount around blood vessels (arrows). (J): A section of Sagroup Il showing minimal
collagen fibers between the renal tubules (arrowhead) and around blood vessels (arrows). (K): A section of Ge group
I11 showing strong deposition of collagen fibersin between renal tubules (arrow heads) and around the blood vessels
(arrow). (L): A section of Ge + Sagroup 1V showing mild collagen fiber deposition in the renal corpuscle & between
rena tubules (arrows).

(M) (N)

©) (P)

Fig. (4): Caspase-3-stained sections. (M): A section of control group | showing few nuclear immunoreactivity in the renal tubules
(arrows). (N): Normal immuno-expression of Caspase-3in Sagroup Il as the control group. (O): Showing marked

increase in Caspase-3 nuclear immunostaining in Ge group 111 (arrows). (P): A section of Ge + Sagroup IV showing
mild Caspase-3 immunostaining in some tubular cells (arrows).
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Glomerular area
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Fig. (5): Comparison between different groups. (A): Glomerular basement membrane thickness (B): Glomerular
area. (C): Proximal tubular epithelial height. (D): Mean area % of collagen fibers. (E): Mean number of

caspase-3 immuno positive cells.
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Discussion

Ge has been long suggested by therapeutic
guidelines for the treatment of serious infections
becauseit is particularly effective in treating bac-
teriathat are resistant to other antimicrobials.
Gram-positive organisms can hardly benefit from
its bactericidal and efficient action against the
Gram-negative ones [3] . Thisis because mostof
Gram-negative organisms seen in communities and
hospitals are susceptible to it despite itsrelatively

Creatinine (mg/dL)

(B) 236
2
0. 87
1
0 a ﬁ
Control Ge+Sa
group | group I group 11 group IV
Mean of SOD tissue level (unit/mg)
4
©) 2 89
3
2
1
0 0. 55
Control Get+Sa
group | group I group 11 group 1V

Fig. (6): Comparison between different groups biomarkers.
(A): SerumUrea (mg/dL) (B): Serum Creatinine
(mg/dL) (C,E): Genomic expression of NF- icB
and TNF-a.

low levels of resistance and quick bactericidal

activity. These characteristics make it ahighly
beneficial empirical medication when quick man-
agement of a serious infection is necessary. How-

ever, Ge induces nephrotoxicitywhich is more
frequently reversible but ototoxicityis documented
less frequently andless typically reversible [15].

The use of Geisstill very frequent in clinical
practice despite its nephrotoxicity in (15%-20%)
of therapeutic courses. Although the exact mecha-
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nism causing Ge nephrotoxicity is unknown, mul-
tiple studies have suggested that oxidative stress
may be the primary cause of nephrotoxicity. Some
researchers claimed that using various antioxidants
could reduce Ge-induced nephrotoxicity [16].

This study was designed to evaluate the his-
topathol ogical, immunohistochemical, and bio-
chemical changes associated with Ge and the pro-
tective role of Sa as one of the antioxidants and
inflammatory supplements. These results indicated
that the Sa extract can reduce oxidative stress,
inflammeation, functional disturbances as well as
tissue damage caused by Ge.

This experimental model revealed histological
changes detected mainly in the proximal and to
some extent in the distal tubules. The obtained
results also proved a strong correlation between
histological and morphometric alterationsin Ge-
induced nephrotoxicity.

In group Il "Ge treated" group, concerning
renal corpuscles, there was glomerular distortion
with awidening of capsular spaces. Proximal
convolute tubules were the markedly affected part,
its epithelial lining showed detachment of brush
border, dilatation in the lumen with vacuolation,
and fragmentation of their cytoplasm. These results
in agreement with Amin et a., & Chetankumar
Acharyaet a., [15,13] reported the same finding,
which may attribute to the oxidative stress caused
by Ge.

In Ge-treated rats, the glomerular basement
membrane was significantly thickened. Morpho-
metric analyses of this group compared to the
control group | & 1V, showed a statistically signif-
icant decrease in the proximal tubules' epithelial
height, indicating damage to tubular epithelial
cells. While morphometric analysis of the glomer-
ular area showed a statistically significant decrease
in Ge group 111 compared to thegroup | & 1V.
These outcomes corroborated with Stojiljkovic et
al., [17] results.

MT-stained sections were employed in the cur-
rent study to detect fibrosis. In the Ge-treated
group, there was statistically significant more
collagen fibers deposition within glomeruli and
between renal tubules. These findings werein
accordance with Aldahmash et al., [18] . Rend
interstitial fibrosisis brought on by avariety of
inflammatory cells and growth factors, such as
transforming growth factor-beta 1 (TGF-1), which
islargely produced by macrophages. The induction
of local myofibroblasts, which produce extracellular
matrices like collagen and fibronectin, depends on
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it Bledsoe et al., [19] and Sadek et al., [20]. The
conversion of interstitial cells, which resultsin the
deposition of collagen, aids in the growth of my-
ofibroblasts as a result of the usage of Ge, which
elevatesthe levelsof TNF-a, Farriset al., [21].

Regarding group 1V MT-stained sections, there
isasignificant reduction in the deposition of
collagen fibersin the interstitium. Thisis because
Sa suppresses proinflammatory signaling and down-
regulates proinflammatory cytokines produced by
T cdlls, such asIL-6, IL-2, and TNF-a Hossein-
zadeh, [27].

These results demonstrated stetistically signif-
icant increased immunohistochemistry expression
of caspase-3 in the renal cortex of Ge-treated rats,
in accordance with Suh et al., [23] who reported a
significant increase in the expression of the caspase-
3 protein in the kidneys treated with Ge. It was
reported that Ge-induced apoptosis was character-
ized by caspase-3 activation Oliver and Vallette,
[24]. According to Casanovaet a., [25], oxidative
stress is a key contributor to the onset of kidney
damage.

The current work showed that Geinduces oxi-
dative stress and decreases the antioxidant activities
in the kidney tissue, which agrees with Ansari et
al., [26] and MoreiraGaldino et al., [27] . It has been
reported that Geis released into the cytoplasm by
lysosomes destruction and damages mitochondria,
inhibits electron transport, and impairs ATP pro-
duction. These alterations result in ROS such as
hydroxy! radical, superoxide anion, and hydrogen
peroxide Mahmoud, et a., [28] . These oxidants
also damage cellular proteins and nucleic acids
and lead to membrane lipids peroxidation Katary
and Salahuddin, [29].

This study showed the antiapoptotic properties
of agueous Sa extract because it significantly
reduced the expression of caspase-3in group IV
compared to group |11 treated only with Ge. This
was confirmed statistically. According to previous
research, the nephrotoxicity of Ge was brought on
by the generation of freeradicals, an increasein
intracellular calcium concentration, the synthesis
of many cytokines, and the stimulation of necrosis
and apoptosis. Apoptosis may be a significant
factor in cell death and may help remove damaged
cellsKoyner et al., [30].

The current research suggests that Ge-induced
renal structural damage and decreased tissue anti-
oxidant levelsin rats can be restored by adminis-
tering agueous Sa extract at alevel of 80mg/kg
daily. These results propose that Sa antioxidant
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and antiapoptotic properties have arole in these
results. Sa extract has been shown to have a general

protective effect against renal ischemia/reperfusion

in rat models. Malondialdehyde (MDA) levels are
significantly reduced by Sa, suggesting itsrolein
ischemia/reperfusion injury Hossein zadeh et al.
[10] . In agreement with Goyal et a. [31], pretreat-
ment with Sa reduced the cardiotoxicity caused by
isoproterenol viareducing oxidative stress. El-
Beshbishy et al. [32] demonstrated that it reduces
oxidative stress by increasing the production of
SOD and catalase, two important antioxidant en-
zymes. This result may be counteracting the reactive
oxygen species production induced by Ge.

Numerous previous studies have also document-
ed how Sa extract protects against the nephrotox-
icities caused by cisplatin, vancomycin, and ceftazi-
dimein rats Naghizadeh et al. [33] and Bathaie,
(34].

The significant increase in urea and creatinine
in group Il of Ge-treated rats can be considered
the cause of tubular necrosis observed in this
research. Thisis consistent with Chetan kumar
Acharyaet a., [13] and Amin et al., [15] aswell.

Our study results demonstrated that Sa admin-
istration decreases the levels of blood urea and
serum creatinine, most likely because of its capacity
to protect cells from ROS damage.

In the present work, Ge increased the gene
expression of NF-iB and TNF-a, indicating the
induction of inflammation. Ge induces inflamma-
tion as it activates, increases, and translocates NF-
1B to the nucleus by reducing the level of NF- B
inhibitory protein. NF-1B then stimulates the pro-
duction of proinflammatory cytokines, including
TNF-a (Ansari et a., [26]; Katary and Salahuddin,
[29] . TNF-o also stimulates vasoconstriction, re-
duces renal blood flow, infiltrates leukocytes, and
finally impairs renal function. It has been reported
that NF-1B inhibition protects the kidneys against
Ge Famurewa et d., [35]; Abdelrahman and Abdel-
mageed, [36].

Our results indicated the anti-inflammatory
properties of Sa; thisis consistent with Abou-Hany
et al., [37]. Ashrafi et al., [38] reported that Sa
agueous extract can protect the kidney and liver
of diabetic rats against damage caused by hyperg-
lycemia-induced inflammation, due to its anti-
inflammatory potential.

Conclusion:

Saisrecommended as a viable new therapeutic
approach as aresult of this study found that it has

an effective and promising role as a protective and
reparative agent on the harm that Ge produces to
the renal tubules and glomeruli, both structurally
and functionally.

Conflicts of Interest:

No conflicts of interest as regardsthe publication
of this paper was declared by the authors.

Refer ences

1- SCHRODERP., LYUBENOVA L. and HUBER C.: Do
heavy metals and metalloids influence the detoxification
of organic xenobioticsin plants? Environ Sci. Pollut Res.
Int., 16: 795-804, 2009.

2- MCWILLIAM SJ, ANTOINED.J,, SMYTHRL.L., et dl.:
Aminoglycoside-induced nephrotoxicity in children.
Pediatr. Nephrol., 32 (11): 2015-2025, 2017.

3- RACHEL S. HAYWARD, JAN HARDING, ROB MOL-
LOY, LUCY LAND, KATE LONGCROFT-NEAL, DAV-
ID MOORE and JONATHAN D.C. ROSS: British Journal
of Clinical Pharmacology Br. J. Clin. Pharmacol., 84:
223-238223, 2018.

4- AL-GAREEB Al.: Role and significance of renal biomar-
kersin the early detection of acute renal injury. J. Adv.
Pharm Technol. Res., 10: 95-99, 2019.

5- WU H. and HUANG J.: Drug-induced nephrotoxicity:
Pathogenic mechanisms, biomarkers and prevention strat-
egies. Curr. Drug Metab., 19: 559-567, 2018.

6- KOYNERJL., SHERALI R., and MURRAY P.T.: Anti-
oxidants. Do they have a place in the prevention or therapy
of acute kidney injury. Nephron. Exp. Nephrol., 109:
€109- el17, 2008.

7- WATANABE A., NAGAI J, ADACHI Y., et a.: Targeted
prevention of renal accumulation and toxicity of gen-
tamicin by aminoglycoside binding receptor antagonists.
J. Control. Release, 95 (3): 423-433, 2004.

8 VICENTE-VICENTEL., CASANOVA A.G., HERNAN-
DEZ-SANCHEZ M.T., et a.: A systematic meta-analysis
on the efficacy of pre-clinically tested nephroprotectants
at preventing aminoglycoside nephrotoxicity. Toxicology,
377: 14-24, 2017.

9- SEPEHRI G., DERAKHSHANFAR A. and YAZDIZA-
DEH F.: Protective effects of corn silk extract adminis-
tration on gentamicin-induced nephrotoxicity in rat. Comp.
Clin. Pathol., 20: 89-94, 2011.

10- HOSSEINZADEH H., SADEGHNIA H.R., ZIAEE T. and
DANAEE A.: Protective effect of aqueous saffron extract
(Crocus sativus L.) and crocin, its active constituent, on
rena ischemia-reperfusion-induced oxidative damagein
rats. J Pharm PharmSci: Publ Can Soc. Pharm Sci. Soc.
Canadienne des Sci. Pharm., 8: 387-393, 2005.

CHICHIRICCO G., FERRANTE C., MENGHINI L.,
RECINELLA L.,LEONE S., CHIAVAROLI A, etal.
Crocus sativus by-products as sources of bioactive extracts:
Pharmacological and toxicological focus on anthers. Food
Chem. Toxicol., 126: 7-14, 2019.

CHETANKUMARA., HETAL T. and SK. VAJPEYEEL:
A Study of Oxidative Stressin Gentamicin Induced Ne-
phrotoxicity and Effect of Antioxidant Vitamin C in Wistar

11

12



Ghada N. Ouais, €t al.

Rats National Journal of Physiology, Pharmacy & Phar-
macology, Vol 3. 14 -20, 2013.

13- EIRINI C., MARIA-ELENI G., ELENI S, NIKOLAOK.
and GEORGIA V .: Preparation, chemical characterization,
and determination of crocetin's pharmacokinetics after
oral and intravenous administration of saffron (crocus
sativus L.) aqueous extract toc57/BL6J mice71 (5): 753-
764.doi:10.1111/jphp.13055, 2019.

14- VENKATESHA UDUPA and VEERU PRAKASH: Gen-
tamicin induced acute renal damage and its evaluation
using urinary biomarkersin rats. Toxicol. Rep., 30 (6):
91-99, 2019.

15- AMIN D., MAJID R. and ARASH B.: Dose-related pro-
tecting effects of vitamin C in gentamicin-induced rat
nephrotoxicity: A histopathologic and biochemical study
Comp. Clin. Pathol., 22: 441-447, 2013.

16- VALIPOUR P., HEIDARIAN E., KHOSHDEL A. and
GHOLAMI-ARJENAKI M.: Protective effects of hydroal-
coholic extract of ferulago angulate against gentamicin-
induced nephrotoxicity in rats. Iran J. Kidney Dis., 10:
189-96, 2016.

17- STOJLJIKOVIC N., STOILKOVIC M., RANDJELOVIC
P., VELIKOVIC S. and MIHAILOVIC D.: Cytoprotective
effect of vitamin C against gentamicin-induced acute
kidney injury in rats. Exp. Toxicol. Pathol., 64: 69-74,
2012.

18-ALDAHMASH B.A., EL-NAGAR D.M. and IBRAHIM
K.E.: Reno-protective effects of propolis on gentamicin-
induced acute renal toxicity in swiss albino mice. Nefro-
logia, 36 (6): 643-652, 2016.

19-BLEDSOE G., SHEN B., YAQO Y.Y ., et a.: Role of tissue
kallikrein in prevention and recovery of gentamicin-
induced renal injury. Toxicol. Sci., 102 (2): 433-443,
2008.

20- SADEK E., SALAMA N., ISMAIL D., et al.: Histological
study on the protective effect of endogenous stem-cell
mobilization in Adriamycin-induced chronic nephropathy
in rats. J. Microsc. Ultrastruct., 4 (3): 133, 2015.

21- FARRISA.B. and COLVIN R.B.: Renal intertitial fibrosis:
Mechanisms and evaluation. Curr. Opin. Nephrol. Hypertens.,
21 (3): 289-300, 2012.

mechanisms and evaluation. Curr. Opin. Nephrol. Hypertens.,
21 (3): 289-300, 2012.

22- HOSSEINZADEH H.: Saffrona herbal medicine of third
millennium. Jundishapur. J. Nat. Pharm. Prod. 9: 1-2, 2014.

23- SUH SH., LEEK.E., PARK JW., et al.: Antiapoptotic effect
of paricalcitol in gentamicin-induced kidney injury. Korean
J. Physiol. Pharmacaol., 17 (5): 435-440, 2013.

24- OLIVER L. and VALLETTE F.M.: Therole of caspasesin
cell death and differentiation. Drug Resist Updat, 8 (3): 163-
170, 2005.

25- CASANOVA A.G., VICENTE-VICENTE L., HERNANDEZ-

SANCHEZ M.T.,etal.: Key role of oxidative stressin

animal models of aminoglycoside nephrotoxicity revealed

by a systematic analysis of the antioxidant-to-nephroprotective
correlation. Toxicology, 385: 10-17, 2017.

26- ANSARI M.A., RAISH M., AHMAD A., AHMAD SF. et
al.: Sinapic acid mitigates gentamicin-induced nephrotoxicity
and associated oxidative/nitrosative stress, apoptosis, and
inflammation in rats. Life Sci., 165: 1-8, 2016.

2295

27- MOREIRA G.P.,, NUNESA.L., FERNANDA P.L. etal.:
Nephro protective effect of rudgeaviburnoides (Cham.)
benth leaves on gentamicin-induced nephrotoxicity in
rats. J. Ethnopharmacol., 201: 100-7, 2017.

28

MAHMOUD Y .I.: Kiwi fruit: Ameliorates gentamicin-
induced nephrotoxicity in albino mice via the activation
of Nrf2 and the inhibition of NF-icB (Kiwi & gentamicin-
induced nephrotoxicity). Biomed. Pharmaco., 94: 206-
218, 2017.

29- KATARY M. and SALAHUDDIN A.: Ameliorative effect
of gossypin against gentamicin-induced nephrotoxicity
inrats. Life Sci., 176: 75-81, 2017.

30

KOYNER JL., SHER ALI R. and MURRAY P.T.: Anti-
oxidants. Do they have a place in the prevention or therapy
of acute kidney injury. Nephron. Exp. Nephrol., 109:
€109- €117, 2008.

31- GOYAL SN, et al.: Preventive effect of crocin of
Crocus sativus on hemodynamic, biochemical, his-
topathological and ultrastuctural alterationsin isoprot-
erenol-induced cardiotoxicity in rats. Phytomedicine,
17: 227-232, 2010.

32- EL-BESHBISHY H.A., HASSAN M.H., ALY H.A.,
DOGHISH A.S. and ALGHAITHY A.: Crocin "saffron”
protects against beryllium chloride toxicity in rats through
diminution of oxidative stress and enhancing gene Comp
Clin. Pathol. Expression of antioxidant enzymes. Ecotox-
icol. Environ Saf, 83: 47-54, 2012.

33- NAGHIZADEH B., MANSOURI S.M. and MASHHAD-
IAN N.V.: Crocin attenuates cisplatin-induced renal
oxidative stressin rats. Food. Chem. Toxicology, 48:
2650-2655, 2010.

®

BATHAIE S.Z. and MOUSAVI S.Z.: New applications
and mechanisms of action of saffron and itsimportant
ingredients. Crit. Rev. Food. Sci. Nutr., 50: 761-786,
2010.

35

FAMUREWA A.C., MADUAGWUNA E.K., FOLAWIYO
A.M., et a.: Antioxidant, anti-inflammatory, and antiap-
optotic effects of virgin coconut oil against antibiotic
drug gentamicin-induced nephrotoxicity viathe suppres-
sion of oxidative stress and modulation of iINOS/NF-
_Bl/caspase-3 signaling pathway in wistar rats. J. Food-
Biochem., 44: €13100, 2019.

36- ABDELRAHMAN R.S. and ABDELMAGEED M.E.:
Renoprotective effect of celecoxib against gentamicin-
induced nephrotoxicity through suppressing NFxB and
caspase-3 signaing pathwaysin rats. Chem. Biol. Interact,
315: 108863, 2020.

37- ABOU-HANY H.O., ATEF H., SAID E., ELKASHEF A.
and SALEM H.A.: Crocin mediated amelioration of
oxidative burden and inflammatory cascade suppresses
diabetic nephropathy progression in diabetic rats. Chemi-
co-Biological Interactions, 284: 90-100, 2018.

38- ASHRAFI M., AFSAR Z., ERJAEE H. and NAZIFI S.:
The effects of saffron (Crocus sativus) agueous extract
on TNF-a levelsin liver, kidney, and lens tissues of
diabetic rats. Turk. J. Endocrinol. Meta., 22: 217-224,
2018.



2296 Role of Saffron Extract in Nephrotoxicity Mediated by Gentamicin in Rat Model

ALY A oS Ataud! D Of pas MU (Laionad! (LS g1 gt
ALY ela Lt 1,5a 595D (o8 (ytutelliod) slhe plidiud (o
Ago AiletSy A0lLedS glatd Atoling Aot o glustd Ay

s gl cle yalls daludioad (o il ey Zpalall luaylaall b Taladionl (ggaall @lobiaall SV o Gausaliiall siay
asall 30 Jaall 138 Gag elldl e LLEIY s 80cSY T claline e olhiell yitas  8Lall Lualall B 55l G LpKH Loacdl jatias
Tegaas IS (3 5% Ve (Tt Ll 1508 gl s o3 155000 pnmanoliia] L (301 g0 Lumnall sLaeS eyl Ll
Av il L6 deganall Liags gl Lall Jals Giall 3asks g slaliall clall fpa Jo +.0 il o s aSa%) Y] degonall
Onvasaltiall o paS/pae Vo il BIGH desanall Liags (Agtusall sLatill Jahs iall Gaple o (Sl §lsie3ll paliiine (1o paS/pae
crani Al V Sual gotall seical dasl il deganall pusaliiall o Slall ol sae3ll paliins olae] o Tiags sledall Gaall oy e
Ligedl) sl Loalpall oo NS b (K o eslise cnosdion) yyaill cilegane pran 158 b K panill 0 cilisey asll ailise
Lilany) cidtalatll = a] pip (il Sy Lpsall Loasd ol pall el La s wcnlisad) ull Lysm LoLaSs e liall LobaS syl
b Sl ol sl AT M GLAY L (il S Lol e ins b 3l Cmaneliial] e (31 Gl ek qilll paea
laand o3 Sl Lol | Aol laall] o Uiy iy e Ciall Ll (8 8ulyyy 8k Cpuan¥ oI LT o 53 (KU Limseill Ll
ol BLAYL adll b il S Gyll eligione 3 Lalias] ol aeill cubel 311 ol 5001 ekl Lis aleganall by Lg5iEay
Ol 13 e alatity  KI Tl (b Tonsad¥ ) Llesl o Unnuy eslinm Jality (KU Limeeaill il] pevuny (¥ AT cya JaT
pesaliiall Lo (311 L8l L80aIly Laerdll ol il (panan e selow el paliione



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

