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ABSTRACT
Cisplatin is an antioneoplastic drug with serious side effects such as nephrotoxicity. The aim of our morphometric study was
to quantify changes of glomeruli, glomerular basal membrane and tubules induced by cisplatin and to examine possible
beneficial effect of quercetin on structural damages in this model of nephrotoxicity. Thirty-two male Wistar rats were
divided in 4 groups. The CIS group received a single dose of cisplatin (8 mg/kg) intraperitoneally, whereas the CISQ group
received quercetin intraperitoneally at a dose of 50 mg/kg for 9 days and a single dose of cisplatin intraperitoneally (8
mg/kg). Animals in the Q group received quercetin (50 mg/kg) and the C group received saline (1 mL/day), both given
intraperitoneally for 9 days. Quantitative evaluation of structural damages was performed by histological and morphometric
examination of kidneys. Functional alterations in the kidneys were determinated by biochemical and antioxidant parameters.
Histological sections of kidney showed that quercetin ameliorated cystic luminal dilatation, cell swelling and degeneration
of proximal tubules induced by cisplatin. Quercetin also reduced histopathological changes of glomeruli and glomerular
basement membrane. Morphometric analysis revealed statistically significant differences in the area of tubules, size of
glomeruli, glomerular basement membrane thickness and cellularity of glomeruli between CIS and CISQ group. Quercetin
showed a significant protective effect probably by decreasing level of oxidative stress, which was confirmed through
elevating catalase activity and decreasing concentrations of AOPP in kidney tissue in the CISQ group. The results suggest
that quercetin has nephroprotective action and ameliorates oxidative stress in cisplatin-treated rats.
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INTRODUCTION

Cisplatin is an antioneoplastic drug commonly used in

treatment of various solid tumors such as: germ cell

tumors, ovarian cancer, lung cancer, bladder cancer and

squamous cell carcinomas of head and neck [1, 2].

Clinical use of cisplatin is limited due to its side effects,

especially due to a dose and duration-dependent

nephrotoxicity [3]. Cisplatin in the kidneys penetrates the

tubular cells and reaches high concentration in the

proximal tubules, particularly in S3 segment of the

tubular epithelial cells. Glomerular and distal tubules

injuries are less frequent [4, 5]. Cisplatin nephrotoxicity is

manifested as lower glomerular filtration rate, higher

serum creatinine and blood urea concentrations and

reduced potassium and magnesium levels [1]. In 20-30%

of patients treatment with cisplatin induces acute kidney

injury [6]. The exact mechanism of cisplatin-induced

nephrotoxicity is complex and incompletely defined. It

has been shown that one of pathogenic mechanisms is

formation of reactive oxygen species (ROS) and

inhibition of the activity of antioxidant enzymes in renal

tissue. ROS, such as hydrogen peroxide, hydroxyl radical,

singlet oxygen, superoxide anion and peroxyl radical, are
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formed inside cells by exposure to several endogenous

and exogenous agents and may produce cellular injury

and necrosis via several mechanisms including

peroxidation of membrane lipids, protein denaturation

and DNA damage [7, 8].

It has been shown in many studies that supplementation

with antioxidants can ameliorate or prevent cisplatin

nephrotoxicity [9, 10, 11]. Quercetin is natural

polyphenolic flavonoid present in high concentration in

fruits and vegetables such as onion, potatoes, broccoli

apples, grapes and berries. An important effect of

quercetin is the scavenging of oxygen-derived free

radicals. Some investigators showed that quercetin is

capable to protect and ameliorate nephrotoxicity of

cyclosporine, gentamicin and ferric nitrilotriacetate in rats

[12, 13, 14].

In our earlier investigation [15], we began research of

acute renal injury caused by cisplatin and protective

effects of quercetin. In this study, we have continued

research by determining the level of oxidative changes of

proteins and quantification of alterations in the kidney

induced by cisplatin and quercetin by morphometric

analysis, which has not been done in this experimental

model up to date. In accordance with this, the aim of our

morphometric study was to quantify changes of

glomeruli, glomerular basal membrane (GBM) and

tubules induced by cisplatin and to examine possible

beneficial effect of quercetin on structural damages in this

model of nephrotoxicity in rats.

MATERIALS AND METHODS

Experiments were performed on 32 male Wistar rats,

weighing 200–250 g. The animals were housed inside a

well-ventilated room with controlled temperature (20 ±

2°C) and humidity (60%) with regular light cycle (12

light/12 dark). The animals were acclimatized for 1 week

before the study and had free access to standard

laboratory food and water. All experimental procedures

were conducted in accord with the principles for the care

and use of laboratory animals in research and had been

approved by the Animal Ethics Board of the Medical

Faculty in Nis. It was documented under number 01-

2625-9.

Experimental protocol

The animals were randomly divided into four groups,

each consisting of 8 animals. The control group of rats (C

group) was administered with 1 ml saline solution (0.9%)

intraperitoneally for 9 days. The cisplatin group (CIS

group) received a single dose of cisplatin (Pfizer PTY.

Limited, Bentley, Australia) intraperitoneally on the fifth

day of experiment at a dose of 8 mg/kg. The quercetin

group (Q group) was used as a positive control group and

received quercetin (Sigma-Aldrich, St. Louis, Missouri,

USA) dissolved in physiological saline solution,

intraperitoneally, at a dose of 50 mg/kg for 9 days and the

cisplatin-quercetin group (CISQ group) received

quercetin intraperitoneally at a dose of 50 mg/kg for 9

days and cisplatin intraperitoneally on the fifth day of

treatment at a dose of 8 mg/kg.

Ten days after the beginning of the experiment, all

animals were anaesthetized with ketamine (Ketamidor

10%, Richter Pharma AG, Wels, Austria) given

intraperitoneally (80 mg/kg) and then sacrificed. Blood

samples for biochemical analysis were taken from the

aorta (2 mL), and the kidney was subsequently removed

and separated into two parts for biochemical analysis and

light microscopic examination.

Biochemical analysis

After finishing the experiment, blood samples taken from

the aorta were analyzed for markers of renal impairment.

Urea and creatinine concentrations in serum were

measured using an automatic biochemical analyzer (A25

Biosystems, Barcelona, Spain) in the laboratory of the

Department of Nephrology and Dialysis Clinical Center

Niš.
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Histological analysis

Preparation of kidney tissue for histological analysis was

described in detail in our previous work [15]. Kidney

tissue specimens were stained with Periodic Acid Schiff

(PAS) and Jones methenamine silver according to

conventional staining protocols. The histological sections

were examined with a light microscope Leica DMR

(Leica Microsystems AG, Wetzlar, Germany).

Morphometric analysis

After rat kidneys were histologically processed and

stained, digital images were taken under the objective lens

magnification 10x and 40x, using a digital camera

connected to a light microscope Leica DMR (Leica

Microsystems AG, Wetzlar, Germany). Morphometric

analysis was done with computerized image analysis

system ImageJ. Spatial calibration, by object micrometer

was performed before each analysis. The following

morphometric parameters were measured: area of

proximal and distal tubules (µm2), the nuclear-

cytoplasmic (N/C) ratio of the epithelial cells of proximal

and distal tubules, glomerular basement membrane

(GBM) thickness (µm), glomerular area (µm2), cellularity

(cells/µm2), perimeter (µm), Feret’s diameter (µm) and

circularity. The area was the number of pixels from the

object. The nuclear-cytoplasmic (N/C) ratio was

calculated as a ratio of the area of the nucleus of a cell

and area of the cytoplasm of that cell. The GBM thickness

was estimated as a mean distance after manual tracing of

two lines along both sides of the basement membrane.

Cellularity was the number of cells in the µm2 of area.

The perimeter was the length of the outline of each object.

Feret’s diameter was the longest distance between any

two points along the selection boundary. Circularity of

each object was determined by the following

formula: (4π*area) / (perimeter2), with a value

of 1.0 indicating a perfect circle. In each animal at least

50 glomeruli proximal and distal tubules were measured.

Homogenate Preparation

The kidney tissue was cut in small pieces and

homogenized in ice cold water, using homogenizer

(IKA® Works do Brasil Ltda, Rio de Janeiro, Brasil). The

homogenates (10% w/v) were centrifuged at 1500 g for

10 min at 4°C. The resulting supernatant was separated

and used for the biochemical analysis. To determine the

parameters of oxidative stress the concentration of

proteins was measured according to Lowry’s method

using bovine serum as standard [16].

Determination of catalase activity

Tissue catalase (CAT) activity was determined by

spectrophotometric method described by Goth [17],

which is based on the ability of catalase to dissolve the

substrate (H2O2), whereby enzymatic reaction is stopped

by the addition of ammonium molybdate. Yellow

complex of molybdate and H2O2 was measured at 405

nm. Enzyme activity was expressed in catalytic units per

gram of protein (kU/g).

Determination of protein oxidation

Levels of advanced oxidation protein products (AOPP)

were measured by spectrophotometric method [18]. This

method is based on the reaction of AOPP with potassium

iodide in an acidic medium. The color intensity was

recorded immediately at 340 nm. The values were

expressed in µmol/mg of protein.

Statistical Analysis

The values of parameters obtained were expressed as the

mean ± SD. Statistically significant difference was

determined by one-way analysis of variance (ANOVA)

followed by Tukey’s post hoc test for multiple

comparison (Graphpad Prism version 5.03, San Diego,

CA, USA). The p<0.05 was considered statistically

significant.

https://en.wikipedia.org/wiki/Cell_nucleus
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RESULTS AND DISCUSSION

The main finding of our study was that quercetin showed

protective effects on structural damages of kidneys

induced by cisplatin. We induced acute renal injury by

administration of single dose (8mg/kg) of cisplatin.

Nephrotoxicity was confirmed by significant increased

serum concentrations of urea and creatinine in the CIS

group compared to the C group (p<0.001) (Fig. 1) and by

pathohistological examination of renal sections in CIS

group of rats.

Fig. 1. The results of biochemical analysis in control and
experimental groups of rats. Serum concentrations of: (A)
creatinine (B) urea. Data are presented as a mean ± SD.
#p<0.001 versus CIS group, *p<0.001 versus C group,

**p<0.05 versus C group.

Histopathological findings of kidney tissues from both

vehicle (Figs. 2A and 3A) and quercetin-treated rats (Figs.

2B and 3B) showed intact histo-morphology with normal

glomerular and tubular structure. Kidney sections from

cisplatin treated rats (CIS group) revealed extensive

morphological damage in the form of widespread tubular

cell swelling and degeneration, cystic luminal dilatation

with accumulation of homogenous eosinophilic casts in

the lumen of the tubules (Fig. 2C). Distal tubules were

histologically almost unaltered. Tubular damages were

similar to those found in ischemia/reperfusion injury in

rats [19].

Fig. 2. Light photomicrographs of PAS stained sections of
rats renal cortex showing: normal histology of kidney

tissue and regular and even PAS staining in control (A)
and quercetin-treated (B) animals; (C) Rats treated with

cisplatin showing reduction of the staining properties and
degenerated and dilated tubules (*) with hyaline casts

(arrow) in kidney cortex. (D) Section from rat treated with
cisplatin and quercetin reveal almost complete prevention

of histopathological alterations. Periodic acid-Schiff
(PAS) staining, original magnification, 400×

The glomeruli in CIS group displayed generalized

congestion with reduction in Bowman’s space (Fig. 3C).

Animals in CIS group, in comparison to those in other

groups, had enlarged glomeruli and irregularly thickened

glomerular basement membrane with neutrophil cell

infiltration (Fig. 3). These findings are similar with earlier

reports where histological changes were also consistent

with laboratory findings [20, 21]. Our results confirmed

previous suggestions that cisplatin primarly damages

proximal tubules, due to its accumulation in this part of

nephron and conversion into nephrotoxic metabolites.

According to our knowledge, this is the very first

morphometric analysis of rats’ kidneys in this
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experimental model. Measured parameters of proximal

and distal tubules in each group are shown in Table 1.

Fig. 3. Light photomicrographs of Jones methenamine
silver stained kidney sections showing thin glomerular

basement membrane in C (A) and Q (B) group of rats; (C)
Animals in CIS group had enlarged glomeruli and

irregularly thickened glomerular basement membrane;
(D) Treatment with quercetin ameliorated changes

induced by cisplatin in kidneys and glomerular basement
membrane was thinner in this (CISQ) group of rats. Jones

methenamine silver, original magnification, 400×

Area of proximal tubules was statistically significant

increased in the group of animals treated with cisplatin in

comparison to control group (p<0.001). In the CISQ

group area of proximal tubules was significantly

decreased compared to the CIS group of animals

(p<0.001) (Table 1). The value of nuclear-cytoplasmic

ratio in the epithelial cells of proximal tubules in CIS

group of animals was statistically significant smaller

compared to the control and CISQ group (p<0.001)

(Table 1). Area of distal tubules and nuclear-cytoplasmic

ratio in the epithelial cells of distal tubules showed no

statistically significant difference between control and

experimental group of animals (Table 1).

In addition to proximal tubules tubular injuries there are

glomerular effects that are much less well documented.

When cisplatin is administred to experimental animals,

there is marked fall in renal blood flow and glomerular

filtration rate with rise in renal vascular resitance, which

is induced by structural changes in glomerular structures

and without a direct relationship with tubular damages

[22]. Due to this assumption, main goal of our study was

to quantify changes of glomeral structures, especially

GBM thickness in cisplatin induced nephrotoxicity and to

examine possible protective effects of quercetin on these

damages. Morphometric analysis of glomeruli revealed

that cisplatin treated animals had larger glomeruli. This

was confirmed with significantly larger values of

glomerular area, perimeter and Feret´s diameter compared

to control group (p<0.001) (Table 1). Analysis of

glomerular circularity did not show statistically

significant differences in the control group in relation to

the experimental group of animals (Table 1). The mean

glomerular membrane thickness was significantly greater

in CIS group compared to C group (p<0.001) and CISQ

group of rats (p<0.001) (Table 1). Stojiljkovic et al. [23]

published that in gentamicin-induced nephrotoxicity

glomerular basement membrane was irregularly

thickened. Our study showed similar changes indicating

that cisplatin and gentamicin caused same damages of

glomerular basement membrane. Taken all together our

findings showed that there are significant structural

changes of glomeruli and glomerular basement membrane

in animals treated with cisplatin. Changes of GBM cause

altered glomerular filtration and functional impairment of

kidneys. Glomerular hemodynamics, glomerular

contraction, filtration surface area and ultrafiltration

coefficient depend of mesangial cells functions. We also

have found that number of cells in glomerular area

(cellularity) is decreased, which indicates that there is

significant drug-induced apoptotic reaction in renal

glomerular tissue (Table 1). Kohn et al. [24] have

suggested that mitochondrial malfunction may play a

significant role in the glomerular cells injury.
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Table 1. Morphometric analysis of proximal and distal tubules and glomeruli in experimental and control group of rats

Variable C group Q group CIS group CISQ group

Glomerular area

(µm2)
7635.63 ± 1278.06 7674.63 ± 1112.56 11598.20±2293.85*** 8035.95 ± 933.74**#

Cellularity

(cells/µm2)
0.0072 ± 0.0012 0.0070 ± 0.0011 0.0052 ± 0.0007*** 0.0067 ± 0.0009***#

Perimeter (µm) 319.04 ± 27.03 319.82 ± 22.53 395.73 ± 36.99*** 326.98 ± 20.90**#

Feret´s diameter

(µm)
111.42 ± 11.21 111.70 ± 10.13 140.65 ± 14.19*** 114.63 ± 10.21**#

Circularity 0.9317 ± 0.0274 0.9319 ± 0.0270 0.9368 ± 0.0274 0.9318 ± 0.0283

GBM thickness

(µm)
0.5581±0.0258 0.5820 ± 0.0432 0.8561 ± 0.0384*** 0.6363 ± 0.0391*#

Area of proximal

tubules (µm2)
1310 ±  97.30 1348 ± 101.0 2279 ± 158.4*** 1505 ± 39.20**#

N/C of proximal

tubules
0.7105 ± 0.0408 0.7216 ± 0.0278 0.4165 ± 0.0671*** 0.6297 ± 0.0519*#

Area of distal

tubules (µm2)
1139 ± 76.50 1160 ± 87.83 1241 ± 76.78 1220 ± 74.72

N/C of distal

tubules
0.8895 ± 0.0799 0.8872 ± 0.0706 0.7971 ± 0.0504 0.8234 ± 0.0365

Data are presented as a mean ± SD. *p<0.05 vs C, **p<0.01 vs C, ***p<0.001 vs C, #p< 0.001 vs CIS group.

The flavonoids are a family of phenolic compounds that

have biochemical and pharmalogical activities like

antibacterial, antiviral, antiinflammatory, antiallergic,

antithrombotic, antimutagenic, antineoplastic, as well as

neuroprotective properties [25]. Flavonoids affect basic

cell function such as growth, differentiation and

apoptosis, because of their radical scavenging activity

[26]. Quercetin has been reported as a renoprotective

agent in cisplatin-induced nephrotoxicity in vitro [27]

and in vivo [28, 29]. In addition, Sanchez-Gonzalez et al.

[20] showed that quercetin may diminish inflammation in

kidneys without affecting the anticancer efficacy of

cisplatin.

In our study, administration of quercetin, 4 days before

and 4 days after single dose of cisplatin, produced a

significant protection against nephrotoxicity induced by

cisplatin. Amelioration of nephrotoxicity was evidenced

by significant reductions in serum urea and creatinine

concentrations compared to the group treated only with

cisplatin (Fig. 1). Protective effect of quercetin was

similar to those published by Behling et al. [28] who

showed that quercetin treatment was able to restore

plasma creatinine to control levels in cisplatin-treated

animals. On the other hand, administration of quercetin

was demonstrated by the normalization of

histopathological alterations. There was focal

degeneration of tubular cells without glomerular

congestion, leucocyte infiltration or tubular dilatation

(Fig. 2D). Glomerular basement membrane in cisplatin-

quercetin group of animals was thinner than that in CIS

group of rats (Fig. 3D).

Our morphometric analysis revealed that the glomeruli of

rats treated with cisplatin and quercetin together were

significantly smaller than in the group of rats treated only
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with cisplatin which was confirmed with significant

differences between CIS and CISQ groups in area,

perimeter and Feret´s diameter (p<0.001) (Table 1).

Damages of proximal tubules were also significantly

attenuated by quercetin adminsitration in CISQ group of

rats (Table 1). Taken together, these data suggest that

quercetin exerts an ameliorative effect on kidneys

structural damages caused by cisplatin administration.

Although exact mechanism of cisplatin-induced

nephrotoxicity is incompletely defined, many studies

showed that cisplatin has multiple intracellular effects,

causing direct cytotoxicity with reactive oxygen species,

activating mitogen-activated protein kinases, inducing

apoptosis and stimulating inflammation [26]. In the

present study, we also examined mechanisms of cisplatin

nephrotoxicity, as well as quercetin nephroprotective

effects through analysis of parameters of oxidative stress.

In our previous study [15], we reported that cisplatin

administration lead to elevated levels of

malondyaldehyde which is the end-product of lipid

peroxidation and also that quercetin inhibits lipid

peroxidation and protects a lipid components in cell

membranes. Catalase is one of the endogenous

antioxidant enzymes that play a pivotal role in the

reduction of oxidative modification of lipids and

scavenge hydrogen peroxide and thus interrupt the

propagation of the lipid peroxidation reaction [26]. In

present study, catalase activity in the kidney tissue was

statistically significant reduced in the CIS group in

comparison to C group (p<0.001) (Fig 4 A) after a single

dose of cisplatin (8mg/kg) which is in agreement with

earlier findings [30, 31]. These observations support the

evidence that part of the mechanism of nephrotoxicity in

cisplatin-treated rats is related to depletion of antioxidant

system [26]. In addition, cellular proteins may also be

affected by ROS. It is generally known that proteins are

susceptible to damage by ROS in vitro and in vivo, and

oxidative modification of proteins may lead to the

structural alteration and functional inactivation of many

enzyme proteins [32].

Fig. 4. Effect of quercetin administration on (A) catalase
activity and (B) AOPP levels in kidneys of rats treated
with cisplatin. Results represent mean ± SD. #p<0.001

versus CIS group, *p<0.001 versus C group.

Nephrotoxicity was further confirmed by a significant

increase of the concentration of AOPP in kidney tissue in

CIS group of rats compared to those of control group

(p<0.001) (Fig. 4 B).

The nephroprotective effect of quercetin seems to be

related with its antioxidant activity and also with its

capacity to inhibit renal inflammation and tubular cell

apoptosis [20]. Quercetin protects membrane lipids,

nuclear DNA and proteins from oxidative damage

through its strong capacity to inhibit oxidative stress

[33]. Many studies confirmed antioxidant activity of

quercetin, through its ability to direct inhibit lipid

peroxidation [28]. Ferralli et al. [34] proposed that
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possible antioxidant mechanism of quercetin may be due

to its iron-chelating and iron-stabilizing properties.

Another possible mechanism by which quercetin act is

through interaction with various enzyme systems. In our

study the antioxidant properties of quercetin was

confirmed by statistically significant increased of

catalase activity in rats treated with quercetin and

cisplatin in relation to the group of rats treated with

cisplatin alone (p<0.001) (Fig. 4A), which showed that

quercetin can increase the function of the endogenous

antioxidants. Our results confirmed previous findings

about the beneficial antioxidant effect of quercetin [20].

Administration of quercetin with cisplatin also

significantly decreased concentration of renal AOPP in

CISQ group compared to the CIS group (p<0.001) (Fig.

4B). These results indicate role of quercetin in

scavenging free radicals generated by cisplatin and in

protecting proteins in cells. This ability of quercetin may

contribute to protective effects on structural damages of

kidneys which we quantified by morphometry.

Furthermore, some effects may be a result of a

combination of radical scavenging and an interaction

with enzyme functions.

CONCLUSIONS

Our results strongly support the concept that cisplatin

causes structural alterations of glomeruli and GBM, as

well as alterations of proximal tubules in rats. In

addition, results of our study indicate that administration

of quercetin in a dose 50 mg/kg afforded significant

protection against histological and functional glomerular

and tubular impairment induced by cisplatin probably by

acting as a potent scavenger of ROS. These findings

indicate that quercetin has a potent shielding effect

against the neprotoxiciy of cisplatin and might be

clinically useful.
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