
Summary. In this study, the flavonoid, 6-hydroxy-
flavone was investigated for its renal protective activity
in the cisplatin rat model of nephrotoxicity. Male
Sprague-Dawley rats weighing 200-250 g were included
in the study. 6-Hydroxyflavone was daily administered
at 25 and 50 mg/kg (i.p.), while ascorbic acid was used
as a positive control and injected (i.p.) at 50 mg/kg for
15 days. The nephrotoxicity was evoked with a single
cisplatin injection at 7.5 mg/kg on the tenth day of
treatment. The renal function and levels of oxidative
stress markers were assessed. Each tissue slide of
different groups was observed under a compound
microscope attached with a digital camera. Cisplatin
significantly decreased the overall body weight with an
increase in serum creatinine and urea and production of
severe histopathological and oxidative stress in the
kidneys. The daily treatment with 6-hydroxyflavone
significantly attenuated the cisplatin associated
detrimental changes in the body weight, and serum
levels of creatinine and urea at both 25 mg/kg (P<0.05)
and 50 mg/kg (P<0.01). The 6-hydroxyflavone treatment
also preserved the renal histoarchitecture from the
toxicological influence of cisplatin as evident from a
significant reduction in the severity of histopathological
changes in the renal tissues. Moreover, 6-
hydroxyflavone also reduced the cisplatin-induced lipid
peroxidation and corrected the renal antioxidant status.
A similar protective effect was observed with the

positive control, ascorbic acid (50 mg/kg). These
findings show that the flavonoid 6-hydroxyflavone has
potential nephroprotective properties and can be used for
the management of chemotherapy associated renal
disturbances.
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Introduction

Significant advances have been made in recent years
for the efficient treatment of cancer of different tissues,
which dramatically increases the benefit of therapy,
decreases the progression of tumors and increases the
survival rate among cancer patients. Despite all these
advances, drug induced nephrotoxicity still remains a
major complication that profoundly limits the overall
efficacy of protective chemotherapy in cancer patients
(Sahni et al., 2009; Perazella, 2012). The occurrence of
nephrotoxicity in cancer patients is reported as 60%. The
nature of nephrotoxicity varies with the type of
chemotherapeutic agent, the cancer type, patient age,
nutritional status, and underlying secondary disease
(Glezerman and Jaimes, 2016). 

Cisplatin is a platinum-based drug and is one of the
most effective chemotherapeutic agents having the
highest cure rate of >90%. It is effectively used for the
treatment of diverse neoplasms and cancer of different
organs (Florea and Büsselberg, 2011). Its effectiveness is
limited by acquired resistance to occurrence of severe
side-effects (Barabas et al., 2008) that include nausea
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and vomiting (Ullah et al., 2014, 2018; Alam et al.,
2017), central nervous system (CNS) toxicity (Shahid et
al., 2019a), ototoxicity (Gentilin et al., 2019), and renal
injury (Pabla and Dong, 2008) as the most prominent.
Various strategies have been devised to limit these
untoward effects and include cisplatin analogues with
reduced toxicologic propensity (carboplatin) (Adams et
al., 1989; Martinez et al., 1993) in addition to other
platinum analogues (Uehara et al., 2011; Lin et al., 2019)
and adequate hydration of patients during treatment with
cisplatin (Crona et al., 2017). Regardless of all these
approaches, the cisplatin-induced toxicities,
nephrotoxicity particularly is a major barrier that limits
the overall effectiveness of cisplatin (Yao et al., 2007).
Studies have shown that cisplatin-induced kidney injury
involves four major mechanisms. These include injury to
the proximal convoluted tubules (apoptosis, autophagy,
dysregulation of cell-cycle proteins, activation of
mitogen-activated protein kinase (MAPK) pathways,
renal tubular epithelial cell damage, DNA damage, and
dysfunction of mitochondria), generation of oxidative
stress (increased reactive oxygen species (ROS), lipid
peroxidation products and decreased antioxidant
system), activation of inflammation [cytokines, tumor
necrosis factor alpha (TNF-α), interleukin (IL)-33,
nuclear factor kappa B (NF-𝜅B), infiltration of T-cells,
neutrophils,  mast cells, and macrophages] and injury to
the vascular system in the kidneys (decreased renal
blood flow). Collectively they lead to tubular cell
necrosis and reduction in glomerular filtration rate,
culminating in renal failure (Ozkok and Edelstein,
2014). In addition, apoptosis is also a major mechanism
underlying cisplatin-induced renal cell injury, as
cisplatin activates both the intrinsic mitochondrial
pathway and the extrinsic death receptor pathway of
apoptosis (Pabla and Dong, 2008).

Natural products including medicinal plants are
efficient in reducing the complications of systemic
diseases including that of kidney (Ghayur and Janssen,
2010; Peesa, 2013; Zhong et al., 2013; Aman et al.,
2016; Raziq et al., 2016; Shahid et al., 2017a,c, 2019b;
Nawaz et al., 2020). Antioxidants derived from natural
products can improve the oxidative stress in kidney
damage and protective mechanisms reduce lipid
peroxidation, increasing the scavenging ability of
antioxidant defense system in nephrons (Pervez et al.,
2018). Flavonoids (natural products) form an integral
part of both conventional and contemporary therapeutic
systems (Nijveldt et al., 2001; Erlund, 2004; Akbar et
al., 2017). This is due to their favorable aqueous
solubility, lipophilicity and thermodynamic stability.
They are easily absorbed and distributed, thus providing
efficient bioavailability and nephroprotective potential
(Dahal and Mulukuri, 2015). Furthermore, Flavanoids
prevent renal oxidative stress by increasing the rate of
glutathione (GSH) synthesis (Rodrigo and Bosco, 2006),
in addition to prevention and attenuation of  renal
scarring in animal models of kidney diseases (Athira et
al., 2016; Diwan et al., 2017; Vargas et al., 2018). 

A previous in vitro study has shown that 6-
hydroxyflavone potently inhibited the inflammatory
responses induced by lipopolysaccharide in kidney
mesangial cells and may play an important role in the
attenuation of glomerulonephritis (Wang et al., 2015).
Moreover, 6-hydroxyflavone strongly attenuates the
cisplatin associated testicular toxicity (Din et al., 2019b)
and hepatotoxicity (Din et al., 2019a). Considering the
potential in vitro protective activity of 6-hydroxyflavone
in kidney cells (Wang et al., 2015), the present study was
designed to establish the in vivo renal protective activity
of 6-hydroxyflavone and particularly its effectiveness in
chemotherapy induced nephrotoxicity. 
Materials and methods

Chemicals 

6-Hydroxyflavone (98%) was procured from Sigma-
Aldrich, St. Louis, MO, USA. It was dissolved in a
vehicle comprising  5% dimethyl sulfoxide (DMSO) and
2% Tween80 (Akbar et al., 2016, Shahid et al., 2017b).
The dose of 6-hydroxyflavone was prepared daily by
dissolving 4 mg (4 mg/mL) of drug powder in 1 mL of
vehicle. The positive control, ascorbic acid was acquired
from Sigma-Aldrich, St. Louis, MO, USA. It was
dissolved in normal saline and was freshly prepared
daily (10 mg in 1 mL normal saline) prior to
administration (Shahid et al., 2016). 
In vitro antioxidant activity of 6-hydroxyflavone

The in vitro antioxidant activity of 6-hydroxyflavone
was measured by the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical scavenging assay as previously
reported (Shahid and Subhan, 2014b; Shahid et al.,
2016). Briefly, 1 mL of methanolic 0.1 mM DPPH free
radical solution was mixed with 1 mL of different
concentrations (1, 10, 30, 50, 100, 400, and 400 μg/mL)
of 6-hydroxyflavone or standard in methanol. The
solutions were thoroughly mixed and incubated in the
dark at an ambient temperature for 40 min. The
absorbance was measured at 517 nm using a UV/visible
spectrophotometer. Ascorbic acid was used as a
standard. The control was prepared by mixing 2 mL of
0.1 mM DPPH free radical solution with 1 mL of
methanol, while blank consisted of methanol alone. The
percentage scavenging of the DPPH free radicals was
calculated as follows.  
Percentage of DPPH free radicals scavenging activity =
[(AI-AII/AI) × 100]

The absorbance of the control reaction was AI while
the absorbance in the presence of sample was AII. The
EC50 value, which is the concentration of antioxidant at
which there is 50% loss of DPPH free radicals
scavenging activity, was calculated from the graph of
absorbance versus respective concentrations using
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nonlinear regression analysis. The antiradical power and
stoichiometry were determined, and the assay was
performed in triplicate.
Animals

Male Sprague-Dawley rats weighing 200-250 g were
purchased from the Department of Pharmacy. They were
acclimatized at a light dark cycle of 12/12 h at 20-24oC.
The experiments were approved by the Ethical
Committee of the Khyber Medical College, Peshawar,
Pakistan and approval for the study was granted vide
registration number 42/PG/KMC. The experimental
procedures were performed in accordance with the UK
Animals (Scientific Procedures) Act 1986.  
Grouping of animals and treatment protocol

Nephrotoxicity was induced by a single
intraperitoneal injection of cisplatin (7.5 mg/kg) (Sueishi
et al., 2002; Saad et al., 2009). The different doses of 6-
hydroxyflavone (25 and 50 mg/kg, i.p.) were selected
based on our laboratory studies on flavonoids (Akbar et
al., 2016, 2020; Shahid et al., 2017b).  The ascorbic acid
was used as a positive control and was administered at a
dose of 50 mg/kg (i.p.) (Zhang et al., 2004). The animals
were randomly divided into the following groups, with
each group consisting of six animals: 

Group A served as a negative control and was injected
with the vehicle (1 mL/kg, i.p). Group B received the
vehicle for 15 consecutive days along with cisplatin as a
single injection (7.5 mg/kg) on day 10 of the experiment.
Group C received daily 6-hydroxyflavone injection at 25
mg/kg for 15 consecutive days along with cisplatin (7.5
mg/kg), which was administered two hours after 6-
hydroxyflavone administration on day 10 of the
experiment. Group D received daily 6-hydroxyflavone
injection at 50 mg/kg for 15 consecutive days along with
cisplatin (7.5 mg/kg), which was administered two hours
after 6-hydroxyflavone administration on day 10 of the
experiment. Group E received daily ascorbic acid
injection at 50 mg/kg for 15 consecutive  days along with
cisplatin (7.5 mg/kg), which was administered two hours
after ascorbic acid administration on day 10 of the
experiment. Group F received daily 6-hydroxyflavone
injection at 50 mg/kg for 15 consecutive  days (Saad et al.,
2009). 
Collection of blood and tissue

At the termination of the dosing schedule, blood
from each animal was withdrawn through cardiac
puncture under xylazine plus ketamine anesthesia. The
collected blood was centrifuged at 3000 rpm at 25°C.
The serum was then separated in properly labeled
Eppendorf tubes. The serum was stored at 4°C. After
blood collection, each animal was euthanized by cervical
dislocation. The major organs including the kidneys,
liver, adrenals, brain, spleen, testis, thymus gland, lungs

and heart were collected. Their individual weight was
measured using an analytical balance. After weighing, a
sample of kidney from each group was reserved for
measurement of oxidative stress markers, while the other
portion of kidney was instantaneously transferred to a jar
containing 10% neutrally buffered formalin. The tissues
were kept for 48 h for fixation. The kidneys were then
sliced and then subjected to histopathological processing
according to standard protocols (Prophet et al., 1992;
Shahid and Subhan, 2014a; Shahid et al., 2016). The
tissues were dehydrated in graded ethanol solutions (50,
70, 80, 90, two changes each of 100%), cleared in two
changes each of 100% xylene and were infiltrated and
embedded in paraffin wax. The tissue blocks were
sectioned at 4 μm through a rotary microtome and were
stained with Harris hematoxylin and eosin (H&E).
Renal function and levels of oxidative stress markers

The serum creatinine and urea were measured
according to the kits protocols specified by the
manufacturer [(Chema Diagnostica CR 0500 CH, Italy
for creatinine), and (Chema Diagnostica AZ F245 CH,
Italy for urea)]. The serum electrolytes were determined
in a private laboratory (OK Laboratory and Diagnostic
Center, Peshawar, Pakistan). The kidney tissues were
minced into small pieces and homogenized in ice-cold
phosphate buffer saline to obtain 1:9 (w/v) whole
homogenate. The level of lipid peroxidation was assayed
in the form of thiobarbituric acid reacting substances
(TBARS) and expressed as nmol of malondialdehyde
(MDA)/g wet tissue (Ohkawa et al., 1979). Briefly, the
tissue homogenate (0.2 mL) was mixed with 8.1%
sodium dodecyl sulfate, 30% acetic acid and 0.8%
thiobarbituric acid and the mix was heated at 95°C for
60 min and then cooled, after which 1 mL of distilled
water and 5 mL of n-butanol:pyridine (15:1 v/v) solution
were added and centrifuged at 5000 rpm for 20 min. The
absorbance of the generated pink color in the organic
layer was measured at 532 nm and 1,1,3,3-
tetraethoxypropane was used as standard. The tissue
reduced-GSH concentration was measured by the
method as described by Ellman (1959) and was
expressed as µmol/g tissue. Briefly, 100 µL of tissue
homogenate was added to 0.2 M Tris-EDTA buffer
before the addition of 20 µL of Ellman's reagent (10
mmol/L DTNB in methanol) and the absorbance was
recorded at 412 nm. The glutathione peroxidase (GSH-
Px) activity was assayed using the method of Chiu et al.
(Chiu et al., 1976). The catalase activity was determined
according to the method described by Aebi (Aebi, 1984).
The superoxide dismutase (SOD) activity was
determined according to the method of Misra and
Fridovich (Misra and Fridovich, 1972). 
Histopathological evaluation of kidneys

Each tissue slide of different groups was observed
under a compound microscope attached with a digital
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camera. The photomicrographs were observed at two
resolutions (100x and 400x magnification). The tissues
slides were evaluated by an experienced pathologist who
was blinded to the various treatment groups. The
histopathological changes were scored according to the
scoring system as previously reported (El-Sheikh et al.,
2012; Hamed et al., 2012). Moreover, the slides were
also interpreted according to the EGTI scoring system
for kidney tissues i.e. endothelial, glomerular, tubular,
and interstitial (Khalid et al., 2016).
Statistical analysis

The data were expressed as mean ± S.E.M. The
EC50 value in the in vitro antioxidant activity was
calculated from the graph of absorbance versus
respective concentrations using nonlinear regression
analysis. The in vivo data were analyzed using one-way
ANOVA followed by Tukey’s post hoc test using
GraphPad Prism 5 (GraphPad Software Inc. San Diego
CA, USA). A P value of ≤0.05 was accepted as
significant.
Results

In vitro antioxidant activity of 6-hydroxyflavone

In the DPPH free radical scavenging assay, a
concentration dependent percentage inhibition of
DPPH free radicals was observed for both 6-
hydroxyflavone (13.38-94.89% at 1-400 μg/mL), and
ascorbic acid (26.23-97.08% at 1-400 μg/mL). The
maximum inhibition of DPPH free radicals by 6-
hydroxyflavone was observed as 94.89% at 400 μg/mL,
while that of ascorbic acid was 97.08% at 400 μg/mL,
respectively. The EC50, antiradical power and
stoichiometry of 6-hydroxyflavone and ascorbic acid
are shown in Table 1.

Effect of 6-hydroxyflavone and cisplatin on general
behavior and physical appearance of animals

Administration of cisplatin produced severe changes
in the physical appearance of animals. The vehicle
treated cisplatin animals appeared thin and lethargic and
exhibited repetitive wet dog shakes. Their fur was raised,
and skin appeared bluish in color. On examination, the
locomotion of the animals was considerably reduced
with a decrease in  exploratory behavior. The fur on the
posterior side of the body appeared contaminated which
may be due to a reduction in the overall mobility.
Bleeding from the nose was observed and clotted
patches of blood were examined along the periphery of
nostrils. The general gait of the animals was deranged. A
decrease in grooming behavior was noted. The animals
were moderately active to pinching of their tails. A
reduction in the escape behavior was observed after
lifting the animals by their tails. 

Similar behavioral changes were noted in groups of
animals treated with 6-hydroxyflavone at 25 and 50
mg/kg plus cisplatin; however, the presentation of these
behaviors was less severe in comparison to the vehicle
treated cisplatin animals. Particularly, the animals
treated with 6-hydroxyflavone at 50 mg/kg were
resistant to the cisplatin associated aberrant changes in
the behavior and physical appearance. The gross
changes observed in this group of animals were mild to
moderate in severity compared to the 6-hydroxyflavone
lower dose group (25 mg/kg), in which moderate to
severe behavioral changes were observed. The positive
control, ascorbic acid treated animals also showed mild
to moderate changes in the general behavioral and
moderate to less severe changes in the general
appearance of animals.
Effect of 6-hydroxyflavone and cisplatin on body weight

The vehicle treated cisplatin animals displayed a
significant decrease (P<0.001) in their body weight as
compared to the vehicle alone treated animals. A
significant increase (P<0.05) in body weight was
observed with 6-hydroxyflavone at a dose of 50 mg/kg,
as compared to the vehicle treated cisplatin animals. A
significant decrease (P<0.001) in body weight gain was
observed for the vehicle plus cisplatin animals as
compared to the negative control. However, the animals
administered with 6-hydroxyflavone at a dose of 50
mg/kg showed a significant (P<0.05) increase in body
weight gain as compared to vehicle-cisplatin group (Fig.
1).
Effect of 6-hydroxyflavone and cisplatin on organ weights

No significant changes in the organ weights were
noted in the groups of animals administered with vehicle
plus cisplatin, 6-hydroxyflavone at 25 and 50 mg/kg plus
cisplatin, and ascorbic acid at 50 mg/kg plus cisplatin.
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Table 1. In vitro antioxidant activity of 6-hydroxyflavone and ascorbic
acid.

Concentration (μg/mL) Percentage inhibition (%)
6-Hydroxyflavone Ascorbic acid

1 13.38±1.177 26.23±0.107
10 59.81±4.775 86.65±0.278
30 89.55±1.177 96.08±0.599
50 90.41±2.044 96.09±0.781

100 93.77±1.595 96.47±0.481
200 92.78±0.835 96.79±0.096
400 94.89±0.802 97.08±0.321

Antioxidant strength
EC50 (μg/mL) 8.632±0.733 4.672±1.485
Antiradical power 0.116±0.011 0.238±0.075
Stoichiometry 17.26±1.466 9.344±2.970

Values are expressed as mean ± S.E.M from three separate
experiments.



Effect of 6-hydroxyflavone and cisplatin on serum
creatinine, urea and electrolytes

Administration of cisplatin (7.5 mg/kg) was
associated with a significant increase (P<0.001) in the
serum level of creatinine, when compared to the serum
level of vehicle treated animals. A significant reversal of
cisplatin-induced elevated serum creatinine level was
noted with 6-hydroxyflavone at 25 mg/kg (P<0.05) and
50 mg/kg (P<0.01), as well as with the ascorbic acid at
50 mg/kg (P<0.001), when compared to vehicle treated
cisplatin animals. Cisplatin at 7.5 mg/kg produced a
significant increase (P<0.001) in the level of urea as
compared to vehicle treated negative controls. 6-
Hydroxyflavone produced a significant reversal of
cisplatin-induced increased serum urea level at 25 mg/kg
(P<0.05) and 50 mg/kg (P<0.01), when compared to
vehicle-cisplatin group. The positive control, ascorbic
acid also provided a beneficial proclivity against

nephrotoxicity as it significantly decreased (P<0.01) the
elevated serum levels of urea. Treatment with the
vehicle, vehicle plus cisplatin, 6-hydroxyflavone at 25
and 50 mg/kg plus cisplatin, and ascorbic acid at 50
mg/kg plus cisplatin produced no significant effect on
the serum levels of sodium, potassium, and chloride
(Table 2). 
Effect of 6-hydroxyflavone on cisplatin induced renal
oxidative stress

Administration of cisplatin was associated with a
marked induction of lipid peroxidation and oxidative
stress in the kidneys. This has been observed from the
significant increase in the contents of TBARS (P<0.001)
as well as a significant reduction in the levels of GSH
(P<0.001), and the activities of GSH-Px (P<0.001),
catalase (P<0.001) and SOD (P<0.001), as compared to
vehicle-cisplatin animals. A significant reduction in the
cisplatin-induced elevated TBARS levels was produced
by 6-hydroxyflavone at 25 mg/kg (P<0.05) and 50
mg/kg (P<0.01). Moreover, the restoration of the
antioxidant status parameters underlying glutathione
(P<0.05, P<0.01), glutathione peroxidase (P<0.05,
P<0.001), catalase (P<0.05, P<0.01) and SOD (P<0.05,
P<0.01) levels in the cisplatin exposed kidneys was
significant for 6-hydroxyflavone treatment at doses of 25
and 50 mg/kg. The group of animals treated with
ascorbic acid at 50 mg/kg showed a similar significant
antioxidant effect in the kidneys during cisplatin asserted
nephrogenic oxidative stress i.e. P<0.01 for GSH, GSH-
Px, catalase and SOD, as compared to the vehicle treated
cisplatin injected animals (Fig. 2).
Effect of 6-hydroxyflavone on cisplatin induced renal
histopathology

Administration of cisplatin (7.5 mg/kg) produced
typical histological changes of chemotherapy-induced
nephrotoxicity. These histopathological changes were
observed as necrosis of the renal tubules particularly
affecting the proximal convoluted tubules in which
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Fig. 1. Body weight gain in the cisplatin (Cis) administered animals pre-
treated with 6-hydroxyflavone at 25 mg/kg (6HF-25) and 50 mg/kg (6HF-
50), and standard ascorbic acid at 50 mg/kg (AA-50). Each bar
represents mean body weight gain in grams ± SEM. ###P<0.001 shows
a comparison with the vehicle administered experimental group,
*P<0.05 shows a comparison with the cisplatin non-treated animals
group. One-way ANOVA with Tukey’s test, each group contained 6
animals.

Table 2. Effect of 6-hydroxyflavone at 25 mg/kg (6HF-25) and 50 mg/kg (6HF-50), and standard ascorbic acid at 50 mg/kg (AA-50) and cisplatin (Cis)
on serum creatinine, urea and electrolytes.

Treatment Creatinine (mg/dL) Urea (mg/dL) Electrolytes (mmol/L)
Sodium Potassium Chloride

Vehicle 0.633±0.055 34.00±5.508 140.2±2.121 4.417±0.1641 103.1±1.317
Cisplatin 4.883±0.486### 329.2±32.29### 131.1±3.724 5.883±0.6539 96.51±3.658
6HF-25+Cis 2.851±0.672* 213.2±36.37* 131.1±1.844 5.333±0.3393 97.67±2.861
6HF-50+Cis 1.951±0.567** 159.7±34.43** 135.2±3.582 5.383±0.4037 99.01±3.183
AA-50+Cis 1.851±0.545*** 158.2±27.03** 132.8±3.497 4.351±0.2247 101.7±1.431
6HF-50 0.766±0.081 35.17±5.173 140.1±1.317 4.251±0.1688 102.3±1.085

The mean values are denoted as mean serum levels ± SEM. ###P<0.001 shows a comparison with the vehicle only administered animals group,
*P<0.05, **P<0.01, ***P<0.001 shows a comparison with the vehicle treated cisplatin animals group. One-way ANOVA with Tukey’s post hoc test, each
group contained 6 animals. 



extensive loss of the brush border was noted. The
epithelial cells lost their integrity and showed severe
desquamation. Debris of cuboidal cells was visible in the
empty renal tubules. The remaining cuboidal epithelial
cells showed severe signs of cell injury. The cytoplasm
contained vacuoles and the apical cell membrane was
disrupted. Cellular cast was observed in most distal
convoluted tubules. The tuft of glomerulus was retracted
and glomerular capillaries were heavily congested with
red blood cells. Deposition of connective tissue was also
observed with thickening of the glomerular capsule. The
interstitial spaces were heavily dilated and contained
numerous lymphocytes, red blood cells and cellular
debris (Fig. 3B). 

Treatment with 6-hydroxyflavone has a protective
effect against the toxicological influence of cisplatin on
the renal tissue. The 25 mg/kg dose preserved the normal
histological architecture of the renal tubules and
glomerulus but was associated with mild to moderate
histopathological changes as congestion of interstitial
spaces and glomerulus with red blood cells, disruption of
brush border lining the cuboidal epithelial cells of the
proximal convoluted tubules, dilatation of the interstitial
spaces containing small numbers of lymphocytes and
large numbers of red blood cells, formation of cast in a
small number of renal tubules, vacuolar changes in the
epithelial cells lining both the proximal and distal
convoluted tubules (Fig. 3C). Treatment for 15
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Fig. 2. Effect of 6-hydroxyflavone at 25 mg/kg (6HF-25)
and 50 mg/kg (6HF-50), and standard ascorbic acid at
50 mg/kg (AA-50) on cisplatin (Cis) induced oxidative
stress in kidneys. Ear column represents mean value ±
SEM. ###P<0.001 shows a comparison with the vehicle
administered animals group, *P<0.05, **P<0.01,
***P<0.001 shows a comparison with the cisplatin non-
treated animals group. One-way ANOVA with Tukey’s
post hoc test, each group contained 6 animals.
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Fig. 3. Histopathological evaluation of cisplatin-induced nephrotoxicity after treatment with 6-hydroxyflavone and ascorbic acid (H & E). A.
Photomicrograph of a section of kidney from a rat treated with vehicle showing normal appearing glomerulus (large arrow) and renal tubules (small
arrows). B. Photomicrograph of a section of kidney from a rat treated with vehicle and administered with cisplatin showing retraction of glomerulus with
an increase in the capsular space (large arrow), extensive necrosis of cuboidal epithelial cells lining the renal tubules with a loss of brush border (small
arrows) and accumulation of eosinophilic cellular casts in the lumen of renal tubules (asterisk). C. Photomicrograph of a section of kidney from a rat
treated with 6-hydroxyflavone at 25 mg/kg and administered with cisplatin showing normal glomerulus (large arrow) and mild necrosis of the renal
tubules (small arrows). Normal histological features of glomerulus (large arrow) and proximal convoluted tubules (small arrows) are visible in the group
of animals treated with 6-hydroxyflavone at 50 mg/kg plus cisplatin (D), ascorbic acid at 50 mg/kg plus cisplatin (E), and 6-hydroxyflavone alone at 50
mg/kg (F). x 400.



continuous  days with the 50 mg/kg dose potently
inhibited the formation of histopathological changes
typical of cisplatin in the kidneys. This dose preserved
the characteristic appearance of the proximal convoluted
tubules. There was a mild dilatation of the interstitial
spaces and a visible congestion of these spaces with red
blood cells in a small number of cross-sectional areas. A
mild retraction of the glomerulus, dilatation of the renal
tubules with mild disruption of brush border were also
evident (Fig. 3D). 

A similar histopathological profile was observed in
the group of animals treated with the positive control,
ascorbic acid, which was administered continuously for
15 days at a dose of 50 mg/kg (Fig. 3E). Moreover, the
animals treated with the vehicle or 6-hydroxyflavone
alone at a dose of 50 mg/kg for 15 consecutive days
showed no significant histological aberrations in the
renal tissues that were characteristic of cisplatin
nephrotoxicity (Fig. 3F).
Effect of 6-hydroxyflavone and cisplatin on the severity of
histopathological changes in kidneys

Administration of cisplatin at 7.5 mg/kg was
associated with extensive tubular necrosis (P<0.001),
cellular casts in the renal tubules (P<0.001), retraction of

the tuft of glomerular capillaries with an increase in the
space between the inner visceral and outer parietal layers
of the renal capsule (P<0.001), hemorrhage and
congestion of blood vessels with red blood cells
(P<0.001), extensive degradation of brush border lining
the cuboidal cells of the proximal convoluted tubules
(P<0.001), inflammation of the interstitial spaces with
lymphocytes infiltration (P<0.001)and disruption of
endothelial cells with glomerular congestion (P<0.001).
Moderate thickening of the glomerular capsule was
observed (P<0.001). Treatment with 6-hydroxyflavone
for 15 consecutive days exerted a protective effect
against the cisplatin-induced histopathological changes in
the renal tissues. At doses of 25 and 50 mg/kg, 6-
hydroxyflavone potently inhibited the formation of
cisplatin-induced tubular necrosis (P<0.05 and P<0.01),
tubular cast (P<0.001 and P<0.001), retraction of
glomerulus (P<0.05 and P<0.001), thickening of capsular
layer (P<0.05 and P<0.001), hemorrhage and congestion
of vessels (P<0.001 only with 50 mg/kg), loss of brush
border (P<0.05 and P<0.001), inflammation of the
interstitium (P<0.05 and P<0.001), endothelial disruption
(P<0.05 and P<0.001) and congestion of glomerulus
(P<0.01 only with 50 mg/kg), respectively. The positive
control, ascorbic acid also potently attenuated (P<0.001)
the cisplatin-induced nephrotoxicity (Table 3).
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Fig. 4. Effect of 6-hydroxyflavone and
cisplatin on the endothelial, glomerular,
tubular, and tubule/interstitial damage score
in the EGTI scoring system. The mean
values were denoted as mean damage
score ± SEM. ###P<0.001 showing a
comparison with the vehicle administered
animals, *P<0.05, **P<0.01, ***P<0.001
shows a comparison with the cisplatin alone
animals group. One-way ANOVA with
Tukey’s post hoc test, each group contained
6 animals.  Group A: vehicle treated control,
Group B: vehicle plus cisplatin, Group C: 6-
hydroxyflavone at 25 mg/kg plus cisplatin
(7.5 mg/kg), Group D: 6-hydroxyflavone at
50 mg/kg plus cisplatin (7.5 mg/kg), Group
E: ascorbic acid at 50 mg/kg plus cisplatin
(7.5 mg/kg), Group F: 6-hydroxyflavone at
50 mg/kg for 15 days.



Effect of 6-hydroxyflavone and cisplatin on the severity of
histopathological changes in kidneys according to the
EGTI scoring system

In the tubules, cisplatin was associated with severe
damage (P<0.001) and occurred as extensive loss of
brush border, thickening of basal membrane, tubular
necrosis, inflammation and cast formation. Cisplatin also
markedly damaged (P<0.001) the endothelial layers as
severe endothelial swelling, endothelial disruption and
its eventual loss were observed. The glomerulus was
also severely affected by cisplatin (P<0.001) and the
pathological changes observed were thickening of the
Bowman’s capsule, and retraction of the glomerular tuft
with underlying fibrosis. The interstitium was severely
damaged (P<0.001) by cisplatin as extensive
inflammatory changes were observed with severe
infiltration of lymphocytes and red blood cells along
with debris of necrotic renal tubules. The protective
effect conferred by 6-hydroxyflavone at 25 and 50
mg/kg was noted as potent reversal of histopathological
changes in the tubules (P<0.01 and P<0.001),
endothelial (P<0.05 and P<0.01), glomerulus (P<0.05
and P<0.01), and interstitium (P<0.05 and P<0.01),
respectively. Similarly, the positive control, ascorbic acid
at 50 mg/kg also significantly alleviated the cisplatin-
induced degenerative changes in the tubules (P<0.01),
endothelial (P<0.01), glomerulus (P<0.05), and
interstitium (P<0.01) (Fig. 4).
Discussion

In this study, the protective activity of the flavonoid,
6-hydroxyflavone was investigated in an animal model
of kidney disease. The cisplatin was administered at 7.5
mg/kg and the animals have been monitored grossly,
biochemically and histopathologically for the induction
of kidney injury. Similar dose of cisplatin has shown to
induce reliable nephrotoxicity in laboratory animals
without significant incidence of mortality (Kodama et
al., 2009; Prabhu et al., 2013). In this study, cisplatin

produced significant changes in the overall behavior and
body weights of animals and these findings corroborated
with the previous reported studies on cisplatin (Antunes
et al., 2000; de Oliveira Mora et al., 2003; Atessahin et
al., 2005).  cisplatin-induced body weight loss has been
reported in both humans and acute or chronic animal
models (Garcia et al., 2013; Hojman et al., 2014).
Various mechanisms have been reported to exist
underlying  cisplatin-induced anorexia and these include
gastrointestinal disorders (nausea, vomiting, distention
of stomach, gastric stasis which results in decreased
intake of food), a decrease in plasma level of ghrelin
(hunger hormone) and decreased secretion of serotonin
from the enterochromaffin cells. The reduction in
ingestion of food and reduced body capacity to utilize
the food lead to a loss of body weight during cisplatin
treatment (Endo and Kanbayashi, 2003; Garcia et al.,
2013).

In this study, cisplatin injection produced a
significant increase in the serum creatinine and urea. The
serum level of creatinine is considered as a useful
biomarker for screening and diagnosing  kidney diseases
(Levey et al., 1988). Increased blood urea level is used
in the differential diagnosis of acute kidney diseases and
a higher level has been observed in pathological
conditions like congestive cardiac failure, fever, kidney
stone blockage disease, shock and gastrointestinal
bleeding among others diseases (Lopez-Giacoman and
Madero, 2015). Cisplatin treatment has been shown to
decrease the serum aspartate and alanine
aminotransferase, lactic dehydrogenase and alkaline
phosphatase, while it increases isocitric dehydrogenase
and glutathione reductase activities. An increase in blood
urea, total lipids, creatinine, and magnesium while a
decrease in albumin and glucose have been observed
after treatment with cisplatin (Bogin et al., 1994;
Arunkumar et al., 2012).

Studies have shown that cisplatin produces dilatation
of renal tubules, degeneration of epithelial cells, cellular
and proteinaceous casts in the lumen of tubules, necrosis
and apoptosis with epithelial desquamation of the
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Table 3. Effect of 6-hydroxyflavone at 25 mg/kg (6HF-25) and 50 mg/kg (6HF-50), and standard ascorbic acid at 50 mg/kg (AA-50) on the severity of
cisplatin (Cis)-induced histopathological changes during nephrotoxicity.

Lesion description Vehicle Cisplatin 6HF-25 + Cis 6HF-50 + Cis AA-50 + Cis 6HF-50

Necrosis of tubules 0.0±0.0 2.667±0.211### 1.500±0.223* 1.000±0.365** 1.000±0.365*** 0.0±0.0
Formation of cellular cast 0.0±0.0 2.667±0.211### 1.333±0.333*** 0.500±0.223*** 0.333±0.211*** 0.0±0.0
Glomerular retraction 0.0±0.0 2.167±0.166### 1.167±0.307* 0.500±0.223*** 0.500±0.223*** 0.0±0.0
Thickening of capsule 0.0±0.0 1.333±0.211### 0.333±0.218** 0.166±0.166*** 0.166±0.167*** 0.0±0.0
Hemorrhage and vessels congestion 0.0±0.0 2.500±0.223### 1.833±0.307 0.833±0.307*** 1.000±0.258*** 0.0±0.0
Loss of brush border 0.0±0.0 2.500±0.341### 1.333±0.333* 0.500±0.224*** 0.500±0.223*** 0.0±0.0
Interstitial inflammation 0.0±0.0 2.167±0.307### 1.000±0.365* 0.500±0.223*** 0.333±0.212*** 0.0±0.0
Endothelial disruption 0.0±0.0 2.000±0.365### 1.000±0.258* 0.500±0.224*** 0.334±0.211*** 0.0±0.0
Glomerular congestion 0.0±0.0 2.500±0.223### 1.667±0.333 1.167±0.307** 0.833±0.307*** 0.0±0.0

Severity of damage is graded as no change (0); mild (1); moderate (2); severe (3). The mean values denote mean severity score ± SEM. ###P<0.001
shows a comparison with the vehicle only administered animals group, *P<0.05, **P<0.01, ***P<0.001 shows a comparison with the vehicle treated
cisplatin animals group. One-way ANOVA with Tukey’s post hoc test, each group contained 6 animals.



proximal tubules, dilatation with condensed glomerular
capillary tuft, and interstitial infiltration of mononuclear
cells containing focal hemorrhagic foci (Nasr, 2013;
Mashhadi et al., 2014). Similar patterns of histological
aberrations were observed in this study. The various
ultrastructural changes produced by cisplatin are cell
size reduction, decreased number of basal infoldings, a
reduction in apical lysosomes and pinocytotic vesicles
with fragmentation and shredding of the brush border,
irregular nuclear membrane, nuclear heterochromatin
margination and loss of nucleolus, reduction and
condensation of mitochondria, and apoptotic changes
(Nasr, 2013; Craciun and Pasca, 2014). 

In the present study, the flavonoid, 6-hydroxyflavone
was evaluated for its renal protective effect against renal
injury induced by cisplatin. Flavonoids have been shown
to possess potent nephroprotective properties and are
regarded as the most efficient agents for kidney
protection (Dahal and Mulukuri, 2015). The flavonoids,
hesperidin and lipoic acid possess a protective activity
against sodium arsenite and trichloroethylene induced
nephrotoxicity (Pires Das Neves et al., 2004; Siddiqi et
al., 2015). Naringenin afforded protection against
cadmium, carbon tetrachloride and gentamicin induced
oxidative renal dysfunction (Renugadevi and Prabu,
2009, Hermenean et al., 2013; Fouad et al., 2014). Rutin
has been shown to provide a nephroprotective effect
against renal damage induced by ferric nitrilotriacetate
(Shimoi et al., 1997). The flavonoid quercetin has been
shown to be effective against gentamicin and cadmium
induced oxidative stress and nephrotoxicity (Morales et
al., 2006; Abdel-Raheem et al., 2009). The polyphenols
isolated from red wine have antiapoptotic properties and
strongly prevented the cyclosporine-induced
nephrotoxicity (Rezzani et al., 2009). Silyramin, which
is a strong free radical scavenger provides a protective
effect on kidney cells against oxidative damage induced
by cisplatin (Abdelmeguid et al., 2010), acetaminophen
(Bektur et al., 2016), fumonisin B1 (He et al., 2002) and
ischemia/ reperfusion injury (Senturk et al., 2008).
Flavonoids possess strong anti-urolithiasis activity and
are appropriate for patients with small size of stones and
those undergoing drug therapy (Zeng et al., 2018). 

In the present study, daily administration of 6-
hydroxyflavone provided a protective effect against the
toxicological influence of cisplatin in kidneys. It has
been observed that 6-hydroxyflavone has a potent
relaxant effect on the trachea (Ko et al., 2003) and
possesses strong anti-allergic properties by inhibiting the
release of hexosaminidase (Cheong et al., 1998). In
addition, it has DNA binding activity (Vitorino and
Sottomayor, 2010) and is a potent inhibitor of 17β-
hydroxysteroid dehydrogenase with potential to treat
estrogen associated diseases (Brožič et al., 2009). A
study has reported potent anti-inflammatory activity of
6-hydroxyflavone in the kidney mesangial cells and thus
provides a platform to develop naturally derived
products for the management of nephritis and other
kidney diseases (Wang et al., 2015).

Conclusion

A single injection of cisplatin produced a marked
reduction in body weight, increased the serum creatinine
and urea levels and produced marked histopathological
changes in the glomerulus and renal tubules. However,
these changes were counterbalanced by the protective
effect of the flavonoid, 6-hydroxyflavone and succinctly
reversed the body weight loss, normalizing the serum
biochemical changes and afforded protection against
oxidative stress and the underlying structural damage in
the renal parenchyma. Further studies are warranted to
check the effect of 6-hydroxyflavone on anti-
inflammatory markers as cisplatin-induced oxidative
stress triggers inflammatory pathways. Additionally, the
effect of 6-hydroxyflavone on the expression of kidney
injury molecule should be investigated as its selective
expression in the renal proximal tubular epithelial cells
is an important indicator of structural injury to kidney
tissue.
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