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Purpose: Cadmium (Cd) is a classic cumulative nephrotoxicant and literature suggests that its toxicity is
associated with oxidative stress and inflammation which contribute to pathologies in various tissues. We
sought to investigate whether polyphenols isolated from virgin coconut oil (VCO) would modulate
nephrotoxicity and inflammation induced by Cd in rats.

Methods: Rats were administered polyphenols prior to and along with Cd (5 mg/kg, orally) for 7 weeks.
Serum markers of renal damage, interleukin-6 (IL-6), C-reactive protein (CRP) and nitric oxide (NO) were

I;Z{ngs;;ls evaluated; renal activities of antioxidant enzymes, as well as malondialdehyde (MDA) and reduced
Ca dyrl;i um glutathione (GSH) content were determined. Histopathologic alterations were evaluated to define kidney

damage.

Results: Cadmium exposure induced nephrotoxicity and oxidative stress evident by significantly

increased serum levels of creatinine, urea, and uric acid along with remarkable depression in renal

activities of antioxidant enzymes and GSH with prominent increase in MDA. Inflammatory markers -

IL-6, CRP and NO were significantly increased and confirmed by histopathology. Sub-chronic

administration of VCO polyphenols attenuated the Cd-induced biochemical alterations compared to

Cd control with remarkably improved histopathological observations.

Conclusion: The findings showed that VCO polyphenol supplementation protects against Cd-induced

nephrotoxicity via its antioxidant and anti-inflammatory mechanisms in rats.

© 2018 Faculty of Health and Social Sciences, University of South Bohemia in Ceske Budejovice. Published
by Elsevier Sp. z o.0. All rights reserved.
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Introduction 2014). Cadmium is considerably absorbed in the lungs thereby

representing a major source of exposure for the non-occupationally

Cadmium (Cd) is a hazardous element and non-essential
transition metal of worldwide concern because its toxicity
represents a significant health hazard to humans and animals
(Colacino et al., 2014). It persists in the environment and penetrates
into human foodstuffs and water from natural and anthropogenic
sources (Barregard et al., 2016; Bernard, 2016; Hagar and Almalki,
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exposed population (Barregard et al., 2016; Nordberg et al., 2015).

Cadmium is a classic cumulative nephrotoxicant implicated in
renal pathologies. The kidney is the primary target for Cd toxicity.
It accumulates, particularly in the renal tubular cells to cause
glomerular and tubular dysfunction (Bernard, 2016; Jarup and
Akesson, 2009). Strikingly, there is a growing body of literature
indicating that Cd-induced nephrotoxicity can result from even
low levels of Cd exposure and that women, children, and
individuals with confounding health conditions, such as diabetes,
may be especially susceptible to amplified Cd toxicity (Prozialeck
and Edwards, 2012; Satarug et al., 2010).
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However, although research effort to identify mechanisms of
Cd toxicity is formidable, reactive oxygen species (ROS), oxidative
stress development and inflammation are often implicated as
critical underlying mechanisms of Cd nephrotoxicity (Hagar and
Almalki, 2014; Ojo et al., 2014; Renugadevi and Prabu, 2009).
Nephrotoxic action of Cd is associated with its free radical
inducing mechanism. In chronic Cd exposure, proximal tubular
cells are sensitive to Cd accumulation to trigger epithelial cell
dysfunction associated with oxidative stress (Prozialeck and
Edwards, 2012). Although Cd is not a Fenton metal, it induces
generation of ROS and oxidative stress via indirect mechanism
reported consistently in Cd-mediated renal injury (Fagerberg
et al, 2016; Liu et al., 2009). Cadmium is suggested to bind
indirectly to intracellular thiols in reduced glutathione, disrupt-
ing sulfhydryl homeostasis and suppressing antioxidant defence
mechanism to promote oxidative cellular effects (Patra et al.,
2011; Vidal et al., 2015). Moreover, oxidative stress-induced
inflammation is suggested to be integrated into mechanism by
which Cd exposure increases disease risk (Shahani et al., 2016).
Previous studies show that oxidative stress provokes the release
of pro-inflammatory mediators, including C-reactive protein
(Khanna et al., 2015).

An established approach to combat metal toxicity is chelation
therapy. However, the undesirable side effects of the current
therapies against metal toxicity highlight the need to intensify
research aimed to develop new agents able to prevent or retard
toxicity progression. More so, none of the chelation therapies for
Cd toxicity is approved for clinical use currently (Zhai et al., 2015).
Natural products contain antioxidant polyphenols that may inhibit
nephrotoxicity associated with oxidative stress in experimental
animals (Farooqui et al., 2017).

Virgin coconut oil (VCO) is obtained from fresh, mature kernel
of the coconut by mechanical or natural means, with or without
the use of heat and without undergoing chemical refining (Marina
et al.,, 2009). Recent research findings suggest phenolic-dependent
antioxidant properties of VCO in animal models (Seneviratne et al.,
2009). Phenolic acids and flavonoids such as ferulic, caffeic,
p-coumaric, vanillic and syringic acids and catechin found in VCO
have been associated with beneficial health effects in animal
studies (Arunima and Rajamohan, 2013; Akinnuga et al., 2014;
Famurewa et al., 2017; Marina et al., 2009; Rahim et al., 2017). The
potent antioxidant and anti-inflammatory property of VCO
polyphenols are recently reported against complete Freund’s
adjuvant-induced arthritis (Vysakh et al., 2014) and pro-oxidant
mediated cell death (Illam et al.,, 2017). Given the widespread
nature of Cd, the emerging role of VCO that is affordable and
amenable to daily diet in metal toxicity need considerable
attention. To our knowledge, there is no biochemical investigation
carried out on potential of VCO polyphenols in the prevention of
Cd-induced toxicity, nephrotoxicity or inflammation in the
published literature. Therefore, this study was designed to
investigate whether VCO polyphenols would exert beneficial
effect on nephrotoxicity, inflammation and oxidative stress
induced by Cd exposure in rats.

Materials and methods
Chemicals

Cadmium (as cadmium chloride, CdCl,), 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) and gallic acid were obtained from
Sigma-Aldrich Chemical Co., USA. Folin-Ciocalteu reagent was
purchased from Merck Co. (Darmstadt, Germany). Methanol and n-
hexane were purchased from Loba Chemie Pvt. Ltd. Mumbai, India.
Reagents used for the assays were commercial test kits and
products of Randox, UK; Biotrust Diagnostics, USA; R&D Systems,

Inc. USA; Hi Media Laboratories, Mumbai, India. All other
chemicals used were obtained from local commercial suppliers.

Animals

Forty-eight male albino rats of Wistar strain (100-120 g) were
used as experimental animals in the present investigation. The rats
were housed in Animal Facility of the Department of Biochemistry,
Ebonyi State University, Nigeria, under standard environmental
conditions (25 °C and 12 h light/12 h dark cycle). They were kept in
cages with wood chip bedding and allowed free access to standard
pellet diet (Vital Feeds Nigeria Ltd, Jos, Nigeria) and clean water ad
libitum. The rats were acclimatized one week preceding treatment
and were handled in humane manner according to the approved
animal experimental procedures of NIH Guidelines for the Care and
Use of Laboratory Animals (Guide for the care and the use of
laboratory animals, 2011).

Extraction of VCO

The method according to Nevin and Rajamohan (2004) was
used to extract VCO from coconuts (Cocos nucifera). Briefly, the
viscous slurry obtained from coconut meat (solid endosperm) was
made into a creamy milky solution by the addition of about 400 ml
of clean water. The solution was sieved through cheesecloth and
the milky filtrate was left standing for 48 h to separate the creamy
top and water layers. The top layer was carefully removed and
subjected to mild heating (50 °C) to remove moisture. The floating
oil was gently scooped out and filtered into an air-tight container.
This oil thus prepared without refining, bleaching and deodorizing
was used for isolation of polyphenols administered to rats in the
current study.

Extraction of polyphenols from VCO

Polyphenols in VCO was extracted according to the method
described by Nevin and Rajamohan (2004) with slight modifica-
tion. VCO (10 g) was mixed with 50 ml of n-hexane, and extracted
using 20 ml methanol (80%). The process was repeated three times
to ensure complete extraction of polyphenols. The three polyphe-
nol fractions were pooled and the extraction solvent was allowed
to evaporate. In vitro antioxidant activity assay of the polyphenol
fraction was determined.

In vitro antioxidant assay of polyphenol fraction

The antioxidant ability of VCO polyphenols was assessed using
1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical according to the
method described by Blois (1958). The reducing antioxidant power
of VCO polyphenols was evaluated using ferric reducing antioxi-
dant power (FRAP) assay described by Oyaizu (1986). Total
phenolic content of the VCO polyphenol fraction was estimated
by Folin-Ciocalteu colorimetric method (Wangensteen et al,
2004).

Experimental design

After 1 week of acclimatization, rats were randomly divided
into 6 groups (n=38) and the treatment design was as follows:

- Group 1 (normal control): received clean water (orally, 1 ml/kg)
for 7 weeks;

— Group 2 (polyphenols = PF control): received PF (orally, 20 mg/
kg) for 7 weeks;

- Group 3 (Cd control): received CdCl, (orally, 5 mg/kg) during the
last 5 weeks (Renugadevi and Prabu, 2009);
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- Group 4 (PF+Cd 1I): received PF (orally, 10 mg/kg) for
7 weeks + CdCl, (orally, 5 mg/kg) during the last 5 weeks;

- Group 5 (PF+Cd II): received PF (orally, 20 mg/kg) for
7 weeks + CdCl, (orally, 5 mg/kg) during the last 5 weeks;

- Group 6 (PF+Cd III): received PF (orally, 50 mg/kg) for
7 weeks + CdCl, (orally, 5 mg/kg) during the last 5 weeks.

Fasted rats were sacrificed and serum obtained from blood
samples. The kidney was dissected out, washed in cold saline
solution, dried with tissue paper and weighed. The tissue was
minced and homogenized in 0.1 M phosphate buffer (1:5 w/v, pH
6.4) and centrifuged (4000 x g for 20 min) to obtain supernatant
for renal antioxidant enzyme analyses, reduced glutathione level
and malondialdehyde content.

Biochemical analyses

The kidney function markers were analysed in serum stored
at 4 °C using commercial kits by RANDOX. The renal activity of
SOD was assayed by the method of Arthur and Boyne (1985).
The activity of CAT assayed by the method of Sinha (1972), while
GPx was done according to the method of Paglia and Valentine
(1967). The renal GSH level was determined by the method of
Exner et al. (2000). Lipid peroxidation was estimated by
measuring spectrophotometrically the level of malondialdehyde
(MDA) as described by Wallin et al. (1993). Nitric oxide (NO) was
estimated using commercial kit based on the Griess reagents
(R&D Systems, USA) according to the method of Green et al.
(1982). The concentration of interleukin-6 (IL-6) was analysed
by ELISA method with commercially available assay kit (R&D
Systems Inc., USA). C-reactive protein was estimated using
method of Andersen and McCarthy (1950) described in TULIP
DIAGNOSTICS Kkit.

Histopathological examination

Investigation was carried out on kidney samples to evaluate
histopathological alterations. Kidney samples were fixed in 10%
buffered formalin for 48 h, dehydrated in ethanol and embedded in
paraffin. Kidney section (5 wm) was prepared and stained with
hematoxylin and eosin stain (H & E) for histopathological
examination under light microscope.

Statistical analysis

All results are expressed as arithmetic mean 4+ SEM. Statistical
evaluation was conducted using ANOVA followed by Tukey’s
post-hoc test (SPSS version 22.0 for windows, Inc., Chicago, IL,
USA) was used to analyse the results and p < 0.05 considered
significant.

Table 1
Effects of administration of VCO polyphenols and Cd on body weight, kidney weight
and relative kidney weight of treated rats.

Group Body weight (g)  Kidney weight (g)  Rel. kidney weight (%)
Control 149.1 +£12.6 0.51 +£0.02 0.38 +£0.05
PF 158.6 + 6.4 0.52+0.03 0.32 +0.02
Ccd 1412+ 5.6 0.48 +0.02 0.34 +0.01
PF+Cd | 158.3 +£3.6 0.52 +0.01 0.33+0.01
PF+Cd II 151.6 +7.3 0.49 +£0.22 0.33+0.03
PF+Cd Il 158.9+8.5 0.54 +0.03 0.34 +0.01

PF: polyphenols; Cd: cadmium; PF + Cd I: PF (10 mg/kg) + Cd (5 mg/kg); PF + Cd II: PF
(20 mg/kg)+Cd (5 mg/kg); PF+Cd III: PF (50 mg/kg)+Cd (5 mg/kg). Values are
expressed as mean = SEM (n=38).

Results

Effects of administration of VCO polyphenols and Cd on body weight
and kidney weight of treated rats

Table 1 shows the effect of VCO polyphenols and Cd
administration on body weight, kidney weight and relative kidney
weight of treated rats at sacrifice. The Cd exposure in Cd-treated
group (5mg/kg) demonstrated a non-significant decrease
(p>0.05) in body weight compared to control. However, the
administration of VCO polyphenols (10, 20 and 50 mg/kg) prior to
and concurrently with Cd to rats in PF+Cd I, II and III groups
showed non-significant increases (p > 0.05) in body weight when
compared with the Cd-treated rats. The administration of Cd (Cd
group) decreased absolute kidney weight and relative kidney
weight (kidney weight = body weight x 100) non-significantly
(p > 0.05) compared to control. The VCO polyphenols administra-
tion in PF+Cd groups raised the kidney weight comparable to
control group, although the differences were not statistically
significant (p > 0.05) compared to Cd group.

Effects of administration of VCO polyphenols and Cd on serum renal
function parameters of treated rats

Table 2 depicts the impact of VCO polyphenols and Cd
administration on serum markers of kidney damage in Cd-treated
rats. Nephrotoxic effect of Cd was evident by significant increases
(p<0.05) in serum levels of creatinine, urea and uric acid
compared to control (Table 2). The VCO polyphenols (10, 20,
and 50 mg/kg) administered prior to and concurrently with Cd
attenuated and reversed the nephrotoxicity induced by Cd. This
was demonstrated by remarkable reduction (p < 0.01) in the levels
of creatinine, urea and uric acid in group PF+Cd I, PF+Cd II, and
PF + Cd Il compared to Cd group.

Antioxidant activity of polyphenol fraction

Table 3 shows the estimation of total phenol content, DPPH
scavenging activity and ferric reducing antioxidant power of
methanol-extracted polyphenol fraction.

Effects of administration of VCO polyphenols and Cd on renal markers
of oxidative stress in treated rats

The sub-chronic administration of Cd (5 mg/kg) significantly
decreased (p < 0.01) renal activities of SOD, CAT, and GPx, as well as
renal level of non-enzymatic antioxidant, GSH, compared to
control as shown in Figs. 1-4. Marker of lipid peroxidation, MDA,
significantly increased (p < 0.01) in renal tissue of rats treated with
Cd (Fig. 5). The levels of SOD, CAT, GPx GSH, and MDA were
comparable to control in rats administered VCO polyphenols

Table 2
Effects of administration of VCO polyphenols and Cd on serum creatinine, urea and
uric acid in treated rats.

Group Creatinine (mg/dl) Urea (mg/dl) Uric acid (mg/dl)
Control 1.61+0.03 433 +0.54 4.32+0.08

PF 1.49 +0.06 38.3+121* 4.43+0.07

Cd 2.09 +0.10* 59.0 + 1.34* 5.67 +£0.11*
PF+Cd I 1.66 + 0.12* 40.9 +0.90% 5.19 +0.03*
PF+Cd II 1.24 +0.06* 35.8+1.01% 5.19 4+ 0.04*
PF+Cd 111 0.99 + 0.04% 29.2 + 1.80% 5.09 + 0.04*

PF: polyphenols; Cd: cadmium; PF + Cd I: PF (10 mg/kg) + Cd (5 mg/kg); PF + Cd II: PF
(20 mg/kg) +Cd (5 mg/kg); PF+Cd III: PF (50 mg/kg)+Cd (5 mg/kg). Values are
expressed as mean+SEM (n=8). *p <0.05: the difference is significant when
compared to control group, *p < 0.01: the difference is significant when compared
to Cd group.
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Table 3
The total phenol content, DPPH scavenging activity and ferric reducing antioxidant reducing power (FRAP) of polyphenol fraction using 80% methanol.
Total phenol content (mg GAE/100 g) DPPH scavenging activity (%) FRAP (%)
48.96 + 0.29

57.11+0.05

68.24+0.10

Values represent mean + SEM of triplicate analysis. DPPH: 1, 1-diphenyl-2-picrylhydrazyl; GAE: gallic acid equivalent per 100 g oil.
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Fig. 1. Effect of VCO polyphenols and CdCl, on renal superoxide dismutase (SOD)
activity in treated rats. Results were expressed as mean + SEM (n = 8); *p < 0.01: the
difference is significant compared to control group; #p < 0.01: the difference is
significant compared to CdCl, group.
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Fig. 2. Effect of polyphenols and CdCl, administration on renal catalase (CAT)
activity in treated rats. Results were expressed as mean & SEM (n = 8), p < 0.05 was
considered significant. *p < 0.01: the difference is significant compared to control
group; #p < 0.01: the difference is significant compared to CdCl, group.

(20 mg/kg) only. Interestingly, the administration of VCO poly-
phenols (10, 20 and 50 mg/kg) prior to and along with Cd exposure
in group PF+Cd I, Il and III (except CAT in I and II) significantly
prevented alterations in SOD, CAT, GPx, and GSH and lipid
peroxidation marker, MDA, compared to Cd group (p < 0.01) and
comparable (p > 0.01) to normal control rats.

Effect of administration of VCO polyphenols and CdCl; on serum levels
of inflammatory markers in treated rats

In Figs. 6-7, the effect of VCO polyphenols and CdCl, on serum
levels of C-reactive protein (CRP), interleulin-6 (IL-6) and nitric
oxide (NO) were shown. It was observed that Cd significantly
triggered inflammatory responses evident by prominent increases
(p <0.01) in serum levels of C-reactive protein (CRP), interleulin-6
(IL-6) and nitric oxide (NO) compared to control. However, VCO
polyphenol administration prior to and concurrently with CdCl,

100 -
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PF+Cd Nl

Control PF cd PF+Cdl PF+Cdll

Fig. 3. Effect of polyphenols and CdCl, administration on renal glutathione
peroxidase (GPx) activity in treated rats. Results were expressed as mean & SEM
(n=8), p<0.05 was considered significant. *p < 0.01: the difference is significant
compared to control group; *p < 0.01: the difference is significant compared to
CdCl; group.
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Fig. 4. Effect of polyphenols and CdCI2 administration on renal reduced glutathione
(GSH) level in treated rats. Results were expressed as mean + SEM (n=8), p < 0.05
was considered significant. *p <0.01: the difference is significant compared to
control group; #p < 0.01: the difference is significant compared to CdCI2 group.

exposure significantly decreased (p <0.01) IL-6 and NO pro-
inflammatory markers dose-dependently when compared to CdCl,
group. Although the impact of VCO polyphenol (20 and 50 mg/kg)
was considerable on CRP levels, it was observed that there was no
significant effect on CRP level in rat group treated with 10 mg/kg
dose of VCO polyphenol.

Kidney histology and histopathology

As indicated in Fig. 9, light microscopic evaluation revealed
normal histomorphology of the kidney tissue in control group
evident by normal tubules (black arrow) and glomeruli (G). Similar
histological findings were observed in rat group administered VCO
polyphenols (20 mg/kg) only. However, Cd-treated group showed
histopathological lesions consistent with nephrotoxic renal tubu-
lar degeneration, lymphocytic infiltration and necrosis in the
cortex and outer medullar (black arrow). VCO polyphenol
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Fig. 5. Effects of polyphenols and CdCl, administration on renal malondialdehyde
(MDA) level in treated rats. Results were expressed as mean + SEM (n=8), p < 0.05
was considered significant. *p < 0.01: the difference is significant compared to
control group; #p < 0.01: the difference is significant compared to CdCl, group.
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Fig. 6. Effect of VCO polyphenols and CdCl, administration on serum C-reactive
protein (CRP) level in treated rats. Results were expressed as mean & SEM (n =8),
p<0.05 was considered significant. *p <0.01: the difference is significant
compared to control group; *p < 0.01: the difference is significant compared to
Cd group.

administration demonstrated dose-dependent improvement on
kidney damage with near normal tubular cells (black arrow) and
glomerulus (G).

Discussion

Cadmium is a well-known environmental toxicant associated
with pathological changes in target organs, including the kidney.
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Fig. 7. Effects of VCO polyphenols and CdCl, administration on serum interleukin-6
(IL-6) level in treated rats. Results were expressed as mean + SEM (n =8), p < 0.05
was considered significant. *p <0.01: the difference is significant compared to
control group. #p < 0.01: the difference is significant compared to Cd group.
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Fig. 8. Effects of VCO polyphenols and CdCl, administration on serum nitric oxide
(NO) level in treated rats. Results were expressed as mean + SEM (n = 8). *p < 0.05:
the difference is significant compared to control group; *p < 0.01: the difference is
significant compared to Cd group.

Cadmium toxicity is attributed to depletion of cellular sulfhydryl
reserves and consequent oxidative stress implicated in oxidative
renal damage in humans and animals (Renugadevi and Prabu,
2009). The current chelation approaches are unsatisfactory and
ineffective in chronic exposure and are incapable of promoting
metal excretion from cells (Flora and Pachauri, 2010). Also, use of
synthetic antioxidants has decreased due to suspected activity as
carcinogenic promoters (Rojas et al., 2012; Umeno et al., 2016). The
current study, for the first time, provides experimental evidence of
the beneficial effect of VCO polyphenols on Cd-induced nephro-
toxicity and pro-inflammatory responses.

In the present study, the sub-chronic oral Cd administration
was found to cause marked renal dysfunction evident by increased
serum creatinine and urea levels diagnostic indicators of
glomerular filtration rate reduction and nephrotoxicity (Shahani
et al.,, 2016), accompanied by prominent increase in uric acid level.
Earlier studies indicate that Cd toxicity damages mesangial cells of
the glomerulus, disrupts the glomerular capillary network leading
to impairment in glomerular ultrafiltration (Chen et al., 2016).
Hughes et al. (1996) found ROS involvement in the impairment of
glomerular filtration rate. Thus, the mechanism of Cd-induced
impairment in glomerular filtration may be associated with Cd-
induced oxidative stress. It is conceivable that compromised
glomerular filtration capacity could result in significantly in-
creased levels of creatinine, urea and uric acid observed in this
study (Deevika et al., 2012). The co-administration of VCO
polyphenols with Cd protects the kidney from Cd intoxication as
indicated by significant restoration of serum creatinine, urea, and
uric acid levels comparable to control. The restorative effect of VCO
polyphenols on the kidney markers can be attributed to its
antioxidant and radical trapping properties associated with its
constituent bioactive phenolic acids and flavonoids (Illam et al.,
2017) Our observation corroborates the previous findings of
systematic investigations in which polyphenol fraction was
reported to protect gentamicin-induced nephrotoxicity through
its antioxidant capacity (Shahani et al., 2016; Yamana and Balikci,
2010).

Redox impairment is associated with enhanced ROS generation.
The ability of Cd to induce ROS and oxidize sulphydryl groups via
indirect mechanism is consistent with oxidative stress (Liu et al.,
2009; Rizwan et al., 2014). In this study, Cd treatment deteriorates
renal antioxidant defence system demonstrated by significant
depression in activities of SOD, CAT, GPx and GSH in the kidney. The
inhibition of SOD, CAT, GPx activity and GSH level exacerbate
accumulation of ROS which promotes lipid peroxidation and
oxidative damage in kidney tissue, hence marked increase in MDA
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Fig. 9. Photomicrographs of kidney sections showing the effect of VCO polyphenols and Cd administration on renal architecture. Control and VCO polyphenol groups showed
normal histomorphology with normal tubules (black arrow) and glomeruli (G). Cadmium (5 mg/kg) group showed histopathological lesions, including multifocal tubular
degeneration, lymphocyte infiltration and necrosis (black arrow). Concurrent treatment of VCO polyphenols with cadmium in groups, PF+Cd I, PF+ Cd II and PF+Cd III
showed improvement dose-dependently particularly in 50 mg/kg doses of VCO polyphenols administration.

level in the present study (Farooqui et al., 2017). However, the
mechanism by which Cd inhibits antioxidant enzymes may be
explained by Cd interaction at enzyme active site and/or their
consumption to overcome the preponderance influx of ROS in Cd
nephrotoxicity. Recent papers indicate that direct binding of Cd to
thiol (-SH) group of cysteine or imidazole group of histidine in SOD
or GPx may result in their depressed activities in kidney (Deevika
et al,, 2012; Farooqui et al., 2017; Valentovic et al., 2014). The
displacement of cofactor Fe from CAT, Zn from SOD and selenium
from GPx by Cd is also reported to deactivate these enzymes
implying possible failure of antioxidant defence mechanism to trap
ROS (Choi et al., 2016; Patra et al., 2011; Xiao, 2016). Moreover, GSH
and other -SH-containing proteins play critical role in redox
homeostasis. Evidences indicate that depletion of GSH via indirect
mechanism of Cd-induced oxidative stress precedes lipid peroxi-
dation and nephrotoxicity (Morales et al., 2006; Patra et al., 2011).
In agreement with this finding, we have observed in the present
study that renal content of MDA considerably increased in Cd
control rats. MDA is the most important abundant aldehyde
product of lipid peroxidation (LPO) in biological systems (Halliwell
and Gutteridge, 1999; Hamza, 2010). MDA is of significant concern
because of its mutagenic and carcinogenic effects implicated in
pathological processes (El-Sharaky et al.,, 2009). In this study,
elevated MDA coincides with nephrotoxicity induced by Cd.
However, administration of VCO polyphenols prior to and along
with Cd treatment attenuated the Cd-induced decrease in renal
SOD, CAT and GPx activity as well as non-enzymatic GSH level. In
addition, the improved antioxidant defence mechanism provoked
inhibition of LPO in renal tissue shown by marked reduction in
MDA. The protective effect of VCO against Cd nephrotoxicity could
be associated with its radical scavenging ability by neutralizing the
radical species before they reach their renal targets. The
consequent reduction in LPO and improved antioxidant defence

could have contributed to recovery in renal histology and dose-
dependent efficacy of VCO polyphenols in the attenuation of Cd
nephrotoxicity. The antioxidant activity of the VCO polyphenols
was confirmed by DPPH radical scavenging activity attributed to its
hydrogen donating ability (Table 3). Estimation from FRAP assay
shows considerable reducing power exhibited by VCO polyphe-
nols. The presence of polyphenols in VCO polyphenol fraction was
established in this study by total phenolic content (Table 3). The
earlier work of Marina et al. (2009) has shown that ferulic and
p-coumaric acids are the major phenolic acids in VCO. Ferulic and
p-coumaric acids are phenolic acids reported to possess antioxi-
dant and anti-inflammation properties (Marina et al., 2009; Shi
et al., 2016). The free radical scavenging properties of ferulic and
p-coumaric acids and other flavonoids could contribute to
antioxidant and nephroprotective effects of VCO polyphenols
fraction in this study (Srivastava et al., 2016).

Evidences indicate that oxidative stress promotes pro-inflam-
matory responses implicated in Cd nephrotoxicity (Afolabi et al.,
2013; Shahani et al., 2016). It is known that NO may combine with
oxygen radicals to form potent oxidants like peroxynitrite that
participates in oxidative damage to cells and tissue. Thus, the
inflammatory action of Cd could be initiated or enhanced by the
generation of ROS. In the present study, we found that the
nephrotoxic effect of Cd was accompanied by increased levels of
inflammatory markers, CRP, IL-6 and NO in Cd-treated rats.
Notably, the present study, in agreement with previous studies
(Afolabi et al., 2013; Shahani et al.,, 2016), shows that oxidative
stress resulting from depletion of antioxidant defence triggers
release of pro-inflammatory mediators in the pathogenesis of Cd
nephrotoxicity. However, co-administration of VCO polyphenols
with Cd remarkably inhibited increase in CRP, IL-6 and NO (Figs. 6-
8). Production of pro-inflammatory cytokines, such as tumour
necrosis factor-a and IL-6 is associated with Cd intoxication
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(Afolabi et al., 2013). IL-6 triggers acute phase reaction contribut-
ing to increase in CRP in Cd-treated rats in the current study
(Colacino et al., 2014). Interestingly, the administration of VCO
polyphenols prevented increase in levels of IL-6 and CRP. This
observation suggests anti-inflammatory potential of VCO poly-
phenols. Nitric oxide (NO) is a diffusible short-lived free radical gas
with physiological and pathological functions in mammalian
tissues (Vysakh et al., 2014). It has been demonstrated that Cd up-
regulates inducible nitric oxide synthase (iNOS) resulting in
increased NO production implicated in Cd-mediated cytotoxicity
and oxidative damage (Fouad et al., 2009). Reduction of NO level in
the current study may be associated with reduction in the activity
of iNOS and oxidative stress as earlier reported (Manikandan et al.,
2011). The obtained result is consistent with the report of Vysakh
et al. (2014) that polyphenolic fraction of VCO modulates oxidative
stress and inflammation in experimental model of arthritis.
Regarding the role of these mediators in the pathobiochemical
mechanism that promotes kidney nephrotoxicity and inflamma-
tion, VCO polyphenols could inhibit Cd-induced nephrotoxicity via
mitigation of oxidative stress and inflammation confirmed by
marked suppression of necrotic degeneration and infiltration of
inflammatory cells in rat kidney co-administered VCO polyphenols
and Cd.

Conclusions

The current study has confirmed that VCO polyphenols affords
nephroprotective effect against nephrotoxicity induced by Cd-
mediated oxidative stress and inflammatory responses. Based on
our biochemical findings, which were supported by histopatho-
logical analysis, VCO polyphenol fraction protected the kidney
from Cd toxicity via improvement in antioxidant defence systems
and its anti-inflammatory activity. Accordingly, VCO polyphenols
could be used as food supplement for the prevention of toxicity of
environmental toxicants such as Cd in humans.
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