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The aim of this study was to evaluate the protective effect of grape skin or purple carrot extracts against
cadmium-induced intoxication in rats’ kidneys. For this purpose, 30 male Wistar rats were distributed into
six groups (n=5), as follows: control group; cadmium group and groups treated with grape skin at 175 or
350 mg | Ldoses; or purple carrot extract at 400 mg / L or 800 mg / L doses, by drinking water. In the group
exposed to cadmium, histopathological analysis revealed severe tissue injury as a result of coagulation

Keywqrds: necrosis, congested vessels and inflammatory infiltrate. Animals treated with grape skin or purple carrot
Cadmium . . . . . . .

Antioxidants extracts improved the histopathological changes induced by cadmium. 8-OHdG immunoexpression and
Kidney catalase gene expression decreased in rats treated with purple carrot or grape skin extracts. Grape skin

Rats extract was able to increase SOD-CuZn gene expression as well. Toll-like signaling pathway (TLR2, PIKK
and TRAF6) and cytochrome c expressions were not altered after the treatment with grape skin or purple
carrot extracts. Taken together, we conclude that grape skin and purple carrot extracts had a protective
effect on the rats’ kidneys after cadmium intoxication, by means of tissue regenerating tissue regeneration

and antioxidant properties, grape skin extract being more effective for this purpose.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Environmental exposure to cadmium has been widely reported
in scientific literature because of its high bioaccumulation; it can
remain in the human body for two to three decades. The non-
essential metal comes from a variety of sources such as air, soil,
food, some occupations and especially cigarettes, which have a
considerable amount of the metal in their composition [1-3].

Human exposure to cadmium can lead to systemic injury of
many organs such as kidneys, lungs, liver, reproductive system and
bones. The main biological action is due to the exponential increase
of reactive oxygen species, damaging tissues and/or cells. Cadmium
is classified by the International Agency for Research on Cancer
(IARC) as a carcinogen for humans and experimental animals [4,5].

It has been well established that the kidney is one the
most important organs for cadmium-induced intoxication, causing
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polyuria and proteinuria. Many studies have been conducted on
the biological actions promoted by cadmium, in order to identify
the molecular interaction between non-essential metals and renal
parenchyma [6]. Unfortunately, this has not yet been fully clarified.

Natural products represent a source of innovative therapeutic
alternatives for treating several diseases [7,8]. Among bioactive
substances available from plant origin, polyphenols are one of the
most investigated because their beneficial affects on health. In fact,
epidemiological, clinical and in vitro studies have shown multiple
positive biological effects closely related to polyphenols present
in the diet, having antioxidant, anti-inflammatory, antimicrobial,
anti-carcinogenic and antiviral activities [9-11].

In recent years, interest has been focused on the production and
extraction of polyphenols from various foods, such as the purple
carrot (Daucus carota). The extract is used as a natural dye in the
food industry. Besides the use as a natural feed additive, the con-
sumption of purple carrots has increased in Western Europe, due
to the relevant contribution of polyphenols incorporated into the
regular diet [12].

The protective effects attributed to polyphenols from grapes are
well established in scientific literature [13-15]. Particularly, our
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Fig. 1. Experimental design of this study.

research group has investigated the biological action of grape skin
and purple carrot extracts in murine models following cadmium
intoxication, with significant results for reducing oxidative damage
on hepatic and blood cells [16,17]. We were also able to evaluate
the chemopreventive activity of purple carrot extract in rat tongue
carcinogenesis induced by 4-nitroquinoline 1-oxide (4NQO) [18].
The results revealed that purple carrot extract protected the oral
mucosa against the chemical carcinogen 4NQO by means of anti-
mutagenic, anti-proliferative and anti-inflammatory actions [18].
Thus, it would be interesting to know if, and to what extent, the
bioactive substances present in purple carrot and grape skin are
able to protect kidney cells against cadmium-induced intoxication.
This would provide identification of tissues and / or organs which
are more sensitive to cadmium intoxication and of the role of grape
or purple carrot extracts in rats’ kidneys.

The aim of this study was to investigate whether grape skin and
purple carrot extracts may protect rats’ kidneys against the harm-
ful activities induced by exposure to cadmium. For this purpose,
histopathological analysis, genotoxicity, anti-oxidant and inflam-
matory activities were evaluated.

2. Material and methods
2.1. Animals and experimental design

All experimental protocols involving animals were conducted as
described in the Principles for the Use of Guidelines for Laboratory
Animals. The study was approved by the Animal Ethics Committee
of the Federal University of Sdo Paulo, UNIFESP, Sao Paulo, Brazil
(CEUA, protocol number 6615170117).

All animals were purchased from the Center for the Develop-
ment of Experimental Models of Medicine and Biology (CEDEME)
at Federal University of Sdo Paulo, Sdo Paulo, and were kept under
controlled conditions of temperature (23 4 1 °C), light- dark of 12 h
and free access to water and diet. A total of 30 male Wistar rats
weighing 250g on average and 8 weeks of age were distributed
into six groups (n=>5), as follows: control group (untreated group)
cadmium group (Cd), and groups of grape extracts at 175 or 350 mg
| L doses and groups of purple carrot extracts at 400mg / L or
800 mg / L doses. The daily dose was calculated to be equivalent to
humans, i.e, 2 g of polyphenols / day taking into account the murine
metabolism (two times faster than humans). The total amount of
polyphenols has sufficient capacity to promote beneficial effects
on human health as described elsewhere [19]. These values were

175 mg [ 1 of grape extract or 400mg / L of purple carrot extract.
The experimental design is illustrated in Fig. 1.

Animals from control group received a single intraperitoneal
(i.p.) of water injection. Cadmiun and purple carrot and cadmium
and grape skin extract groups received a single i.p. injection of
cadmium chloride (1.2 mg | kg body weight). After 15 days, the
experimental groups were treated with the respective extracts at
the doses previously adopted in this study for 15 days in drinking
water. The experimental design is described elsewhere [20,21].

Chemical characterization of grape and carrot extracts
was previously performed by our research group in order to
identify the main bioactive substances. These data were pub-
lished in the scientific literature [16,17]. For purple carrot
extract, the following bioactive substances were identified:
cyanidin-3-(2”-xylosyl-galactoside), cyanidin-3-(2”xylopiranose-
6”-(6"-feruloylglucopyranose)-galactopyranose),
cyanidin-3-(2”xylosyl-6"-(6""-sinapoylglucoside)-galactoside),
caffeoyl N-tryptophan, caffeoyl N-tryptophan hexo-
side, caffeoylquinic acid and citric acid. The following
bioactive substances were recognized by ESI mass spec-
trometry in the grape skin extract: Peonidin, Malvidin,
Peonidin-3-0-Monoglucoside, Petunidin-3-0-Monoglicoside,
Malvidin-3-O-Monoglicoside, Peonidin-3-acetylglucose,
Petunidin-3-0-(6-O-Acetyl)Monoglicoside, Malvidin-3-
0-(6-0O-Acetyl)Monoglicoside, Peonidin-3-O-Rutinoside,
Malvidin-3-0-(“6-p-coumaryl-glucoside), and Malvidin-caffeoyl-
3-glucoside.

2.2. Histopathological analysis

Histopathological evaluation was made to the slides stained
with hematoxylin and eosin (H.E.) by light conventional micro-
scope (Olympus, Optical Co. Ltd, Tokyo, Japan). Histopathological
changes were evaluated by semi-quantitative scoring method: no
injury (0), mild: <25% (1), moderate: <50% (2), severe: <75% (3)
and very severe: >75% (da Silva et al. 2014). The following changes
were considered: tissue coagulation necrosis, tubular lesions and
glomerular destruction, hemorrhagic areas and chronic inflamma-
tory infiltrate.

2.3. Immunohistochemistry for SOHdG

The immunohistochemistry for 80HDG was performed as
described by Ruiz et al. (2018). For this purpose, it was used the
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Fig. 2. Photomicrographies of renal tissue in animals intoxicated by cadmium and treated with extracts of purple carrot and grape skin. A-control; B-cadmium; C-cadmium
and purple carrot extract at 175 mg; D- cadmium and purple carrot extract at 350 mg; E- cadmium and grape skin extract at 400 mg and F- cadmium and grape skin extract
at 800 mg. Note the presence of extensive coagularion necrosis (asterisk) followed by glomerule destruction (circle) in cadmium group. H.E. staining. Bar =32 um.

anti-8-hydroxy-20-deoxyguanosine (80HDG, Santa Cruz Biotech-
nologies Inc™, MO, USA) at 1:100 dilution. The analysis was
based on scores, taking into account the presence or absence of
immunopositive cells as well as the extent of the stained sections,
as follows: no staining (0), weak staining (1), moderate staning (2)
and strong staning (3) [16].

2.4. Single cell gel (comet) assay

The single cell gel (comet) assay followed the guidelines
described by Tice et al. [22]. A total of 25 visible comets per animal
(25 cells from each slide) were examined blindly by one observer at
x400 magnification using a fluorescent microscope connected to an
image analysis system (Comet Assay I, Perceptive Instruments™,
Suffolk, Haverhill, UK). To measure DNA damage, tail moment was
adopted in this study. The parameter is defined as the product of
the tail length and the fraction of DNA in the comet tail was used
[22].

2.5. Real time PCR (qPCR)

Total RNA was isolated from kidney using cold Trizol Reagent
(Invitrogen™, Carlsbad, CA, USA) according to the manufacturer’s
instructions. RNA samples were treated with DNAse (DNase Ampli-
fication Grade™, Applied Biosystems™, Foster City, CA, USA).
cDNA synthesis was made using High Capacity cDNA Reverse Tran-
scription Kit (Applied Biosystems™, Foster City, CA, USA) according
to the manufacturer’s instructions. Real-time PCR was performed
using a 7500 Fast Real- Time PCR System (Applied Biosystems™,
Foster City, CA, USA) and the Power SYBR™Green Kit (PCR Master
Mix 2 x, Applied Biosystems™, Foster City, CA, USA). The following
primers sequence were used in this study: GAPDH: sense 5'-CAA
CTC CCT CAA GAT TGT CAG CAA-3’ and anti-sense 5'-GGC ATG GAC
TGT GGT CAT GA-3’,SOD-CuZn: sense 5'-CCA GTG CAG GACCTCATT
TT-3’ and anti-sense 5'-CCT TTC CAG CAG TCA CAT TG-3/, SOD-Mn:
sense 5'-AAC ATT AAC GCG CAG ATCA-3’ and anti-sense 5'-AATATG
TCC CCC ACC ATT GA-3/, Catalase: sense 5'-AGC GGA TTC CTG AGA
GAG TG-3' and anti-sense 5'-GAG AAT CGA ACG GCA ATA GG-3/,
Cytochrome C: sense 5- AGA ATG TTG GCT ACC AGG GC-3' and
anti-sense 5'-GGATGG GGC CAT ACA CGT AG-3'. PCRreactions were
conduced in duplicate for 40 cycles of 95 °C for 10 min, 95 °Cfor 15s
and 60 °C for 1 min. An amplification efficiency curve using different
cDNA dilutions was performed for each gene tested.

2.6. Western blotting analysis

The western blotting was performed according to the described
by Soares et al. [18]. The following primary antibodies were
used: TLR2 (sc-101744) purchased from Santa Cruz Biotechnology,
Inc.(Santa Cruz, CA, USA). The IKK (ab2064), TRAF6 (ab33915) and
GADPH (ab6276), which were purchased to ABCAM (Cambridge,
UK). The intensities of each band sample were quantified by Image
] software (Image ], National Institute of Health, Maryland, USA).
While performing calculations of each band obtained for analysis

Table 1
Histopathological changes in kidney of rats intoxicated by cadmium and treated
with purple carrot and grape skin extracts.

ESCORE 0 1 2 3 4
CTRL 5 0 0 0 0
cd 0 0 0 5 0
Purple carrot. 400 + (Cd) * 0 4 1 0 0
Purple Carrot 800 + (Cd) * 0 4 1 0 0
Grape skin 175 + (Cd)* 0 4 1 0 0
Grape skin 350 + (Cd)* 0 4 1 0 0

" p<0.05 compared to the cadmium (Cd) group. CTRL: control group; N=5 per
group.

of proteins of interest for this study was normalized using GADPH
levels of the respective membrane.

2.7. Statistical analysis

All data were expressed as mean 4 standard deviation (SD).
Real Time PCR and single cell gel (comet) assay data were evalu-
ated by two way analysis of variance (two -way ANOVA) followed
by Tukey’s multiple comparisons test. Histopathology, immuno-
histochemistry and western blotting analyzes were evaluated by
Kruskal-wallis non-parametric tested followed by Dunn’s test.
p<0.05 was considered to be significant.

3. Results
3.1. Histopathological analysis

In the control group, the histopathological analysis revealed
cortex with centralized nuclei, glomeruli and preserved tubules,
demonstrating ordinary architecture (Fig. 2A). In animals exposed
to cadmium, an extensive tissue coagulation necrosis, tubular
lesions and glomerular destruction, hemorrhagic areas and chronic
inflammatory infiltrate were noticed (Fig. 2B). The animals exposed
to cadmium and then treated with purple carrot extract at doses
of 400 and 800 mg/L and grape skin extract at doses of 175 and
350 mg/L, restored the tissue damage caused by the non-essential
metal, as demonstrated by normal morphological characteristics
(Figs. 2C and 2D). Numerical data showed significant statistical dif-
ferences (p<0.05) for all treated groups when compared to the
group exposed to cadmium but not treated. In animals treated
with grape skin extract at doses of 175 and 350 mg|/L, a significant
reduction of tissue damage was detected (Figs. 1E and 2F). Statisti-
cally significant differences (p <0.05) were detected in both these
groups. The numerical results are presented in Table 1.

3.2. Immunohistochemistry for 8-OHdG

Immunoexpression of 8-OHdG was detected in the cytoplasm
and nucleus of kidney cells. In the control group, a low expression
of 8-OHdG was detected, mainly in the renal tubules (Fig. 3A). In
the cadmium-intoxicated group, a high expression of 8-OHdG was
detected in the renal parenchyma (Fig. 3B). In the groups treated
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Fig. 3. Immunohistochemistry for 8-OHDG in renal tissue of rats exposed to cadmium and treated with purple carrot and grape skin extracts. A-control; B-cadmium; C-
cadmium and purple carrot extract at 175 mg; D- cadmium and purple carrot extract at 350 mg; E- cadmium and grape skin extract at 400 mg and F- cadmium and grape
skin extract at 800 mg. Immunohistochemistry. Avidin-Biotin-Peroxidase System. Bar =36 um.

Table 2
Immunohistochemical analysis of 8-OHdG in renal tissue of animals exposed to
cadmium and treated with extracts of grape skin and purple carrot.

ESCORE 0 1 2 3 4
CIRL 0 4 0 0
cd 0 0 2 3 0
Purple carrot 400+ (Cd) * 3 1 1 0 0
Purple carrot 800 + (Cd) * 3 1 1 0 0
Grape skin 175 + (Cd)* 3 1 1 0 0
Grape skin 375 + (Cd)* 4 1 0 0 0

" p<0.05 compared to the cadmium (Cd) group. CTRL: control group, N=5 per
group.

with grape skin and purple carrot extracts, a reduction in expres-
sion of 8-OHdG was noticed, when compared to the group exposed
to cadmium but otherwise untreated (Figs. 3C and 3F).

Semi-quantitative analysis showed a significant (p<0.05)
decrease in 8-OHdG immunoexpression from animals treated with
purple carrot extract or grape skin extract for the two doses tested
in each group. These results are shown in Table 2.

3.3. Single cell gel (comet) assay

The results of the single cell gel (comet) assay are presented in
Fig. 4. Cadmium group showed a significant increase for DNA dam-
age (p<0.05) when compared to the control group. Therefore, it
appears that cadmium is a potent genotoxic agent for kidney cells.
In the groups treated with purple carrot extract at 400 mg or 800 mg
doses, no significant differences was observed (p > 0.05). However,
grape skin at extract at 350 mg promoted a significant reduction in
the DNA strand breaks, whereas the low dose of grape skin extract
(175 mg) was unable to significantly reduce genetic damage when
compared to the cadmium group (p>0.05). There was evidence
of a significant reduction of the tail moment values in animals
treated with grape skin extract at 350 mg dose, demonstrating an
anti-genotoxic effect in the kidney cells.
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Fig. 4. DNA damage (expressed as tail moment) in the kidney of rats exposed to
cadmium and treated with purple carrot extract or grape skin extracts. * p<0.05
when compared to the control group (Cd); ** p<0.05 when compared to the cad-
mium group (Ctrl).: Grape 1: 175 mg; Grape 2: 350 mg; Carrot 1; 400 mg; Carrot 2:
800 mg.

3.4. Real time PCR

Cadmium was able to reduce the expression of SOD-CuZn
(p<0.05) in kidney cells. In animals treated with grape skin extract
at 175 mg or 350 mg, significant statistical differences (p <0.05)
in SOD-CuZn expression were observed when compared to the
cadmium group. However, there were no significant statistical dif-
ferences (p>0.05) in the groups treated with purple carrot extract
for both doses tested. In a similar way, the expression of SOD-Mn
did not present remarkable changes for both extracts investigated
in this study.

Catalase expression showed a significant increase (p<0.05) in
the animals exposed to cadmium, when compared to the con-
trol group. A reduced expression was also observed for all groups
treated with purple carrot and grape skin extracts, presenting sig-
nificant statistical differences (p <0.05) when compared to animals
only exposed to cadmium. These results are presented in Fig. 5.

CATALASE
40, .
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Fig. 5. Expression of SOD-CuZn, SOD Mn and catalase in the kidneys of rats exposed to cadmium and treated with purple carrot and grape extracts. * p <0.05 when compared
to the cadmium group. ** p<0.05 when compared to the Cadmium group. CTRL: Grape 1: 175 mg; Grape 2: 350 mg; Carrot 1; 400 mg; Carrot 2: 800 mg.
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Fig. 6. Expression of cytochrome c in the kidneys of rats exposed to cadmium and
treated with purple carrot and grape extracts. * p <0.05 when compared to the cad-
mium group. CTRL: Grape 1: 175 mg; Grape 2: 350 mg; Carrot 1; 400 mg; Carrot 2:
800 mg.

Cadmium increased cytochrome c expression in kidney
cells. Statistically significant differences (p<0.05) were detected
between cadmium and control groups. Conversely, treatments with
grape skin and purple carrot extracts did not interfere with the
expression of cytochrome c, i.e., no statistically significant differ-
ences (p>0.05) were detected. The results are shown in Fig. 6.

3.5. Western blotting

Cadmium increased TLR2 protein expression (p<0.05) when
compared to control group. Nevertheless, not all treatments inves-
tigated in this study were able to modulate the expression of TLR2
and pIKKe. Similarly, the expression of TRAF6 was not altered in
animals exposed to cadmium nor those treated with purple carrot
and grape skin extracts. These results are shown in Fig. 7.
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Fig. 7. Western blotting analysis of TLR-2, pIKKa, and TRAF6 proteins in animals exposed to cadmium and treated with grape skin and purple carrot extracts. *
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4. Discussion

The aim of this study was to evaluate the nutraceutical poten-
tial of grape skin and purple carrot extracts following cadmium
intoxication of rats’ kidneys. For this purpose, histopathological
evaluation, immunohistochemical analysis for 8-OHdG, genotoxi-
city, antioxidant activity and toll-like signaling pathway were used
to elucidate the putative mechanisms of action induced by these
bioactive substances. To our knowledge, this approach has never
before been documented in scientific literature (Fig. 7).

It is well established that the kidney plays a crucial role fol-
lowing cadmium exposure [23]. In fact, cadmium is able to induce
severe lesions in the renal parenchyma, as evidenced by coagula-
tion necrosis, vascular congestion and inflammatory process [24].
When the animals were treated with purple carrot or grape skin
extracts, there was a significant improvement in renal morphol-
ogy, for both doses in this setting. Therefore, it is plausible that
extracts rich in bioactive substances detected by chemical analy-
sis, such as cyanidin, petunidin, caffeoyl, peonidin and malvidin,
etc., induced tissue regeneration after cadmium intoxication. All
animals treated with both extracts showed an absence of areas of
coagulation necrosis, with few foci of inflammatory infiltrate and
vascular congestion. Surprisingly, the morphological evaluation
for studying the nutraceutical potential of bioactive compounds
against cadmium-induced renal toxicity is scarce in existing lit-
erature [25]. Recent data and studies on this subject investigated
antioxidant system, inflammatory biomarkers and renal function
[26,27]. No studies have yet been conducted into the effects of
using purple carrot extract. This clearly demonstrates the need to
investigate morphological characteristics induced by these bioac-
tive substances following exposure to non-essential metals, such
as cadmium. Certainly, this analysis will contribute to scientific
literature.

To further elucidate the cell signaling pathways that are closely
involved in the regeneration of the renal tissue, this study evaluated
genetic damage and antioxidant activity in the kidney by means of
comet assay and immunohistochemistry, respectively. Firstly, our
results demonstrated that purple carrot and grape skin extracts
were able to decrease oxidative stress by decreasing the 8-OHdG
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compared to the control group. Grape 1: 175 mg; Grape 2: 350 mg; Carrot 1; 400 mg; Carrot 2: 800 mg.
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immunoexpression in kidney cells. This was not supported by geno-
toxicity data, since only the highest dose of grape skin extract
promoted an antigenotoxic effect. In an earlier study conducted
by Chomchan et al. [28], the authors demonstrated that selenium
was able to exert an antigenotoxic effect on renal cells after expo-
sure to cadmium. Using non-mammalian species, other authors
have also evidenced the genotoxic action induced by cadmium as
well as the antigenotoxic effect of bioactive compounds follow-
ing cadmium exposure [29,30]. To date, no study has been able
to evaluate 8-OHdG immunoexpression in rats’ kidneys exposed
to cadmium associated with bioactive compounds, such as purple
carrot or grape skin extracts. Taken as a whole, we conclude that
cadmium induces oxidative stress in kidney cells. Certainly, this
activity is one of the underlying mechanisms responsible for tissue
injury, as already mentioned by others [31]. Grape skin and purple
carrot extracts exert some antioxidant activity on genetic material
against oxidative stress induced by cadmium.

Regarding antioxidant activity, our results demonstrated that
grape skin extract was able to increase SOD-CuZn expression in
animals previously intoxicated with cadmium. On the other hand,
catalase gene expression decreased for all groups treated with
grape skin or purple carrot extracts, for both doses used. No
statistically significant differences were noticed to SOD-Mn expres-
sion between groups. It is important to stress that some studies
have revealed the modulating activity of Tinospora cordifolia stem
extract, zinc, selenium and Solanum torvum Swartz following cad-
mium exposure [32,33]. Our results are in agreement with these
aforementioned studies. Nevertheless, grape skin extract exerts
a more pronounced effect on the expression of the antioxidant
enzymes SOD-CuZn and catalase whereas the purple carrot extract
acted on only catalase gene expression. Certainly, the bioactive sub-
stances present in the grape skin extract are more powerful for
modulating the enzymatic anti-oxidant system when compared to
the purple carrot extract.

Recently, it has been established that mitochondria play a key
role following cadmium intoxication [34]. This is because the oxida-
tive stress induced by cadmium in kidney cells promotes disruption
of this organelle, causing cellular death. Cytochrome c is a protein
located on the inner surface of the mitochondrial membrane, which
participates in the cellular respiration and cell death by apoptosis.
Recent studies have demonstrated that cadmium is able to acti-
vate apoptosis in kidneys [35], but few studies have investigated
the role of cytochrome c in the context of cadmium and bioactive
extracts. Our results demonstrated that cytochrome c is differen-
tially expressed in animals exposed to cadmium. Some authors
have demonstrated that cytochrome c expression is induced by
cadmium and selenium and/or puerarim, both in vivo and in vitro
[36,37]. Nevertheless, grape skin and purple carrot extracts were
not able to alter the cytochrome c expression in kidney cells.

Toll-like signaling pathway is a complex cascade composed of
TLR, IKK, TRAF6 and many other proteins. It actively participates
in several biological actions, such as the inflammatory response
in eukaryotic cells. A previous literature review published by our
research group established the underlying mechanisms of bioactive
compounds and toll-like signaling pathway for promoting tissue
homeostasis[38].In this study, the results demonstrated that expo-
sure to cadmium caused an increased in the expression of TLR2
in rats. These results are consistent with previous studies using
several test systems [39,40]. However, the biological action of the
extracts obtained from purple carrot and grape skin did not inter-
fere with the expression of proteins from the toll-like signaling
pathway. Further studies are needed to elucidate the issue.

In conclusion, purple carrot and grape skin extracts promote
tissue regeneration against cadmium toxicity by means of antiox-
idant action in rats’ kidneys. It appears that grape skin extract is
more effective compared to purple carrot extract.
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