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Programa de Pós-Graduaç ão em Ciências Farmacêuticas, Universidade Federal do Pampa, UNIPAMPA, Uruguaiana, RS, 97500-970, Brazil

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 29 January 2019
eceived in revised form 12 April 2019
ccepted 18 April 2019

eywords:
isplatin
enal damage
utraceutical
lackberry

a  b  s  t  r  a  c  t

Some  studies  have  showed  that  intake  of  blackberry  juice  (BBJ)  can  prevent  urinary  tract  infections.  How-
ever, there  is a lack  of studies  that  evaluate  the  mechanisms  by which  BBJ  has  protective  effect.  Thus,
the  aim  of current  study  was  to evaluate  the effects  of  BBJ  supplementation  on  cisplatin-induced  renal
pathophysiology  in  mice.  Mice  were  supplemented  with  BBJ (10  mL/kg)  for seven  days.  One hour  after  the
last supplementation  with  BBJ,  mice  received  cisplatin  (10  mg/kg,  i.p.).  Seventy-two  hours  after  cisplatin
administration,  blood  was  collected  and  biochemical  analysis  were  performed  (urea  and  creatinine),  kid-
ney  was  dissected  and utilized  in  histological  and  oxidative  evaluations.  Cisplatin  caused  severe injury
in  renal  tissue,  in  markers  of  renal  damage  (urea  and  creatinine)  generated  increased  of plasmatic  levels.
Besides  that,  the  cisplatin  induced  decreased  of enzymes  activities  in  renal  tissue  (superoxide  dismutase,
glutathione  S-transferase  and  catalase).  In contrast,  BBJ supplementation  protected  against  histopatho-
logical  alterations  through  decreased  in urea  and  creatinine  levels  and  modulation  of catalase  enzyme

activity.  Thus,  BBJ  supplementation  protected  the  renal  system  of mice  from  deleterious  effects.  We  sug-
gest that  high  concentrations  of  Cyanidin  3-O-glucoside  and Cyanidin  3-O-rutinoside  are responsible  for
antioxidant  role  of  BBJ supplementation  in  renal  pathophysiology  induced  by  cisplatin  exposure.  Also,
these  results  reinforcing  the  importance  of  including  BBJ  in  the  human  diet  aimed  at  preventing  renal
diseases.

© 2019  Elsevier  B.V.  All  rights  reserved.
. Introduction

Blackberry (Rubus spp.), belonging to the family Rosaceae, pro-
uces an aggregate fruit originating from many ovaries in a single
ower and containing multiple small drupelets [1]. The Blackberry
ave different types of cultivars. Among several cultivars developed

n Brazil through a breeding program for the adaptation to local cli-
ate and consumption, Tupy is currently the most sold [2]. Besides

resh consumption, the large market for products of blackberry is

enerated from its juice, which is used as a basis for developing a
ide range of products such as jams, jelly, syrup, candy and wine

3].

∗ Corresponding author at: Laboratório de Avaliaç ões Farmacológicas e Toxicológ-
cas Aplicadas às Moléculas Bioativas, LaftamBio Pampa, Universidade Federal do
ampa, CEP 97650-000, Itaqui, RS, Brazil.

E-mail address: marcelogomesdegomes@hotmail.com (M.G. de Gomes).

ttps://doi.org/10.1016/j.pathophys.2019.04.004
928-4680/© 2019 Elsevier B.V. All rights reserved.
Currently, blackberry have gained an important position in food
industry due to presence of various substances with functional
properties [4]. Blackberry are excellent material for the production
of juice for human diet because they contain significant amount of
phenolic compounds which have antioxidant properties and other
health benefits [5]. The phenolic compounds were associated with
different health benefits in cardiovascular diseases, cancer, dia-
betes, inflammatory processes and age-related neurodegenerative
diseases [6,7].

In this context, blackberries are known to contain appre-
ciable levels of phenolic compounds ( ± 241.7 mg/100 g of fruit)
especially anthocyanins ( ± 90.5 mg/100 g of fruit), carotenoids
( ± 84.5 mg/100 g of fruit), and other bioactive compounds that can
provide numerous health benefits [3,8]. Being the anthocyanins are

probably the largest group of phenolic compounds in human diet
[9]. The anthocyanins of blackberry have been used for various ther-
apeutic purposes including inhibition of gastric and lung cancer in
humans cells [10] and oxidative stress [11].

https://doi.org/10.1016/j.pathophys.2019.04.004
http://www.sciencedirect.com/science/journal/09284680
http://www.elsevier.com/locate/pathophys
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pathophys.2019.04.004&domain=pdf
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In view of the above, historically the blackberry juice (BBJ) has
een consumed to prevent urinary tract infections (UTIs). The use
f fruits juice preparations to prevent UTIs became popular in
he 1920s when American scientists demonstrated that the urine
ecame more acidic after eating large amounts of blackberry [12]. In
his sense, the first event for development of a bacterium in body
s that it binds in the cells/tissues of host. Escherichia coli strains
hat cause UTIs, have proteinaceous macromolecules (fimbriae)
hat facilitate the adhesion of bacterium to uroepithelial cells in
rinary tract. in vitro and ex vivo studies have indicated that black-
erry products prevented the adhesion of bacteria and virus to cell
alls, suggesting that these products may  be preventive against
TIs [13,14].

In view of foregoing, cisplatin (cis-dichlorodiammineplatinum
I) is a synthetic anticancer drug extensively used in the treatment
f several human malignancies. Anticancer activity of cisplatin is
ttributed to conversion a complex, which forms an interstrand
ross-link with double-strand DNA to prevent DNA synthesis [15].
he most common adverse effect limiting the efficacy of this drug
s nephrotoxicity which is developed primarily in S3 segment of
roximal tubule. About 25–35% of patients experience a signifi-
ant decline in renal function after a single dose of cisplatin [16].
he protective effect of various natural and synthetic antioxidant
olecules, extracts, and foods have been investigated in differ-

nt models of cisplatin-induced nephrotoxicity [17–22]. However,
tudies on the effect of blackberry consumption and its byproducts
n models of renal damage induced by cisplatin are still scarce.

Thus, present study aimed to evaluate the effect of BBJ supple-
entation on cisplatin-induced renal pathophysiology in mice.

. Materials and methods

.1. Animals

Swiss albino mice (25–30 g, 70–90 days) were used.
nimals were housed in groups of 5 in Plexiglas cages

41 cm × 34 cm × 16 cm). They were kept in a room with light-dark
ycle of 12 h with the lights on between 7:00 and 19:00 h and
emperature controlled (20–25 ◦C) and received water and food ad
ibitum. The animals were maintained and used in accordance with
he guidelines of the Committee on Care and Use of Experimental
nimal Resources (process 028/2012) of the Federal University of
ampa, Brazil.

.2. Chemicals

Cyaniding 3-O-glucoside, cyaniding 3-O-rutinoside, cisplatin,
hiobarbituric acid (TBA), trichloroacetic acid (TCA), reduced
lutathione (GSH), 5,5′-Dithiobis(2-nitrobenzoic acid) (DTNB), 1-
hloro-2,4 dinitrobenzene (CDNB), epinephrine bitartrate salt,
lycine, tris, were purchased from Sigma (St. Louis, MO,  USA). All
ther chemicals used were obtained from standard commercial
uppliers.

.3. Obtaining of BBJ

Blackberry (Rubus spp.), Tupy cultivar, were collected from trees
n the region (at University) and subsequently were fully subjected
o a churning process in a blender for about six minutes. In order
o get a whole juice, no part of material obtained was  removed
nd any other ingredient was added. According to National Health

urveillance Agency [23], the juice is not fermented drinks, not con-
entrated and not diluted, for consumption, obtained from healthy
nd ripe fruit, or part of vegetable origin, appropriate technological
rocessing.
iology 26 (2019) 137–143

2.4. Extraction and identification of anthocyanins

Ten grams of blackberry (Rubus spp.) fresh fruits, Tupy cultivar,
were homogenized in 60 mL  of 2% HCl methanol solution. Solu-
tion was filtered on a Büchner funnel, and the filtrate was used for
HPLC analyses. Identifications were made by comparing PDA/UV,
and retention data recorded for anthocyanin standards.

2.5. Quantitative analyses

Standard calibration curves were prepared over a concentration
range for cyaniding 3-O-glucoside and cyaniding 3-O-rutinoside in
a range 1–500 �g/mL with six different concentration levels (1,
5, 10, 50, 100, and 500 �g/mL). Triplicate injections were made
for each level, and a weighed linear regression was  generated
for both external standards of calibration. The curve of calibra-
tion with external standards was  obtained using concentration
(�g/mL) with respect to area obtained from integration of PDA
peaks. The relationship between variables was analyzed using
linear simple correlation. For the linear regression of external stan-
dard, R2 values was  0.9999 for cyanidin 3-O-glucoside and cyanidin
3-O-rutinoside. For the quantification of compounds, GraphPad
Software Prism 5.0 was  used. The amount of compounds was
expressed as milligrams per 10 g of dried fruits for flavonoids and
milligrams per 10 g of fresh fruits for anthocyanins. PDA data were
recorded over the 220–500 nm range with preferential channels
254 and 324 nm as detection wavelengths. In anthocyanin case, the
eluent was  a mixture of 1% acetonitrile solution of HCOOH (solvent
A) and 1% aqueous solution of HCOOH (solvent B). Solvent gradi-
ent was  as follows: 0–55 min, 5–50% (A). Elution was performed
at a flow rate of 0.5 mL/min. Analyses were performed using a
3.0 × 150 mm,  3.5 �m,  Symmetry C18 column (Waters). HPLC-PDA
analyses were performed using a Waters 600E multisolvent deliv-
ery system, a Waters 717plus autosampler, and a Waters 996 PDA
detector equipped with Millenium 32 Chromatography Manager
software.

2.6. Experimental procedure

Mice were supplemented with BBJ (10 mL/kg) or saline solution
0.9% (w/v) (10 mL/kg, p.o.) for seven days. Sixty minutes after BBJ
supplementation, mice were administered intraperitoneally (i.p.)
with cisplatin (10 mg/kg), dissolved in saline solution 0.9% (w/v)
[24,25]. The dose of BBJ supplementation was  chosen according
to the previous study [3]. The protocol of mice treatment is given
below:

• Group 1 (Control): Saline + saline;
• Group 2 (BBJ): BBJ + saline;
• Group 3 (Cisplatin): Saline + cisplatin;
• Group 4 (BBJ + Cisplatin): BBJ + cisplatin.

72 h after cisplatin administration, according to methodology
adapted from Wilhelm et al. [22], the mice were anesthetized, and
blood was  collected by cardiac puncture into tubes containing hep-
arin (1 UI/�l). The kidney was  removed, and one part was  used for

histopathological analysis and another part was homogenized in
Tris−HCl 50 mM,  pH 7.4, centrifuged at 2500 rpm for 10 min  and
the supernatant was used for determination of enzymatic or non-
enzymatic indicators of oxidative stress.
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.7. Markers of renal damage

Urea and creatinine were measured in plasma using commer-
ial Kits (Labtest, Diagnostica S.A., Minas Gerais, Brazil). Urea and
reatinine levels were expressed as mg/dl.

.8. Markers of oxidative stress

.8.1. Ascorbic acid (AA) levels
Renal ascorbic acid determination was realized as described by

acques-Silva et al. [26]. Protein of kidney was precipitated in 10
olumes of a cold 4% trichloroacetic acid solution. An aliquot of
omogenized sample (300 mL), in a final volume of 1 mL  of the
olution, was incubated at 38 ◦C for 3 h, then 1 mL  H2SO4 65% (v/v)
as added to medium. The reaction product was determined using

olor reagent containing 4.5 mg/mL  dinitrophenyl hydrazine and
uSO4 (0.075 mg/mL). AA levels were demonstrated as �mol ascor-
ic acid/g tissue.

.8.2. Nonprotein thiols (NPSH) content
Renal NPSH levels were determined by method described of Ell-

an  [27]. Supernadant was precipitated with 10% trichloroacetic
cid and centrifuged at 3,0009 g for 10 min. Sulphydryl groups were
etermined using clear supernatant. An aliquot of supernatant was
dded in 1 M potassium phosphate buffer (pH 7.4) and 10 mM 5,50-
ithiobis-2nitrobenzoic acid (DTNB). NPSH levels were measured
pectrophotometrically at 412 nm and expressed as �mol  NPSH/g
issue.

.8.3. Lipid peroxidation (TBARS)
Renal lipid peroxidation was estimated by measuring of thio-

arbituric acid reactive species (TBARS), according to method of
hkawa et al. [28]. In this method, MDA, an end product of fatty
cid peroxidation, reacts with thiobarbituric acid (TBA) to form a
olored complex. TBARS content was estimated in a medium con-
aining the supernatant fraction of kidneys 0.05 mL  of 8.1% SDS,
.2 mL  of acetic acid buffer (2.5 M,  pH 3.4), and 0.38 mL  of 0.81%
hiobarbituric acid (TBA). The mixture was finally made up to 1 mL
ith type I ultrapure water and heated at 95 ◦C for 90 min  in a water

ath using a glass ball as a condenser. After cooling to room tem-
erature, absorbance was measured in the supernatant at 532 nm.
esults were as expressed as nmol MDA/mg of protein.

.8.4. Superoxide dismutase (SOD) activity
SOD activity in renal tissue was assayed spectrophotometri-

ally as described [29]. This method is based on the capacity of
OD in inhibiting autoxidation of adrenaline to adrenochrome.
olor reaction was measured at 480 nm.  One unit of enzyme was
efined as the amount of enzyme required to inhibit the rate
f epinephrine autoxidation by 50% at 26 ◦C. SOD activity was
xpressed as Units/mg of protein.

.8.5. Catalase (CAT) activity
Renal CAT activity was assayed spectrophotometrically by Aebi

30], which involves monitoring the disappearance of H2O2 in the
resence of supernatant at 240 nm.  Enzymatic reaction was  initi-
ted by adding an aliquot of S1 20 mL,  and the substrate (H2O2) at a
oncentration of 0.3 mM in a medium containing 50 mM phosphate
uffer, pH 7.0. CAT activity was expressed as Units/mg of protein.

.8.6. Glutathione S-transferase (GST) activity

Renal GST activity was assayed spectrophotometrically at

40 nm by method of Habig [31]. The reaction mixture contained
n aliquot of supernatant of liver, kidney or testes, 0.1 M potassium
hosphate buffer (pH 7.4), 100 mM GSH and 100 mM CDNB, which
iology 26 (2019) 137–143 139

was used as substrate. Enzymatic activity was expressed as nmol
CDNB/min/mg of protein.

2.9. Protein quantification

Renal protein concentration was measured by the method of
Bradford [32], and bovine serum albumin was  used as standard.

2.10. Histopathological analysis

The kidney was  fixed in 10% formalin. For light microscopy
examination, tissues were embedded in paraffin, sectioned at 4 �m
and stained with hematoxylin and eosin. Mice from all groups were
examined by histopathology of parameters: Cellular vacuolization,
loss of cellular architecture in the renal tubules and vascular con-
gestion (n = 3 per group).

2.11. Statistical analysis

The data distribution was verified by applying Kolmogorov–
Smirnov test. Results are presented as means ± standard error
of the mean (S.E.M.). Statistical analysis was  performed to com-
pare treated groups to respective control groups using a two-way
analysis of variance (ANOVA), followed by Bonferroni’s multiple
comparison test when appropriate. Values of p < 0.05 were consid-
ered statistically significant.

3. Results

3.1. Quantitative analysis of anthocyanins profile

Anthocyanin composition of blackberry was  determined by
means of HPLC-PDA analyses. We  identified two anthocyanins,
cyanidin 3-O-glucoside and cyanidin 3-O-rutinoside by compari-
son of their HPLC retention times, elution orders and photodiode
array PDA/UV/VIS with authentic reference compounds. The total
amount of anthocyanins is 190.2 mg/100 g of fresh berries of cyani-
din 3-O-glucoside and 65.6 mg/100 g of fresh berries of cyanidin
3-O-rutinoside. BBJ supplementation group did not differ signifi-
cantly from the control group in all analyzes (Fig. 1).

3.2. Markers of renal damage

Two-way ANOVA of plasma urea and creatinine levels revealed
a significant BBJ X Cisplatin interaction (F1,32 = 8.88; p < 0.01)
and (F1,32 = 4.58; p < 0.05). Bonferroni’s multiple comparison test
showed that acute administration of cisplatin induced a significant
increase in plasma urea and creatinine levels (F1,32 = 8.25; p < 0.01)
and (F1,32 = 6.04; p < 0.05) compared to control group. BBJ supple-
mentation protected against the increased in urea and creatinine
levels (F1,32 = 10.70; p < 0.01) and (F1,32 = 5.04; p < 0.05) respectively
compared to cisplatin group (Fig. 2A and B).

3.3. Markers of oxidative stress

3.3.1. Ascorbic acid, NPSH and TBARS levels
Two-way ANOVA of AA, NPSH and TBARS levels in renal tis-

sue showed a significant BBJ X Cisplatin interaction (F1,32 = 4.67;
p < 0.04), (F1,32 = 0.30; p > 0,05) and (F1,32 = 0.26; p < 0.04) respec-
tively. Bonferroni’s multiple comparison test revealed no signif-
icant difference in AA, NPSH and TBARS levels in kidney tissue
(Table 1).
3.3.2. SOD and GST activities
A Two-way ANOVA of SOD and GST activities in renal tis-

sue showed a significant BBJ X Cisplatin interaction (F1,32 = 6.07;
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Fig. 1. Chemical structure of the main anthocyanins presents in black mulberries juice. (A). Chemical structure of cyanidin 3-O-glucoside (Present in concentration
190.2  mg/100 g of fresh berries). (B) Chemical structure of cyanidin 3-O-rutinoside (Present in concentration 5.6 mg/100 g of fresh berries).

Fig. 2. (A). Effect of BBJ supplementation on plasmatic levels of urea in pathophysiology renal induced by cisplatin. (B).  Effect of BBJ supplementation on plasmatic levels
of  creatinine in pathophysiology renal induced by cisplatin. Data are mean + S.E.M. for n = 8 animals in each group. *Indicates a significant difference (p < 0.05) compared
with  control group. **Indicates a significant difference (p < 0.01) compared with control group. #Indicates a significant difference (p < 0.05) compared with cisplatin group.
##Indicates a significant difference (p < 0.01) compared with cisplatin group.

Table 1
Effect of BBJ supplementation on ascorbic acid, NPSH and TBARS levels in renal tissue of mice exposed to cisplatin.

Groups Ascorbic acid (�g ascorbic acid/g tissue) NPSH (�mol  GSH/g tissue) TBARS (nmol MDA  equivalents/g tissue)

Control 4,02 ± 0,79 25,80 ± 3,95 25,96 ± 5.41
BBJ  4,64 ± 0,53 20,29 ± 6,37 22,55 ± 6,87
Cisplatin 4,75 ± 0,84 22,54 ± 3,40 24,18 ± 6,08
BBJ  + Cisplatin 4,62 ± 1,12 20,26 ± 4,78 22,58 ± 5,65

The animals were supplemented with BBJ (10 ml/kg) for seven days. Sixty minutes after supplementation with BBJ, mice were administered with cisplatin (10 mg/kg, i.p.).
Data  are expressed as means ± S.E.M of 8 animals per group. * P < 0,05 when compared with control group. **P < 0,01 when compared with control group. #P < 0.05 when
compared with cisplatin group.

Table 2
Effect of BBJ supplementation on SOD, GST and CAT activities in renal tissue of mice exposed to cisplatin.

Groups SOD units/mg protein GST nmol CDNB conjugated/min/mg protein CAT units/mg protein

Control 2,21 ± 0,76 0,44 ± 0,10 2,40 ± 0,27
BBJ  1,45 ± 0,49 0,30 ± 0,10 2,49 ± 0,92
Cisplatin 1,43 ± 0,34* 0,24 ± 0,13** 1,49 ± 0,31*

BBJ + Cisplatin 1,56 ± 0,54* 0,22 ± 0,11** 2,27 ± 0,50#

The animals were supplemented with BBJ (10 ml/kg) for seven days. Sixty minutes after supplementation with BBJ, mice were administered with cisplatin (10 mg/kg, i.p.).
Data  are expressed as means ± S.E.M of 8 animals per group.

p
i
a

* P < 0,05 when compared with control group.
** P < 0,01 when compared with control group.
# P < 0.05 when compared with cisplatin group.
 < 0,02) and (F1,32 = 2.39; p > 0,05). Bonferroni’s multiple compar-
son test showed that acute administration of cisplatin induced

 significant decreased in SOD and GST activities in kidney
(F1,32 = 3.41; p < 0.05) and (F1,32 = 14.73; p < 0.01) compared to con-
trol group. The supplementation with BBJ did not modify the
reduction of activities SOD and GST in renal tissue (F1,32 = 2.97;
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Fig. 3. (A). Photomicrography of segment of the renal lobe of an animal control. (B).  Photomicrography of an animal treated with cisplatin showed necrosis. (C). Photomi-
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rography of an animal supplemented with BBJ at the dose of 10 mL/kg. D).  Photom
nd  cytoplasmatic vacuolization (*). (arrow), Proximal Tubule; (arrow-head), Distal

 > 0.05) and (F1,32 = 5.10; p > 0.05) compared to cisplatin group
Table 2).

.3.3. CAT activity
Two-way ANOVA of CAT activity in renal tissue showed a

ignificant BBJ X Cisplatin interaction (F1,32 = 2.85; p > 0.05). The
onferroni’s multiple comparison test showed that acute admin-

stration of cisplatin induced a significant decreased in CAT activity
n renal tissue (F1,32 = 7.70; p < 0.05) compared to control group. BBJ
upplementation protected against the reduction of activity CAT
n renal tissue (F1,32 = 4.50; p < 0.05) compared to cisplatin group
Table 2).

.4. Histopathological analysis

Histological evaluation revealed a normal aspect of kidney
tructures in control and BBJ supplementation groups (Fig. 3A
nd B). Mice exposed to cisplatin presented intense loss of cel-
ular architecture, with extensive injuries, cellular vacuolization,
evere proximal and distal tubular damage and marked vascular
ongestion between tubules, and cellular vacuolization (Fig. 3C).
valuation of kidneys from mice exposed to BBJ supplementation
nd cisplatin showed tubules with histological characteristics more
reserved than those from the cisplatin group. Renal tubules dis-
layed moderate damage. BBJ markedly ameliorated the degree of
idney damage (Fig. 3D).

. Discussion
Functional food is one that acts in body not only in nutritional
unctions, but also contributing in quality of life and disease pre-
ention [33,34]. In this context, blackberry and its byproducts have
ained an important position in the food industry due to presence
raphy of an animal treated with BBJ + cisplatin. Note the renal tissue destructuring
le. (H.E). 100 × .

of various substances with functional properties, mainly antho-
cyanins [34].

In our study, we found high levels of anthocyanins in BBJ
such as cyanidin 3-O-glucoside (190,2 mg/100 g) and cyanidin 3-
O-glucoside (65,6 mg/100 g). These results are consistent with the
data quoted by Hager [35], Wang et al. [36] and Ferreira et al. [4],
who described cyanidin 3-glucoside as the predominant antho-
cyanins in blackberries, observing concentrations ranging from
67.4 to 248.0 mg/100 g.

In this study, the renal damage induced by acute administra-
tion of cisplatin was  evidenced by an increase in plasmatic levels
of urea and creatinine, besides histological changes and decreased
of SOD, GST and CAT activities in renal tissue. Protective effect
of BBJ supplementation against renal pathophysiology induced by
cisplatin was demonstrated via protection against increased in
plasmatic urea and creatinine levels. Still, preventing histopatho-
logical changes and protecting against decreased of CAT activity in
renal tissue.

In this sense, renal pathophysiology induced by acute cisplatin
was evidenced by significant increase in plasmatic levels of urea
and creatinine, because in physiological conditions these sub-
stances are continuously excreted in urine. Therefore, increased in
plasmatic urea and creatinine levels is indicative of flaws in the
physiological processes of kidneys. The supplementation with BBJ
significantly protected against increases in plasmatic levels urea
and creatinine showing nephroprotective effect of BBJ. In a simi-
lar study, Wilhelm et al. [22] also found a significant increased in
markers of renal damage. Other studies have reported protective
effect of various substances, extracts, and foods against renal dam-

age induced by cisplatin in rodents. Sultana et al. [37] showed the
protective effect of administration of chrysin, a natural flavonoid,
for 14 days in rats. Sharma and Goyal [38], showed nephroprotec-
tive effect by methanolic extract of Heliotropium eichwaldii in mice.
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aqshbandi et al. [39] reported protective effect by administration
f fish oil for 10 days in rats.

Histopathological analysis corroborates demonstrating the
athophysiology induced by cisplatin. The group treated with cis-
latin showed a high number of lesions in kidney tissue, presenting

ntense loss of cellular architecture, severe proximal and distal
ubular damage, marked vascular congestion between tubules, and
ellular vacuolization. BBJ supplementation protected against the
ncidence and severity of these lesions reiterating the nephropro-
ective effect. Other authors such as Yildirim et al. [17], Ozer et al.
21] and Wilhelm et al. [22] have reported the occurrence of lesions
n renal tissue after acute exposition of cisplatin in rodents.

No changes were found for TBARS, AA and NPSH levels in renal
issue. TBARS levels are a biomarker of lipid peroxidation resulting
rom oxidative stress. Similarly, Iseri et al. [40] administered cis-
latin in rats and also did not find significant differences in TBARS

evels. On the other hand, Yousef et al. [41] performed a similar
rotocol for induction of oxidative stress by administration of cis-
latin in rats and observed a significant increase in TBARS levels in
idney tissue. The maintenance of AA levels in renal tissue showed
hat altering levels of AA was not one of mechanisms involved in
enal pathophysiology induced by cisplatin in our study. Studies in
ice, rats and humans have showed that AA is essential to keep

dequate levels of glutathione, which is the stable form of cysteine
42–44]. Thus, due the AA relation with glutathione, we  suggest
hat maintenance of AA levels in renal tissue observed in our study

ay  be related to unchanged TBARS and NPSH levels.
Also, the maintenance of NPSH levels found in our study appear

s not mediating cisplatin-induced renal damage. Naghizadeh et al.
45] and Wilhelm et al. [22] evaluated NPSH levels in renal tissue
f rats and mice respectively, after the administration of cisplatin
nd observed a significant reduction in NPSH levels. These results
re contrary to those obtained in our study. Reduced glutathione
GSH) is an important antioxidant and represents approximately
0% of NPSH levels. GSH makes a pivotal role in detoxification of

 variety of electrophilic compounds and peroxides via catalysis
y glutathione S-transferases (GST) and glutathione peroxidases
GPx). Thus, given important role of thiol groups in antioxidant
efenses, the balance of adequate levels of NPSH may  be involved
ith maintenance of normal levels of TBARS observed in this study.

n addition, factors such as species, strain, dose, and time among
reatment with cisplatin and euthanasia may  be related to any
ifference of the results of TBARS, AA and NPSH levels between
forementioned studies and our study.

In this context, treatment with cisplatin significantly decreased
OD activity in renal tissue compared with control group. SOD is
n enzyme essential for all aerobic cells for catalyzing the dismu-
ation of superoxide radical forming H2O2 and O2 [46,47]. Thus,
onsidering the importance of SOD for physiological processes in
idney, the decreased of SOD activity observed in our study is prob-
bly one of the mechanisms involved in renal pathophysiology
isplatin-induced in mice. Supplementation with BBJ did not pro-
ect against the decreased of SOD activity showing that this enzyme
s not related to effect of BBJ.

Consequently, the GST activity was significantly decreased in
isplatin group. Sahu et al. [48] and Wilhelm et al. [22] also
valuated the activity of GST in renal tissue from rats after the
dministration of cisplatin and found a results similar to ours. It
s known that GST is an important group of proteins involved in
etoxification of electrophilic compounds, found intracellularly or

n form of xenobiotics [49]. Thus, the reduction in activity of GST
aused by cisplatin administration shows that alteration in enzyme

ctivity is one of the mechanisms by which cisplatin generated
ephrotoxicity. BBJ supplementation did not modulate GST activity
ltered by cisplatin.
iology 26 (2019) 137–143

For CAT activity, when cisplatin was administered caused sig-
nificantly decreased in activity. The supplementation with BBJ
significantly protected against the decreased in CAT activity.
Decreased of CAT activity in renal tissue observed in our study is
one of the mechanisms involved in renal pathophysiology cisplatin-
induced, corroborating the findings by Ozer et al. [21] and Wilhelm
et al. [22]. In this context, the protection of decreased in CAT activ-
ity is pivotal role for protection by BBJ supplementation against the
renal pathophysiology caused by cisplatin. This nephroprotective
effect of BBJ supplementation shows that prevention of reduction of
CAT activity, is one of the mechanisms by which BBJ modulates the
deleterious effects caused by cisplatin in renal tissue. Confirming
the importance of regulation of CAT activity as a protective mech-
anism in models of renal damage, Ibrahim et al. [50] showed the
role of CAT in a model of renal injury induced by glycerol in rats.
Furthermore, Ozer et al. [22] and Wilhelm et al. [23] demonstrated
the role of CAT in a model of renal damage induced by cisplatin in
rats and mice, respectively.

In view of the foregoing, the bioactive effect of blackberry is
attributed to its high concentration of anthocyanins [2]. According
to Rice-Evans et al. [51], anthocyanins acts as an antioxidant donat-
ing hydrogen to free radicals. Kaume et al. [3] affirmed that cyanidin
3-glucoside and cyanidin 3-rutinoside are the main anthocyanin
compounds present in blackberry in quantitative terms. In a similar
study in aged rats, Shukitt-Hale et al. attributed that the neuropro-
tection caused by blackberry was  due to its compounds cyanidin
3-glucoside and cyanidin 3-rutinoside [52]. Several authors such as
Manach et al. [53], Ferreira et al. [4] and Virgili and Marino [54] have
reported the antioxidant properties of anthocyanins from blackber-
ries. Therefore, the anthocyanins present on BBJ supplementation
may be modulating the pharmacological effects presented in our
study.

5. Conclusion

In this contribution, we have showed that BBJ supplementation
protected against renal pathophysiology induced by cisplatin in
mice. Still, the anthocyanins present in BBJ supplementation seem
to be mediating the pharmacological effects. Therefore, the results
presented in this study added data on functional properties of BBJ,
reinforcing the importance of including BBJ in human diet aimed at
preventing renal diseases.
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