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Abstract

Background. Cisplatin, used in cancer treatment, has toxic and apoptotic effects on the peripheral nervous
system. Rutin, also known as vitamin P, has antioxidant and antiapoptotic activity.

Objectives. The purpose of this study was to investigate the biochemical and histopathologic efficacy of rutin
on neurotoxic and apoptotic effects caused by cisplatin in the peripheral nervous system.

Material and methods. Twenty-four albino Wistar male rats were divided into the following 4 groups:
control group (CG), only cisplatin-injected group (C15), cisplatin and rutin 50 mg/kg (RG-50)-injected group,
and cisplatin and rutin 100 mg/kg (RG-100)-injected group. Analyses were performed on sciatic nerve tissue
of experimental animals. Analyses of malondialdehyde (MDA), total glutathione (tGSH), glutathione reductase
(GSHRd), glutathione-s-transferase (GST), and superoxide dismutase (SOD) were performed. Caspase-3
expression in nerve tissue was also investigated. The analyzed groups were compared with (G.

Results. Biochemical investigation shows that there is a statistically significant difference between (G and
only (IS and RG-50. Control group and RG-100 were found to be similar. Cisplatin-induced changes were
observed in histopathological analysis of the nerve tissue. The RG-100 and (G were found to be similar.
The caspase-3 expression in the neural tissue was compared between groups. Control group and CIS were
found to be different. Control group and RG-100 were found to be similar.

Conclusions. Antioxidant and antiapoptotic effectiveness of rutin was detected against the toxic effects
caused by cisplatin in the peripheral nerve tissue.
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Introduction

Cisplatin is an old and important drug used in the treat-
ment of cancer. It is used in many types of cancer. The main
side effects are ototoxicity, nephrotoxicity and neurotoxic-
ity, which are dose-limiting. Cisplatin causes peripheral
neuropathy due to its toxic effect on peripheral nerve dorsal
root ganglia.! The occurrence of peripheral neuropathy
causes a reduction in dose and early termination of treat-
ment. Pathophysiological mechanisms leading to the for-
mation of peripheral neuropathies are oxidative damage, in-
flammation, mitochondrial dysfunction, DNA damage, and
apoptosis.2 Due to the absence of protection, like a blood-
brain barrier in central nervous system, peripheral nerves
can easily be exposed to toxic effects. Patients complaining
of numbness in the form of glove-socks, clinical absence
or reduction of deep tendon reflexes, decrease of distal
vibration, and proprioceptive sensations are observed.
Morphologic changes and deterioration of mitochondrial
DNA transcription and replication in neuronal mitochon-
dria were demonstrated during cisplatin treatment. Energy
deficit, which is one of the causes of peripheral neuropathy,
can take place due to the deterioration of mitochondrial
functions. Cisplatin leads to an increased level of reactive
oxygen species (ROS), which, in turn, causes an increase
in lipid peroxidation and a decrease in catalase and gluta-
thione peroxidase activity, consequently leading to apop-
tosis due to an excessive increase in caspase-3 expression.?

Oxidative stress stems from an insufficient detoxifica-
tion of the biological system with increased ROS. Lipid
peroxidation causes many compounds that are harmful
to the cells. Arachidonic acid is an omega-6 fatty acid that
can be a source of hydrogen atoms for free radicals found
in cell membranes. Malondialdehyde (MDA) is the major
metabolite of arachidonic acid and a reliable biomarker
of oxidative stress. Following the MDA level makes it is pos-
sible to follow also lipid peroxidation. The MDA level
in blood plasma or tissue homogenates is one of the most
useful factors in determining oxidative stress.* Neurotoxic-
ity has been associated with increased oxidative stress and
decreased glutathione levels. Glutathione-s-transferase
(GST) is a key enzyme in the defense of the cells against
oxidative stress. The main function of GST is detoxifica-
tion of ROS and other oxidative stress products through re-
duced glutathione.” Glutathione reductase (GSHRd) is re-
sponsible for providing reduced glutathione, which is one
of the most important factors in controlling intracellular
ROS. It acts as an electron donor for antioxidant enzymes,
such as GST.® Superoxide radical anion forms from free
radicals in the cell after aerobic respiration. Superoxide
dismutase (SOD) transforms and consumes this formed
radical. As a result, it is important to prevent oxidative
stress.” Oxidative stress can lead to apoptosis by activat-
ing the pathways. Apoptosis occurs after the activation
of caspase enzymes. Caspase-3 is at the end of this path
and can be activated by both the internal and external
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pathway. For this reason, caspase-3 may be considered
to reflect the general characteristics of apoptosis.®

Rutin is an important flavonoid that is consumed
in a daily diet and is found in many vegetables and fruits.
It is also known as vitamin P. The protective and anti-
inflammatory activity of rutin has been shown in many
studies. It inhibits the peroxidation of low-density lipo-
protein (LDL). It also reduces oxidative stress and inflam-
mation and normalizes caspase-3 expression.’ Rutin, due
to its free radical consumer efficacy, prevents the toxic
effects of oxidative stress by inhibiting the effects of ROS
and shows neuroprotective activity.!°

The toxic effect of cisplatin on the peripheral nerves was
investigated in many studies. However, there was no study
showing the protective effect of rutin in preventing these
side effects of cisplatin. Therefore, the aim of this study
was to investigate the neuroprotective and antiapoptotic
effectiveness of different doses of rutin on the side effects
of cisplatin in biochemical and histopathologic rat experi-
ments. For this purpose, MDA, GST, GSHRd, and SOD
levels, and caspase-3 expression were measured in experi-
mental animals and compared with the control group.

Material and methods

Animal experiments were performed in accordance with
the National Guidelines for the Use and Care of Laboratory
Animals and were approved by the local animal ethics com-
mittee of Atatiirk University, Erzurum, Turkey (Ethics Com-
mittee approval No. 1700238627 dated August 25, 2017).

Study animals

A total of 24 albino Wistar male rats weighing 250—
265 g were used in the study. The animals were obtained
from Atatiirk University Medical Experimental Applica-
tion and Research Center. Before the experiments, the ani-
mals were housed and fed in groups at room temperature
(22°C) for 7 days under appropriate conditions.

Chemical substances

The following chemical substances were used for the ex-
periments: cisplatin vials (50 mg/100 mL; Cisplatin-Ebewe)
were provided by Liba Laboratuarlar1 A.S. (Istanbul, Tur-
key), rutin (in tablet form) was provided by Solgar America
(Leonia, USA) and thiopental sodium was obtained from
IE Ulagay Ilac Sanayii Turk A.S. (Istanbul, Turkey).

Experiment groups and procedure

The animals were divided into only cisplatin-treated
group (CIS), cisplatin + 50 mg/kg rutin (RG-50)-treated
group, cisplatin + 100 mg/kg rutin (RG-100)-treated group,
and control group without any treatment (CG).
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In the course of the experiment, RG-50 (n = 6) received
50 mg/kg of rutin and RG-100 group (n = 6) received
100 mg/kg of rutin by oral gavage. In previous experimen-
tal studies, these doses of rutin were found to be effec-
tive.!! For CIS (n = 6) and CG (n = 6), only distilled water
was intraperitoneally (ip.) injected as solvent in the same
volume (0.5 mL). One hour after rutin and distilled water,
cisplatin 5 mg/kg was administered ip. to all groups, except
CG. It is a common practice that drugs protecting tissues
against the toxic effect of cisplatin are given to experi-
mental animals 1 h before cisplatin.!? Rutin and distilled
water were administered once a day for 8 days. Cisplatin
was administered every 2 days for 8 days.

At the end of this period, the sciatic nerve was removed
from the animals, which were killed with a high dose
of thiopental sodium. The attained samples were inves-
tigated biochemically and histopathologically. All results
obtained from the experiments were compared with CG.

Malondialdehyde analysis

For the MDA measurement, we adhered to the method
used by Ohkawa et al.!® This method is based on the spec-
trophotometric measurement of the absorbance of the pink
complex formed by MDA with thiobarbituric acid (TBA)
at high temperature (95°C) and 532 nm wavelength.
The homogenates were centrifuged at 5,000 g for 20 min
and these supernatants were used to determine the amount
of MDA. Briefly, 250 pL of homogenate, 100 pL of 8% so-
dium dodecyl sulfate (SDS), 750 pL of 20% acetic acid,
750 uL of 0.08% TBA, and 150 pL of purified water were
vortexed into the capped test tubes. The mixture was al-
lowed to incubate at 100°C for 60 min, after which 2.5 mL
of n-butanol was added and spectrophotometric mea-
surements were taken. The resulting red color quantities
were read at 532 nm using 3 mL cuvettes, and the MDA
concentration of the samples was determined by taking
the dilution coefficients into account using the standard
graphic generated with the previously prepared MDA stock
solution.

Total glutathione analysis

The amount of GSH in the total homogenate was mea-
sured according to the method used by Sedlak and Lindsay,
with some modifications.'* The sample was weighed and
homogenized in 2 mL of 50 mmol/L of Tris—HCI buffer
containing 20 mmol/L of ethylenediaminetetraacetic acid
(EDTA) and 0.2 mmol/L of sucrose at pH 7.5. The homog-
enate was immediately precipitated with 0.1 mL of 25%
trichloroacetic acid, and the precipitate was removed af-
ter centrifugation at 4,200 rpm for 40 min at 4°C, and
the supernatant was used to determine GSH level. A total
0f 1,500 pL of measurement buffer (200 mmol/L Tris—HCl
buffer containing 0.2 mmol/L of EDTA at pH 7.5), 500 pL
of supernatant, 100 uL of 5,5-dithiobis (2-nitrobenzoic
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acid), also known as Ellman’s reagent (DTNB) (10 mmol/L),
and 7,900 pL of methanol were added to a tube, vortexed
and incubated for 30 min in 37°C. The DTNB was used
as an chromogen and it formed a yellow-colored complex
with sulfhydryl groups. The absorbance was measured
at 412 nm, using a spectrophotometer (Beckman DU 500;
Beckman Coulter, Brea, USA). The standard curve was
obtained using a reduced glutathione.

Glutathione reductase analysis

Glutathione reductase activity was determined spec-
trophotometrically by measuring the rate of NADPH oxi-
dation at 340 nm according to Carlberg and Mannervik
method.!® After tissue homogenization, supernatant was
used for GSHRd measurement. After the NADPH and
glutathione disulfide (GSSG) addition, chronometer was
on and absorbance was measured with spectrophotometric
methods for 5 min by 30-minute intervals at 340 nm.

Glutathione-s-transferase activity

Glutathione-s-transferase activity was performed ac-
cording to the method used by Habig and Jakoby.!° Briefly,
the activity of the enzyme was assayed spectrophotometri-
cally at 340 nm in a 4 mL cuvette containing 0.1 M of PBS
(pH 6.5), 30 mM GSH, 30 mM of 1-chloro-2,6-dinitroben-
zene and tissue homogenate.

Superoxide dismutase analysis

Superoxide dismutase analysis performed according
to the method used by Sun et al./” When xanthine is con-
verted into uric acid by xanthine oxidase, SOD forms.
If nitro blue tetrazolium (NBT) is added to this reaction,
SOD reacts with NBT and a purple-colored formazan
dye occurs. The sample was weighed and homogenized
in 2 mL of 20 mmol/L phosphate buffer containing
10 mmol/L of EDTA at pH 7.8. The sample was centri-
fuged at 6,000 rpm for 10 min and then the brilliant su-
pernatant was used as an assay sample. The measurement
mixture containing 2,450 puL of measurement mixture
(0.3 mmol/L of xanthine, 0.6 mmol/L of EDTA, 150 pumol/L
of NBT, 0.4 mol/L of Na,COs, 1 g/L bovine serum albu-
min), 500 pL of supernatant, and 50 puL of xanthine oxidase
(167 U/L (unit /liter)) was vortexed. Then, it was incubated
for 10 min. At the end of the reaction, formazan appeared.
The absorbance of the purple-colored formazan was mea-
sured at 560 nm. As more of the enzyme exists, the least
02" radical that reacts with NBT occurs.

Histopathologic analyses
The sciatic nerve tissue attained from the rats was fixed

in 10% formalin solution for 24 h. Four micron thick sec-
tions were obtained from the paraffin blocks after routine



1540

tissue procedure and stained with hematoxylin and eosin
(H&E). All sections were evaluated using a light micro-
scope (Olympus BX 52; Olympus, Tokyo, Japan) by a pa-
thologist who did not know which treatment protocol was
applied to samples.

Immunohistochemical procedures

For immunohistochemical staining, primary antibodies
of caspase-3 antibody Cat: RB-1197-P0, Lot: CPP32, Ab-4
(Santa Cruz Biotechnology, Dallas, USA, TX:1/100, and Cell
Signaling Technology Inc, Danvers, USA) were used. Sec-
tions were stained using a fully automated immunohisto-
chemistry (IHC) device (Leica Bond-Max; Leica Biosystems,
Melbourne, Australia). After being processed in the IHC
device, sections were dehydrated through a graded series
of ethanol to xylene and enclosed with a mounting me-
dium (Entellan; Merck Millipore, Darmstadt, Germany).
From the rat sciatic nerve samples incubated in 10% forma-
lin solution for IHC processing, 4 um thick sections were
cut on a positively charged microscope slide. The results
of the analysis under Olympus BX51 microscope were evalu-
ated based on the caspase-3 staining of the sciatic nerve
using the grading system described below. In this evalua-
tion, diffuseness and intensity were considered separately.
Diffuseness represents the areas the dye can be found and
the intensity represents the intensity of coloration. For
diffuseness, grade I represent coloration in less than 10%,
grade II represents coloration 10-50%, and grade III repre-
sents coloration in more than 50% of the cells. For intensity,
grade I represent mild, grade Il represents intermediate and
grade III represents intense coloration of the cells.

Statistical analysis
The results were presented for continuous variables

as mean * standard deviation (SD), median and minimum-—
maximum. The normality of distribution for continuous

Table 1. Antioxidant levels according to study groups

Groups

Variables
CG CIS
MDA 120018 a5t s
st 37.60-41 090511
Gt 543560 140019
s 64 60-69) 211729
s00 s615-62 121002
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variables was confirmed with the Kolmogorov—Smirnov
test. For comparison of independent continuous variables
between 3 groups, analysis of variance (ANOVA) was used.
Homogeneity of variances was confirmed with Levene’s
test. While comparing 2 groups, least significant differ-
ence (LSD) was used as post-hoc test. The statistical level
of significance for all tests was considered to be 0.05. A sta-
tistical analysis was performed using the IBM SPSS v. 19
package program (IBM Corp., Armonk, USA).

Results

The results of biochemical analysis in the 4 groups are
shown in Table 1. When MDA (pmol/g protein) mean levels
were compared in the study groups, a statistically signifi-
cant difference was found between the groups (p < 0.001).
In order to determine the group that made the difference,
binary comparisons were made, and CG and RG-100 were
found to be similar (p = NS). Cisplatin-injected group and
RG-50 were found to be different from each other, RG-100
and CG (for all other comparisons p < 0.001).

When tGSH (nmol/g protein) mean levels were com-
pared in the study groups, a statistically significant differ-
ence was found between the groups (p < 0.001). In order
to determine the group that made the difference, binary
comparisons were made, and CG and RG-100 were found
to be similar (p = NS). Cisplatin-injected group and RG-50
were found to be different from each other, RG-100 and
CG (for all other comparisons p < 0.001).

When GSHRd (U/g protein) mean levels were compared
in the study groups, a statistically significant difference
was found between the groups (p < 0.001). In order to de-
termine the group that made the difference, binary com-
parisons were made and CG and RG-100 were found to be
similar (p = NS). When CG was compared with CIS and
RG-50, it was concluded that the averages were statisti-
cally different (p = 0.002, p = 0.012, respectively). When

RG-50 RG-100 PRI
2‘2'(623(};) 1;?1 3?230) <0001
1.;?1 %5(3221 ) 3.13 ‘(]2.1;?;6) <0001
2.;(61 3?55.2) 4.74 '(2.31';.9) <0001
" 4(]3.4_;?'436) 60 k15.2(—)26) <0001
2.3?1 3?519) 55 A(]4§(j‘55.7) <0001

Variables are shown as mean + standard deviation (SD), median (minimum-maximum); CG - control group; CIS - cisplatin-injected group; RG-50 - cisplatin
and rutin 50 mg/kg-injected group; RG-100 - cisplatin and rutin 100 mg/kg-injected group; MDA — malondialdehyde; tGSH - total glutathione;
GSHRd - glutathione reductase; GST - glutathione-s-reductase; SOD - superoxide dismutase.
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Fig. 1. A — healthy nerve tissue; the straight arrow points to the epineurium, the arrow with a circle at the endpoints to the perineurium, the two-way arrow
shows the nerve fibers; B — CIS, destruction (arrow with a line at the end), edema (two-way arrow), dilate blood vessels (simple arrow) are seen in the nerve
tissue; C — RG-50, there is only edema on the tissue (two-way arrow); D — RG-100, appearance similar to normal nerve tissue

the CIS was compared with RG-50 and RG-100, a statisti-
cally significant difference was found (p = 0.006, p = 0.002,
respectively). When RG-50 was compared with RG-100,
a statistically significant difference was found between
GSHRA averages (p = 0.018).

When the mean levels of GST (U/g protein) were com-
pared in the study groups, statistically significant differ-
ence was found between the groups (p < 0.001). In order
to determine the group that made the difference, binary
comparisons were made and CG and RG-100 were found
to be similar (p = NS). Cisplatin-injected group and RG-50
were different from each other, RG-100 and CG (for all
other comparisons p < 0.001).

When the mean levels of SOD (U/g protein) were com-
pared in the study groups, statistically significant differences
were found between the groups (p < 0.001). In order to deter-
mine the group that made the difference, binary comparisons

were made and CG and RG-100 were found to be similar
(p = NS). When CG was compared with CIS and RG-50,
the averages were statistically found to be different (p < 0.001
and p < 0.001, respectively). When the CIS was compared
with RG-50 and RG-100, a statistically significant difference
(p = 0.009 and p < 0.001, respectively) was found. When
RG-50 and RG-100 were compared, there was a statistically
significant difference between SOD averages (p < 0.001).

Biochemical examinations of CG, CIS, RG-50, and
RG-100 are shown in Table 1. Histopathological ex-
aminations of CG, CIS, RG-50, and RG-100 are shown
in Fig. 1A-D. Figure 1A shows a healthy tissue section
in CG. Figure 1B demonstrates destruction, edema and di-
late blood vessels in the sciatic nerve tissue formed by cis-
platin in CIS. Figure 1C illustrates only edema in the sciatic
nerve tissue in RG-50. Figure 1D shows similar appearance
to normal nerve tissue in RG-100.
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magnification: 20x

magnification: 20x

magnification: 20x

] | magnification: 20x

Fig. 2. A - the findings of caspase-3 expression, grade | density (mild) in the CG; B — grade Il density (intermediate) in CIS; C — grade Il density (intermediate)

in the RG-50; D — grade | density (mild) in the RG-100

Analysis of caspase-3 expressions of CG, CIS, RG-50,
and RG-100 are shown in Fig. 2A-D. Caspase-3 expres-
sion is more extensive in CIS and RG-50 than in CG and
RG-100.

Discussion

The peripheral neurotoxic effects of cisplatin have been
demonstrated in many studies. Neurotoxicity is the major
dose-limiting side effect of cisplatin. Cisplatin increases
the production of free oxygen radicals and reduces anti-
oxidants, thereby destroying the oxidant and antioxidant
balance. It also increases MDA levels.!®

Rutin reduces MDA levels by decreasing lipid peroxida-
tion.' In the present study, a significant increase in MDA

levels was observed in the samples treated with cisplatin.
By contrast, significant reductions in MDA levels appeared
after the use of rutin. This result is in line with the previ-
ously mentioned studies.

Total GSH levels are reduced by the use of cisplatin. To-
tal GSH levels increase and become similar to CG with
rutin (it increases tGSH activity depending on the dose).
The present study is consistent with the study by Abarikwu
et al., who showed that rutin had a protective effect on
tGSH levels.?°

Glutathione reductase is responsible for providing re-
duced glutathione in the cell. In the present study, GSHRd
levels were decreased significantly in CIS compared to CG.
GSHRAd levels were significantly increased depending
on the dose in both RG-50 and RG-100 after use of rutin.
Thus, GSHRd levels in RG-100 reached similar values with
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the CG. These results are consistent with the work of Uma-
rani et al., who observed a significant increase in GSHRd
activities after application of rutin in 50 mg/kg and rutin
70 mg/kg doses to rats.!’

In the present study, GST levels were decreased signifi-
cantly in CIS compared to CG. Glutathione-s-transferase
levels were increased in RG-50 and reached the same val-
ues as in CG with the use of rutin in 100 mg/kg dose.
In one study, cisplatin caused a significant reduction
of GST levels.?! In another study, GST levels significantly
increased with the use of rutin.?? Both results were repli-
cated in our experiment.

In the present study, SOD levels were the lowest in CIS
and were different from CG. The use of rutin in doses
of 50 mg/kg and 100 mg/kg resulted in increased SOD
levels similar to those in CG. In some experiments, the use
of cisplatin decreased the SOD levels in cells.?? Superoxide
dismutase levels were observed to increase with the use
of rutin.?* Our findings are in line with the previous data.

A histopathological examination has demonstrated
that cisplatin causes toxic effects in peripheral nerves.
It has been shown that these toxic effects were improved
with increasing rutin doses and became similar to CG.
In earlier studies, the peripheral neurotoxic effect of cis-
platin in sciatic nerves had histopathological evidence.?
It has been shown that rutin reduces neuronal damage
and gliosis.?®

An increase in caspase-3 expression was observed in CIS
as well as in RG-50. Decrease in caspase-3 in RG-100 ex-
pression was similar to that in CG. It has been shown that
caspase-3 expression increases with the use of cisplatin.
A decrease in caspase-3 expression was detected in ex-
periments with animals who received cisplatin together
with rutin. The present study is compatible with the study
by Arjumand et al., who showed that rutin attenuated cis-
platin-induced apoptosis by reducing caspase-3 expression
in Wistar rats.?”

Conclusions

Our biochemical, histopathological and immunochemi-
cal investigations have confirmed that cisplatin causes oxi-
dative damage in the sciatic nerve. It has been found that
100 mg/kg of rutin reduces oxidative nerve tissue damage
induced by cisplatin more significantly than 50 mg/kg
of rutin. Our experimental results and the existing litera-
ture suggest that rutin is an important agent in preventing
dose-limiting side effects of cisplatin.
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