The effect of oxaliplatin on heart tissue of the rats
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Abstract

Aim: This study investigates the cardiotoxicity of Oxaliplatin (OXA) on rat heart by using oxidative stress parameters on myocardium and troponin | and ST00A1
levels of serum. Material and Method: Acute OXA treatment (4 mg/kg/1*, 3™ and 5" days) has been administered to the 6-8 months old rats. The heart and
serum samples were obtained at 7" and 14" days of the study. Chronic OXA treatment was (4 mg/kg/two days of week/4 weeks) administered, rats were
sacrificed and heart and serum samples were obtained at the 28" day and at the 2* day following the completing administration of drugs. Results: The results
of all OXA treatment group’s antioxidant levels and serum cardiotoxicity markers; troponin | and S100 A1 levels were not significantly different compared to

the control group (p>0.05). Discussion: OXA did not produce significant oxidative myocardial damage when given 4 mg/kg in acute and chronic administration.

Oxa treatment seems safe in terms of cardiotoxicity.
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Introduction

Chemotherapeutic agents are thought to have the potential to
damage cardiac tissue. The risk and mechanism of chemother-
apy-induced cardiotoxicity may vary depending on the type and
severity of the anticancer regimen. Numerous chemotherapeu-
tic drugs may cause adverse cardiovascular side effects such
as arterial hypertension, heart failure, and thromboembolic
events. Anthracyclines (eg., doxorubicin, epirubicin, daunorubi-
cin, idarubicin) have been extensively studied because of the
high incidence of cardiac insufficiency due to cardiotoxicity and
significant cardiovascular effects [1,2]. However, cardiotoxicity
may also occur with other chemotherapeutic agents including
alkylating agents (cyclophosphamide, ifosfamide), platinum
agents, antimetabolites (5-fluorouracil, capecitabine), antibi-
otics (mitoxantrone, mitomycin, bleomycin) and antimicrobial
agents (taxanes) [3].

Although cardiotoxicity has been reported by oxidative stress
induced by cisplatin-related reactive oxygen metabolites from
platinum group chemotherapeutics, fewer studies have been re-
ported on oxaliplatin(OXA) cardiotoxicity [4,5,6].

For this reason, in this study; we studied whether cardiotoxicity
was present in the acute or chronic administration of OXA or
not. If such a side effect is present, the recycling of this toxicant
was assessed with biochemical markers of damage.

Material and Method

Animals and experimental design

Wistar rats, 6-8 months old albino male, were obtained from
Animal Care and Research Unit of Adnan Menderes University
(ADU, Aydin, Turkey) all experiments were performed according
to the principles and guidelines of ADU Animal Ethical Commit-
tee’s approval. This study mainly planned to assess the ototoxic
effect of OXA, but the remained tissues have been evaluated on
cardiotoxicity to decrease the animal number used in medical
researches (HADYEK, 64583101/2014). 4 mg/kg OXA (Eloxa-
tin®, Sanofi, U.S.) have been diluted in 5% glucose solution just
before intraperitoneal (i.p.) administration. The experimental
groups were as follows:

Control (n=7): The rats in this group were administered 5% glu-
cose solution i.p.

Acute OXA treatment (n=7): Animals with OXA treatment on the
1st, 3rd and 5th days of the study, animals were sacrificed at
day 7.

Acute OXA treatment + waiting period (n=7): Animals with OXA
treatment on the 1st, 3rd and 5th days of the study, animals
were sacrificed at day 14 to see the OXA effect one week later
after drug cessation.

Chronic OXA treatment (n=7): OXA was injected two days in a
week (Monday and Thursday) for 4 weeks, and the rats were
sacrificed on the 28th day.

Chronic OXA treatment + waiting period (n=7): OXA was in-
jected two days in a week (Monday and Thursday) for 4 weeks.
The rats were sacrificed 21 days after the completion of the
injections.

In each group at the end of the study time, the blood was with-
drawn by cardiac puncture and the tissues taken out were im-
mediately placed on ice, under the anesthesia of Ketamine and
Xylazine (50 mg/kg and 5 mg/kg, respectively).

Determination of oxidant/antioxidant parameters in heart tis-
sues

Dissected heart tissues were immediately rinsed in ice-cold
phosphate-buffered saline. Tissues were homogenized (2000
rpm/min for 1 min, 1/10 w/v) using a Teflon-glass stirrer (IKA
Overhead Stirrer; IKA-Werke GmbH & Co. KG, Staufen, Germa-
ny) in 10% 150 mM phosphate buffer (pH 7.4) in an ice bath.
The homogenate was centrifuged (HettichZentrifugen, Mikro
200 R, Tuttlingen, Germany) at 6000 g for 10 min at 4°C. The
supernatants were frozen at -80°C (Glacier Ultralow Tempera-
ture Freezer, Japan) until analyzed.

Protein concentrations in supernatants were measured by
aspectrophotometer (Shimadzu UV-1601, Kyoto, Japan) us-
ingcommercially available kits by the Biuret method (Archem
Diagnostic Ind. Ltd., Istanbul,Turkey) and the results are ex-
pressed as mg/ml protein.

Malondialdehyde(MDA) level

The concentrations of MDA were determined according to
the method of Yoshioka et al. [7]. The tissue homogenate was
used for the lipid peroxidation estimation, which was applied
by measuring the formation of thiobarbituric acid reactive
substances (TBARS). Absorbance was measured by using a
spectrophotometer at 532 nm. The concentration of MDA was
calculated by the absorbance complex (absorbance coefficient
€=1.56x105/M/cm) and expressed as nmol/mg tissue protein.

Total glutathione (GSH) level

The amount of GSH in supernatants were measured accord-
ing to the method described by Tietze [8]. The supernatant was
used to determine GSH using 5,5-dithiobis (2-nitrobenzoic
acid) (DTNB). Absorbance was spectrophotometrically deter-
mined at 412 nm. The results were determined by comparison
with a standard aqueous solution of GSH (Sigma ChemicalCo.,
St. Louis, Missouri, USA) and expressed as mg/g tissue protein.

Catalase (CAT) activity

CAT activity was determined according to the method of Berg-
meyeret al. [9], and was measured spectrophotometrically at
240 nm. The principle of the assay was based on the determi-
nation of the rate constant of hydrogenperoxide decomposition
by the CAT enzyme and expressed as k/mg tissue protein.

Superoxidedismutase (SOD) activity

SOD activity was determined according to the method of Sun
et al. [10], and the absorbance was measured at 560 nm by a
spectrophotometer. The principle of this method is based on
the inhibition of nitro blue tetrazolium reduction by the xan-
thine on xanthine oxidase system as a superoxide generator.
SOD activity was then measured by the degree of inhibition of
this reaction and the results are shown as U/mg tissue protein.
All these enzyme activity assays were analyzed in duplicate, and
were averaged.

Determination of Troponin and ST00AT in serum

The blood was centrifuged (HettichZentrifugen, Mikro 200 R,
Tuttlingen, Germany) at 10000 g for 10 min at 4°C and the
serum kept at -80°C until analyzed. Serum Troponin | levels
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were determined with immunoassay on Advia Centaur CP (Sie-
mens, Germany) autoanalyzer. Rat serum S100A1 levels were
determined by using rat protein STO0A1 ELISA kit (Sensitivity
1.56 ng/ml; Cusabio Biotech, China), according to the manufac-
turer instructions and studied on Bioctechautomatic Elisa plate
reader (USA). The optical density of each well was determined
within 5 minutes using a micro plate reader set to 450 nm.

Statistical analysis

Statistical package program SPPS 20 (IBM Corp. released
2011; IBM SPSS Statistics for Windows, Version 20.0, Armonk,
NY: IBM Corp.) was used to evaluate the data. Variables, mean +
standard deviation and median (Maximum-Minimum) percent-
age and frequency values were used. Also, the homogeneity of
the variances from the preconditions of the parametric tests
was checked by the “Levene” test. The assumption of normality
was checked by the “Shapiro-Wilk” test. For three or more group
comparisons, One-way analysis of variance and multiple com-
parisons of Tukey HSD test was used and if it was not provided
by this test Kruskal Wallis, and Bonferroni-Dunn test of multiple
comparison tests were used.

If the relationship between the two variables does not satisfy
the parametric test prerequisites, the Spearman Rho Correla-
tion Coefficient is used. Statistical significance level was ac-
cepted as p <0.05.

Results

Tissue SOD, CAT, GSH and MDA levels

None of the results in all acute, acute waiting, chronic and
chronic waiting OXA treatment group’s SOD, CAT, GSH and
MDA levels were significantly different from the control group
(p>0.05). These antioxidants have shown that OXA does not
cause oxidative damage in our study protocol (Table 1).

Serum cardiac parameters

Troponin | and S100 A1 level

Serum cardiotoxicity markers; troponin | and S100 A1 level
changes in all of the acute, acute waiting, chronic and chronic
waiting OXA treatment groups were not significantly different
compared to the control group(p>0.05 )(Table 2).

Discussion

Cardiotoxicity was investigated by using biochemical param-
eters. First, the (anti)oxidative status of the heart tissue has
been evaluated after the exposure of OXA. Secondly, troponin

Table 1. Antioxidant and oxidant status in heart tissues of OXA treated rats in
different treatment scheme.

Groups Parameters
MDA CAT SOD GSH
(nmol/mg ~ (nmol/mg (U/mg (U/mg
protein) protein) protein) protein)
Control 2.30+0.86 38.18+8.17 5.51+1.35 1.70£0.23
Acute Oxaliplatin 1.36+1.05 40.54+9.48 4.39:0.37 1.76x0.21
Acute Oxaliplatin+ 1.52+0.37 22.29+8.47 5.70+2.89 1.83:0.32
waiting period
Chronic Oxaliplatin 1.71+0.37 53.35+12.93 6.28+3.24 1.40+0.43
Chronic Oxaliplatin+ 1.44:023 34.48+18.83 542:2.08 1.74:0.22

waiting period

Table 2. Serum troponin | and STO0AT1 levels of all groups.

Groups Troponin | (ng/ml) ~ STO0AT(ng/ml)
Control 1.14+0.52 10.25+8.81
Acute Oxaliplatin 1.36+0.78 5.62+2.38
Acute Oxaliplatin + waiting period 2.05+1.66 7.40+4.09
Chronic Oxaliplatin 2.12+1.39 8.31+2.19
Chronic Oxaliplatin +waiting period ~ 5.15+4.30 6.37+2.78

| levels have been assessed as well-known markers of cardiac
injury to clarify whether OXA is harmful. Thirdly, the ST00A1
level of serum was investigated as a possible new marker of
onco-cardiology.

The heart muscle is highly perfused, therefore it's exposure is
only possible by high concentration drugs. Based on the tis-
sue levels of SOD, CAT, GSH and MDA results of this study, the
administration of OXA in these acute and chronic routes did
not severely induce oxidative stress in the heart. Troponin | and
S100 A1 levels in the serum as indicators of cardiac damage
were also not detected in the control group, indicating that car-
diotoxicity did not occur.

SOD and CAT are primary antioxidant enzymes. Hydrogen per-
oxide (H202), superoxide anion (02) and hydroxyl radicals are
biologic products of reduction of oxygen (02) molecules; these
antioxidant enzymes protect the organism against these radi-
cals [11,12].

In an experimental animal study of the hepatic toxicity of OXA
in vitro conditions by Tabassum et al.,, mitochondria were incu-
bated with OXA. Similar to our study, SOD antioxidant enzyme
was also evaluated. Unlike our study, SOD enzyme was found
to be significantly higher than the control in the group treated
with 500 pmolOXA [13].However, in our study, by not determin-
ing increased SOD enzyme in heart tissue in any of the acute
and chronic administration groups at 4 mg/kg dose we found
that OXA didn’'t have a cardiotoxic effect.

OXA in combination with 5-fluorouracil was found to cause car-
diotoxicity due to elevated troponin | in an animal study [14].
However, as a platinum group chemotherapeutic agent, OXA is
reported to have a much lower toxic effect than cisplatin [15].
However, OXA alone has not been studied for toxic effects on
heart tissue. In our study, we did not detect the cardiotoxic ef-
fect of OXA in serum and tissue markers. However, not studying
the cardiotoxic effect at different doses is one of the limitations
of our study.

In an experimental animal study in which cardiotoxicity was as-
sessed by platinum-based chemotherapeutics, in accordance
with the literature, a significant increase in MDA levels in com-
parison with the control group was found while SOD and GSH
were found to be significantly decreased in mice given 10 mg/
kg IP cisplatin [16]. In our study, there was no significant differ-
ence between OXA and these enzymes compared to the control
group.

It has been reported that STO0A1 is most abundant in cardio-
myocytes [17] and finds in the extracellular compartment after
heart ischemia [18]. In our previous study, we have shown the
disruption of S100 A1 after exposure of lapatinib or trastuzum-
ab therapy [19]. Beside of the Troponin | and MDA levels, S100
A1 level did not give any significant changing value.

As a conclusion, OXA did not produce significant oxidative myo-
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cardial damage when given 4 mg/kg. We clearly demonstrated
that OXA treatment alone did not show detrimental effect when
given acute and chronic administration.
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