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Objective: This study investigated the cardiotoxicity of cisplatin (CIS) on rat heart
by using the oxidative damage of the rat myocardium, troponin I and serum S100A1
levels. Previous studies have reported that cell-protective effect of Pycnogenol®
(PYC) depended on its antioxidant and anti-inflammatory properties. Hence, the
myocardial protective effect of PYC was investigated in this study.
Materials and Methods: Rats were randomly grouped to four with 5 rats in each
group. The groups were consisted of control group, PYC group: 10 mg/kg PYC for 7
days, CIS group: 15 mg/kg single injection of CIS on the 5th day, CIS + PYC group:
10 mg/kg PYC for 7 days, plus 15 mg/kg single injection of CIS on the 5th day. Heart
and serum samples were acquired subsequently.
Results: CIS and PYC co-treatment group had increased catalase level (from
43.61±15.16 to 60.80±21.36, p<0.019) and prevented troponin I elevation (from
7.34±6.20 to 3.03±1.36). The S100A1 level was significantly reduced by CIS (from
10.25±8.8 to 3.99±2.87, p<0.035) and was restored by PYC treatment (32.07±29.23).
Conclusion: Injured cardiomyocytes released troponin I after exposure to CIS
and PYC, which can protect the cells from CIS cardiotoxicity, increased the tissue
catalase level. Additionally, PYC treatment increased serum level of S100A1.

Öz
Amaç: Bu çalışmada sıçan kalbi üzerinde sisplatin (CIS) kardiyotoksisitesi, sıçan
miyokardı oksidatif hasarını, troponin I ve serum S100A1 düzeyleri kullanılarak
araştırılmıştır. Önceki çalışmalar, Pycnogenol®’un (PYC) hücre koruyucu etkisinin
antioksidan ve anti-enflamatuvar özelliklerine bağlı olduğunu bildirmiştir. Bu
nedenle, bu çalışmada PYC’nin miyokardiyal koruyucu etkisi araştırılmıştır.
Gereç ve Yöntemler: Sıçanlar randomize olarak grup başına 5 olacak şekilde dört
gruba ayrıldı. Kontrol grupları, PYC grubu: 10 mg/kg 7 gün boyunca intraperitoneal
PYC, 5 gün intraperitoneal olarak sisplatinin 15 mg/kg tek doz enjeksiyonu, sisplatin
+ PYC grubu: 10 mg/kg PYC intraperitoneal olarak 7 gün boyunca, artı beşinci
günde 15 mg/kg tek sisplatin enjeksiyonu. Kalp ve serum örnekleri 8. günde elde
edildi.
Bulgular: CIS ve PYC eş-tedavi grubunda katalaz seviyesi artmış (43,61±15,16'dan
60,80±21,36’ya, p<0,019) ve troponin I yükselmesi (7,34±6,20’den 3,03±1,36’ya)
engellenmiştir. S100A1 seviyesi, CIS ile anlamlı ölçüde azalmıştır. (10,25±8,8’den
3,99±2,87'ye, p<0,035) ve PYC tedavisi (32,07±29,23) ile düzeltilmiştir.
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Sonuç: Sisplatin ve PYC’ye maruz bırakıldıktan sonra hasarlı kardiyomiyosit hücrelerinden troponin I salınır ve CIS kordiyotoksisitesinden
koruyabilen doku katalaz seviyesi artar. Ek olarak, PYC tedavisi, S100A1 serum seviyesini arttırdı.

Introduction
Cisplatin (CIS) is an alkylating chemotherapeutic
agent. It is first used by treating ovarian and testis
cancers in 1978 (1). Today, CIS is used for the treatment
of lung, larynx, oral cavity, oropharynx, salivary gland,
germ cell tumors and lymphomas. Nephrotoxicity,
neurotoxicity, ototoxicity, and cardiotoxicity are the
known side effects of the drug (2). The most significant
factors limiting its utilization are nephrotoxicity and
cardiotoxicity that can occur acutely or cumulatively
and by similar mechanisms (3).
Pycnogenol (PYC) is obtained from pine tree
(Pinuspinaster) shell and includes water-soluble
bioflavonoids. PYC is used for medical conditions
associated with oxidative stress such as renal and
hepatic toxicity, tinnitus and diabetes mellitus (4-6).
It was shown to protect against daunorubicin-induced
cardiotoxicity by its antioxidant effect (7). However,
it is not known whether PYC is protective against CIS
cardiotoxicity.
One-Way ANOVA was used for three or more group
comparisons and the Tukey HSD test was used for
multiple comparison tests. If the preconditions are not
met, Kruskal Wallis and the Bonferroni-Dunn test from
multiple comparison tests are used. Correlation analysis
between two continuous variables was also used.
Cardiac injury has been evaluated by oxidative
damage on CIS-induced heart tissue. While troponin
I is a well-known marker of cardiac injury, S100A1
originates in cardiomyocytes (8) and it is not clear
whether its expression correlates with troponin or
can be useful as a new marker of cardio-oncology.
Several studies have been performed about the
cardio protective effects of natural products and found
as promising during the cancer chemotherapy (7,9).
On the other hand, the natural product can behave
as an adjuvant and might further increase the toxicity
of antineoplastic medicine (10). Therefore, the aim
of the study was to investigate the PYC’s efficacy and
safety on CIS induced cardiotoxicity.

Material and Methods
Animals and Experimental Design
Four 6-month-old male Wistar albino rats were
acquired from the Animal Care and Research Unit of

Adnan Menderes University (ADU, Aydın, Turkey). The
experiments were done according to the ADU Animal
Ethical Committee’s approval. This study evaluated
the remained heart tissue of another study about
“the protective effects of PYC® on CIS ototoxicity”
after taking the new approval from the Committee
(64583101/2013/037) to decrease the animal number
used in medical experiments. The experimental
groups were as these:
The rats were weighed and after that they were
randomly assigned to four groups with five rats in
each group.
Control group: Physiologic serum was given
intraperitoneally for seven days and this was the
healthy group.
PYC group: PYC 10 mg/kg (gifted from Horpag
Research Ltd Geneva, Switzerland) was given
intraperitoneally for seven days, beginning from the
first day. The dose was taken from a renal toxicity
research (5).
CIS group: CIS 15 mg/kg single injection (Platinol®,
Bristol-Myers Squibb, İstanbul, Turkey) was administered
intraperitoneally on the 5th day of the study.
CIS+PYC group: PYC 10 mg/kg PYC was given
intraperitoneally for seven days, beginning from the
first day. Furthermore, 15 mg/kg single injection of
CIS was administered intraperitoneally on the 5th day
of the study.
On the 8th day of study, under the anesthesia of
Ketamine (50 mg/kg) and Xylazine (5 mg/kg), the
blood was withdrawn by cardiac puncture, and the
hearts were taken out immediately.
Determination
of
Oxidant/Antioxidant
Parameters in Heart Tissues
Preparation of tissue samples: Rat hearts
were homogenized for 10 minutes at 8000 rpm
using a homogenizator over ice after weighing and
cold chaining in a 50 mM phosphate tamponade
(pH=7.0) (Heidolph, Silentcruster M, Germany).
After homogenization, they were centrifuged with a
refrigerator at +4 °C for 10 minutes and supernatants
were kept at -80 °C (Hermle, Z 400 K, Germany). Tissue
homogenate protein results were obtained as mg/dL
with Abbott urinary protein kit using an autoanalyzer
(Architect, Abbott).
Meandros Med Dent J 2018;19:192-7
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Catalase (CAT) Activity
Aebi method based on kinetic measurement was
used for diagnosis of CAT (11). It is measured by the
reaction which gives rise to water and oxygen from
hydrogen peroxide H2O2.
2 H2O2catalase 2 H2O + O2
		
In this study, CAT activity was detected as a
decrease in H2O2 concentration in a time at 240 nm
in a spectrophotometric (Dynamica Halo DB-20s, UK)
analysis. Homogenates were diluted to a 1:5 dilution
with 50 mM phosphate tamponade (pH=7.0). 1.00
mL H2O2 solution (30 mM) was added to 2.00 mL
homogenate, and absorbance changes were recorded
at 240 nm with 15-second intervals. Same procedures
were reduplicated with randomized samples and
activity, baseline and 30-second absorbances were
calculated. Activity unit was reported as a ratio of
obtained values to tissue protein level in k/mg.
Determination of Troponin and S100A1 in Serum
The blood was centrifuged (Hettich Zentrifugen,
Mikro 200 R, Tuttlingen, Germany) at 10000 rpm
for 10 min at 4 °C and the serum kept at -80 °C until
the analysis. Serum troponin I level was established
with immunoassay on Advia Centaur CP (Siemens,
Germany) autoanalyzer. Rat serum S100A1 levels
were established by using rat protein S100A1 ELISA
kit (Cusabio Biotech, China) and studied on automatic
Elisa plate reader (Biotech ELx800, USA). The optical
density of each well was established within 5 minutes
using a micro plate reader set to 450 nm.
Statistical Analysis
The results of tests were given as the number of
observations (n), mean ± standard deviation, median

and %25-%75 percentage values. In the decision of
which statistical method to apply in the comparison
of the study groups, the results of the homogeneity
(Levene’s test) and normality tests (Shapiro Wilk) were
used. Normally distributed and with homogeneous
variances groups were compared independent three
or more groups by Analysis of Variance. Multiple
comparison tests, the Tukey HSD test was used.
According to those tests results parametric test
assumptions were not available for some variables, so
the comparisons of three independent groups were
performed by Kruskal-Wallis test. Multiple comparison
tests, the adjusted Bonferroni-Dunn test were used.
If the relationship between the two variables does
not satisfy the parametric test prerequisites, the
Spearman Rho correlation coefficient is used. Data
were analyzed using SPPS 20 (IBM Corp. Released
2011; IBM SPSS Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp.) Software. P<0.05 was used
for statistical significance.

Results
Catalase Level in the Heart Tissue
PYC did not affect CAT activity on healthy tissue,
and 15 mg/kg of CIS did not reduce CAT level when
compared to the control group, but co-treatment of
PYC and CIS significantly triggered the antioxidant CAT
level up to 60.80±21.37 (Table 1).
Serum Troponin I and S100 A1 Level
Serum troponin I level of CIS group was found
elevated in the serum, and PYC was found to prevent
the elevation. S100A1 level highly increased after PYC
treatment (Table 1). Heart tissue CAT level showed a

Table 1. Catalase activity in heart tissue and troponin I and S100A1 levels in the serum of all experimental groups
Control
±
Sandard
deviation
(SD)

Pycnogenol (10 mg/kg)
Median
(25%-75%
quartile)

± SD

Median
(25%-75%
quartile)

Cisplatin (15 mg/kg)
± SD

Median
(25%-75%
quartile)

Cisplatin (15 mg/kg/day) +
Pycnogenol (10 mg/kg)
± SD

Median
(25%-75%
quartile)

3.9
3.02±1.36
(2.68-13.72)a

2.84
(1.87-4.37)

0.019*

4.43
(1.07-6.49)

24
(9.34-62.87)

0.049*

Troponin I 1.14±0.52

1.02
(0.78-1.57)

2.19±0.71

2.51
(1.44-2.78)

S100A1

10.25±8.81

7.09
(3-20.78)

5.67±11.44

0.96
4±2.87b
(0.01-13.68)

CAT

38.18±8.17

35.44
34.68
34.19
60.8±21.37b
43.61±15.15
32.67±3.83
(32.4-58.91)
(28.6-35.74)
(31.18-46.19)

7.34±6.2

p

32.07±29.23b

49.72
0.035*
(42.05-76.24)

*p<0,05, Kruskal-Wallis test, One-Way ANOVA, aDifferentFrom Control Group (Bonferroni-Dunn Test), bDifferentFrom Control Group (Tukey HSD test),
CAT: Catalase
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positive correlation with serum S100A1 level; r=0.47
p=0.04. One is increasing, while the other is seen as
an increasingly “moderate” statistically significant
relationship (Figure 1).

Figure 1. Correlation graph between the heart catalase activity
and S100A1 level; r=0.47 p=0.04
CAT: Catalase

Discussion
In our study, it was found that PYC did not have any
effect on CAT activity in healthy tissues and CIS did not
lead to the reduction of the CAT level. However, when
PYC and CIS were used together, they were found to
trigger the antioxidant CAT level. The S100A1 value,
which was found to be positively correlated with the
CAT level in the heart tissue, also increased following
PYC treatment. As expected, serum troponin I level
was found elevated in CIS group, and when PYC was
added to the treatment, this value was reduced due
to the positive effect of PYC.
It might be expected that the adverse effects of
drugs can be seen mostly in elimination organs such
as liver and kidney. Moreover, the heart tissue is highly
perfused; therefore, exposures to the drugs occur in
high concentration. Due to technical problems, we
were unable to assess the oxidant status such as
the status of malondialdehyde (MDA) in the heart;
however, El-Awady et al. (12) found that 10 mg/kg
single dose of CIS significantly increased MDA level
of heart tissue and proved that CIS is harmful to the
heart tissue in animal study. Based on the tissue
levels of CAT found in this study, the CIS 15 mg/kg was
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considered not to consume the CAT activity of the
heart tissue severely; only troponin I level increased
significantly as an early marker for cardiac injury. This
increment was partially protected by PYC treatment
together with increased CAT activity.
In addition to its antioxidant, anti-inflammatory,
and antiplatelet effects, PYC was also shown to
decrease oxidative stress and improve the function
from the endothelium in coronary arterial diseases
(13). Feng et al. (14) investigated the effect of PYC
on cardiotoxicity in mice treated with antineoplastic
drugs. In their study with the experimental mouse doxorubicin model, they showed that PYC did not
antagonize the effect of the antineoplastic agent.
When administered at 150 and 200 mg/kg orally, PYC
was found to prevent doxorubicin cardiotoxicity by
inhibiting the elevation of creatine phosphokinase in
the serum (14). The results related to levels of serum
CAT and troponin I obtained in our rat model with CIS
support this study. The CIS-related cardiac dysfunction
is due to the disruption of the mitochondrial
membrane as well as the ultrastructural abnormalities
seen in mitochondria. It was shown that, following CIS
treatment, the endoplasmic reticulum stress response
and apoptosis were increased in cardiomyocytes (15).
CIS was shown to lead to renal injury by triggering the
formation of mitochondrial reactive oxygen species
in renal tubular cells (16). Since toxicity occurs with
a similar mechanism, the antioxidant treatment
targeting mitochondria was reported to be protective
against CIS-related cardiotoxicity and nephrotoxicity
(17).
On the other hand, it was reported that S100A1
is rich in cardiomyocytes (8) and it is found in
extracellular compartment following heart ischemia
(18). The other member of S100 family, S100B protein
expression was suggested as a new forensic marker
for cocaine-induced heart injury (19). The crucial role
of S100A1 for cardiac performance and contractility
was reported (20,21). In our study, reduced release
of S100A1 from injured cardiomyocytes to serum
after CIS exposure was demonstrated, which was
concordant with our previous study (22). Lapatinib
and trastuzumab decreased S100A1 expression in
a ratio of %75. In our study, we did not report any
correlation between S100A1 and troponin I. Moreover,
a positive correlation was found between S100A1
and CAT activity. A raised level of S100A1 due to the
Meandros Med Dent J 2018;19:192-7
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concomitant application of PYC and CIS may give rise to
the hypothesis of the beneficial effect of PYC together
with anticancer drugs for decreasing cardiotoxicity.
Studies using PYC to prevent cardiotoxicity in patients
using cardiotoxic oncologic agents may be important
in the future.

Conclusion
Single dose of CIS 15 mg/kg was enough to produce
myocardial damage, as proven by troponin I level in
this experimental rat model. We demonstrated that
PYC treatment partially prevented the detrimental
effect by increasing CAT activity which is in correlation
with S100A1.
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