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Abstract

Tropisetron, a 5-HT3 antagonist receptor, is commonly used for the prevention of emesis following chemotherapy.
Lines of evidence point to the anti-inflammatory and immune modulatory properties of tropisetron.

The current study aims to investigate whether tropisetron is able to prevent the cardiotoxicity and neurotoxicity
induced by doxorubicin (DOX) and vincristine besides its anti emetic effect in a co-administration protocol, since this
combination therapy is widely used in various combination chemotherapy regimens.

To investigate these effects, intraperitoneal co-administration of doxorubicin and vincristine in CAV combination
therapy (Cyclophosphamide, Adriamycin and Vincristine) was used to induce neuro and cardiotoxicity and in treated
group tropisetron was injected 1 h prior to combination therapy.

General conditions, mortality rate and body weight were measured during the experiment. Moreover, assessment
of biomarkers of cardiac injury, ECG (Electrocardiogram) parameters and papillary muscle contractility force were
done for evaluating of cardio protective effects of tropisetron. Similarly, hot plate, open field and nerve conduction
velocity tests were used for investigation of neuroprotective effects of tropisetron against the side effects of this
combination.

The findings in the present study indicated that tropisetron pretreatment led to significant decrease in levels of
serum cardiac damage biomarkers, electrocardiographic changes and toxicities associated with this combination
chemotherapy. Also, it improved behavioral and electrophysiological scores, papillary muscle contractility force and
rats’ general conditions.

Consequently, it is suggested that tropisetron is beneficial for the prevention of cardiotoxicity and neurotoxicity
and could be considered as a new indication for alleviation of side effects of these drugs in combination therapies.
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Introduction

The co-administration of vincristine and doxorubicin is commonly
prescribed in wide variety of combination chemotherapy regimens
such as CAV (Cyclophosphamide, Doxorubicin and Vincristine),
CHOP (Cyclophosphamide, Hydroxydaunorubicin, Oncovin and
Prednisone) and VAD (Vincristine, Adriamycin and Dexamethasone)
as an effective treatment in a wide spectrum of human malignancies
[1-3].

Although survival rate in patients received this combination therapy
increases, most of patients experience some adverse effects including
nausea, vomiting, alopecia, hematologic effects, peripheral neuropathy
and cardiotoxicity [4-6]. Doxorubicin-induced cardiotoxicity and
vincristine-induced neurotoxicity are two severe side effects which
usually limit their indications in clinic [7,8].

Previous studies have manifested that doxorubicin-associated
cardiotoxicity causes changes in electrocardiogram, heart weight loss
and reduction in papillary muscle contractility force [8-10]. Some
mechanisms proposed for this side effect are increase of oxidative
stress, induction of systemic release of pro-inflammatory cytokines
and calcium/calcineurin-dependent activation of the transcription
factor NFAT (Nuclear Factor of Activated T-lymphocytes) in cardiac
cells [11,12].

Besides, mixed sensory-motor neuropathy of vincristine is induced

by infiltration of immune cells such as macrophages and lymphocytes
into the injured region and up-regulation of pro-inflammatory
cytokines [13,14]. These events result in increase of hot plate latency,
decrease of total distance moved and nerve conduction velocity (NCV).

Tropisetron, a highly selective 5-HT3 receptor antagonist, is
used as an effective and well tolerated antiemetic treatment for
chemotherapy-induced emesis. It is commonly administered without
special precautions to all patients received chemotherapy regimens and
also it remains effective during multiple chemotherapy courses [15,16].

There is ample evidence that tropisetron exerts immune modulatory
and anti-inflammatory properties [17]. Moreover, a new investigation
has shown that tropisetron blocks NFAT-dependent signaling pathway
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and also it was suggested that calcineurin can be one of the main targets
for the inhibitory effect of tropisetron in this pathway [18].

Fiebichetal. [17] have shown thatin monocytes, lipopolysaccharide-
stimulated secretion of both TNF-a (Tumor Necrosis Factor-alpha)
and IL-1p (Interleukin-1 beta) was dose-dependently inhibited
by tropisetron. Moreover, we have recently reported notable anti-
inflammatory properties for tropisetron in an embolic model of stroke
in rat. It significantly improved neurological deficits, diminished
leukocyte transmigration into the brain, suppressed the inflammatory
cytokine TNF-a, and dampened brain infarction and edema [19].

In the light of all previous evidence, this study was conducted
to determine whether pretreatment of tropisetron can ameliorate
mortality rate, general toxicity, cardiotoxicity and peripheral
neuropathy related to combination of vincristine and doxorubicin. For
evaluation of cardio protective effects of tropisetron, measurement of
creatine kinase isoenzyme-MB (CK-MB), lactic dehydrogenase (LDH),
creatine phosphokinase (CPK), and cardiac troponin T (cTNT) levels
in serum were performed. Further, assessment of ECG parameters
and papillary muscle contractility force were carried out. Similarly,
hot plate, open field and nerve conduction velocity tests were used for
investigation of neuroprotective effects of tropisetron against the side
effects of this combination.

Materials and Methods
Ethics

These studies were conducted in accordance with protocols
approved by the Ethics Committee of Tehran University of Medical
Sciences and also adhered to guidelines of the US national institute of
health (NIH publication no.85.23, revised 1985) guides for the care of
lab animals.

Animals

Seventy two male Sprague Dawley rats (300_350g) were maintained
in air filtered metabolic cages with temperature and humidity
controlled environment with 12 hr light/dark cycle. Food consists
of normal rat chow and water ad libitum. Animals were randomly
divided into 3 study groups: (1) 30 rats received combination therapy
of cyclophosphamide, doxorubicin and vincristine (CAV group);
(2) 30 rats received cyclophosphamide+ doxorubicin+ vincristine+
tropisetron 5 mg/kg (CAV+ Tropi group); (3) 12 rats received saline
as saline group.

Drug administration

Here drug administration was adjusted according to the CAV
chemotherapy which contains three cycles and each cycle includes
3 weeks (one week for drug administration and two weeks for rest
recovery). The doses of the drugs administered to rats were analogous
to human doses after adjustment for the differences in surface area to
weight ratio. Cyclophosphamide at the dose of 80 mg/kg, doxorubicin
at the dose of 5.8 mg/kg and vincristine at the dose of 0.3 mg/kg were
injected intraperitoneally (i.p.) at the first day of first week of each
cycle (Figure 1). Tropisetron was dissolved in saline and injected at the
dose of 5 mg/kg (i.p.) one hour prior to vincristine and doxorubicin
administration. Through a preliminary study (not published), several
doses of tropisetron from 1 mg/kg to 5mg/kg were evaluated for
finding a dose that shows cardio- and neuroprotective effects and we
found that the best dose here could be 5 mg/kg (i.p.).

Survival study and general condition

All rats were examined two times per week through the whole

experiment to detect rate of mortality and clinical signs of general
toxicity such as edema, cachexia, alopecia, gastro-intestinal disorders,
hind limb weakness and weight loss.

Behavioral assessment

Rats were habituated to the testing procedures during the week
prior to the experiment. At the last week of study (ninth week of study;
(Figure 1), hot plate test for assessing sensory nerve function and open
field test for detecting motor impairment were done.

In hot plate test, rats were placed on a 52+ 0.2° heated plate (socrel
hot-plate model DS37, Ugo Basile, Italy) and time spent until the first
episode of heat sensitivity includes jumping, forepaw or hind paw
licking. Similarly, in open field test animals were placed into an area
(diameter 1.4 m) and their locomotion within the area were tracked
over a 10 minuets period. Its data was recorded using a high resolution
monochrome camera and analyzed with Ethovision software (v.8) and
total distance moved was calculated.

Electrocardiographic studies (ECG)

To evaluate the track changes in heart rate and QT interval, ECG
was monitored at the end of the study (ninth week of study; (Figure
1). Animals were anesthetized by sodium pentobarbital at the dose of
50mg/kg (i.p). Then, needle electrodes were inserted under the skin for
the limb lead at position IT and ECG was recorded by using a Power Lab
data acquisition system (Chart.7. pro, AD Instruments, Power Lab). In
this study Chart 7.pro (AD Instruments, Power Lab) software was used
to analyze and quantify ECG segment durations.

Electrophysiological examination

After ECG recording, body temperature was monitored and
maintained within normal limits. NCV was recorded in the left
sciatic nerve (6 rats in each group) using power lab (MLT 1030/D,
AD Instruments, Power Lab chart 7.pro) and the same stimulating
and recording pin electrodes (AD Instrument, pin) as previously
described [20]. In order to measure sciatic NCV, sciatic nerve was
stimulated proximally and distally. Proximally, sciatic was stimulated
by an active electrode located at the sciatic notch and the passive
stimulating electrode was inserted into the dorsal aspect of the animal
paravertebrally between the spinous processes of the lower lumbar
vertebrae and the palpable posterior surface of the femoral head on
the same side and situated at about 20 mm from the active electrode.
After NCV recording, blood was collected from left ventricle and hearts
were carefully dissected, kept in a modified today’s tyrode solution and
squeezed their blood out and then carefully weighed by a digital scale.

Left ventricular papillary muscle contractile study

At the last week of study 6 rats from each group were anesthetized
by pentobarbital sodium (65 mg/kg) and their blood was collected
through ventricular vein and hearts were excised and then left
ventricular papillary muscles were isolated in a Modified today’s
tyrode solution including NaCl: 136.9 mM, MgCl: 2.5mM, KCl:
2.7mM, NaH,PO,: 0.4mM, NaHCO,: 11.9mM, Glucose: 11.1 mM,
CaCl,: 2.5mM, buffered at pH: 7.4 and aerated with 95% O, and 5%
CO,. Left ventricular papillary muscle was held in an organ bath (AD
Instrument, Power Lab, Spain) at 33°C and its contraction following a
continuous electrical field stimulation was measured by an isometric
force transducer (MLT 1030/D, AD Instruments, Power Lab, Spain)
under a tension of 5 Newton, according to the method of Balaei et al.
[21].
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Biochemical study

To evaluate the effects of combination therapy of doxorubicin and
vincristine on cardiotoxicity, the activity of serum LDH, CPK, CK-MB
and cTNT were assessed. Activities of serum LDH, CPK, CK-MB using
diagnostic kits from BioSystems S.A. (Barcelona, Spain) and ¢TNT by
immunoassay kits (Elecsys 2010 Swiss/ Germany) were measured.

Statistical analysis

All values are expressed as mean + SEM. For all tests, data were
analyzed using one way analysis of variance (ANOVA) followed by the
Tukey test (SPSS v.18). A P-value <0.05 was regarded as significant.

Results

The effects of tropisetron on mortality and general conditions

Sixteen rats in combination group (53.3%) and five rats in
combination+ Tropi group (16.6%) died before termination of
ninth week of study. All animals treated with CAV looked weaker
and lethargic compared to other study groups. Also characteristic
symptoms of general toxicity including yellow scruffy fur, red exudates
around the eyes, enlarged abdomen, some gastro-intestinal disorders
such as looseness and decrease in amount of stool, alopecia and hind
limb weakness were observed. However, animals treated with CAV+
Tropi showed better general condition and fewer signs of toxicity.
One week after the first drug administration (second week of study;
Figurel) a significant decrease in body weight in CAV and CAV+
Tropi was determined compared with saline and this downward
trend of body weight change continued until third cycle (p< 0.001).
A significant difference in body weight was detected between CAV
group and CAV+ Tropi group (p=0.002). Heart weights in only CAV
treated animals were significantly lesser than saline group (p= 0.007).
However, pretreatment of CAV with tropisetron prevented the heart
weight loss as there was no significant change in heart weight of CAV+
Tropi group versus saline (p= 0.281).

Effects of tropisetron on behavioral studies

Hot plate: At the end of ninth week of study a marked hypoalgesia
was observed in CAV group because hot plate latencies in this group
significantly increased versus saline group (p= 0.009). Latencies in
animals treated with CAV+ Tropi significantly changed compared
with saline (p= 0.043) and also latencies in CAV+ Tropi group were
significantly lesser than CAV group (p= 0.022; Figure 2a).

Open field: In animals received CAV chemotherapy regimen,
gait disturbance, the ability of changing their path during movement
and their spontaneous exploratory activities as indicators of motor
impairment were reduced. Total distance moved significantly
decreased in CAV receiving rats compared with saline (CAV group p<
0.001; CAV+ Tropi p= 0.03). Pretreatment of CAV with tropisetron
significantly repaired gait disturbance (CAV+ Tropi group vs. CAV
group p< 0.001; Figure 2b).

Effects of tropisetron on nerve conduction velocity

There was a significant reduction in sciatic nerve conduction
velocity in both CAV and CAV+ Tropi groups in comparison with
saline (CAV group p< 0.001, CAV+ Tropi p= 0.036). Figure 3 shows
improvement in nerve conduction velocity in CAV+ Tropi group
compared with CAV group (p= 0.009).

Behavioral tests, ECG NCV and
Papillary muscle contractility recording
and Blood sample collection

I

Data collection

cycles 1 2 3
weeks 1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 Tdays
|

Tropiseron as a Pretreatment
Cyclophosphamide

Doxorubicin

Vincristine

Figure 1: Cyclophosphamide, doxorubicin, vincristine and tropisetron treatment
regimen. Drug administration contains three cycles and each cycle includes 3
weeks (one week for drug administration and two weeks for rest recovery).
Cyclophosphamide at the dose of 80 mg/kg, doxorubicin at the dose of 5.8 mg/
kg and vincristine at the dose of 0.3 mg/kg were injected intraperitoneally (i.p.)
on day 1 of the first week of each cycle, while tropisetron at the dose of 5 mg/
kg was injected 1 hour prior to administration of these drugs.

21

Latency (S)

Salinc CAV CAV+Tropi

Figure 2a: Hot plate response of rats treated with CAV combination
chemotherapy with or without Tropisetron. A significant increase in latencies
was observed in CAV group and CAV+ Tropi group vs. saline (p= 0.009; p=
0.043 respectively) and also latencies between CAV+ Tropi and CAV group

were significantly different (p= 0.022).

The effects of tropisetron on ECG changes related to
combination therapy

In CAV group, some marked changes in ECG were detected such
as bradycardia, Q-T, S-T and QRS prolongation and decrease in R and
S amplitudes. Such abnormalities were ameliorated with tropisetron
pretreatment. As table 1 shows, QT interval in rats received CAV
significantly increased compared with saline (CAV group p< 0.001;
CAV+ Tropi p= 0.031). Results show tropisetron could prevent ECG
changes in CAV group and there was a significant difference between
CAYV group and CAV+ Tropi (p= 0.022). Moreover, the same results
were detected about rat’s heart rate as a significant decrease in heart
rate was observed in CAV receiving groups versus saline group ( CAV
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p<0.01 and CAV+ Tropi p=0.045 vs. saline) and also tropisetron could
repair the heart rate changes induced by CAV therapy.

The effects of tropisetron on serum markers of cardiac injury

Combination therapy caused a prominent cardiotoxicity, because
serum levels of LDH, CPK, CK-MB and ¢TNT were significantly
increased in CAV receiving group compared with saline (p<0.001)
tropisetron obviously reduced concentration of these biochemical
markers in CAV+ Tropi compare with CAV group (P<0.001; table 2).

The effect of tropisetron on left ventricular papillary muscle
contraction

Figure 4 shows that papillary muscle contractility force in CAV
receiving groups significantly decreased compared to saline (CAV
group P< 0.001; CAV+ Tropi group p=0.01). A significant increase in
papillary muscle contractility in CAV+ Tropi group versus CAV group
shows that tropisetron can ameliorate this adverse effect (P= 0.038).

Discussion

In this study, we examined the protective effects of tropisetron
pretreatment, which is used as an anti emetic agent in chemotherapy,
against cardiotoxicity and neurotoxicity side effects of combination
therapy with vincristine and doxorubicin (Adriamycin) in a rat
model. Co-administration of these two drugs is commonly prescribed
in different combination chemotherapy regimens such as VAD
(1], CHOP [2], CAV [3], VAMP (vincristine, Adriamycin and
Methylprednisolone) and C-VAMP (VAMP and cyclophosphamide)
[22].

The findings in the present study showed for the first time that
pretreatment of experimental animals with tropisetron 5mg/kg 1 hour
prior to drugs administration robustly decreased toxicities associated
with this combination chemotherapy. Also, this intervention with
tropisetron completely diminished mortality rate, body weight loss,
and improved rats’ general conditions.
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Figure 2b: Total distance moved within the open field area (diameter 1.4
meter) was assessed over 10 min. It significantly decreased in CAV and CAV+
Tropi groups compared to saline (p<0.001; p= 0.03 respectively). Moreover
a significant difference between CAV and CAV+ Tropi groups was detected
(p<0.001). Data are presented as meant S.E.M of 6 rats.

*p< 0.05; **p<0.01; ***p<0.001 compared to saline group.

#p<0.05; ###p<0.001 compared to CAV group.
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Figure 3: Sciatic nerve conduction velocity values recorded from rats treated
with CAV with or without Tropisetron. A significant reduction between CAV or
CAV+ Tropi group and saline was detected (CAV group p< 0.001, CAV+ Tropi
p= 0.036). Furthermore the difference between CAV+ Tropi and CAV group
was significant (p= 0.009). Data are presented as mean+ S.E.M of 6 rats.

*p< 0.05; ***p<0.001 compared to saline group.

##p<0.05 compared to CAV group.
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Figure 4: Comparison of papillary muscle contractile force (N) in saline, CAV
and Tropi+ CAV groups. Contractility force in CAV and Tropi+ CAV groups
decreased vs. saline group (CAV group P< 0.001; CAV+ Tropi group p=0.01).
Further tropisetron was able to repair the cardiotoxicity- induced by CAV as
contractility force in group receiving tropisetron increased in comparison with
CAV group (p= 0.038). Data are presented as meant S.E.M of 6 rats.

Study groups Heart rate Q-T interval
Saline 322.0+ 5.9 61.2+ 3.6
CAV 267.1£ 6.4 ** 93.8+ 5.2***
CAV+ Tropi 290.2+ 5.7 *# 77.2+ 2.5%#

CAV chemotherapy led to bradycardia and Q-T interval prolongation while
tropisetron pretreatment could prevent heart rate and ECG changes in CAV+ Tropi
group. Values are the mean + S.E.M of 6 rats.

*p< 0.05; **p<0.01; ***p<0.001 compared to saline group.

#p< 0.05 compared to CAV group.

Table 1: Effects of tropisetron pretreatment on CAV combination chemotherapy-
induced alterations in (A) heart rate and (B) QT interval.
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Study groups LDH CPK CK-MB CTNT

Saline 129.6 £ 8.1 211+ 16.2 103.8+8.6 0.085+ 0.04
CAV 363.7£ 8.7 740.8+ 19.1 282.7+9.6 0.82+ 0.05
CAV+ Tropi  192.8+ 12.2### 309.4+ 18.4### 180.0+10.0### 0.45+ 0.07###

Tropisetron obviously reduced serum concentration of LDH, CPK, CK-MB and
cTNT increased following CAV- induced cardiotoxicity. Data are presented as
mean + S.E.M of 6 rats.

###p<0.001 CAV+ Tropi group compared to CAV group.

Table 2: The effect of pre-treatment with tropisetron (Tropi) on CAV combination
chemotherapy- induced alterations in serum biomarkers of cardiac injury; (A)
lactate dehydrogenase (LDH), (B) creatine phosphokinase (CPK), (C) creatine
phosphokinase isoenzyme-MB (CK-MB) and (D) cardiac Troponin T (CTNT).

According to our data, a significant increase in hot plate latency
as an indicator of sensory neuropathy and a decrease in total distance
moved as an indicator of abnormal locomotion activity showed
neuropathy potentially induced by vincristine. The detected decrease
in NCV in sciatic nerve confirmed this nerve injury. Moreover, our
results indicated a severe cardiotoxicity after this co-administration
in rats, since ECG was prominently changed (ECG changes included
bradycardia, Q-T, S-T and QRS prolongation and decrease in R
and S amplitudes), biomarkers levels of cardiac injury in serum
were significantly increased and heart weight and papillary muscle
contractility were significantly reduced in comparison with saline

group.

A single injection of tropisetron before combination chemotherapy
counteracted the increase in serum level of biomarkers released from
damaged myocytes and they are used as sensitive indicators for
doxorubicin-induced cardiac dysfunction [23,24]. These biomarkers
include CK-MB, LDH, CPK, and ¢TNT. Also, tropisetron protected
heart against negative effects of doxorubicin on papillary muscle
contractility and loss of heart weight, since doxorubicin causes cardiac
fiber loss and myocardial necrosis which follows by reduction of
heart weight and impairment of contractility [25-28]. Further, ECG
abnormalities, behavioral and electrophysiological tests were improved
with tropisetron.

One of the proposed mechanisms for doxorubicin cardiotoxicity
is induction of intracellular calcium overload that induces cardiac
cells apoptosis via activation of calcineurin/NFAT signaling pathway
in cardiomyocytes [12,29]. Elevation of intracellular calcium activates
calcineurin that leads to dephosphorylation of NFAT which plays an
important role as a transducer of the cardiac hypertrophic response
[12,30-32]. Also a recent report has indicated that NFAT can be
a crucial transcription factor in promoting doxorubicin-induced
cardiomyocytes apoptosis [12].

In addition to cardiomyocytes, the raising of intracellular calcium
level in injured nerve can lead to calcineurin activation and finally end
in neuronal cell apoptosis [33].

Besides, in vitro and in vivo studies have indicated that repeated
systemic injection of vincristine damages Schwann cells and dorsal
root ganglion (DRG) neurons [34,35]. Release of inflammatory
cytokines IL-1f, IL-6 (Interleukin-6), and TNF-a from damaged
Schwann cells, macrophage invasion into the injured nerve and IL-2
(Interleukin-2) secretion from T-cells cause neuro inflammation,
leading to neuropathic pain [36]. These events culminate in sensory-
motor neuropathy that is the limiting factor of use in patients treated
with vincristine [37].

The possible protective effects of tropisetron can be presented
through inhibition of calcineurin/NFAT-dependent signaling pathway
[18].

Calcineurin (CN) is a widely distributed Ca?*-calmodulin-
dependent protein phosphatase 38 that plays a key role in calcium-
dependent death pathways in thymocytes [38] and neural tissues [39]
and participates in an apoptotic death pathway activated by TNF [33].

Since, calcineurin plays an important role in neural damage and has
been suggested to be a new molecular target for tropisetron; inhibition
of its activation by tropisetron represents one possible mechanism for
neuroprotective effects of this drug [18].

Moreover, tropisetron effectively inhibits AP-1 (the activator
protein 1) and NF-kB (nuclear factor-kappa-B) transcriptional activities
that the coordinated activation of them with NFAT is necessary for
the transcriptional activity of the IL-2 gene 18. In cardiomyocytes,
activation of the transcription factor NF-«B in response to DOX plays
a pro-apoptotic role 29. In the other side, in tumour cells its activation
exerts an anti-apoptotic effect [40]. It shows the dual role of NF-xB in
regulating apoptosis [12].

Several studies have demonstrated that tropisetron has immune
modulatory and anti-inflammatory properties. Also it has shown to
be an effective inhibitor of lipopolysaccharide-stimulated secretion of
TNF-a and IL-1P in monocytes and serotonin-induced prostaglandin
E2 release from synovial cells and it modulates T-helperl cytokines in
patients with musculoskeletal diseases [17,41,42].

The above mentioned mechanisms could be responsible for
neuro and cardio protective effects of tropisetron. Therefore,
tropisetron pretreatment, a well tolerated and safe antiemetic drug for
chemotherapy, can be considered as a new medication for prevention
of cardiotoxicity and neurotoxicity side effects of doxorubicin and
vincristine used in various combination chemotherapy regimens.

Acknowledgement

The collaboration of Dr. Mehrak Javadi-Paydar in expert technical assistance
is gratefully acknowledged by the authors. This study was supported by a grant
from Tehran University of Medical Sciences.

References

1. Samson D, Newland A, Kearney J, Joyner M, Mitchell T, et al. (1989) Infusion
of vincristine and doxorubicin with oral dexamethasone as first-line therapy for
multiple myeloma. The Lancet 334: 882-885.

2. Santoro A, Balzarotti M, Tondini C, Zanini M, Giardini R, et al. (1999) Dose-
escalation of CHOP in non-Hodgkin’s lymphoma. Ann Oncol 10: 519-525.

3. Natale RB, Wittes RE (1985) Alternating combination chemotherapy regimens
in small-cell lung cancer. Semin Oncol 12: 7-13

4. Spira A, Ettinger DS (2004) Multidisciplinary management of lung cancer. N
Engl J Med 350: 379-392.

5. Gomber S, Dewan P, Chhonker D (2010) Vincristine induced neurotoxicity in
cancer patients. Indian J Pediatr 77: 97-100.

6. Shi Y, Moon M, Dawood S, McManus B, Liu PP (2011) Mechanisms and
management of doxorubicin cardiotoxicity. Herz 36: 296-305.

7. Sandler SG, Tobin W, Henderson ES (1969) Vincristine-induced neuropathy. A
clinical study of fifty leukemic patients. Neurology 19: 367-374.

8. Singal PK, lliskovic N (1998) Doxorubicin-induced cardiomyopathy. N Engl J
Med 339: 900-905.

9. Fisher PW, Salloum F, Das A, Hyder H, Kukreja RC (2005) Phosphodiesterase-5
inhibition with sildenfil attenuates cardiomyocyte apoptosis and left ventricular
dysfunction in a chronic model of doxorubicin cardiotoxicity. Circulation 111:
1601-1610.

10. Fajardo G, Zhao M, Powers J, Bernstein D (2006) Differential cardiotoxic/
cardioprotective effects of beta-adrenergic receptor subtypes in myocytes and
fibroblasts in doxorubicin cardiomyopathy. J Mol Cell Cardiol 40: 375-383.

11. Sauter KAD, Wood JL, Wong J, lordanov M, Magun BE, et al. (2011)

J Clinic Toxicol

Neuropharmacology & Neurotoxicity

ISSN: 2161-0495 JCT, an open access journal


http://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2889%2991549-3/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2889%2991549-3/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2889%2991549-3/abstract
mailto:http://www.ncbi.nlm.nih.gov/pubmed/10416000
mailto:http://www.ncbi.nlm.nih.gov/pubmed/10416000
http://ukpmc.ac.uk/abstract/MED/2983436
http://ukpmc.ac.uk/abstract/MED/2983436
mailto:http://www.ncbi.nlm.nih.gov/pubmed?term=Spira A%2C Ettinger DS %282004%29 Multidisciplinary management of lung cancer. N Engl J Med 350%3A 379-392.
mailto:http://www.ncbi.nlm.nih.gov/pubmed?term=Spira A%2C Ettinger DS %282004%29 Multidisciplinary management of lung cancer. N Engl J Med 350%3A 379-392.
http://www.springerlink.com/content/j00500n202735501/
http://www.springerlink.com/content/j00500n202735501/
http://www.springerlink.com/content/c15325q512300g17/
http://www.springerlink.com/content/c15325q512300g17/
http://www.ncbi.nlm.nih.gov/pubmed/5813374
http://www.ncbi.nlm.nih.gov/pubmed/5813374
mailto:http://www.ncbi.nlm.nih.gov/pubmed?term=Singal PK%2C Iliskovic N %281998%29 Doxorubicin-induced cardiomyopathy. N Engl J Med 339%3A 900-905.
mailto:http://www.ncbi.nlm.nih.gov/pubmed?term=Singal PK%2C Iliskovic N %281998%29 Doxorubicin-induced cardiomyopathy. N Engl J Med 339%3A 900-905.
http://circ.ahajournals.org/content/111/13/1601.short
http://circ.ahajournals.org/content/111/13/1601.short
http://circ.ahajournals.org/content/111/13/1601.short
http://circ.ahajournals.org/content/111/13/1601.short
http://www.sciencedirect.com/science/article/pii/S0022282805003688
http://www.sciencedirect.com/science/article/pii/S0022282805003688
http://www.sciencedirect.com/science/article/pii/S0022282805003688
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3142364/

Citation: Alimoradi H, Barzegar-Fallah A, Mohammadi-Rick S, Asadi F, Delfan B, et al. (2012) Pretreatment of CAV Combination Chemotherapy with
Tropisetron Shows Less Cardio and Neurotoxicity Side Effects in Rats. J Clinic Toxicol S6:001. doi:10.4172/2161-0495.56-001

Page 6 of 6

16.
17.

20.

21.

22.

23.

24.

25.

26.

27.

Doxorubicin and daunorubicin induce processing and release of interleukin-1
through activation of the NLRP3 inflammasome. Cancer Biol Ther 11: 1008-
1016.

. Kalivendi SV, Konorev EA, Cunningham S, Vanamala SK, Kaji EH, et al. (2005)

Doxorubicin activates nuclear factor of activated T-lymphocytes and Fas ligand
transcription: role of mitochondrial reactive oxygen species and calcium.
Biochem J 389: 527-539.

. Scholz J, Woolf CJ (2007) The neuropathic pain triad: neurons, immune cells

and glia. Nat Neurosci 10: 1361-1368.

. Okamoto K., Martin DP, Schmelzer JD, Mitsui Y, Low PA (2001) Pro-and anti-

inflammatory cytokine gene expression in rat sciatic nerve chronic constriction
injury model of neuropathic pain. Exp Neurol 169: 386-391.

.de Bruijn KM (1992) Tropisetron. A review of the clinical experience. Drugs

43:11-22.
Scuderi PE (2003) Pharmacology of antiemetics. Int Anesthesiol Clin 41: 41-66.

Fiebich BL, Akundi RS, Lieb K, Candelario-Jalil E, Gmeiner D, et al. (2004)
Antiinflammatory effects of 5-HT 3 receptor antagonists in lipopolysaccharide-
stimulated primary human monocytes. Scand J Rheumatol 33: 28-32.

.Vega LD, Munoz E, Calzado MA, Lieb K, Candelario-Jalil E, et al. (2005) The

5-HT3 receptor antagonist tropisetron inhibits T cell activation by targeting the
calcineurin pathway. Biochem pharmacol 70: 369-380.

.Rahimian R, Daneshmand A, Mehr SE, Barzegar-Fallah A, Mohammadi-Rick

S, et al. (2011) Tropisetron ameliorates ischemic brain injury in an embolic
model of stroke. Brain Res 1392: 101-109.

Jaafer FMH, Hamdan FB, Mohammed FH (2006) Vincristine-induced
neuropathy in rat: electrophysiological and histological study. Exp Brain Res
173: 334-345.

Rahimi Balaei M, Momeny M, Babaeikelishomi R, Ejtemaei Mehr S, Tavangar
SM, et al. (2010) The modulatory effect of lithium on doxorubicin-induced
cardiotoxicity in rat. Eur J Pharmacol 641: 193-198.

Raje N, Powles R, Hickish T, Gore M, Milan S, et al. (1995) VAMP/C-VAMP
infusional chemotherapy as induction treatment for previously untreated
multiple myeloma. Eur J Cancer 31: S167-S167.

Herman E, Mhatre R, Lee IP, Vick J, Waravdekar VS (1971) A comparison of
the cardiovascular actions of daunomycin, adriamycin and N-acetyldaunomycin
in hamsters and monkeys. Pharmacology 6: 230-241.

El-Missiry MA, Othman Al, Amer MA, Abd EI-Aziz MA (2001) Attenuation of
the acute adriamycin-induced cardiac and hepatic oxidative toxicity by N-(2-
mercaptopropionyl) glycine in rats. Free Radic Res 35: 575-581.

Chatterjee K., Zhang J, Honbo N, Karliner JS (2009) Doxorubicin
cardiomyopathy. Cardiology 115: 155-162.

Yi X, Bekeredjian R, DeFilippis NJ, Siddiquee Z, Fernandez E, et al. (2005)
Transcriptional analysis of doxorubicin-induced cardiotoxicity. Am J Physiol
Heart Circ Physiol 290: H1098-H1102.

Boucek Jr RJ, Dodd DA, Atkinson JB, Oquist N, Olson RD (1997) Contractile
Failure in Chronic Doxorubicin-induced Cardiomyopathy. J Mol Cell Cardiol 29:
2631-2640.

This article was originally published in a special issue, Neuropharmacology
& Neurotoxicity handled by Editor(s). Dr. Terreia S Jones, University of
Tennessee Health Science Center, USA

28.

29

30.

3

=

32.

3

w

34.

3

(8]

36.

3

J

38.

39.

40.

4

-

42.

43.

LE Weinberg, PK. Singal (1987) Refractory heart failure and age-related
differences in adriamycin-induced myocardial changes in rats. Can J Physiol
Pharmacol 65: 1957-1965.

.Wang S, Kotamraju S, Konorev E, Kalivendi S, Joseph J, et al. (2002) Activation

of nuclear factor-kappaB during doxorubicin-induced apoptosis in endothelial
cells and myocytes is pro-apoptotic: the role of hydrogen peroxide. Biochem
J 367: 729-740.

Hogan PG, Chen L, Nardone J, Rao A (2003) Transcriptional regulation by
calcium, calcineurin, and NFAT. Genes Dev 17: 2205-2232.

. Wilkins BJ, Dai YS, Bueno OF, Parsons SA, Xu J, et al. (2004) Calcineurin/

NFAT coupling participates in pathological, but not physiological, cardiac
hypertrophy. Circ Res 94: 110-118.

van Rooij E, Doevendans PA, de Theije CC, Babiker FA, Molkentin JD, et
al. (2002) Requirement of nuclear factor of activated T-cells in calcineurin-
mediated cardiomyocyte hypertrophy. J Biol Chem 277: 48617-48626.

. Kantrow SP, Gierman JL, Jaligam VR, Zhang P, Piantadosi CA, et al. (2000)

Regulation of tumor necrosis factor cytotoxicity by calcineurin. FEBS Lett 483:
119-124.

Konings PNM, Makkink WK, van Delft AML, Ruigt GSF (1994) Reversal by
NGF of cytostatic drug-induced reduction of neurite outgrowth in rat dorsal root
ganglia in vitro. Brain Res 640: 195-204.

. Konings PNM, Philipsen RLA, Veeneman GH, Ruigt GSF (1994) [alpha]-Sialyl

cholesterol increases laminin in Schwann cell cultures and attenuates cytostatic
drug-induced reduction of laminin. Brain Res 654: 118-128.

Kiguchi N, Maeda T, Kobayashi Y, Saika F, Kishioka S (2009) Involvement
of inflammatory mediators in neuropathic pain caused by vincristine. Int Rev
Neurobiol 85: 179-190.

. Authier N, Gillet JP, Fialip J, Eschalier A, Coudore F (2003) A new animal model

of vincristine-induced nociceptive peripheral neuropathy. Neurotoxicology 24:
797-805.

Waring P, Beaver J (1996) Cyclosporin A rescues thymocytes from apoptosis
induced by very low concentrations of thapsigargin: effects on mitochondrial
function. Exp Cell Res 227: 264-276.

Ankarcrona M, Dypbukt JM, Orrenius S, Nicotera P (1996) Calcineurin and
mitochondrial function in glutamate-induced neuronal cell death. FEBS Lett
394: 321-324.

Arlt A, Grobe O, Sieke A, Kruse ML, Foelsch UR, et al. (2001) Expression of the
NF-kB target gene IEX-1 (p22/PRG1) does not prevent cell death but instead
triggers apoptosis in Hela cells. Oncogene 20: 69-76.

. Seidel MF, Ulrich-Merzenich G, Fiebich B, Candelario-Jalil E, Koch FW, et al.

(2004) Tropisetron inhibits serotonin-induced PGE2 release from macrophage-
like synovial cells in serum-free tissue culture. Scand J Rheumatol 33: 33.

Stratz T, Muller W (2004) Treatment of systemic sclerosis with the 5-HT 3
receptor antagonist tropisetron. Scand J Rheumatol 33: 59-62.

Klee CB, Ren H, Wang X (1998) Regulation of the calmodulin-stimulated
protein phosphatase, calcineurin. J Biol Chem 273: 13367-13370.

J Clinic Toxicol

Neuropharmacology & Neurotoxicity

ISSN: 2161-0495 JCT, an open access journal


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3142364/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3142364/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3142364/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1175131/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1175131/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1175131/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1175131/
http://www.nature.com/neuro/journal/v10/n11/abs/nn1992.html
http://www.nature.com/neuro/journal/v10/n11/abs/nn1992.html
http://www.sciencedirect.com/science/article/pii/S0014488601976770
http://www.sciencedirect.com/science/article/pii/S0014488601976770
http://www.sciencedirect.com/science/article/pii/S0014488601976770
http://ukpmc.ac.uk/abstract/MED/1380428
http://ukpmc.ac.uk/abstract/MED/1380428
http://journals.lww.com/anesthesiaclinics/Citation/2003/41040/Pharmacology_of_Antiemetics.6.aspx
http://informahealthcare.com/doi/abs/10.1080/03009740410006998
http://informahealthcare.com/doi/abs/10.1080/03009740410006998
http://informahealthcare.com/doi/abs/10.1080/03009740410006998
http://www.sciencedirect.com/science/article/pii/S0006295205002534
http://www.sciencedirect.com/science/article/pii/S0006295205002534
http://www.sciencedirect.com/science/article/pii/S0006295205002534
http://www.sciencedirect.com/science/article/pii/S0006899311005981
http://www.sciencedirect.com/science/article/pii/S0006899311005981
http://www.sciencedirect.com/science/article/pii/S0006899311005981
http://www.springerlink.com/content/e22720677w4g15k1/
http://www.springerlink.com/content/e22720677w4g15k1/
http://www.springerlink.com/content/e22720677w4g15k1/
http://www.sciencedirect.com/science/article/pii/S0014299910004966
http://www.sciencedirect.com/science/article/pii/S0014299910004966
http://www.sciencedirect.com/science/article/pii/S0014299910004966
http://content.karger.com/ProdukteDB/produkte.asp?Aktion=ShowAbstractBuch&ArtikelNr=136248&ProduktNr=236755
http://content.karger.com/ProdukteDB/produkte.asp?Aktion=ShowAbstractBuch&ArtikelNr=136248&ProduktNr=236755
http://content.karger.com/ProdukteDB/produkte.asp?Aktion=ShowAbstractBuch&ArtikelNr=136248&ProduktNr=236755
http://informahealthcare.com/doi/abs/10.1080/10715760100301581
http://informahealthcare.com/doi/abs/10.1080/10715760100301581
http://informahealthcare.com/doi/abs/10.1080/10715760100301581
http://ajpheart.physiology.org/content/290/3/H1098.short
http://ajpheart.physiology.org/content/290/3/H1098.short
http://ajpheart.physiology.org/content/290/3/H1098.short
http://www.sciencedirect.com/science/article/pii/S0022282897904946
http://www.sciencedirect.com/science/article/pii/S0022282897904946
http://www.sciencedirect.com/science/article/pii/S0022282897904946
http://ukpmc.ac.uk/abstract/MED/3690411
http://ukpmc.ac.uk/abstract/MED/3690411
http://ukpmc.ac.uk/abstract/MED/3690411
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1222928/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1222928/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1222928/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1222928/
http://genesdev.cshlp.org/content/17/18/2205.short
http://genesdev.cshlp.org/content/17/18/2205.short
http://circres.ahajournals.org/content/94/1/110.short
http://circres.ahajournals.org/content/94/1/110.short
http://circres.ahajournals.org/content/94/1/110.short
http://www.jbc.org/content/277/50/48617.short
http://www.jbc.org/content/277/50/48617.short
http://www.jbc.org/content/277/50/48617.short
http://www.sciencedirect.com/science/article/pii/S0014579300020834
http://www.sciencedirect.com/science/article/pii/S0014579300020834
http://www.sciencedirect.com/science/article/pii/S0014579300020834
http://www.sciencedirect.com/science/article/pii/0006899394918732
http://www.sciencedirect.com/science/article/pii/0006899394918732
http://www.sciencedirect.com/science/article/pii/0006899394918732
http://www.sciencedirect.com/science/article/pii/0006899394915776
http://www.sciencedirect.com/science/article/pii/0006899394915776
http://www.sciencedirect.com/science/article/pii/0006899394915776
http://www.sciencedirect.com/science/article/pii/S0074774209850149
http://www.sciencedirect.com/science/article/pii/S0074774209850149
http://www.sciencedirect.com/science/article/pii/S0074774209850149
http://www.sciencedirect.com/science/article/pii/S0161813X03000433
http://www.sciencedirect.com/science/article/pii/S0161813X03000433
http://www.sciencedirect.com/science/article/pii/S0161813X03000433
http://ukpmc.ac.uk/abstract/MED/8831565
http://ukpmc.ac.uk/abstract/MED/8831565
http://ukpmc.ac.uk/abstract/MED/8831565
http://ukpmc.ac.uk/abstract/MED/8830666
http://ukpmc.ac.uk/abstract/MED/8830666
http://ukpmc.ac.uk/abstract/MED/8830666
http://informahealthcare.com/doi/abs/10.1080/03009740410007005
http://informahealthcare.com/doi/abs/10.1080/03009740410007005
http://informahealthcare.com/doi/abs/10.1080/03009740410007005
http://informahealthcare.com/doi/abs/10.1080/03009740410007078
http://informahealthcare.com/doi/abs/10.1080/03009740410007078
http://www.jbc.org/content/273/22/13367.short
http://www.jbc.org/content/273/22/13367.short

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Materials and Methods 
	Ethics
	Animals
	Drug administration 
	Survival study and general condition 
	Behavioral assessment 
	Electrocardiographic studies (ECG) 
	Electrophysiological examination 
	Left ventricular papillary muscle contractile study  
	Biochemical study 
	Statistical analysis  

	Results 
	The effects of tropisetron on mortality and general conditions 
	Effects of tropisetron on behavioral studies 
	Effects of tropisetron on nerve conduction velocity 
	The effects of tropisetron on ECG changes related to combination therapy 
	The effects of tropisetron on serum markers of cardiac injury 
	The effect of tropisetron on left ventricular papillary muscle contraction  

	Discussion
	Acknowledgement
	Figure 1
	Figure 2a
	Figure 2b
	Figure 3
	Figure 4
	Table 1
	Table 2
	References

