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ABSTRACT

Cisplatin chemotherapy is associated with neuroiiyxi©xidative stress has been associated with its
pathogenesis. Tomaikycopersicon esculenturppmace powder (TPP) may be a preventive agentryevi
of its known antioxidant property. The possibletpative role of TPP against cisplatin-induced alten of
the microanatomy of rat brain was investigated.rtyhiats were divided equally into five groups: troh
propylene glycol, TPP, cisplatin (10 mg/kg i.p.)PH 50 mg/kg plus cisplatin (10 mg/kg i.p.). All
administrations were oral by gastric gavage givem 24 days except cisplatin which was given
intraperitoneally on days 10 and 17. Rats were @izkd on the 25 day of treatment. Blood parameters
checked, neurobehavioural tests done and brainetisgere examined with regards to micro-anatomical
parameters. Cisplatin caused a significant (p<Q.@&)ction in lymphocytes. Neurobehavioural ressittswed
that cisplatin caused a reduction in line crossirggring and forelimb grip. Cisplatin caused hisjadel
alterations in the cerebellum, dentate gyrus ancdhC&mmonis3 (CA3). Co-treatment of cisplatin with TTP
ameliorated these haematological, neurobehaviamalhistological alterations. In conclusidrycopersicon
esculentum(as tomato pomace powder) demonstrated neuropmieagiainst cisplatin-induced alteration of
microanatomy of rat cerebellum, dentate gyrus amch@Ammonis3 of rat brain.
© 2015 International Formulae Group. All rights exged.
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INTRODUCTION
Cisplatin, cis-diamminedichloro-

breast, head and neck, bladder and testicular
cancers in both children and adults (Gulec et

platinum with the molecular formula cis-
[Pt(NH3)2CI2], is a platinum-based drug used
as an antineoplastic agent which has unwanted
and sometimes severe side effects limiting its
usage. Therefore, methods that may reduce
these side effects are worth investigating. It is
a widely used and effective cytotoxic agent in
the treatment of a variety of malignant
tumours, including lung, colorectal, ovarian,

al., 2013). Despite being a commonly used
chemotherapy drug, the benefit of cisplatin is
compromised by severe side effects including
neurotoxicity, myelotoxicity, nephrotoxicity,
ototoxicity and haematological toxicity
(McWhinney et al., 2009).

Cisplatin-induced  neurotoxicity is
reported to occur in a cumulative and dose-
dependent (Amptoulach and Tsavaris, 2011),
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but there have been reports that single doses
of cisplatin administration elicited toxicities in
different organs of laboratory animals (Fahmy
et al.,, 2013; Gulec et al., 2013). Cisplatin-
mediated neurotoxicity is a significant
limitation to effective anti-cancer treatment
because it may lead to dose reduction or even
treatment withdrawal (Nowis et al2007).
Despite the report that platinum-based agents
have poor penetration through the blood-brain
barrier (McKeage et al., 2001), the central
nervous system has not been spared from its
toxicity which has been partially attributed to
different causes, one of which is oxidative
damage (Gulec et al.,, 2013; Turan et al.,
2013). Evidence has shown that cisplatin may
act on the mitochondria thus inducing
mitochondrial dysfunction probably through
binding of cisplatin to mitochondrial DNA
(Carozzi et al, 2009). Mitochondrial
dysfunction would increase oxidative stress
which plays an important role in the
pathogenesis of cisplatin  neurotoxicity.
Indeed, antioxidant treatments have been used
successfully in order to reduce cisplatin-
mediated neurotoxicity as demonstrated by
Turan et al. (2013) and Gulec et al. (2013)
who showed that cisplatin significantly
increased the levels of oxidant parameters
such as lipid peroxidation (thio-barbituric acid
reactive substance (TBARS),
myeloperoxidase (MPO) and 8-
hydroxyguanine (8-OH-GUA) in brain tissue
and suppressed the effects of antioxidants
such as total glutathione (GSH) and
superoxide dismutase (SOD). The use of
naturally occurring antioxidant that are plant-

al., 2012). Tomato belongs to the family of
Solanaceae, and phytochemical investigations
have shown that one of its constituent,
lycopene is a potent carotenoid antioxidant
which provided protection from focal
ischaemic cerebral injuries (Hsiao et al.,
2007).

It is well known that the cerebral
hemisphere, hippocampus and cerebellum are
responsible for regulating cognition and
primary sensory functions; memory storage;
motor coordination, balance and postural
stability functions respectively. Any of these
central nervous system components may be
affected by drug induced toxicity resulting in
altered anatomy and physiology of affected
parts of the central nervous system. Literature
is scanty concerning the role of TPP on
cisplatin-induced alteration of the
microanatomy of rats brain hence this study of
a possible protective role utilizing its known
antioxidant property.

This study aimed at assessing the
protective effect of tomato pomace powder
against cisplatin-induced neuropathy in rats.

MATERIALS AND METHODS
Experimental animals

This study was carried out using thirty
male Wistar rats with initial weight 77-84 kg,
which were housed in the Animal House, of
the Department of Veterinary Physiology,
Biochemistry and Pharmacology, University
of Ibadan, Nigeria. They were acclimatized to
laboratory room conditions (12 hours dark —
light period) for a week before the onset of
experiment. The rats were fed with rat chow

based, are being encouraged hence the interestfrom Ladokun Feeds, lbadan, Nigeria and

in the reports showing the reduction of
toxicity of cisplatin by natural substances
(AlMoundhri et al., 2013; Pandir and Kara,
2013). Tomato orLycopersicon esculentum
Mill has been reported to contain lycopene, an
effective antioxidant (Wattanathorn et al.,
2012). Tomato pomace powder (TPP) made
from tomato has been beneficial in protecting
against experimental stroke (Wattanathorn et

2

waterad libitum. The experimental protocols
were carried out according to the approval and
guidelines set by the University of Ibadan
Ethical Committee which also conformed to
the acceptable guidelines on the ethical use of
animals in research (Public Health Service,
1996).
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Tomato Pomace Powder (TPP) Preparation
and Administration

Fresh tomato fruits(Lycospersicum
esculentum) were purchased from Bodija
market, Ibadan, Nigeria. TPP was prepared
according to the published method of
Wattanathorn et al. (2012). Briefly, the fresh
tomatoes were washed and cut into small
pieces after which the tomato juice was
extracted to retain the skin, pulp and seeds
which were then dried in an oven at 50 °C for
2 hours. The dried parts were weighed and
grinded in a blender and the resulting powder
termed Tomato Pomace Powder (TPRas
kept in a clean airtight plastic container at
room temperature till ready for use. The
administration of TPP was performed by
using propylene glycol as vehicle.

Chemicals

Cisplatin was procured from Korea
United Pharm. Inc. (Naojang, Chungnam,
Korea) and propylene glycol from Guangdong
Guanghua Science Tech. Co Ltd. (China).
Ketamine was manufactured by Rotex
Medica, Trittau, Germany. All other reagents
were of analytical grade and were obtained
from the British Drug Houses (Poole, Dorset,
UK).

Experimental design

After the period of acclimatization, the
thirty male rats were randomized into 5
groups of 6 rats each with groupings as below
in Table 1:

Cisplatin was given i.p. while all other
treatments were given orally with a gavage.
The LDsy, of cisplatin in rats is 12 mg/kg
(IARC, 1981). The dose and route of
administration of the single doses of cisplatin
was based on the methods of Gulec et al.
(2013) and Fahmy et al. (2013), while that of
TPP was based on the method of
Wattanathorn et al. (2012).

Neurobehavioural tests

On day 25 of the experiment, we
investigated the effects of cisplatin toxicity on
the rat nervous system, by performing some
behavioural tests for all the animals. They
were initially weighed, and then subjected to

3

neurological tests namely: (1) wire grip test,
(2) negative geotaxis, and (3) open field test.

Wire grip test

This test was performed according to a
modification of the method of Van Wijk et al.
(2008). Each rat was suspended with both
forepaws on a horizontal steel wire (1 meter
long, diameter 7 mm). The animal was held in
a vertical position when its front paws were
placed in contact with the wire. When the rat
grasped the wire, it was released, and the
latency to fall was recorded with a stopwatch.
Rats were randomly tested and each animal
was given three trials with a 30 min inter trial
rest interval. This test assessed muscle
strength and balance.

Negative geotaxis

Negative geotaxis was tested by
placing rats head-down on an inclined plane
and then watched the rat orient in a head-up
direction (Kreider and Blumberg, 1999). The
time it takes for the rat to orient in a head-up
direction was recorded with a stopwatch.

Open field test

The apparatus used was a slight
modification of the method of Mohammad et
al., (2010). It consisted of a square arena
(56x56%20 cm) made of white wood and its
floor divided by lines into 16 squares that
allowed the definition of central and
peripheral parts. At the beginning of the
session, each rat was individually placed in
the centre of the arena and its activity was
recorded for 5 min. The number of squares
crossed with all paws (crossing) and standing
on legs (rearing) were evaluated during 5
minute sessions. The crossing numbers were
indicators of locomotor while the rearing
numbers indicated vertical and exploratory
activities. At the end of each session, rats
were removed from the openfield and the
experimental chamber was thoroughly cleaned
with a damp cloth and dried.
Sample  collection  and
preparation

After the neurological tests, blood was
collected from each rat via the retro-orbital
plexus into lithium heparinized bottles for

histological
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haematological indices. Thereafter, the rats
were euthanized by cervical dislocation after
sedation with intraperitoneal injection of 10
mg/k of Ketamine. Each rat was decapitated at
the cervico-medullary junction for uniformity
and the skulls opened after which the brains
were quickly extracted. After washing gently
with saline and weighing the whole brain, the
brain was fixed in 10% neutral buffered
formalin for three days and was consequently
used for histology. The cerebellum, cerebral
cortex and hippocampus of each animal were
dissected and then preserved for paraffin
embedment technique.

Histology

The cerebellum from each group was
obtained and homologous sampling was
assured by obtaining transverse sections of the
right cerebellum from each specimen from the
lateral zone portions of the cerebella
hemisphere (vermal, paravermal and flocullus
portions were not utilized) for uniformity.
Coronal sections of the right half of each brain
were made to obtain samples of the frontal
cortex and hippocampal tissue. The tissues
were sectioned at 5-6 um thickness and then
stained with Haematoxylin and Eosin
according to the method of Bancroft and
Gamble, (2008). Following mounting and
staining, slides were examined on an Olympus
CH (Japan) light microscope and
photomicrographs acquired with a Sony DSC-
W 3 digital camera (Japan).

Determination of haematological values

K2 EDTA-added whole blood samples
were used for hematological analyses
immediately after collection with the aid of
Sysmex Automated Hematology (KX-21,
Kobe, Japan) Analyzer. The haematocrit or
packed cell volume (PCV), haemoglobin
(Hb), red blood cell count (RBC), mean cell
volume (MCV), mean cell haemoglobin
(MCH), and mean cell haemoglobin
concentration (MCHC) and white blood cell
count (WBC), were obtained.

Statistical analysis
All data were expressed as means *
standard deviation. Data were analysed using
one-way analysis of variance (ANOVA) using
4

GraphPad Prism TM 4.0 version software,
San Diego, CA, USA. Post hoc comparisons
were performed after ANOVA using
Dunnett’s test. Statistical significance was set
at p<0.05.

RESULTS
Haematological parameters

Table 2 summarizes the effect of
TPP+Cis on erythrocyte indices of male
Wistar rats. It was observed that there was no
effect of either TPP or cisplatin on the packed
cell volume (PCV), haemoglobin level (HgB),
total red blood cell count (RBC), mean
corpuscular volume (MCV), and mean
corpuscular  haemoglobin  concentration
(MCHC) of the rats. The effect of cisplatin
and tomato pomace powder on the Leukocyte
indices of male Wistar rats is presented in
Table 3. Although there was no significant
change in the total white blood cell (WBC),
cisplatin caused a significant reduction
(p<0.05) of the neutrophil count of the rats,
but an elevation of the eosinophils.

Neurobehavioural parameters

Shown in Table 4 is a summary of the
effect of TPP+Cis on the behavioural and
locomotor activities of male Wistar rats. The
number of lines crossed and rearing were
significantly reduced in all treated groups
(p<0.05). However, there were significant
increases in the TPP+Cis group compared
with the cisplatin only group. There was a
significant increase in the latency of forelimb
wire grip test (p<0.05).

Histological parameters
Cerebellum

The cerebellum of the control rats
showed the normal histological features of 3
layers: molecular, Purkinje and granular as
shown in Figure l1a. The effect of cisplatin is
shown in Figure 1b where the Purkinje cells
of the cerebellum exhibited eosinophilia
unlike in other groups showing the normal
basophilia. Figures 1c, 1d and l1le show
cerebellar architecture similar to control.
Cerebral cortex

The cerebral cortex of the control rats
showed the normal histological features with
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the cortical neurons showing round or ovoid
nuclei exhibiting dispersed chromatin as
shown in the different treatment groups. This
is evident in Figures 2a, 2b, 2c, 2d, and 2e.
The features are similar to those of control
brain.
Dentate gyrus

The dentate gyrus of the hippocampal
formation of the control rats showed the
normal histological features of the molecular
layer, granule cell layer and the polymorphic
layer. Of interest was the granule cell layer
consisting of several layers of granule cells
with large nuclei exhibiting open chromatin as
shown in Figure 3a, 3b, and 3c. The effect of
cisplatin is shown in Figure 3evhere the
granule cell neurons show evidence of toxicity
as exhibited by many pyknotic neurons
(arrow). Affected are the neurons of the
subgranular zone of the dentate gyrus. Figure
3e shows some ameliorative effect of co-
treatment of cisplatin with the TPP. The

Table 1: Experimental design.

pyknotic neurons are very much reduced
when compared with the cisplatin treated
brains.

Cornu Ammonis3 (CA3)

The CA3 subfield of the hippocampal
formation of the control rats showed portions
of the normal histological features of the
stratum oriens, pyramidal cell layer, stratum
radiatum, all of which show normal
cytoarchitecture as shown in Figure 4a. Of
special note are the pyramidal neurons in
layers with nuclei exhibiting open chromatin
as shown in Figure 4a, 4b, and 4c. In Figure
4d, cisplatin-toxicity on the pyramidal
neurons was exhibited by neuronal
degeneration (arrows) shown by pyknosis and
angulated neurons. Figure deows the effect
of co-treatment of cisplatin with the TPP
showing few scattered pyknotic neurons of the
pyramidal cell layer when compared with the
cisplatin treated brains.

Grouping Treatment

Group | Control, received rat chow and water daily.

Group I Propylene glycol (PG), received 0.2 mLIgaif the vehicle for 24 days.

Group Il Tomato Pomace Powder (TPP), receivedilg tteatment of TPP dose of 50 mg/kg
bwt for 24 days.

Group IV Cisplatin (Cis), received 10 mg/kg bwp().on days 10 and 17 of the experiment

GroupV  TPP+Cis, received Cisplatin 10 mg/kg bwtop days 10 and 17 of the experiment +

TPP 50 mg/kg for 24 days.

Table 2: Effect of cisplatin and tomato pomace powder githeocyte indices of male Wistar

rats.
Groups PCV HgB RBC MCV MCHC (g/dL)
(%) (g/dL) (x10°/pL) (fL)

Control  46.00#1.41  15.10+0.42 7.48+0.07 61.00+1.41  33.330.
PG 45.00£3.0  15.53+0.85 7.44%051  60+2.08 34.00+0.58
TPP 4350+2.19  14.50+1.02 7.50+1.63 59.50+2.12  33.0080.
Cis 42.67+1.65 13.10%1.29 6.37#2.40 60.00+2.00 5@£0.71
TPP+Cis  44.00+2.54 14.60£1.39 7.07+1.38 61.67+1.1532.50+0.71

Data are expressed as mean + standard deviatgir afiimals. Cis, cisplatin; PG, propylene glycol;

TPP, tomato pomace powder.
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Table 3: Effect of cisplatin and tomato pomace powder om tleukocyte indices of male

Wistar rats.
Groups WBC Lymphocytes Neutrophils Monocytes Eosinophils
(x10¥/uL) (x10¥/uL) (x10%uL)  (x10%pL)  (x10%uL)
Control 5.58+1.40 2.13+09.44 3.81+1.2 1.5540.40  0.00+0.00
PG 6.80+1.71 2.35+1.16 2.24+0.7 1.11+0.3 06%0.12
TPP 3.23+0.38 2.50+0.48 1.07+1.01 1.31+0.2 2,180
Cis 4.07+1.31 2.23+0.19 1.7340.6* 1.1140.24  2.46%
TPP+Cis 4.83+08.29 2.63+07.00 2.74+0.68 1.32402 7041.73

Data are expressed as mean * standard deviatgix afiimals. Cis, cisplatin; PG, propylene glycol;
TPP, tomato pomace powder. * P< 0.05 versus Cogtealp; **= P< 0.05 versus cisplatin group.

Table 4: Effect of cisplatin and tomato pomace powder dmaveural and
locomotor activities of male Wistar rats.

Groups Line Crossing Rearing Forelimb Geotaxis
Control 46.20+5.89 17.00+4.51 5.67+2.31 1.60+0.55
PG 23.67+11.16* 11.25+2.87 4.80+1.79 2.50+1.05
TPP 25.00+4.97* 8.33+1.53 4.83+0.75 2.67+1.63
Cis 20+11.53* 5.50+3.70*  4.00+1.41 2.25+0.50

TPP+Cis  25.33215.03** 14+11.31** 8.33+£0.58** 3.5042
Data are expressed as mean + standard deviatieix @nimals. Cis, cisplatin; PG, propylene glycol;
TPP, tomato pomace powder. * P< 0.05 versus Cogtonlp; **= P< 0.05 versus cisplatin group.

Figure 1: Representative stained sections of cerebelluratef (a) Control rats, (b) PG-treated, (c)
TTP-treated, (d) Cis-treated cerebellum with thekPije neurons exhibiting eosinophilia, and (e)
TPP+Cis-treated. Purkinje cells show normal badmpétiaining nuclei in all groups except in Cis-

treated grouprG, propylene glycol; TTP, tomato pomace powdes; €splatin; ML : molecular layer; GL : granular
layer; Pc : Purkinje cells. H&E. x 960.
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Figure 2: Representative stained sections of cerebral cofteats: (a) Control rats, (b) PG-treated,
(c) TTP-treated, (d) Cis-treated and (e) TPP+Q@attrd PG, propylene glycol; TTP, tomato pomace powder;
Cis, cisplatin; cn, cortical neuron; oc, oligodemtiite. H&E. x 960.

Figure 3: Representative stained sections of dentate gynat (a) Control rats, (b) PG-treated,
(c) TTP-treated, (d) Cis-treated group shows seadtpyknotic neurons in GCI (arrows), and (e)

TPP+Cis-treated rats show fewer scattered pykmatizonspPG, propylene glycol; TTP, tomato pomace
powder; Cis, cisplatin; MoL, molecular layer; GGtanular cell layer; PMI, polymorphic layer. H&E 9%0.

7
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Figure 4: Representative stained sections of Cornu Ammoro$ &ts. (a) Control rats, (b) PG-
treated, (c) TTP-treated, (d) Cis-treated rats sbdegenerating and angulating pyramidal neurons

and (e) TPP+Cis-treated rats showing fewer scaktpyknotic pyramidal neuron®G, propylene
glycol; TTP, tomato pomace powder; Cis, cisplatB), stratum oriens layer; Pcl, pyramidal cell layBR, stratum
radiatum; pn, pyknotic neuron; blue arrowheadsedegating neuron. H&E. x 960.

DISCUSSION

The potential protective effects of
Lycopersicon esculentums pomace powder
(TPP) on cisplatin-toxicity on the central

nervous system of male rats was investigated.

It was found that tomato ameliorated the
haematological, neurobehavioural and the
histomorphological alterations induced by
cisplatin.

Several workers have consistently
reported that the mechanism of cisplatin
toxicity was through oxidative stress (Turan et
al.,, 2013; Gulec et al., 2013; Fahmy et al.,
2013; Prabhu et al., 2013). The biochemical
results of these workers have shown the

investigated the associated response of neural
and other parameters in response to cisplatin
toxicity. Bottone et al. (2012) had reported
that cisplatin induces cell deaith vivo andin

vitro in cerebellum and hippocampus of rats.
Kim et al. (2010) presumed that irreversible
cell damage caused by cisplatin might result
mainly from oxidative stress.

Our findings that cisplatin-induced
neurotoxicity was associated with histological
alteration agreed with the reports of the
reports of Al Moundhri et al. (2013) and
Arrieta et al. (2011) who similarly reported
this observation. This supported our findings
of cisplatin’s alteration of the histology of the

generation of free radicals in each case as they densely packed layers of granule neurons of

demonstrated that cisplatin treatment was
characterized by a significant increase in
tissue malon-dialdehyde level compared to
normal control (llbey et al., 2009). This study

8

the dentate gyrus of the hippocampal
formation and the pyramidal neurons of the
CA3 zone of the hippocampus proper when
compared with the neurons of the control rats.
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Of importance are the cells of hilar and

subgranular zone (SGZ) of the granule cell
layer of the dentate gyrus exhibiting cellular

death. Similarly, cisplatin also caused

complete dissolution of the basophilic

materials of the nuclei of Purkinje cells of the

cerebellum of the rats showing eosinophilia.
This agrees with the report of Pisu et al.
(2004, 2005) that cisplatin has negative effects
on cerebellar cortex neurons, especially
Purkinje cells. Although platinum drugs are

reported to have poor penetration of the
blood-brain barrier (Gregg et al., 1992),

sufficient levels of cisplatin have been shown
to cause toxicity in the brain (Gulec et al.,

2013), which this study demonstrated.

By implication, this cisplatin-induced
Purkinje cell alteration may lead to cerebellar
injury which may cause gait, movement and
posture impairments (Pisu et al.,, 2004).
Similarly, the histological alterations caused
by neuronal death as observed in the dentate
gyrus neurons and those of the pyramidal cells
of Cornu Ammonis3 might disrupt the smooth
flow of neural information from the entorhinal
cortex to the granular layer of dentate gyrus
and further propagation of mossy fibres to the
CA3 and CA1 subzones of the hippocampus
as reported by Vivar and Praag (2013). With
evidence of death of pyramidal neurons of
CA3, the subsequent projection of impulses
from CAS3 via the Schaffer's fibres to CA1l
may be affected further altering the flow of
neural information. Also, adult neurogenesis
may be affected due to the neuronal death
shown in the SGZ of the granule cell layer of
the dentate gyrus. In essence, this suggests
that memory and other postulated
hippocampal functions might potentially be
affected in such rats (Vivar and van Praag,
2013).

However, antioxidants are known to
ameliorate the effect of oxidative stress.
Phytochemical investigation of tomato has
shown that one of its constituent, lycopene is a
potent carotenoid antioxidant which provided
protection from focal ischaemic cerebral
injuries (Hsiao et al., 2007). Lycopene has

9

been reported to scavenge singlet molecular
oxygen and peroxyl radicals thus contributing

to the defence against lipid peroxidation

(Stahl and Sies, 2003). Tomato pomace
powder (TPP) made from tomato has been
beneficial in protecting against experimental

stroke (Wattanathorn et al., 2012). Similarly,

the enhancement by TPP of the levels of the
neutrophils and eosinophils suggests an
improved status of the haematological

function.

Co-treatment of cisplatin with TPP
demonstrated neuroprotection of the Purkinje
neurons of the cerebellum, and partial
histomorphological protection for the dentate
granule cells of dentate gyrus. Similarly, TPP
protected the pyramidal neurons of the Cornu
Ammonis3 of the hippocampus as
demonstrated in the improvement in the
histological features observed in the treated
brains. The neurobehavioural test results also

suggested that TPP contributed to the
improvement of the crossing numbers,
indicators of locomotor activity, rearing

numbers indicating exploratory activity, and
the forearm grip implying improved muscular
strength. These suggest that TPP could offer
some measure of neuroprotection against
cisplatin-induced neurotoxicity most likely
through its reported antioxidant property.

Conclusion

The findings reported in the study
indicate that the oral administration of
Lycopersicon esculenturas tomato pomace
powder ameliorated intraperitoneally
administered  cisplatin-toxicity on the
cerebellum, dentate gyrus and Cornus
Ammonis3 of rats’ brain thus exhibiting
significant neuroprotective effect.
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