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ABSTRACT

Cisplatin (CIS) is an anti-neoplastic drug used for chemotherapy of solid organ malignancies. Unfortunately, it
activates processes that induce oxidative damage in the brain (neurotoxicity). Cimetidine (CTD) is a Histamine,
receptor blocker reported to exhibit antioxidative function. This study investigated the effect of CTD on CIS
neurotoxicity in rat. The study was carried out on 40 male Wistar rats randomized into four groups; A, B, C and D,
(n=10) and treated as follows: Group-A rats (control) were injected intraperitoneally (IP) with 0.5 mL/kg saline
once daily for 14 days, Group-B rats were IP administered 100 mg/kg CTD once daily for 14 days, Group-C rats
received 7.5 mg/kg Cisplatin IP on day 7, Group-D rats were IP administered 100 mg/kg CTD for 14 days and CIS
(7.5 mg/kg ) on day 7. Behavioural tests were performed on the experimental rats from day 15 to 17 post-treatment
after which they were sacrificed under anaesthesia (Ketamine hydrochloride 100 mg/kg). Brain sections were
processed into paraffin blocks and H&E stained. Results showed significant weight loss in CIS only group while
CTD treatment reduced weight loss significantly (p<0.05) in CTD+CIS group. Behavioural study showed that
cimetidine treatment in animals of CTD+CIS group enhanced exploratory ability of the rats in the group, while CIS
only group animals exhibited impaired exploratory ability with significantly lower discrimination index.
Histological sections of the cerebellum and hippocampus of CIS group of animals showed multiple alterations in
their cytoarchitecture, whereas sections from CTD+CIS treated animals appeared normal. In conclusion, these
findings suggest that cimetidine exhibited ameliorative effect against cisplatin-induced behavioural deficits and

cytoarchitectural distortions of the brain cells of rats.
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INTRODUCTION

Studies have reported that chemotherapy is the
treatment of choice for most cases of cancer'. Some
reports listed associated side effects of chemotherapy to
include neurotoxicity”***. Reported neurotoxic drugs
include cisplatin, vincristine, vinblastine, vinorelbine,
oxaliplatin, cytarabine, ifosfamide, 5-fluorouracil and
methotrexate among others”. The major toxic effects
associated with a high-dose cisplatin regimen’ include
peripheral neurotoxicity, myelosuppression,
ototoxicity and nephrotoxicity, The toxicity of cisplatin
[cis-diamminedichloroplatinum-II, molecular formula:
Pt(NH,)2Cl,] has various pathophysiological
mechanisms proposed to explain it, one of which is that
cisplatin kills malignant cells and peripheral neurons by
means of the mechanism of apoptosis'’. Although the
onset of toxicity is reported to be delayed until a
cumulative dose higher than 300 mg/m’ has been
given', single doses of cisplatin in laboratory animals
have been reported to cause neural damage affecting
central nervous structures like the cerebellum,
hippocampus and cerebral cortex via oxidative
mechanism'*”. The cisplatin toxicity has also been
linked to the induction of generation of free radicals and

increased production of reactive oxygen species (ROS)
which then results in oxidative stress and its
consequences' . Others have reported that cisplatin
and other platinum drugs undergo aquation
(hydrolysis), which is important for the drug to form a
complex with the target DNA. This leads to the
formation of positively charged molecules (free
radicals) that then cross link with DNA, forming the
DNA/platinum adducts'®’. Although the cellular
damage is believed to be due to the formation of these
DNA adducts, another complex composed of platinum-
DNA-protein crosslinks (DPCLs) has been proposed as
a mechanism for the platinum antitumor activities, and
studied specifically with cisplatin’. When DNA
covalently links with protein, the resulting DPCLs
complexes are able to disrupt nuclear metabolism and
spatial organization of chromatin, and also inhibit DNA
replication and repair'. Histamine is a biogenic amine
that plays important roles in various physiological,
biochemical and behavioral functions """
Histamine is a diamine that has four different receptors
namely H,, H,, H, and H, all of which are G-protein
coupled”. While H, receptors mediate its pro-
inflammatory, allergic inflammation and vascular
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activities, H, receptors mediate the release of gastric
acid, H, receptors mediate effects on brain and nerve
endings and feedback inhibition for histamine and other
neurotransmitters, while the H, receptors are involved
in immunomodulation involving leukocyte
chemotaxis™**

Cimetidine (as Cimetidine hydrochloride, molecular
formular C, H,,CIN,S with molecular weight 288.80) is
a member of the class of guanidines. It is a known
potent histamine H, receptor antagonist for inhibiting
excessive histamine-induced gastric acid secretion and
is used worldwide to treat peptic ulcers and gastric
aspiration syndrome™*’. The antioxidative property of
cimetidine was reported by Lambat et al”* who in their
study assessed the levels of free radicals and
demonstrated that cimetidine reduced the generation of
superoxide anion formed in a nitroblue-tetrazolium
assay and also reduced the iron-induced rise in lipid
peroxidation in rat brain homogenates.

Neurotoxicity continues to be a burdensome side effect
of platinum-based chemotherapy which prevents
administration of the full dosage and sometimes leads
to treatment withdrawal”**”’. The different functions of
the brain include the processing of incoming sensory
information, motor coordination and cognition by the
cerebral cortex; memory formation and storage in the
hippocampus; and maintenance of balance and
equilibrium by the cerebellum. Any or all of these
functions might be affected in cisplatin neurotoxicity.

However, information on the probable protective effect
of cimetidine on cisplatin-induced neurotoxicity in rats
is scanty. Since literature has demonstrated that
antioxidative agents can reduce or inhibit cisplatin-
induced toxicity’”""”, it is therefore plausible to
hypothesize that based on the reported antioxidative
potential of cimetidine, Lambat et al”*, it might protect
rat brain from the toxic effects of cisplatin when co-
administered with it. The present study aimed to
investigate the potential of cimetidine to exert
preventive effects on cisplatin-induced toxicity on rat
brain and so answer the research question of whether
cimetidine can ameliorate the toxic effect of cisplatin in
the brain of rats when both are co-administered.

MATERIALSAND METHODS

A total of forty (40) adult male Wistar rats weighing
between 150-200 g were obtained from the Central
Animal House, University of Ibadan, Ibadan. The
animals were housed in clean transparent plastic cages
(39 x 29 x 27 cm) with wood shavings as bedding (five
rats per cage), fed with rat feed (Ladokun Feeds,
Ibadan, Nigeria) and water ad libitum. The rats were
acclimatized for one week prior to the onset of the
experiment and weighed prior to, during and at the end
of the experiment. Animals were humanely handled
according to the acceptable guidelines on the ethical use
of animals inresearch™.

Drugs: Cisplatin (Korea United Pharm. Inc. Naojang,
Chungnam, Korea), Cimetidine (GlaxoSmithKlein,
Cork, Ireland) and Ketamine hydrochloride
(RotexMedica, Trittau, Germany).

Research Design: The 40 Wistar rats were randomized
into four groups (N=10):

Group-A (control group) were given 0.5 mL/kg saline
(i.p.) daily for 14 days.

Group-B (cimetidine group) administered 100 mg/kg
cimetidine (i.p.) once daily for 14 days.

Group-C (cisplatin group) administered 7.5 mg/kg
cisplatin (i.p.) onday 7.

Group-D (cimetidine and cisplatin group) administered
100 mg/kg cimetidine (i.p.) for 14 days while cisplatin
(7.5 mg/kgi.p.) was givenonday 7.

The dosage and route of administration of the drugs
were based on published literature (Cisplatin: 7.5
mg/kg body weight™*; Cimetidine: 100 mg/kg body
weight™™).

Morphological study: Percentage change in rat body
weight and brain to body weight index were calculated
using the standard formulae.

Neurobehavioural study: The rats were made to
undergo the open field behavioural tests on the morning
of the 15" day while the novel object recognition and
object location test followed from the 15" to the 17" day
ofthe experiment:

Open field tests: An open field test was carried out in a
large cubic box, of about Im long x Im wide x Im high”
where the top was typically left uncovered. A rat was
placed in the middle of the bottom surface, and its
movements were recorded over the course of five
minutes as it moved around and explored its
environment. The floor of the box was cleaned with
70% ethyl alcohol and permitted to dry between tests to
eliminate olfactory bias in-between one rat and another.
The following parameters were measured: center
square duration, center square entry, line crossing,
grooming and rearing™*.

Novel object recognition: The novel object
recognition paradigm assesses an animal's innate
ability to distinguish an old from a new object. Rodents
are naturally curious and will take time to explore novel
objects. They were subjected to the procedures of
habituation, training and testing. The test phase was
preceded by habituation and training phases during
which the rats were exposed to the test medium (an
open field box). This ensured the rats got used to the
medium and also reduced stress and avoided a potential
neophobic response. Habituation was done for 2
minutes. A day after the rats were trained by exposing
them to two objects of the same size and color for
3minutes each for 3 days, the rats were then tested for
recognition by replacing one of the objects with a novel
object (anew object entirely different from the previous
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object in shape and colour) and the rats were then
exposed for Sminutes. When presented with both the
new and the previously explored objects, rodents
remember the old object and spend relatively more time
exploring the new object”. The time spent exploring the
old object and the novel object was recorded and
discrimination index was calculated using the formula
below:

Discrimination Index (DI)

= Time spent with novel object

. . . X
Total time spent exploring the two objects

Object location test (OLT) procedure: This test
comprised three successive trials with an inter-trial
interval of 60 minutes. The first trial comprised placing
the rat in the center of an empty open field box 1m
longx1m widex1m high”” and allowing the rat to freely
explore the box for 5 minutes (i.e., the habituation
phase). The second trial commenced 60 minutes after
the first trial and involved placing the rat in the center of
the same open field box having two identical objects on
opposite sides of the box and allowing the rat to freely
explore the objects for 5 minutes. Following an inter-
trial interval of 60 minutes, third trial was performed for
5 minutes through placement of the rat in the center of
the same open field box with one of the objects
remaining in the same location as in trial 2 and the
second object moved to a new location in the open field
box (i.e., the testing phase of OLT). A rat is considered
to be exploring an object when its nose is within 2 cm of
the object. The movement of rat in the third trial (test
phase) was continuously recorded. The apparatus was
cleaned with methylated spirit prior to the
commencement of each trial for every rat. Data such as
times spent in exploring the object moved to a novel
place, the object remaining in the familiar place, and
total time spent in the object exploration were
measured. Furthermore, the place discrimination index
was calculated by using the formula:

Discrimination Index (DI) =

Time spent with novel location
- - : 100
Total time spent exploring the two locations

Then, the percentages of object exploration time spent
with the object moved to a novel place and the object
remaining in the familiar place were compared within
each group. The novel place discrimination index was
also directly compared across the group.

Histological studies: After the completion of the
behavioral tests on day 17 of the experiment, the
animals were sacrificed using Ketamine hydrochloride
(100 mg/kg) followed by endocardial perfusion after
which the brains were harvested and preserved for
histological study by applying the Avwioro™
procedure/technique. Tissue processing was done by
subjecting the fixed brain tissue to grossing,
dehydration and embedding. Paraffin blocks were
thereafter sectioned at 6 um thickness with a Rotary

Microtome (Leica RM2125RTS, Germany). The
ribbons were floated, dried and the slides stained using
Haematoxylin and Eosin (H&E) technique according to
the method of Bancroft and Gamble® to demonstrate
general histology of the brain and possible microscopic
alterations.

Histomorphometric Study: Histological images were
obtained from the slides using Leica DM 500 digital
light microscope (Germany) and the images captured
with Leica ICC50 E digital camera (Germany).
Histomorphometric analyses were done using Image
motic 2000 (China) and the Pyknotic index was then
calculated using the formula according to Taveiraetal"'.

Data analysis: Histomorphometric analyses were done
using Image motic 2000 (China) and the Pyknotic index
was calculated using the formula according Taveira et
al”:

Pyknotic Index = Number of pyknotic cells / Total
number of cells/sq. mm.

Statistical analysis: Data derived from various
analyses were presented as mean £ SD and analysed
using one-way ANOVA (Analysis of Variance) test
followed by Tukey Post hoc for multiple comparison.
All analyses were carried out using GraphPad® prism
version 5.0 windows (GraphPad® software, SanDiego,
Califonia USA). The statistical significance was set at p
<0.05.

RESULTS

General observations and effects of treatment on the
body weight and relative brain weight of rats. Rats in
the CIS and CTD+CIS groups experienced loss of
appetite, watery stool, loss of weight and reduced motor
activities following administration of CIS on day 7 of
the experiment. This was more pronounced in the CIS
group as the animals in CTD+CIS group regained
appetite progressively before the end of the study. There
was significant (p<0.05) reduction in body weight of
animals in the CTD+CIS and CIS groups at the end of
the experiment relative to control (Figure 1). Brain-
body weight index significantly reduced only in the
animals in CIS group relative to the control (Figure 2).
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Figure 1: Effect of CTD on the body weight changes in
rats treated with CIS. CTRL- Control, CTD-
Cimetidine only, CIS- Cisplatin only. Values are
presented as Mean = SD (n=10). *P<0.05 versus CTRL
and CTD, "P<0.05 versus CTDL and CIS.

Effects of CTD on behavioural tests in rats treated
with CIS: The center square duration and grooming
increased significantly (p<0.05) in the CIS group when
compared with the CTRL as shown in Figures 3A and
B, suggesting some form of anxiety in the CIS-treated
rats. A significant (p<0.05) reduction was observed in
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Effects of CTD on memory tests in rats treated with
CIS: Both the object location and object recognition
tests were significantly (p<0.05) reduced in the CIS
group when compared with CTRL and CTD groups
which suggests an impairment of the memory of these
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Figure 2: Relative brain weight change across the
groups. CTRL- Control, CTD- Cimetidine only, CIS-
Cisplatin only. Values are presented as Mean = SD (n=
10). *P<0.05 versus CTRL.

numbers of lines crossed and rearing when compared
with control (Figure 3C and D) which suggested
depression or sedation in the rats treated with CIS
which co-treatment with CTD ameliorated in both
cases.
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rats. However, the combination of CIS and CTD
ameliorated this effect when compared with the CIS
group suggesting an improvement in the memory of rats
in this latter group of rats as shown in Figure 4A and B.
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Figure 4: Effects of CTD on memory tests in rats treated with CIS. CTRL- Control, CTD- Cimetidine only, and
CIS- Cisplatin only. Values are presented as Mean + SD (n= 10). * P<0.05 versus CTRL,; + P<0.05 versus CIS.

Effects of CTD on the histology of the cerebral cerebellar cortex shows large and basophilic Purkinje
cortex and cerebellar cortex in rats treated with cells (Figs 6 A, B and D) whereas those of the CIS
CIS: The histology of the cerebral cortex shows group (Fig 6C) are shrunken (green arrows) while
normal cortical neurons in Figures 5 A, B and D, while some exhibited features of karyolysis (black arrows)
those in C are shrunken and pyknotic. Similarly, the when compared with the CTRL group.

Figure 5: Representative stained sections of the cerebral cortex of rats. (A) CTRL, (B) CTD, (C) CIS, (D) CTD +
CIS. Pyknotic cerebral neurons are indicated with blue arrows in the group CIS cells. CTRL- Control, CTD-
Cimetidine only, CIS- Cisplatin only, NP- Neuropil, CN- Cortical neuron, OD- Olidodendrocyte, CP- Capillary,
AC-Astrocyte. H&E stain, X 400.
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Figure 6: Representative stained sections of the cerebellum of rats. (A) CTRL, (B) CTD, (C) CIS, (D) CTD + CIS.
Purkinje cells are large, normal and deeply basophilic in Figs 6 A, B and D (red arrows). The Purkinje cells in Fig 6C
were observed to be shrunken (yellow arrow) with some showing features of karyolysis (green arrow) and some
oesinophilic (black arrow). CTRL- Control, CTD- Cimetidine only, CIS- Cisplatin only. M- Molecular Layer, P-
Purkinje Layer, G- Granular Layer. H&E stain, X 400.

Effects of CTD on the histology of the hippocampal
formation in rats treated with CIS: The histology of
the dentate gyrus was unaltered in all the groups as the
granule neurons in all the layers show similar
histological features (Figs 7). However, in both the CAI
and CA3 the pyramidal neurons in the CIS group were

shrunken and pyknotic (Figs 8C and 9C) when
compared with the larger rounded pyramidal neurons
with vesicular nuclei and some of which exhibit
nucleoli in the other groups (Figs 8 A, B and D; Figs 9A,
B and D) respectively.

Figure 7: Representative stained sections of the dentate gyrus of hippocampal formation of rats. (A) CTRL, (B)
CTD, (C) CIS, (D) CTD + CIS. There were no histological differences noted in the granule neurons in the treated
groups when compared with control. CTRL- Control, CTD- Cimetidine only, CIS- Cisplatin only; M- Molecular
Layer, GC- Granular Cell, G- Granular Layer, P- Polymorphic layer, AC- Astrocyte. H & E stain, X 400.
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Figure 8: Representative stained sections of the Cornu ammonis 1 (CA1) field of hippocampal formation of rats.
(A) CTRL, (B) CTD, (C) CIS, (D) CTD + CIS. The Pyramidal neurons in Figs 8 A, B and D appear normal whereas
those in Fig 1C were shrunken with some showing features of pyknosis. CTRL- Control, CTD- Cimetidine only,
CIS- Cisplatin only. PO- Stratum oriens, PC- Pyramidal Cell, SR- Stratum Radiatum, M- Lacunosum-Moleculare
Layer. H & E stain, X 400.

Figure 9: Representative stained sections of the Cornu ammonis3 (CA3) of hippocampal formation of rats. (A)
CTRL, (B) CTD, (C) CIS, (D) CTD + CIS. The Pyramidal neurons in Figs 9 A, B and D appear normal whereas
those in Fig 1C were shrunken with some showing features of pyknosis indicated by red arrows. CTRL- Control,
CTD- Cimetidine only, CIS- Cisplatin only, PO- Stratum oriens, PC- Pyramidal Cell, SR- Stratum Radiatum, M-
Lacunosum-Moleculare Layer. H & E stain, X 400.
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Effect of CTD on the pyknotic indices in rats treated with CIS: The pyknotic index indicated the quotient of
dividing number of pyknotic cells by the total number of cells/sq mm. The value reflects the number of dead neurons
in population of total neurons counted. Results show that the index was significantly higher (p<<0.05) in the CIS only
group when compared with control. Treatment with CTD+CIS showed a reduction in the pyknotic index when

compared with CISA as shown in Figure 10.
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Figure 10: The pyknotic indices on CTD in rats treated with CIS. CTRL- Control, CTD- Cimetidine only, and
CIS- Cisplatin only. Values are presented as Mean + SD (n= 10). * P<0.05 versus CTRL,; + P<0.05 versus CIS.

DISCUSSION

The administration of cisplatin (CIS) on day 7 of the
experiment elicited anorexia and diarrhoea in rats in
CIS and CTD+CIS groups, a finding supported by the
report of Hattori et al”. The passing of watery stool
observed may be considered as chemotherapy-induced
diarrhoea which is also reported in patients treated with
CIS where the incidence could be up to 50-80%"".

Cisplatin has also been reported to impair fluid and
electrolyte absorption in rat small intestine*, which
may have resulted in weight loss in CIS and CTD+CIS

groups, in addition to the anorexia and diarrhoea®*

However, food intake by rats in CTD+CIS group
increased as the study continued, which is in agreement
with previous report”. Literature has shown CIS
treatment being associated with weight loss due to
alteration in lipid metabolism which causes
lipodystrophy commonly associated with cachexia”,
this may alter brain weight as it is majorly composed of
lipid. Prevention of brain weight loss in the CTD+CIS
group may be due to restorative effect of cimetidine on
lipid peroxidation® suggesting that cimetidine as co-
treatment might have prevented brain weight loss in the
CTD+CIS group.

The open field test is used to evaluate the emotional and
locomotor activity of an animal”. Rats in both CIS and
CTD+CIS groups crossed fewer number of lines (used
to assess horizontal movement) than the control group,
although CTD+CIS group crossed more lines than the
CIS suggesting central nervous sedation since the
number of lines crossed is a behavioural index for
locomotory activity”. Rearing (vertical movement)
frequency of animals in the CIS and CTD+CIS group

was significantly lower than those of the other groups,
which possibly was due to central nervous sedation.
The sedation or weakness might have resulted from
sedation or depression due to or possible electrolyte
loss that might have accompanied fluid loss referred to
above. The result of significantly higher grooming
activity in animals in CIS group when compared with
animals in control group is an indication of anxiety™.

The result of object location and recognition test, which
is an assessment for spatial and recognition memory”’
showed that cisplatin caused significant impairment in
spatial and recognition memory as the animals in CIS
group spent less time exploring novel location and
novel object, hence lower discrimination indices, an
observation supported by the findings of Elbatsh™.

Interestingly, cimetidine co-treatment increased
exploratory behaviour of animals in CTD+CIS group,
thereby preventing reduction of the indices, suggesting
the ameliorative effect of cimetidine on cisplatin-
induced recognition memory impairment.

Photomicrographs of rat brain revealed more neuronal
degeneration in the cerebral cortices of animals in CIS

group, while few neurons degenerated in the those of
rats in CTD+CIS group, suggesting that cimetidine
treatment ameliorated cisplatin induced neuronal cell
death in the cerebral cortices of CTD+CIS group
animals. The pyknosis observed in the granular cells of
the dentate gyrus of CIS treated animals were not
evident in photomicrographs of the animals in
CTD+CIS as these appeared normal. Similarly,
pyknosis of the pyramidal cells was also observed at the
hippocampal regions CA3 and CALl in the CIS group
suggesting brain cell death the consequence of which is
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reduction in short term memory storage. This finding
conforms to published reports of Adrienne et al”,
Lomeli et al” and Owoeye et al””. However, cimetidine
treatment appeared to improve the alterations caused by
CIS on pyramidal neurons in CTD+CIS group as
exemplified by the normal neurons observed in the
hippocampus of CA1 and CA3 areas (figure 8D and
9D). Similarly, the pyknotic index from the
histomorphometry of the pyramidal cells of the
hippocampal region of the animals was higher for the
CIS group when compared with the control and
CTD+CIS groups suggesting some form of protection
by cimetidine from cisplatin toxicity. Comparatively,
cimetidine even at 3 mg/kg and up to 18 mg/kg was
toxic to transgenic leukaemia infested mice™ unlike
healthy experimental Wistar rats.

The multiple forms of insult ranging from pyknosis,
degeneration, karyolysis and irregularly shaped
Purkinje cells observed in the photomicrographs of the
cerebellar cortices of the CIS group animals indicated
cisplatin injury. This observation agrees with the study
of Abeer etal™, Owoeye etal”” and Imosemi et al* where
they reported alterations in the microanatomy of the
Purkinje cells of rats treated with cisplatin. Evidently,
as seen on figure 6D, cimetidine co-treatment in
CTD+CIS group reduced the insults on Purkinje cells
compared to CIS group. The observed alterations in the
Purkinje cells in animals of the CIS group was likely
part of the reasons for the fewer number of lines crossed
by animals in the group since cisplatin causes motor in-
coordination by affecting the growth and morphology
of Purkinje and granule cells”. The implication of death
of cerebral cortical and Purkinje neurons in the CIS
animals is possible perturbations in the coordinating
functions of the cortex and cerebellar involvement in
motor activity since cortical neurons in conjunction
with cerebellum, thalamus and basal ganglia control
motor functions.

The observed effects of cisplatin as demonstrated
histologically on the different parts of the brain implies
that the functions of the cerebral cortex, the
hippocampus and the cerebellum might be affected"’.
However, the histological amelioration of these micro-
anatomical alterations by cimetidine as demonstrated in
animals of the CTD+CIS group suggested that the
perturbations would be minimized while the functions
of'such parts might be restored to near normalcy.

CONCLUSION

In conclusion, cimetidine exhibited ameliorative effect
against body weight loss, behavioural abnormalities
and neuronal damage by protecting the integrity of the
cytoarchitecture of rat brain components against
cisplatin-induced insults.
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