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ABSTRACT 
Cisplatin (CP) is used in the management of tumours but has side effects mediated in part by oxidative damage 
which limits its use. The seed extract of Raffia hookeri (SERH) with known antioxidant property was investigated to 
determine its capability to ameliorate perturbations in rat brain exposed to CP. Forty-eight female rats (151 – 210 g) 
were randomly divided into four equal groups (n = 12) viz: Group 1 (control, distilled water), Group 2 (100 mg/kg of 
SERH), Group 3 (CP, 7.5 mg/kg i.p, as single dose) and Group 4 (100 mg/kg of SERH + CP). The administration of 
SERH was orally via gavage for 14 days while CP was administered on the eighth day of experiment as a single dose. 
Forelimb grip strength and open field tests were carried out on day 15 of the experiment after which rats were 
euthanized followed by tissue processing for histology. Cisplatin reduced the total body weight, forelimb grip 
strength, transitions, rearings and groomings significantly (p<0.05) when compared with the control. Cisplatin 
similarly induced histological alterations of cerebral cortex neurons (CCN), granule cells (GC) and pyramidal 
neurons of cornu ammonis3 (PN). Quantitatively, CP significantly increased the pyknotic indices of CCN, GC and 
PN while it reduced the width of cerebral pyramidal neurons. These CP-induced alterations were ameliorated in the 
CP+SERH treatment group when compared with CP group. The SERH demonstrated neuroprotection against CP-
induced behavioural and microanatomical alterations of cerebral and hippocampal neurons.
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10INTRODUCTION emesis, even in chronic exposure .
Cisplatin (cis-diamminedichloroplatinum-II) is an 
effective chemotherapeutic agent in the treatment of We have previously reported on the ameliorative 
different solid tumors including cancers of the colon, capacity of natural plants products with antioxidantive 

1,3cervix, ovary, testis and lung . According to Ko and his properties which mitigated cisplatin-induced 
co-workers, the chemotherapeutic mechanism is such histological alterations of rat brain namely, tomato 

11 12that when cisplatin (CP) enters cells, its chloride pomace powder , Launae taraxacifolia leaves  and 
ligands become replaced by water, and the hydrated Raffia hookeri pulp extract which ameliorated the 

13species then reacts with nucleophilic sites on cellular cisplatin-induced brain damage in Wistar rats . 
macromolecules. Reports have also established that 
DNA binding is the main biological event that triggers Raffia palm (Raphia hookeri) belongs to the family 

1, 4the tumoricidal effects of cisplatin , while the Palmaceae and it is a monocotyledon plant, commonly 
14presence of CP adducts in DNA sequences is thought to found in tropical rainforest  and especially in West 

5,6trigger cell cycle arrest and apoptosis . However, the Africa where they are abundant in lowlands and 
15clinical usefulness of CP has been hindered by swampy areas in Southwest Nigeria . The plant has 

undesirable side effects and toxicities such as been found useful as edible palm oil (used for cooking 
ototoxicity, myelotoxicity, nephrotoxicity and and making margarine) and palm wine, while the 

7 16neurotoxicity . Studies on CP toxicity have revealed fermented sap can be distilled into alcohol or local gin . 
that it induces the generation of free radicals and Traditional medicinal uses included treatment of 

15increases production of reactive oxygen species (ROS) stomach pain in infants and as antidiabetic . 
8,9ultimately resulting in oxidative stress . The use of CP Experimentally, the seed extract of Raphia hookeri was 

can be enhanced by minimizing its side effect and thus effective in attenuating hyperglycemia and ameliorated 
preserve its chemotherapeutic efficacy by co- dislipidemia by minimizing the susceptibility of 

14 17administering it with an effective antioxidant agent that oxygen free radicals release . Ogbuagu  had earlier 
may inhibit free radical generation. For example, D- demonstrated the presence of flavonoids and phenols in 
methionine, a potent antioxidant, has been shown to the seed extract of Raphia hookeri which may act as 
ameliorate the cisplatin induced nephrotoxicity and free radical scavengers, in addition to other compounds 

Journal of Anatomical Sciences 2021: Vol. 12 No. 1                193



like vitamin A, thiamine, riboflavin, nitrates and experimental and control groups. They were housed in 
nitrites. clean transparent plastic cages (39 x 29 x 27 cm) with 

wood shavings as bedding and were fed with rat chow 
Important neurological functions such as cognitive and and water ad libitum. Animals were humanely handled 
motor control are coordinated in mammals by the according to the acceptable guidelines on the ethical use 
cerebral cortex, while memory coding and storage, of animals in research (21). 
emotions and behavior are associated with the            

18,19 Chemicals and drugs: Both Cisplatin (manufactured hippocampus . The effect of CP toxicity on the cortex 
by Korea United Pharm. Inc. Naojang, Chungnam, and hippocampus might affect their microanatomy and 
Korea) physiology. We had earlier reported the ameliorative 
and Ketamine hydrochloride (manufactured by Rotex effect of some plant products with antioxidant 
Medica, Trittau, Germany) were purchased from properties on the neurotoxicity of on these important 

11,12,13 Kunle-Ara Pharmacy, Ibadan, Nigeria.  brain components . Our literature search showed 
scanty information on the effect of the seed extract of 

Research Design: The forty eight adult female rats Raffia hookeri (SERH) on Cisplatin-treated rat brain, 
were randomized into four groups of twelve animals hence this new work.                                 
each as in Table 1

In view of this and in the context of continuous search 
All administration were oral via gavage for 14 days for neuroprotection from CP side effects, we 
while CP was intraperitoneal. The dosage and route of hypothesized that the reported antioxidant activity of 
administration of cisplatin were based on the method of SERH should be able to reduce oxidative damage that 

3Ko et al , while that of SERH was according to Mbaka accompanies cisplatin-toxicity in brain tissue thus 
14minimizing its neurotoxic effect as a neuroprotectant et al . 

from possible CP-induced injuries.

Behavioral tests: Behavioral tests were performed on 
The present study aimed to investigate the potential of 6 rats in each of the groups of animals on day 15 after 
SERH to exert preventive effects on CP behavioural weighing each rat.
changes and cell alterations in rat brain and so answer 
the research question of whether SERH might Open field test: Rats were placed in the center of the 
ameliorate the effect of CP in the brain of Wistar rat open field and allowed to explore the apparatus for 5 
model. minutes, after which, rats were returned to their cages 

and the floor of the box was cleaned with 70% ethyl 
MATERIALS AND METHODS alcohol and permitted to dry between tests to eliminate 
Plant materials and extraction process: Raphia olfactory bias. This test was used to assess number of 
hookeri fruits were obtained from the swamps of Oke lines crossed, rearing, grooming and center square 

22Odan, Apete, Ibadan, Nigeria in December, 2016. duration . 
Botanical identification and authentication of the fruits 
were done at the herbarium of Forestry Research Forelimb Grip Strength Test: It involves the forepaws 
Institute of Nigeria, Ibadan, Nigeria where a voucher of the rats being placed on a horizontally suspended 
number, FHI 110540 was given and a specimen metal wire of 2 mm in diameter and 1 m in length, 

17deposited. A modified method of Ogbuagu  was used placed one meter above a landing area filled with soft 
for the cold extraction. Briefly, the exocarp of the fruits bedding. Given a maximum time of 2 minutes, the 
were removed, the mesocarp (pulp) was scraped from length of time each rat was able to stay suspended 
seeds and the seeds dried and grounded into powdery before falling off the wire was recorded. This test 

23form for phytochemical screening and extraction. reflects forelimb muscular strength in the animals .
About 1 kg of the powder was used to obtain 98.1 g of 
the seed extract of Raffia hookeri (SERH) thus giving a Sacrifice and Sample collection: After the behavioral 
9.8% yield which was then stored in an air tight bottle and forelimb grip strength tests, rats were euthanized by 
and kept in a refrigerator till used. initial Ketamine 100 mg/kg followed by brain 

perfusion with 10% neutral buffered formalin. 
Phytochemical screening: Phytochemical screening Thereafter rat brain were dissected out, removed, 
was performed on the seed using standard procedures weighed and six brains preserved in the same fixative 
(20) for the following: flavonoids, alkaloids, for histological analysis, while the remaining were used 
saponins, tannins and anthraquinones. for the Golgi staining. 

Experimental animals: Forty eight adult female Histology and Histomorphometry: The tissues were 
Wistar rats weighing between 151 - 210 g were obtained processed at the Histological Laboratory, Department 
from the Animal House of the College of Medicine, of Anatomy University of Ibadan, Nigeria. Rats' brain 
University of Ibadan, Nigeria and were acclimatized at specimens were processed through the stages of 
the Department of Anatomy, University of Ibadan, for fixation, dehydration, clearing, infiltration, embedding 
two weeks before being randomly assigned to 
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and thereafter sectioned at 6 ìm thickness with a Rotary areas of the slides of each of the interest area by 2 
Microtome (Leica RM2125 RTS, Germany). The observers working independently. Photomicrograph 
ribbons were stained with haematoxylin and eosin calibrations were done using Image J/Micro-Manager 

24 26according to the method of Bancroft and Gamble  to 1.4 .
demonstrate general histology of the brain and possible 
microscopic alterations. After 24 hours, the perfused Statistical Analysis: Values were expressed as mean ± 
brains separated for Golgi staining were immersed in SEM and were analyzed One-way Analysis of Variance 
potassium dichromate solution for 5 days (5 changes (ANOVA) followed by post-hoc treatment using 
every 24 hours) and then silver nitrate for 3 days (3 Dunnett's test (Graph Pad prism 5.04, San Diego CA, 
changes every 24 hours). Thereafter tissues were 2010). Differences were considered statistically 
infiltrated for 30 minutes in molten wax, embedded in significant at P<0.05.  

oparaffin wax and cooled overnight at 4 C. The paraffin 
RESULTSblocks were trimmed and sectioned at 60 µm, 
Phytochemical screening: The phytochemical transferred into graded series of alcohol (80%, 90%, 
screening of SERH showed the presence of flavonoids, and two changes of 100%) for 2 minutes and cleared in 
alkaloids, saponins, tannins but absence of xylene for 10 minutes. Tissues were thereafter mounted 
anthraquinones. on glass slides using DPX as mountant. Thereafter, 

slides were viewed using Leica DM 500 digital light 
Effects of SERH on body weight and relative brain microscope (Germany) and images captured with Leica 
weight of rats treated with CP: Rats that received I C C 5 0  E  d i g i t a l  c a m e r a  ( G e r m a n y ) .  
cisplatin (CP) passed copious water stool soiling their Histomorphometric analyses were done using 
beddings in the first two days following CP computerized image analyzers (Image J/Micro-
administration. They also slowed down in physical Manager 1.4 and Digimizer Image Analysis Version 
activity but they became active from the third day. 4.6.1). Using an objective lens (x 40) and an ocular lens 
While there were weight increases in the CTL and (x 10), the viable and pyknotic neurons of the frontal 
SERH groups, those of CP and CP+SERH groups were cerebral cortex, cornu ammonis3 (CA3) and dentate 
reduced, whereas there was no significant differences gyrus of the brain were observed and counted with the 
in the  relative brain weight across the groups (Table 2). software. The pyknotic index (PI) according to the 

25method described , was calculated for in ten different 

Table 1: Research Design  
Groups  Treatment  
CTL (n=12)  0.3 mL distilled water daily, served as control.  
SERH (n=12)  100 mg /kg body weight of SERH  
CP (n=12)  Cisplatin (7.5 mg/ kg body weight, i.p.) as single dose 

on day 8.  
CP+SERH (n=12)  100 mg /kg body weight of SERH + Cisplatin (7.5 

mg/kg body weight, i.p.) as single dose on day 8.  

CTL, Control; SERH, seed extract of Raphia hookeri; CP, cisplatin. 

Table 2:  Effect of SERH on the body and brain weight changes in rats treated with CP

Group  CTL  SERH  CP  CP±SERH 
Initial Wgt.          165±6.1  154±5.5  200.5±10.5  185±9.1
Final Wgt.  190±9.1  163±6.1  170±7.5  164.5±5.2
Wgt. changes  25±1.4  8.5±0.5  -30.5±1.7  -20.5±1.3
% Wgt. changes

 
15.2±1.03

 
5.5±0.6*

 
-15.2±1.02*

 
-11.1±0.8*

Brain Wgt. 
 

1.7±0.01
 

1.67±0.01
 

1.73±0.03
 

1.69±0.02
R.B.W 0.89±0.01 1.02±0.02 1.02±0.03 1.02±0.03

Values are presented as mean ± S.E.M for six rats per group. CTL, Control; SERH, seed extract of Raphia hookeri;  
CP, cisplatin, CP+ SERH, cisplatin + seed extract of Raphia hookeri,  Wgt- Weight (g), R.B.W.-Relative brain 
weight. * P< 0.05 versus Control group.
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Figure 1: Histogram showing the effect of SERH on the behavioural parameters in rats treated with CP. Values are 
presented as mean ± S.E.M for six rats per group. CTL, Control; SERH, seed extract of Raphia hookeri; CP, 
cisplatin, CP+ SERH, cisplatin + seed extract of Raphia hookeri. * P< 0.05 versus Control group, # P< 0.05 versus 
CP group.

Figure 2: Histogram showing the effect of SERH on the forelimb grip test in rats treated with CP.  Values are 
presented as mean ± S.E.M for six rats per group. CTL, Control; SERH, seed extract of Raphia hookeri; CP, 
cisplatin, CP+ SERH, cisplatin + seed extract of Raphia hookeri. * P< 0.05 versus Control group.
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Figure 3: Representative stained sections of frontal cerebral cortex of rats: (a) Control group (b) SERH-treated (c) 
CP-treated (d) CP+SERH-treated. Normal cortical neurons in all groups are indicated by arrows. Dark (pyknotic) 
cortical neurons (arrowheads) are noted in Fig. 1c and scantily in Fig. 1d. which suggest neuronal degeneration. 
SERH; Seed Extract of Raphia hookeri; CP, cisplatin; CP+RHPE, Cisplatin + Seed Extract of Raphia hookeri. 
H&E. Scale bar for all figures = 10 ìm.  

Figure 4: Representative stained sections of Dentate gyrus rat hippocampus: (a) Control group (b) SERH-treated 
(c) CP-treated (d) CP+SERH-treated. Normal granule neurons in the Granular layer (GL) are shown by arrows. 
Dark (pyknotic) granule neurons (arrowheads) are noted at basal cells of the GL in Fig. 2c and scantily in Fig. 2d. 
which suggest neuronal degeneration. SERH; Seed Extract of Raphia hookeri; CP, cisplatin; CP+SERH, Cisplatin + 
Seed Extract of Raphia hookeri. H&E. Scale bar for all figures = 10 ìm.  
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Figure 5: Representative stained sections of Cornu Ammonis3 of rat hippocampus: (a) Control group (b) SERH-
treated (c) CP-treated (d) CP+SERH-treated. Normal pyramidal neurons in the Stratum pyramidalis (SP) indicated 
by arrows while the dark (pyknotic) granule neurons (arrowheads) are noted scattered among normal ones in Fig. 3c 
and scantily in Fig. 3d. indicating neuronal degeneration. SERH; Seed Extract of Raphia hookeri; CP, cisplatin; 
CP+RHPE, Cisplatin + Seed Extract of Raphia hookeri. H&E. Scale bar for all figures = 10 ìm.  

Figure 6: Representative Golgi stained sections of frontal cerebral cortex of rats: (a1-a3) Control group; (b1-b3) 
SERH-treated group; (c1-c3) CP-treated group; (d1-d3) CP+SERH-treated group. SERH, Seed Extract of Raphia 
hookeri; CP, cisplatin; CP+SERH, Cisplatin + Seed Extract of Raphia hookeri. Upper panel, a1-d1 represents 
figures at ×100 magnification; middle panel, a2-d2, is at ×400 magnification while the bottom panel, a3-d3, is at 
×1000 magnification. The soma and dendrites of pyramidal neurons are well demonstrated in all groups. The 
dendritic arborization of the CP group are noted to be scanty compared with other groups. Scale bar for all figures = 
10 ìm. 
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Figure 7: Histogram showing the effects of SERH on the histomorphometry of the neurons of the frontal cerebral 
cortex, dentate gyrus and cornu ammonis3 in rats treated with CP. Values are presented as mean ± S.E.M. of six rats. 
CTL, Control; SERH; Seed Extract of Raphia hookeri; CP, cisplatin; CP+SERH, Cisplatin + Seed Extract of 
Raphia hookeri. *P< 0.05 versus CTRL group, **P< 0.05 versus CIS group.

Effects of SERH on behavioral and forelimb grip to be reduced in the CP treatment group. 
strength test in rats treated with CP: Cisplatin 
significantly reduced the number of transitions, Effects of SERH on the histomorphometry of the 
rearings, groomings and the duration of the forelimb neurons of the frontal cerebral cortex, dentate gyrus 
grip strength (p<0.05) when compared with the control and cornu ammonis3 in rats treated with CP: 
group as shown in Figures 1 and 2. Pretreatment with Figures 7a, 7b and 7c showed that CP significantly 
SERH significantly ameliorated these changes as (p<0.05) increased the pyknotic indices of the neurons 
observed in the CP+SERH rats relative to CP group. of frontal cerebral, DG and CA3, but reduced the mean 
The duration of time spent in the center square was diameters of the pyramidal neurons (Figure 7d) relative 
significantly increased by CP also (Figure 1). to the control. However, all these parameters were 

significantly ameliorated in the CP+SERH when 
compared with CP treatment.Effects of SERH on the histology of the frontal 

cerebral cortex, dentate gyrus (DG) and cornu 
DISCUSSIONammonis3 (CA3) in rats treated with CP: The 
We investigated the effect of the seed extract of Raphia histology of the frontal cerebral cortex show large 
hookeri (SERH) on cisplatin-induced behavioral round or oval neurons whose nuclei exhibit   open 
changes as well as micro-anatomical alterations in rat chromatin pattern and visible nucleolus indicated by 
brain. The numerical and histological results indicated arrows in all the groups (Figure 3). Neurons of CP 
that cisplatin (CP) elicited body weight reduction, group are noted to show scattered dark (degenerated 
behavioral changes and micro-anatomical alterations in neurons) indicated by arrow heads. The representative 
the frontal cortex (FC), dentate gyrus (DG) and cornu photomicrographs of DG and CA3 show normal 
ammonis3 (CA3) of adult Wistar rats.  neurons with the exception of CP-treated groups which 

showed pyknotic neurons when compared with the 
The loss of body weight in the CP groups was probably control as depicted in Figures 4 and 5. Uniquely, only 
due to water loss from diarrhea which resulted from CP-granule neurons in the basal layer of GL of DG 

27induced gastrointestinal toxicity , leading to CP's exhibited dark neurons. The altered histologic features 
damage of the mucosal epithelial cells of rat's colon in the CP groups in the three brain parts were returned to 
whose principal function is the recovery of water and near control-like features in CP+SERH groups with 
salt from feces leading to formation of increasingly their neurons being large, rounded or oval with the 

28solid feces . Studies have also attributed the weight nuclei showing open chromatin pattern and some 
loss in Cisplatin treated animals to reduced gastric showing nucleoli. Figure 6 showed that the dendritic 

29,30motility, gastric distention and emesis .  The report of arborization of pyramidal neurons of frontal appeared 
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weight loss in all rats treated with CP agreed with pyknotic pyramidal neurons of CA3 and the increased 
9,31 pyknotic index, the quality of projections of Schaffer's published findings . The ability of the pretreatment of 

collateral from CA3 to CA1 and its ultimate projection SERH with CP to maintain a steady weight gain 
to subiculum and entorhinal cortex might be compared with the CP group suggested a protective 
compromised. The resultant effect might be impaired effect of the SERH. 
memory coding aside from other hippocampal 

33The reduction of the transitions and rearings of the rats functions like cognition and behavior in rats . 
by CP indicated a reduction in the horizontal and 
vertical locomotive activities of the rats. When The neural damage by CP demonstrated by histological 
combined with reduction in groomings and forelimb damage has been associated with free radical 

7,12,36grip strength in addition to increased center square generation resulting in oxidative damage . The 
duration of the rats by CP, this suggested possible presence of large amounts of long chain 
reduction of the cognitive function and muscular polyunsaturated fatty acids (PUFAs), high aerobic 
activities and increased anxiety in the rats which agreed metabolism and low levels of antioxidants in brain 

11,32,33with published reports . Assessment of rodent self- tissue make the brain very susceptible to oxidative 
41,42grooming is known to be useful for understanding of the stress . Oxidative stress is known to alter cell 

neural circuits involved in complex sequential patterns structure and function and might also reduce the 
34of action . The ability of SERH to ameliorate the antioxidant mechanisms resulting in DNA damage in 

transitions, rearings and groomings demonstrated in the biological systems which might explain the nuclei 
9CP+SERH groups suggested a protective factor in damage in the neurons of FC, DG and CA . However, 

SERH which might protect these rats from becoming flavonoid-containing substances possess antioxidant 
sluggish. activity which are capable of mitigating the effect of CP 

17,43as is reportedly present in SERH . The increased 
The presence of dark neurons in the FC, DG and CA3 number of transitions, rearings, groomings, forelimb 
were indications of altered micro-anatomy of these grip and mean diameter of frontal cortex pyramidal 

35neurons  resulting from CP treatment which was neurons on one hand and the improvement of the 
11,12,36consistent with previous reports . The degeneration histology of the FC, DG and CA3 in the CP+SERH 

of FC neurons, increased pyknotic index and reduction groups attest to the ameliorative effect of SERH with a 
of dendritic arborization of the pyramidal neurons as possible mechanism via the antioxidant pathway. The 
well as the reduction of the mean diameter of the overall effect of this amelioration by SERH treatment in 
pyramidal neurons of the frontal cortex in CP-treated both cerebral cortex and hippocampus would be an 
rats all support the previous reports of cisplatin injury in improvement in cognitive and memory coding 

7,11,12,36 19,44,45rat cortical neurons . The degeneration of cortical processes . 
neurons induced by CP might explain the reduction in 
transition, rearing and forelimb grip test observed since Our limitations in this study includes the inability to 
the final control of fragmented distal digital movements isolate and characterize the active component in SERH 
in mammals is dependent on pyramidal tracts which are which was responsible for the observed effects, using 
projection fibers from the cerebral cortex. Other more elaborate techniques, such as electron 
cerebral cortical functions including limbic, decision microscopy and performing immunohistochemical 

19 investigations of the neurons to determine if neuronal making and cognition might also be affected .
death was due to apoptosis or necrosis.

The histology of the DG and CA3 neurons showed 
CONCLUSION distortion as evidenced by the pyknotic neurons and 
Taken together, SERH ameliorated the behavioural increased pyknotic indices. The ability of CP to induce 
changes and demonstrated neuroprotection against CP-neurotoxicity with histological alteration was reported 

37 38 12 induced micro-anatomical alterations of FC, DG and by Al-Moundhri et al , Gulec et al  and Owoeye et al  
CA3 possibly through its antioxidant property. Since contrary to older reports that CP was unable to penetrate 
the development of n are beneficial in the identification the blood-brain barrier (39).  The possible consequence 
of chemo-preventive agents and biologically active of the death of granule neurons of DG and pyramidal 
molecules, SERH could be further investigated for neurons of CA3 might be a distortion of the normal 
possible identification of promising therapeutic agents memory coding processing in the brain. From our 
against CP toxicity. findings, pyknotic neurons in the DG were limited to 

the subgranular layer which might limit the generation 
Author contributionsof new neurons and also affect the interneuronal 
Conceived and designed the experiments: OO. relationship between the neurons and other cells of the 
Performed the experiments: EOA, FOA. dentate gyrus namely dentate pyramidal basket cells 

40 Analyzed the data: OO, EOA, FOA. and mossy cells . The afferent perforant pathway 
Wrote the manuscript: OO, EOA, FOA.projections from layer II of the entorhinal cortex to the 

DG might also be affected resulting in faulty mossy Edited the manuscript which all authors read and 
fibre projection from DG to CA3. Because of scattered approved: OO, OSO, MOA.
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