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One of the most prominent disease conditions in cassava endemic regions of the world is movement
disorders. In this study, we investigate the movement disorder from the cortical and cerebellar point of
view. Most toxicity studies involving movement disorder has been greatly linked to the motor cortex,
thus, we examined neurodegeneration both in the motor cortex and the cerebellar cortex. This study
also evaluated the possible role of such degeneration in the etiology of neurodegenerative diseases
associated with cassava endemicity. 15 F1 adult Wistar rats were divided into three groups of five
animals each. The first group was the control, the second group received 10 mg/kg BW of potassium
cyanide (KCN) and the third group received 20 mg/kg BW of KCN for 15 days. The cortical (motor area)
and cerebellar tissue were obtained and fixed in formol calcium for cyto-architectural study. In
conclusion, toxicity of cyanide in the cortex and cerebellum can involve osmotic imbalance and
excitotoxicity at the 10 mg/kg causing increased in cell size and a slower form of degeneration and
reactive oxygen species (ROS) generation and lipid peroxidation causing release hydrolytic enzymes
from lysosomes that destroys the components of the cytoplasm as observed in the 20 mg/Kg treatment.
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INTRODUCTION

In 1981, Osuntokun and colleagues reported a wide
range incidence of neurodegenerative diseases in
cassava endemic parts of Nigeria, Niger, Zaire and
Mozambique. The clinical symptoms expressed showed
that patients suffered from upper motor neuron disease
leading to movement disorders resembling those
observed in Parkinsonism, tropical ataxic neuropathy
(TAN), Spastic endemic paraparesis (Konzo) and gradual
loss of vision due to degeneration in the visual cortex or
as a result of retrobulbar neuritis (Osuntokun, 1981;
Soler-Martin et al., 2010). The cerebellum (“little brain”) is
a structure that is located at the back of the brain,
underlying the occipital and temporal lobes of the
cerebral cortex. Although the cerebellum accounts for
approximately 10% of the brain’s volume, it contains over
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50% of the total number of neurons in the brain
(Alexander et al., 2012). Historically, the cerebellum has
been considered a motor structure, because cerebellar
damage leads to impairments in motor control and
posture and because the majority of the cerebellum’s
outputs are parts of the motor system (Bolduc et al.,
2011). Motor commands are not initiated in the
cerebellum; rather, the cerebellum modifies the motor
commands of the descending pathways to make
movements more adaptive and accurate (Filippi et al.,
2012). The cerebellum is involved in the following
functions: maintenance of balance and posture,
coordination of voluntary movement, motor learning and
cognitive functions (Alexander et al., 2012; Pekary and
Sattin, 2012). The body maintains its equilibrium from
sensory inputs from the eyes, the vestibular system in the
ears, the proprioceptive system (joints, bones and
muscles) regarding the position of the body with respect
to the external environment (Bolduc et al., 2011; Pitel et
al., 2012). The flocculonodular lobes of the cerebellum
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play an important role in receiving and processing this
information. This is why cerebellar injury results in ataxia
and an abnormal gait. Literally, every movement of the
body, although planned and executed by the motor cortex
of the central nervous system, is regulated and smoothly
controlled by the cerebellum (Orvis et al., 2012).

The pyramidal motor system (upper motor neurons)
controls all of our voluntary movements. Pathological
processes which damage the pyramidal motor system are
extremely important causes of disability and suffering.
The main function of a motor neuron is to convey output
signals to muscles for joint control (Ishida et al., 2011).
This involves 'upper motor neurons' in the brain relaying
signals to 'lower motor neurons' in the spinal cord, which
in turn relay signals to skeletal muscles for joint control.
Lower motor neurons are also involved in sympathetic
function, such as blood pressure regulation (Reiner et al.,
2010; Van Elswijk et al., 2010). Thus, the primary basics
of movement disorder will not only involve the upper
motor neuron but the cerebellum as well. Since the
cerebellum controls the instinctive aspect of movement,
the broad spectrum of movement disorders and loss of
vision associated with cassava endemicity will not only
affect the cortical cells but the coordinating centre for
visual impulse and information conveyed from the upper
motor neurons into the association centres like the red
nucleus and substansia nigra all of which are relayed and
regulated at the cerebellum (Otellin et al., 2011).

Cyanide is capable of generating reactive oxygen
species (ROS) and nitric oxide (NO) both of which are
capable of peroxidation of lipids and induction of the
caspases system that has been described as the basics
of cyanide induced neurodegeneration. Cyanide has also
been found to be excitotoxic a phenomenon also
applicable to cerebellar cells as they possess glutamate
receptor (NMDA R1), which can be potentiated by
cyanide (Isom et al, 1999). Cyanide also inhibits
metalloenzymes like Cytochrome C oxidase important for
the oxygen carrying capacity of the neuron and alkaline
phosphatase responsible for membrane transport
functions in the cerebellar cells. Thus, an assault of
cyanide will be detrimental on the cerebellum and can
sub-serve the primary basics for induction of movement
disorder, impaired visual and cognitive functions, ataxia
due to neuropathy (Chen et al., 2011).

MATERIALS AND METHODS

15 F1 generation adult Wistar rats (Wild type) were divided into
three groups of five animals each. The animals were exposed to
standard laboratory conditions and fed on normal rat chow. The
animals were also exposed to 12 h alternating light and darkness.
The groups were labeled A, B and C where group A received 20
mg/kg BW of cyanide, B received 10 mg/kg BW and C was the
control of the experiment. The duration of the treatment was 15
days and the route of treatment was oral. The doses were selected

based on a level below the LD5g and a concentration obtainable in
cassava based diet in humans (4 to 22 mg/kg/Day). The animals

were sacrificed by cervical dislocation and the brain was fixed in
formol calcium for 24 h. The brain tissue was then removed from
the fixative and dissected to remove the cerebellum and the motor
area. The tissues were then processed to obtain paraffin wax
embedded tissue blocks for histology.

Histology

The tissues were processed and 6 um thick sections were stained
in hematoxylin and eosin using the methods of Park et al. (2012).

RESULTS
General morphology of the cerebellum

Histology of the motor area (cerebral cortex)

Treatment with cyanide induced neuronal cell death at
both treatment doses as shown in arrow heads
(Cerebellum: Figures 2A and B; Cortex: Figures 4B1 and
B2) for the 10 mg/Kg and (Figures 3A and B: cerebellum;
Figures 4C1 and C2: cortex) for the 20 mg/kg treatment.
The mode of cell death seen in 10 mg/Kg treatment
(cerebellum and cortex) was features of necrosis with
enlarged cell bodies and distorted membrane. In the 20
mg/kg treatment group, the neuronal damage was
pronounced and neuronal connections ware lost (Figures
3A and B: cerebellum; Figures 4C1 and C2: cortex). The
nucleus in the 10 mg/kg treatment was prominent while
degeneration of cytoplasm and nuclear materials was
observed in the 20 mg/kg treatment group (Figures 3A, B;
Figure 4C1 and C2); this implies that the form of cell
death was caused by oxidative stress which involves
production of superoxide anions that can induce
peroxidation of lipids and cause damage to membranes.
The rate of progression of such damage was more
advanced in the 20 mg/kg for the cortex and cerebellum
(Figures 3 and 4C) and the extent of degeneration can be
said to be proportional to the treatment dose. If this were
so, it therefore will imply that the large quantity of radicals
thus formed activated nitric oxide (NO) and reactive
nitrogen species (RNS). For this study, no biochemical
study was conducted. Structural evidence from previous
studies suggests that over production of NO can induce
rapid degradation of genetic materials via apoptosis as
NO is a naturally occurring endogenous modulator of
cellular activities (Isom et al., 1999). Comparing the
treatment groups in Figures 2 and 3 against the control
(Figure 1) (cerebellum) and Figures 4B and C against
control (Figure 4A) (cortex), neuronal degeneration can
be said to have occurred. Thus, the cerebellar and
cortical cell death will increase with the treatment dose.

DISCUSSION

The motor area, entire cerebellar cortex, the deep



Figure 1. General morphology of the normal cerebellum (Purkinje cell layer: arrow head). n Shows the normal cells
(Magnifications 1A: X400 and 1B: X1,000). Area in shaded square represents the magnified region of the slide.

(Magnifications 1: X400 and 1B: X1, 000).

Figure 2. General morphology of cells for treatment 10 mg/Kg. The cell shows enlarged cell bodies
(arrow head), pale stained cytoplasm and prominent projections from the cell body indicating
degeneration by osmotic imbalance as the nuclear materials appears intact and membranes
distorted. Such structural changes are signs of degeneration by necrosis resulting from distortion of
membrane which leads to osmotic imbalance (Magnifications 2A: X400 and 2B: X1, 000).

Figure 3. General morphology of cells undergoing both apoptosis and necrosis induced by oxidative
stress treated with 20 mg/Kg of KCN. The cell bodies show enlargement and fragmented cytoplasm and
nucleus caused by ROS and NO, respectively. The NO is generated in excess amount considering the
increased ROS formation as against the 10 mg/Kg seen in Figure 2. The connections of the axons are
free ended and vacuolar spaces are observed around the cells probably due to peroxidation of lipids
and fast progressing degeneration of cell body and axons. (Magnifications 3A: X400 and 3B: X1, 000).
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Figure 4. General morphology of the pyramidal cell layer of the cortex. Fig 4A1 and 4A2: shows the histology for
the control group at x400 and X1, 000 respectively. Arrow head indicates normal pyramidal cells. Fig 4 B1 and
4B2 shows degenerating pyramidal cells, arrow head shows the enlarged darkly stained cytoplasm indication
signs of excitotoxicity. (*) indicates prominent axonal projections. Similar features were also observed in Fig4C1
and C2 where the 20mg/Kg treatment showed signs of neurodegeneration with prominent distortion of
membrane and cytoplasmic content; this is probably due to formation of reactive oxygen species combines with
excitotoxicity. The degenerative process progression shows rapidly degenerating pyramidal cells in this group.
Dotted square represents the magnified section in the X400 shown in the X1, 000.

cerebellar nuclei, pontine relay nuclei and cerebellar modulatory systems for the purpose of motor function
peduncles constitute the cerebellar system that works in (Tharling et al.,, 2012). Thus lesions of the cerebellar
association with the basal ganglia to form two distinct cortex will lead in a first instance to in coordination of



ongoing movement (Mizusawa, 2012). This defect is
called cerebellar ataxia which represents the
inappropriate operation of muscles that rely on sensory
feedback to produce coordinated movement (Mizusawa,
2012; Hoche et al., 2012). In this experiment, the toxicity
of cyanide has been seen to produce structural lesions in
the cerebellar cortex and the motor area; some of the
animals showed signs of tremor (especially in the 20
mg/kg BW treatment group) with constant tilting of the
head to one side. The tremor observed could be as a
result of a wide range of effects in the brain, but if such
tremor is owned to lesions of the cerebellum only it is
called intention tremor as opposed to the tremor at rest
observed in patients with Parkinsonism. In 1981,
Osuntokun and colleagues reported series of movement
disorders in cassava endemic populations in some parts
of Africa. Several movement disorders were observed
some of which includes tropical ataxic neuropathy,
spastic endemic paraparesis (Konzo) and other
symptoms resembling those observed in Parkinsonism,
thus supporting the idea that movement disorders linked
with toxicity of cyanide in diet is a function of both the
motor area and the cerebellar cortex.

Of interest in this study are the Purkinje cells of the
cerebellum; given the degree of abortivation of dendritic
fibers around the Purkinje cells, they appear to be cells
specialized in accommodating and integrating large
inputs from the adjacent cells especially the GABAergic
climbing Mossy fibers (Figures 1A and B) (Tsai et al.,
2012). However in the treatment groups, the specific
interaction between the mossy fibers and the terminal
regions of the Purkinje cells were lost owing to the fact
the degeneration had occurred in both set of neurons.
Some of the features of such degeneration are retraction
of the axonal systems and loss of connections to adjacent
neurons (Figures 2 and 4B). Another possibility of the
essence of the vacuolar spaces may be as a result of
peroxidation of lipids. The cells generally showed
increase in cell size in the 10 mg/kg group and loss or
fragmented cytoplasm in the 20 mg/kg treatment group.

A major question is that: does the toxicity of cyanide
depend on the dose of treatment and if this were so,
could such dependence be based on the mechanism of
toxicity that is predominantly adopted at such dose?
There is no straight answer to this question but the
hypothesis to explain the difference in the damage to the
cells based on dose is that; firstly, cyanide is capable of
potentiating NMDA R1 (a form of glutamate receptor).
Since the cerebellum contains more than 50% of the
neuronal cells in the brain and glutamate neurons are the
most abundant, this will make the cerebellum a major site
for excitotoxicity of cyanide and a major contributor to
movement disorder just as the widely studied motor area
(Mead et al., 2012).

Cyanide is capable of potentiating NMDA R1 as against
up-regulating the receptor. Potentiating the receptor will
imply the ability of cyanide to bind to the receptor keeping

it active for a prolonged period of time, thus since the
neuronal and astrocytic cells does not possess metabolic
machinery to break down cyanide, the activity of cyanide
is continuous in the neuron thus causing prolonged
excitation in the first instance. In a second instance, this
will affect the proposed glutamate-glucose exchange
required for energy metabolism, thus the NMDA R1 is
kept active causing glutamate transport to be impaired.
Since glutamate cannot be easily released, glucose is
deficient in the neurons as glutamate is always
exchanged for glucose. A possibility is that more
glutamate will be produced by the cells to request for
glucose thus leading to accumulation of glutamate in
glutamate toxicity (de Rivero et al., 2012). In a third
instance, potentiation of NMDA R1 is associated with
transient firing of the neurons and influx of calcium ions
causing osmotic imbalance and a resultant increase in
osmotic pressure in the neurons thus causing increase in
size (Dong et al., 2012).

A second method of cyanide toxicity is the inhibition of
the Heme a3-CuB bi nuclear centre of cytochrome C
oxidase. Cyanide can inhibit this mitochondria enzyme in
its three redox states. The enzyme is a member of the
cytochrome P 450 super family concerned with the
conversion of molecular oxygen to water to drive ATP
production. Thus inhibition of this enzyme causes
accumulation of molecular oxygen and electrons. When
these two components react, reactive oxygen species
(ROS) are generated and also nitric oxide and other
reactive nitrogen species (RNS)/nitric oxide (NO). ROS
can cause peroxidation of lipids and release of lysosomal
enzymes, since ROS are capable of peroxidation of
lipids, the bilayer of endosomes, peroxisomes and
lysosomes are also damaged causing the release of
hydrolytic enzymes accounting for loss of cytoplasmic
content as seen in the 20 mg/kg treatment. NO is a
naturally occurring endogenous modulator of cellular
activities but under cyanide treatment, the NO will
increase initiating signals capable of driving the cell into
apoptosis or necrosis; of important note is the fact that
over production of NO will give signals to initial cleavage
of DNA which is seen in the 20 mg/kg treatment as
fragmentation of the cytoplasm and nuclei (Min et al.,
2012).

In conclusion, toxicity of cyanide in the cerebellum and
cortex can involve osmotic imbalance and excitotoxicity at
the 10 mg/kg causing increase in cell size and a slower
form of degeneration and ROS generation and lipid
peroxidation causing release of lysosomes and digestion
of the components of the cytoplasm was a prominent
occurrence in the 20 mg/kg treatment group.

REFERENCES

Alexander GE, Bergfield KL, Chen K, Reiman EM, Hanson KD, Lin L,
Bandy D, Caselli RJ, Moeller JR (2012). Gray matter network
associated with risk for Alzheimer's disease in young to middle-aged
adults. Neurobiol Aging. [Epub ahead of print].



Glob. J. Anim. Environ. Biol. 037

Bolduc ME, Du Plessis AJ, Evans A, Guizard N, Zhang X, Robertson
RL, Limperopoulos C (2011). Cerebellar malformations alter regional
cerebral development. Dev. Med. Child Neurol. 53(12):1128-34.

Chen F, Jiang L, Yang B (2011). Visual loss caused by acute cyanide
poisoning: a case report. Clin. Toxicol. (Phila). 49(2):121-123.

de Rivero Vaccari JC, Casey GP, Aleem S, Park WM (2006). Corriveau
RA. NMDA receptors promote survival in somatosensory relay nuclei
by inhibiting Bax-dependent developmental cell death. Proc. Natl.
Acad Sci USA 103:16971-16976.

Dong Y, Zhang W, Lai B, Luan WJ, Zhu YH, Zhao BQ, Zheng P (2012).
Two free radical pathways mediate chemical hypoxia-induced
glutamate release in synaptosomes from the prefrontal cortex.
Biochim. Biophys. Acta. 1823(2):493-504.

Filippi M, Valsasina P, Misci P, Falini A, Comi G, Rocca MA (2012). The
organization of intrinsic brain activity differs between genders: A
resting-state fMRI study in a large cohort of young healthy subjects.
Hum Brain Mapp. doi: 10.1002/hbm.21514. [Epub ahead of print].

Hoche F, Seidel K, Theis M, Vlaho S, Schubert R, Zielen S, Kieslich M
(2012). Neurodegeneration in Ataxia Telangiectasia: What Is New?
What Is Evident? Neuropediatrics [Epub ahead of print].

Ishida A, Tamakoshi K, Hamakawa M, Shimada H, Nakashima H,
Masuda T, Hida H, Ishida K (2011). Early onset of forced impaired
forelimb use causes recovery of forelimb skilled motor function but no
effect on gross sensory-motor function after capsular hemorrhage in
rats. Behav. Brain Res. 225(1):126-134.

Isom GE, Gunasekar, PG, Borowitz, JL (1999). Cyanide and
neurodegenerative disease. In Chemicals and Neurodegenerative
Disease (S. C. Bondy, Ed.. pp. 101-129. Prominent Press,
Scottsdale, AZ.

Mead EL, Mosley A, Eaton S, Dobson L, Heales SJ, Pocock JM (2012).
Microglial neurotransmitter receptors trigger superoxide production in
microglia; consequences for microglial-neuronal interactions. J.
Neurochem. 121(2):287-301.

Min KJ, Jeong HK, Kim B, Hwang DH, Shin HY, Nguyen AT, Kim JH,
Jou I, Kim BG, Joe EH (2012). Spatial and temporal correlation in
progressive degeneration of neurons and astrocytes in contusion-
induced spinal cord injury. J. Neuroinflammation 9(1):100.

Mizusawa H (2012). Programs for continuing medical education: A
session; 3. Pathogenesis and treatment of cerebellar ataxia-recent
progresses. Nihon Naika Gakkai Zasshi. 101(3):669-674.

Orvis GD, Hartzell AL, Smith JB, Barraza LH, Wilson SL, Szulc KU,
Turnbull DH, Joyner AL (2012). Engrailed homeobox genes are
required in multiple cell lineages to coordinate sequential formation of
fissures and growth of the cerebellum. Dev. Biol. [Epub ahead of
print].

Osuntokun BO (1981). Cassava diet, chronic cyanide intoxication and
neuropathy in Nigerian Africans. World Rev. Nutr. Diet 36:141-173
Otellin VA, Khozhai LI, Vataeva LA, Shishko TT (2011). The remote
consequences of hypoxia influence in perinatal development period
on structurally functional characteristics of the rat brain. Ross Fiziol

ZhIm | M Sechenova. 97(10):1092-1100.

Park JD, Lee SI, Kim AR, Park JM, Shin SY, Shin JH, Moon SW, Park
H, Oh MK, Shin HS (2012). The effect of human placental extract on
rheumatoid arthritis in an animal model. Ann. Rehabil. Med.
36(2):197-206.

Pekary AE, Sattin A (2012). Rapid modulation of trh and trh-like peptide
release in rat brain and peripheral tissues by ghrelin and 3-trp-
ghrelin.Peptides. [Epub ahead of print].

Pitel AL, Chanraud S, Muller-Oehring EM, Pfefferbaum A, Sullivan EV
(2012). Modulation of limbic-cerebellar functional connectivity enables
alcoholics to recognize who is who.Brain Struct Funct. [Epub ahead
of print].

Reiner A, Hart NM, Lei W, Deng Y (2010). Corticostriatal projection
neurons - dichotomous types and dichotomous functions. Front
Neuroanat. 4:142.

Soler-Martin C, Riera J, Seoane A, Cutillas B, Ambrosio S, Boadas-
Vaello P, Llorens J (2010). The targets of acetone cyanohydrin
neurotoxicity in the rat are not the ones expected in an animal model
of konzo. Neurotoxicol. Teratol. 32(2):289-294.

Thirling M, Hautzel H, Kiiper M, Stefanescu MR, Maderwald S, Ladd
ME, Timmann D (2012). Involvement of the cerebellar cortex and
nuclei in verbal and visuospatial working memory: A 7 T fMRI study.
Neuroimage. [Epub ahead of print].

Tsai MC, Tanaka K, Overstreet-Wadiche L, Wadiche JI (2012).
Neuronal glutamate transporters regulate glial excitatory
transmission. J. Neurosci. 32(5):1528-1535.

Van EG, Maij F, Schoffelen JM, Overeem S, Stegeman DF, Fries P
(2010). Corticospinal beta-band synchronization entails rhythmic gain
modulation. J. Neurosci. 30(12):4481-4488.



