Neurobehavioural Changes and not Structural Changes Occur in Rat Fed with Cassava Products
(Fufu, Garriand Tapioca Diet)

ABSTRACT

The ability of cassava products (fufu, garri and tapioca) to produce behavioral and structural
changes in the brain of adult rats was examined. Forty adult male rats (N=40) were used for this
study and the experiment was divided into two phases (N=20 each).Rat were trained in a Reach-
To-Grasp Task for 6 weeks and Quantitative assessments using a reaching movement scale and
reach-to-grasp success rate were carried out to determine baseline values. After which
administration of the various cassava products was done. The 1% phase had the rats trained to
perform the reach to grasp experiment before been fed with various cassava diet. In this phase
the animals performed significantly worse than the controls when determining the average
success rate in a reach-to-grasp experiment (baseline=72.6%, fufu diet= 30%, garri diet =47%,
tapioca diet =59%). The 2" phase had the rats trained simultaneously as they were being fed
withvarious cassava diet. In this phase the animals also performed significantly worse than the
controls when determining the average success rate in a reach-to-grasp experiment (fufu diet=
37.5%, garri diet =46.5%, tapioca diet =56.5%). The various movement of the rat was assessed
using Tracker software (Video Analysis and Modeling tool, version 5.1.2) and the movement
pattens were determined. The animals fed with Fufu shows the worst movement pattern
indicating aiming impairment which may be as a result of structural changes in the m1 region of
the cerebral cortex. The data obtained were analysed using ANOVA and there was significant
difference (p < 0.05) in the movement pattern. Histological observation showed no
neuropathological changes in the motor cortex. The rats fed with cassava diets shows no
observable changes in the structures and sizes of the neurons as compared with the control.
Cassava products (Fufu, Garri and Tapioca) have been demonstrated to cause neurobehavioural
and mild structural changes in the M1 region of the cerebral cortex.
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1. INTRODUCTION

Cassava and it various products (fufu, garri, tapioca) are a very rich source of carbohydrate
compared to other carbohydrate-containing foods (e.g. rice and maize). Cassava however,
contains cyanogenic glycosides which release hydrogen cyanide when chewed or digested. Due
to hydrolysis cyanide is released when cassava is chewed or digested and this has ability to cause
acute Cyanide poisoning when it is consumed continuously. Cyanide toxicity causes an
irreversible neurological condition in the long term such as Konzo and Tropical Ataxic
neuropathy (TAN) (Enefe et.al., 2020 and David et. al., 2021). According to Boivin et al. (2013),
cassava Cyanide poisoning was shown to be associated with cognitive deficits and severe
impairments of fine motor control and coordination using the Kaufman Assessment Battery for
Children, 2"edition (KABC-II) for cognition and the Bruininks/Oseretsky Test, 2"Edition
(BOT-2)measure for motor proficiency. Motor symptoms of konzo are permanent and
irreversible. Deficits in fine motor control, in association with exaggerated deep tendon reflexes
or ankle clonus, are commonly found in the general population of konzo-affected areas,
suggesting the existence of subclinical and preclinical konzo (Howlett et al., 1990; Tshala-
Katumbay et al., 2001; Cliff et al., 1999; Al-Kuraishy et al., 2016; 2017; Waheed et al., 2019;
2020). The World Health Organization (1996), graded the severity of konzo according to the
following: mild konzo (able to walk with no support), moderate konzo (needs support to walk),
and severe konzo (Unable to walk).

Tracy and Wishaw, (2002) explained the effect of a lesion in the motor cortex; the mice had
higher scores before the lesion with an average percent success of 4010 before the lesion and
10+10 average success percent after the lesion. This showed that the performance of the lesion
group was inferior to that of the control group on all the test days.

These products of cassava that were not properly processed have the tendency to cause
neurobehavioral effects on consumption. The extent of the damages is not all known yet, but
considering the presence of cyanide in those products and at what quantity; there are anticipated
neurobehavioural changes in the rats fed with these products which can also happen in humans.
Hence, this study was done to demonstrate the ability of cassava products (fufu, garri and
tapioca) to produce behavioral changes in the brain of adult rats.

2. MATERIALS AND METHODS
Forty Male Wister rat were used for this experiment and they were kept to acclimatize to their

new environment for about 2weeks.The animals were kept singly in their cages (Single-housing



system) and were food deprived according to their body weight so as to motivate the animals to
perform the reach-to-grasp task. This single housing was to ensure that the right quantity of food
IS given to each animal, thus maintaining sufficient motivation and optimal reaching
performance. The rats were divided into 2 phases and 4 groups in each phase: the first phase was
trained first using the reaching apparatus before fed with the cassava diets while the second
phase was fed with the cassava diets from the onset. Each phase was divided into 4 groups, each
fed with the various cassava diets (fufu, garri, tapioca) and the control. After the acclimatization
process the rats were trained to perform the reaching task for 6 weeks and the baseline scores

were achieved. The rats were then fed with the cassava diets.
2.1 Cassava Preparation for Consumption by Rats

Fresh cassava products (fufu, garri, Tapioca) were obtained and were administered to the rats for

about 6 weeks.

Fufu: In making Fufu, the cassava tubers were harvested and peeled, washed properly and
soaked for 3-4 days to properly ferment. It was then filtered with the addition of water to get a
required mash. The mash was placed in a bag and pressed to drain out excess water, large
moulds are made and placed in a boiling pot to simmer for a few minutes. The moulds were then
pounded properly and made into smaller moulds which are then wrapped, stored and given to

animal when needed.

Garri: In the making of garri flour, cassava tubers are peeled, washed and grated or crushed to
produce a mash. The mash was placed in a porous bag, which is then placed in an adjustable
press machine for 1-3 hours for the removal of excess water containing cyanide. The mash is
then left to ferment and properly dry up for a few days, once dried it is then sieved and fried in a
large pot. The resulting dry granular garri was stored for the duration of the experiment. The

garri diet was then prepared and given to the animal.

Tapioca: Cassava tubers were harvested and peeled. They were washed properly and soaked for

about 3-4 days. The peeled cassava tubers were then cut in slices and boiled properly. The soft

slices were soaked in water to prevent them from drying up.

2.2 Behavioural Assessment



The animals were trained to perform the reach to grasp task in which the baseline was achieved
and subsequent success rates were also gotten from animals fed with cassava diets across the
groups. The pellets were placed on a pedestal for the animals to attempt to reach and grasp. Their
pattern of limb movement and process of acquiring the pellets were assessed. Before the training
the rats were placed on a food restriction regimen, this was to get down their weight to about
70% so as to motivate them to perform the training. At the start of the restrictions, animal’s body
weight was gotten. Then, the food was restricted to 70% needed to maintain the body weight.
The 70% value was recommended by both Institutional Animal Care and Use Committee
(IACUC) documents consulted of Emory University of Pennsylvania Philadelphia, USA. This
guideline was used; to every 1kg body weight 86g of food was given (USEPA, 1988).

The reaches of each rat was recorded as follows: When the rats successfully brought the pellets
to the mouth it was recorded as a "success". When the rat successfully brought the pellet to its
mouth after several reaches it was recorded as a "Success" but not as a "1%Attempt". If it dropped
along the way of getting to the mouth it was recorded as a "drop". Those that were knocked off
from the stage were recorded as a "fail". The success, drop and failed scores were then analyzed
to give their percentages. A video recording was also carried out in each section for off-site
analysis. The dexterity or handedness of the rats was also noted in the trial process. Before each
training session, the weight of the animals was checked first to determine the current weight and

observe if there was a loss or gain in weight.
2.3 Apparatus

The reaching apparatus has the following dimensions (Tracy and Han, 2002) :Height 20cm,
Length 19.5cm, Breadth 8cm, Slot 1cm, Slot to stage 3cm. The rats were trained in the reaching
apparatus; a transparent box (made with plexiglass), with a 1cm wide slot through which they
reach and grasp flavored pellets (Cocopops) from a stage about 3cm from the slot. A trial section
began when the pellet was placed on the stage until it was successfully received, dropped or
knocked off. A maximum of 50 trials was done each day. Animals reach through a vertical slit at
the front of the cage. The mechanisms of a rat's reach are such that, targets contra lateral to the
reaching limb are more easily obtained than ipsilateral targets. Thus by placing food to one side
or the other, we could elicit reaches from either forelimb, in a controlled manner. The protocol of

Wishaw and Pellis (1990) and Ballerman et al., (2001) with minor modifications was followed.



(A)Side View  (B)Front View

Fig.1: Reaching Apparatus

2.4 Tissue preparation

The animals were anaesthetized in desiccators using chloroform and then euthanized. Trans
cardiac perfusion was performed to fix the brain. The head was removed using a pair of bone
crusher. The remaining muscles were removed to expose the skull. The brain of the animals was
harvested and was enclosed in test-tube containing formalin to fix properly before tissue

processing. Coronal sections were taken on the cerebrum and cerebellum using a microtome at

Su.
2.5 Staining Procedures using Toluidine Blue

The slides were deparaffinized in xylene for 1 minute and then immersed in different grades of
alcohol (90%and70%), before being rinsed in water. The slides were immersed in sections to
distilled water. The sections were put in toluidine blue stain for 2-3 minutes till the color of the
section became blue. Each slide was washed in distilled water for 3 changes and then dehydrated
quickly through 95% and 2 changes of 100% alcohol (10 dips each since stain fades quickly in
alcohol). Clearing in xylene or xylene substitute was done for 2 changes at 3 minutes each. A



cover slip with are sinous mounting medium were used to cover the sections while preventing air

bubbles from getting in.
2.6 Statistical Analysis

Graph prism 7, was the software used to analyze the weight and success rates by plotting them
on a graph. ANOVA and Bartlett’s test of Homogeneity were used as a parameter for data
analysis; this was done on a graph that showed the progression of success rates. Rat movements
and trajectory were analyzed using tracker software (Video Analysis and Modeling tool, Douglas

Brown 2020 version 5.1.2) and the velocity of movement of the rat was calculated.

3. RESULTS

3.1. Weight Assessment of Animals

Statistical analysis was carried out using ANOVA to determine the differences in the weight
between the various groups (baseline, fufu, garri, tapioca). Differences between-group variances
were assessed with Bartlett’s test of Homogeneity, with p<0.05 set as the significance level.
Using ANOVA, Significant difference was observed at P<0.05 (f=29.29; p<0.0001) across the
weight of the groups (Baseline, Garri, Fufu, Tapioca) for phase 1 and at P<0.05 (f=10.04;
p<0.0001) across the weight of the groups for phase 2. Bartlett’s test of Homogeneity of
Variances was used to compare variances across weight of the groups. The Bartlett’s test statistic
was 2.455 at a P value of 0.4834 in the weight of the groups for phase 1. The weight of the
groups across phase 2 had a Bartlett’s test statistic of 1.479 at a P value of 0.4774.
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The weight of the animals was obtained during the reach to grasp experiment and administration
of the cassava products on the rats to observe its effects on the weight across the groups. The
baseline group had the highest weight after which there was a progressive decline of the weight

across the groups.
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The weight of the animals was obtained during the reach to grasp experiment and administration
of the cassava products; it was observed that the group fed with fufu had the highest weight
while those fed with garri showed the most reduction in weight for phase two (fig. 3), but the

same way in phase one (fig.2) as Tapioca diet shows much weight reduction.

3.2. Effect of Cassava Diet on Reaching Performance

In the statistical analysis of the success rates across the groups using ANOVA, significant
difference was observed at P<0.05 (f=11.8; p<0.0001) across the success rate of the groups
(Baseline, Garri, Fufu, Tapioca) for phase 1 and at P<0.05 (f=1.456; p<0.0001) across the
success rate of the groups for phase 2. Using Bartlett’s test of Homogeneity, the variances across



the success rates of the groups was compared for phase 1 and 2. Phase 1 had a Bartlett’s test
statistic of 2.067 at a P value of 0.5586 and this showed equal variance across the groups. Phase

2 had a Bartlett’s test statistic of 0.3468 at a P value of 0.8408
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Fig. 4: Success rate Scores (a) Baseline (b) Phase 1 (c) Phase 2

The rats were trained to perform the reach to grasp experiment for 6 weeks. At baseline the
success rate was progressive with a steady increase. The rats were fed with the various cassava
diets for four weeks. The rats feeding on cassava diets never attained the number of reaches at

baseline which they did prior to being fed cassava diets.

3.3. Histological Changes observed in Rats fed with cassava diets

Histological Changes observed in the motor cortex

The control micrographs (Fig. 5a) show numerousneurons with the nucleus closely packed and

free of vacuolations in the cerebral motor cortex of the brain. The rats fed with cassava diets



shows no observable changes in the structures and sizes of the neurons as compared with the

control (Fig.5b, c, d).

vacuolation

~

Neuronal cell

(A) -(B)

Blood vessel

(©) .
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Histological Changes observed in the cerebellar cortex
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DISCUSSION

The experiment was carried out to examine the effects of the various cassava products (Fufu,
Garri and Tapioca) on the rats that fed on them as food. Neurobehavioural changes were assessed
quantitative and qualitative. In the experiment, the animals were subjected to a reach-to grasp
training process in which they were taught to reach out of the reaching apparatus for pellets
(coco pops). During the training process their baseline success rate were recorded and scored.

In the 1% phase of the experiment in which animals were trained before being fed with cassava
products, the weights of the animals were determined (fig. 2) and a reduction in weight was

observed in all the groups with the group given tapioca having the least weight. The success rate



of the phase 1 rats (fig. 4B) were also gotten and compared to the control success rate (fig. 4A)
in which it was observed that the baseline (control group) had an average success rate of 72.6%,
the group fed with Fufu had 30% success rate, Garri had 47% success rate and Tapioca had 59%
success rate. In the 2" phase of the experiment, feeding of the animal with cassava product was
done simultaneously with the training. The animals took a longer time performing the reach to
grasp training as compared to the animals used in the 1% phase where feeding was done after
attaining a baseline score for 6 weeks. The weight of the 2™ phase animals (fig 3) were also
determined. It was observed that there was a decline as compared to the control weight and in
this phase the group given Garri had the least weight and the group fed with Fufu had the most
weight. In the comparison of the success rate in this phase (fig 4C) with the baseline (control
group) which had an average success rate of 72.6%, the group fed with Fufu had 37.5% success
rate, the group given Garri had 46.5% success rate and the group given Tapioca had 56.5%
success rate. It took a longer time to train the animals to perform the reach to grasp experiment
during this phase. These varying scores in weight and success rate clearly explain that the
animals fed with the cassava products (Fufu, Garri and Tapioca) were greatly affected by the
toxic effect of the cassava products which restricted them from successfully reaching for the
pellets. In both phases it was observed that the group fed with Fufu were the most affected in

performing the reach to grasp experiment.

The present study showed that rats’ reached for food targets when properly motivated and with
the aid of their sense of olfaction. Similar observation was reported by Hermer-Vaquez et al.
(2007); Al-Kuraishy et al. (2012); Al-Kuraishy et al. (2017). Animals fed on low protein diet
usually stopped growing, lose weight, and sometimes adapt to the diet at a slow rate (Dollet et al.
1985; Okitolonda et al. 1988; Al-Kuraishy et al., 2012; Al-Nimer et al., 2012). Our study agreed
with this statement because cassava is low in protein and we observed weight drop in the rats fed
with cassava only during our experiment. According to Farr and Whishaw (2002), animals had
higher reaching scores before lesion occurred. This was observed in our study as the reaching
scores of the animal after cassava consumption decreased when compared with the baseline
scores.

This is an indication that bitter cassava may have damaged themotor neuron in the corticospinal
tract, hence, affecting the performance of the animals. Previous studies have demonstrated that

after a motor cortex injury, a rat still retrieved food by reaching out with the affected forelimb,



but the success rate was reduced (Kolb et al. 2000; Whishaw 2000; Al-Kuraishy et al., 2012;
Jasim et al., 2019). They also observed that most ofthe movement components of the reach
areabnormal and those compensatory body movements provided the rotator movements to assist
pronation and supination. The finding that rat fed with cassava diets produced a motor
impairment is consistent with findings in animal konzo model (Enefa, et. al., 2020 & David, et
al., 2021) and human konzo patients (Tylleskar et al. 1993).

Conclusion

This study has shown that the continuous consumption of the cassava products (Fufu, Garri, and
Tapioca) causes neurobehavioural changes on the motor cortex which correlates to the disruption
of skilled movements in rats. The physical impairments observed on the rats showed the need for
the consumption of balanced diet rich in essential protein (amino acids) in humans because the
study can also be extrapolated to humans.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that no competing interests exist. The products used for this research are
commonly and predominantly use products in our area of research and country. There is
absolutely no conflict of interest between the authors and producers of the products because we
do not intend to use these products as an avenue for any litigation but for the advancement of
knowledge. Also, the research was not funded by the producing company rather it was funded by
personal efforts of the authors.

REFERENCES

Al-Kuraishy H, Al-Windy S, Algareeb Al. The Effects of Vinpocetine on the Psychomotor

Performances: Randomized clinical trial, single blind random clinical study. Al-Nahrain Journal
of Science. 2012 Sep 1;15(3):129-33.

Al-Kuraishy HM, Al-Gareeb Al, Ashor AW. Effect of a single dose of dextromethorphan on
psychomotor performance and working memory capacity. Indian journal of psychological
medicine. 2012 Apr;34(2):140-3.

Al-Kuraishy HM, Al-Gareeb Al, Naji MT, Al-Mamorry F. Role of vinpocetine in ischemic
stroke and poststroke outcomes: A critical review. Brain circulation. 2020 Jan;6(1):1.

Al-Kuraishy HM, Al-Gareeb Al. Central beneficial effects of trimetazidine on psychomotor
performance in normal healthy volunteers. Advanced biomedical research. 2017;6.



Al-Kuraishy HM, Al-Gareeb Al. Co-administration effects of a-lipoic acid and nucleo CMP on
arousal and sensory cortical activity. Journal of Young Pharmacists. 2016 Jan 1;8(1).

Al-Kuraishy HM, Al-Gareeb Al. Eustress and malondialdehyde (MDA): Role of Panax ginseng:
Randomized placebo controlled study. Iranian journal of psychiatry. 2017 Jul;12(3):194.

Al-Kuraishy HM. Central additive effect of Ginkgo biloba and Rhodiola rosea on psychomotor
vigilance task and short-term working memory accuracy. Journal of intercultural
ethnopharmacology. 2016 Jan;5(1):7.

Al-Kuraishy HM. Desmopressin Acetate Effects on Human Vigilance Task and Psychomotor
Performances in Normal Healthy Volunteers: Randomized Single Blind Clinical Trail. Iraqi
Journal of Community Medicine. 2012;25(3).

Al-Nimer M, Al-Gareeb A, Al-Kuraishy H. Omega-3 fatty acids improve psychomotor
performance via mechanism not related to nitric acid production. International Journal of Green
Pharmacy. 2012;6(1):1.

Ballerman M., Gerlinde A. S., Metz, John E Mckenna, Frank Klassen, lanQ Wishaw (2001). The
pasta matrix reaching task: a simple test for measuring skilled reaching distance, direction and
dexterity in rats. Journal of neuroscience methods.106: 39-45.

Boivin M. J., Okitundu D., MakilaMabeBumoko G. (2013). Neuro psychological effects of
konzo: a neuro motor disease associated with poorly processed cassava. Pediatrics.131:1231—
1239.

Cliff J., Nicala D. and Saute F. (1999). Ankle clonus and thiocyanate,l inamarin, and inorganic
sulphate excretion in school children in communities with Konzo, Mozambique.
JTropPediatr.45:139-142

David LK, Paul CW, Chigeru P, Martin JH (2021) Rodent experimental model of konzo:
Characterization of Motor impairment and neurodegeneration after cassava neurotoxicity in the
rat. Nig. J. Neurosci. 12(1):1-13.

Dollet, J. M., Beck, B., Villaume, C., Max, J.P. and Debry, G. (1985). Progressive adaption of
the endocrine pancreas during long term protein deficiency in rats: Effects on blood glucose
homeostasis on pancreas insulin, glucagon and somatostatin concentrations. J Nutr. 155:1581-
1588.

Farr, T.F. and Whishaw, 1.Q. (2002) Quantitative and qualitative impairments in skilled reaching
in mouse after a focal motor cortex stroke. Stroke. 33(7):1869-1875.

Hermer-Vazquez, L., Hermer-Vazquez, R. and Chapin, J.K. (2007) The reach-to-grasp food task
for rats: Area of modularity in animal behavior. Behav Brain Res. 177(2):322-328.

Howlett W.P., Brubaker G.R.and Mlingi N. (1990). Konzo, an epidemic upper motor neuron
disease studied in Tanzania. Brain.113 (Pt1):223-235.



Jasim ST, Khaleel KJ, Al-kuraishy HM, A-IGareeb Al. Gingko Biloba protects cardiomyocytes
against acute doxorubicin induced cardiotoxicity by suppressing oxidative stress. Animal
Research. 2019 Apr;69(8).

Kolb, B., Cioe, J. and Whishaw, 1.Q. (2000) Is there an optimal age from recovery motor cortex
lesion? Behavioural and anatomical consequences of unilateral cortex lesion in perinatal, infant,
and adult rats. Restorative Neurol Neurosci. 17:61.

McKenna, J.E. and Whishaw, 1.Q. (1999) Complete compensation in skilled reaching success
with associated impairment in limb synergies, after dorsal column lesion in rat.
JNeurosci.19:1885-1894.

Miklyaeva, E.I., Castan eda, E. and Whishaw, 1.Q. (1994) Skilled reaching deficits in unilateral
dopamine-depleted rats: impairments in movement and posture and compensatory adjustments.
Journal of Neuroscience. 14:7148-7158.

Okitolonda, W., Brichard, S.M., Pottier, A.M. and Henquin, J.C. (1988) Influence of low and
high protein diet on glucose homeostasis in the rats. Br J Nutr. 60:509-516.

Stella Enefa, Chikwuogwo W. Paul, Lekpa K. David(2020). Model of Konzo Disease:
Reviewing the Effect of Bitter Cassava Neurotoxicity on the Motor Neurons of Cassava-Induced
Konzo Disease on Wistar Rats. Saudi Journal of Medicine, 5(11): 336-348

Tracy D Farr, lan Q Wishaw (2002). Quantitative and qualitative impairments in skilled reaching
in the mouse (musmusculus) after a focal motor cortex stroke. American heart Association
journals.1869-1875

Tshala-KatumbayD.,Eeg-Olofsson K.E.and Tylleskar T. (2001). Impairments, disabilities and
handicap pattern in konzo—a non-progressive spastic para/tetraparesis of acute on
set.DisabilRehabil.23:731-736.

Tylleskar T., Howlett, W.P., Rwiza, H.T., Aquilonius, S.M., Stalberg, E., Linden, B., et al.
(1993) Konzo: a distinct disease entity with selective upper motor neuron damage. J Neurol
Neurosurg Psychiatry. 56:638-645.

U.S.E.P.A. (1988) Recommendations for and Documentation of Biological Values for Use in
Risk Assessment. United States Environmental Protection Agency. EPA/600/6-87/008: 1-19

Waheed HJ, Nashtar SB, Al-Gareeb Al, Al-Kuraishy HM. Neurobehavioral Effects of B-Escin.
Current Psychopharmacology. 2019 Apr 1;8(1):79-86.

Whishaw, 1.Q. (2000) Loss of the innate cortical engram for action patterns used in skilled
reaching and the development of behavioural compensation following motor cortex lesions in the
rat. Neuropharmacol. 39:788-805.

Whishaw, 1.Q. and Coles, B.L. (1996) Varieties of paw and digit movement during spontaneous
food handling in rats: postures, bimanual coordination, preference and the effect of forelimb
cortex lesions. Behav Brain Res. 77(1996):135-148.



Wishaw 1. Q., Pellis S M (1990).The structure of skilled forelimb reaching in the rat:
aproximally driven movement with a single distal rotary component. Behaviour Brain
Research.7;41(1):49-59

World Health Organisation (1996). Konzo: a distinct type of upper motor neuron disease. Weekly
Epidemiological Record. 71:225-232.



