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As a general trend, a change in cell activity and morphology is usually depicted as biochemical
differentiation occurring structural differentiation, cell migration and even cell death. In cassava induced
neurotoxicity, several substance has been identified to be naturally occurring in cassava and
Cyanogenic glycosides or other phytotoxins which has been found to have neurotoxic effects;
Scopoletin, afflatoxin and CYANIDE as described by Osuntokun (1981) and Ernesto et al. (2002). These
substances elicit toxicity by accumulation over a period of time, or exposure to high concentrations
from environmental contamination of water, food substance and sometimes occupational exposure.
Cassava has been found to be neurotoxic as its cyanide component is capable of inducing oxidative
stress by blocking cytochrome c oxidase (CcOX) and inhibition of other metalloenzymes. In this study
we investigated the profile of acid phosphates (ACP) and alkaline phosphatase (ALP) in the brain tissue
of adult wistar rats treated with varying dose of cassava diet for a period of 60 days. ACP serves as a
biochemical marker for lysosomal activity while ALP indicates membrane transport and integrity in the
neuronal architecture. The brain tissue were excised and homogenized in 0.25 M sucrose (Sigma: B-D-
Fructofuranosyl-a-D-Glycopyranoside) and centrifuged in Multifuge 3SR+ by ThermoScientific. The
supernatant was obtained and assayed for ACP and ALP change in optical density per minute.
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INTRODUCTION

Cassava (Manihot escculenta) is a major food crop in the
tropics and sub-tropics as it serves as a source of cheap
calorie food (Osuntokun, 1981; Oke, 1979; De la cruz et
al., 2009; Ernesto et al., 2002). In cassava endemic
regions of Uganda, Tanzania and Niger, various
neurological disorders have been reported to include
Tropical Ataxic Neuropathy (TAN), spastic endemic
paraparesis (Konzo), gradual loss of vision and other symp-
toms resembling those observed in parkinsonism
(Osuntokun, 1981; EI-Ghawabi et al., 2005; Soler-Martin
et al., 2010). Cassava however contains several cyanogenic
glycosides (Mathangi et al., 2000; Lee et al., 2009); In
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the animal system, the major defense of the body against
cyanide is the enzyme rhodanese (Tor-Agbidye et al.,
1999) which is capable of converting cyanide (CN) to
thiocyanate (SCN), the major form in which cyanide is
being excreted. This reaction will occur in the presence of
the S-group present in thiosulphate and S-containing
amino acid (SAA) like cysteine and tyrosine, cysteine has
been found to react with free cyanide to generate 2-
Iminothiazoldine-4-Carboxylic acid which could be found in
saliva of cyanide intoxicated animals (Mathangi and
Namasivayam, 2000).

Thus, animals fed on low protein diets will elicit more
toxic effects compared to those fed on protein diets
especially those containing SAA (Mathangi et al., 2000).

Cyanide in cassava is released either as free cyanide
or HCN, the most reactive form of cyanide is CN but the
state depends on the pH, salinity and temperature of the
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medium (Chen et al., 2003; Lee et al., 2009). At pH 7.0,
99% of cyanide will exist as HCN, at pH 11 about 99% of
cyanide will exist as CN while an equilibrium has been
observed for pH range of 9.0 - 9.3 (Li et al., 2000). The
neurotoxic effects of cassava can not be attributed to a
single substance as it contains several substances capa-
ble of generating neurotoxicity (Ernesto et al., 2002;
Denison et al., 2009; Dorea, 2003). The cyanide released
for cassava generates oxidative stress by inhibiting Cyto-
chrome ¢ oxidase (CcOX) a terminal enzyme in the electron
transport chain, Cyanide also inhibit energy production by
binding to the three states of the Binuclear centre heme
a3-CuB formed by combination of CcOX to molecular
oxygen released form water, this will thus prevent
production of ATP at complex IV (Bonfoco et al., 1995;
Bathachanya and Tulsawani, 2008).

The cellular mechanism of this inhibition is associated
with generation of heat, leakage of proton into then
mitochondria matrix and conversion of 20% of molecular
oxygen to ROS (reactive oxygen species) this includes
superoxide ions and are measured in the as cytoplasm
as superoxide dismutase (SOD) (Bove et al.,, 2005;
Nelson, 2006). ROS reacts with accumulated NO at complex |
and Ill to generate RNS, NO are naturally occurring
endogenous modulators of cellular activity but if present
in high levels could trigger toxic pathways or cell death,
the mode of cell death observed in neurons for different
toxicology experiments have been found to correspond
with the level of accumulated NO and ROS (Gruetter et
al.,, 2001; Lee et al., 2009). Several models have been
used to describe the mode of cell death in neurons, Isom
and Way (1984) reported that elevated levels of cerebral
calcium initiate a caspase system in cell death while
secondary autophagic bodies of lysosomes have been
found in other experiments by Osuntokun (1981), Li et al.
(2000) and Dorea et al. (2003). Although they measured
lysosomal activity using B-glucoronidase as indicator, this
results has been found not to be weight (Gunasekar et
al., 1996) dependent and also variations has been found
in different brain regions this however explains the
models involving region specific cytotoxic pathways in the
brain Isom et al,, 1999; Bathachanya and Tulsawani,
2008).

The study describes the role of acid and alkaline
phosphatase in the various cellular changes observed in
the cells for various dose of treatment and the adopted mode
of cell death observed in the cells of the brain.

MATERIALS AND METHODS

ALP assay kits (Sigma, Germany) and ACP Assay kit (Sigma,
Germany), Sucrose (sigma Aldrich, Germany).

Tissue preparation

The occipital region, superior colliculus and lateral geniculate body

of adult Wistar rats fed with 2.5, 10, 20 and 30 g of cassava per
animal/ day orally for 60 days alongside a control group treated with

0.25 M sucrose. The tissues were homogenized in 0.25 M sucrose
at 4°C and then centrifuged at 10,000 rpm for 20 min using multifuge
3SR+; the supernatant was collected and assayed using the
substrate technique using the spectrophotometer (Jenway, 5550)
(Enulat et al., 2010). The data was analyzed in SPSS 15.0 software
to determine the analysis of variance.

Alkaline phosphatase

The working reagent is composed of magnesium chloride 0.625
mMol/L, alkaline phosphate 2 ml, p-nitrophenyl phosphate 50
mMol/L pH7.8. The reagent was linear up to 700 pl. A blank
working reagent was used in a couvette and was discarded since
the absorbance has exceeded 405 nm. 1000 pl of the working
solution was mixed with 20 ul of the sample, the solution was
incubated at 37 °C for 30 min and the absorbance was measured at
60, 120 and 180 s respectively, after each 60 s the solution was
mixed to check for change in optical density (AOD/min) using a
dilution factor of 1:50, the ALP activity was then expressed as
AOD/MinX2750 (Fishman and Baker, 1998; Wintola et al., 2010).

Acid phosphatase

ACP activity was determined using the substrate method described
for ALP, an additional dye. The working reagent was freshly
prepared and its composed of Acid phosphate10 mMol/L, fast red 6
mMol/L, the reagent was linear up to 150 pl. one tablet of acid
phosphate was dissolved in freshly prepared citrate buffer pH 5.2, this
reagent was found to be stable for 2 days at 2 - 8°C; 100 pl of the
working solution was added to 10ul of the titrate solution (fast red)
(Nachilas et al., 1989) then 100 pl of the sample was added, the
mixture was then vortexed and incubated at 37°C for 6 min.
Change in OD was measured at intervals of 60 s for 180 s. Activity
was measured as a factor of AOD/MinX750 (Baker, 1998; Enulat et
al., 2010; Volbracht et al., 2009).

RESULTS

In Group 1 which is a high dose treatment group, ALP
activity followed a sinusoidal pattern with the activity at
the 60 s being 0.862, it increases at 120 s 0.891 and then
falls at 180 s, Group 4 showed a rise in ALP at 60 s an
decrease from this initial value was observed at 120 and
at 180 s ALP activity increased but did not get to value
observed at 60 s, group 2 showed a decline in ALP
(0.636, 0.576, 0.519). Group 3 showed ALP activity below the
levels observed in the control (60 s: group 3 (0.016) and
group 5/control (0.238). The high dose treatment groups
(Group 1, 2 and 3) showed an irregular pattern in ALP
activity. Comparing the factors for each of the groups, only
Group 3 which received a moderate dose showed ALP
activity below that of the control, also the activity
observed in Group 4, low dose group is higher than the
factor in Group 2, which suggests that the activity of ALP
in a model system is dose dependent in such a way that
extreme doses triggers increase in membrane activity
and synthesis rather than moderate does which generate
similar effects but below those elicited by the extreme
doses (Table 1: Group 1 and 5). ACP activity in Group 1
is similar to ALP activity characterized by a rise then a fall at



Table 1. ALP activity.

Ogundele et al.

133

Seconds 60 120 180 Average Factor
Group
1 0.862 0.891 0.808 0.854 2,348.25
2 0.636 0.576 0.519 0.577 1,586.75
3 0.016 0.013 0.086 0.115 316.25
4 0.796 0.667 0.676 0.713 1,960.75
5 0.238 0.236 0.273 0.249 684.75
Table 2. ACP activity.
\5% 60 120 180 Average Factor
Group
1 0.279 0.500 0.309 0.309 272.75
2 0.555 0.364 0.291 0.403 302.25
3 0.350 0.301 0.295 0.315 236.25
4 0.373 0.388 0.327 0.363 272.15
5 0.460 0.475 0.533 0.491 368.25

180 s, Group 2 and 3 (Table 2) shows a decrease from
60 - 180 s while Group 4 has similar pattern to Group 1
again this further re-affirms the hypothesis that
phosphatase activity are elicited by extremes doses
rather than moderate doses as described in this study for
ALP.

All groups gave a factor below the control value
(368.25) and the level of activity in Group 1 and 4 are
almost equal (272.75 and 272.15), respectively. We can,
however, deduce from these result that; 1. Extreme
exposure to cassava causes neurotoxicity by altering the
activity across and synthesis of membranes (rise in ALP)
and suppressing lysosomal activity as seen in decrease
in ACP factor; 2. Moderate exposure initiate degeneration
by increasing the level of ALP to a point 25% less that
Extreme dose treatment and having less suppressing
effects on the ACP activity compared to the extreme dose
group which was found to have a greater ACP
suppressing activity, thus, characterized by an apoptosis-
necrosis continuum. Rise in ALP indicates necrotic
activity while partial suppression of lysosomal activity;
increased activity compared to the extreme dose groups
(302.25) indicates tendency of physiological cell death
rather than programmed cell death. these two models
suggests that extreme doses (high or low) have a greater
tendency of inducing cell death by necrosis while
moderate doses induces cell death by partial apoptosis
and Necrosis (Figures 1 - 3).

DISCUSSION

The role of phosphatase is completely opposite to that of
kinase and phosphorylase, which add phosphate groups

to proteins by the help of energy-supplying molecules
ATP (adenosine triphosphate) (Baker, 1998). The addi-
tion of a phosphate group can set off a protein-protein
interaction. This also can activate or deactivate the
function of an enzyme. Phosphatase is an important
constituent of many biological processes involving
genetic transduction because it can regulate the proteins
to which they are attached (Fishman and Baker, 1998;
Bathacharya and Tulsawani, 2008; Wintola et al., 2010).
The alkaline phosphatases are determined by at least
three gene loci, which can be sharply distinguished one
from another by their sensitivity to inhibition with various
amino acids and peptides and by thermostability (Becker
et al., 2000). Alkaline phosphatase is present in the
brains of guinea pig, rat, mouse, hamster, squirrel, rabbit,
cat, sheep, cow, tamarin, baboon, and man. The gene
locus coding for alkaline phosphatase in all these brains
is the liver/ bone/kidney locus, as indicated by
thermostability studies and by inhibition studies with L-
phenylalanine, L-homoarginine, and L-phenylalanylgly-
cylglycine. The average brain alkaline Phosphatase
activity is about 35% of the average for the livers and
only 7.2 and 4.4% of the average kidney and placental
activities, respectively (Ven-Watson and Ridgway, 2007).

During growth and development, brain alkaline
Phosphatase activity decreases in the mammals studied.
The amount of change is tissue- and species-dependent.
Phosphatases are enzymes that act as catalysts in the
hydrolysis of organic phosphoric acid. A few classes of
phosphatase enzymes are found to be involved with
many common physiological disorder (Van-Watson and
Ridgway, 2007; Soler-Martin et al., 2009; ElI-Ghawabi and
De Filipo, 2005). This fact indicates that phosphatases
control many fundamental processes in cellular
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Figure 1. Curve demonstrating varying activity levels for ALP and ACP for each of the groups and withdrawal

effects from group 6 - 8.
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Figure 2. Curve demonstrating varying activity levels for ACP for each of the groups and withdrawal effects from group 6 - 8.

physiology. Phosphatases also can avert genetic
changes. They are degenerated in response to DNA
damage, thus preventing chromosomal abnormalities.
Phosphatases also enhance the progression of cell cycle,
in the brain, Phosphatase are found in multiple compart-
ments of neuralgia and neuronal and play an important
role in various neuronal functions (that is, pre-and-post
synapses and gene expression). These functions are
also important for maintaining the coordinated action of
signaling cascades (Beckner et al., 2000).

As a general observation increase in size of the
vacuolar spaces in the tissue conformed with an increase
in activity of ACP (Figure 3) such that different regions of
the brain reacts differently at the same treatment dose
(Figure 3), in 3A (primary cortex) shows the presence of
spaces around the cells while fibrous layer has become
predominant in 3B (lateral geniculate body), while in 3C,
presence of reduced metachromasia in the cells coupled
with an increased cell diameter. After staining with Cresyl
fast violet .This however, explains the variation in the
cytotoxic pathway adopted by different brain regions. This
was also similar to the findings of Solomonson et al.
(1981) although they went further to examine these
parameters at higher doses of cassava diet over a period

of 6 months but found out that the effects are too
deleterious and irreversible on a long term basis.
However, Osuntokun (1981) reported a rise in the level of
B-Glucoronidase at low dose treatment as an indicator of
lysosomal activity which was also found to be propor-
tional to sulphur excretion. The pattern of change in the
activity of the phosphatase enzymes is in a zigzag
manner (Figure 1:ALP) and (Figure 2: ACP) as it
explains the feedback mechanisms involved in the
cytotoxic pathways (lsom et al., 1999), higher dose
causes cell death and a decrease in the enzyme activity
while lower doses will inhibit the ALP causing membrane
malfunction and influx of the calcium ions (Di Filipo et al.,
2008), internal build up of ROS and NO will activate
caspase cascades which affects apoptotic pathways at
moderate doses or stimulate necrosis at higher doses
(Phrabakharan et al., 2007).

Available reports of toxicological studies lack informa-
tion on the level of intake of cyanogenic glycosides or on
the amount of hydrogen cyanide potentially released. No
long-term toxicity or carcinogenicity studies were availa-
ble. However, in vitro and in vivo genotoxicity were
negative. Teratogenic and adverse reproductive effects
attributable to linamarin (cassava) and hydrogen cyanide
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Figure 3. Structure of different parts of the brain A- Cortex, B- Lateral geniculate body and C- Superior
colliculus showing different cellular changes to the same dose of treatment, this explains the variation in
the cytotoxic pathway adopted by different brain regions.

were seen only at doses that also caused maternal
toxicity (Ernesto et al., 2002). The toxic effects of cyanide
on the thyroid (via its metabolite thiocyanate) depend on
the iodine status of the test animals, as indicated earlier.
On the basis of epidemiological observations, associa-
tions have been made between chronic exposure to
cyanogenic glycosides and diseases such as spastic
paraparesis, tropical ataxic neuropathy, and goiter.
However, these observations were confounded by nutri-
tional deficiencies, and causal relationships have not
been definitely established (Osuntokun, 1981; Oke, 1979;
Mathangi and Namasivayam, 2000).

Traditional users of foods containing cyanogenic
glycosides usually have a basic understanding of the
treatment required to render them safe for consumption.
However, some products are sold commercially and are
consumed by people who may not be familiar with such
procedures. The EPA (Environmental protection Agency,
USA) recommended that guidelines be developed to
provide reliable and sensitive methods for the analysis of
these foodstuffs for hydrogen cyanide releasable from
cyanogenic glycosides, in order to ensure that amounts in
foods as consumed do not present a hazard. Because of
a lack of quantitative toxicological and epidemiological
information, a safe level of intake of cyanogenic
glycosides could not be estimated. However, it was
concluded that a level of up to 10 mg/kg hydrogen
cyanide in the Codex Standard for Cassava Flour
(Varone et al., 2008) is not associated with acute toxicity
(Table 3).

Conclusion

Toxicity of cassava has been found to be initiated as
function of membrane malfunction and lysosomal activity
thus causing degeneration of the neurons of the brain,
although the effect is dose dependent as matter of
general effects such that extreme doses causing cell
death by necrosis and moderate doses causing cell death
by apoptosis-necrosis continuum rather than solely
apoptosis or necrosis, the effect is how ever non-specific
and of irreqular pattern. The pattern adopted in each of
the cytotoxic pathways will determine the mode of cell
death adopted by the neurons.
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