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ABSTRACT

Arsenic is a well-known poison and it is found in trace amount in calcium carbide use for
welding purposes and secondarily use by farmers and traders in Warri Metropolis to induce ripening
processes in foods. This study was designed to evaluate the concentration of arsenic in selected banana
fruits within Warri Metropolis. It was also designed to determine its effects on some key biochemical
indices of toxicity. The atomic absorption method was used to determine arsenic content of fruits and
the biochemical indices evaluated were liver body weight ratio, body weight gain, the extent of lipid
peroxidation in the liver organ and plasma, and the activities of alkaline phosphatases in the plasma
and liver. Results showed a high concentration of arsenic in carbide-induced ripe banana (CTB) with an
average value of 0.11mg/kg wet mass of test banana relative to the carbide-free banana (CFB) control
with a value of <0.001 mg/kg. Our findings also showed a slight increase in body weight and decrease
in liver body weight ratio of CTB rats, but the changes were not significant P>0.05 when compared to
the control (CFB). However, there was a significant (P<0.05) decrease in body weight and increase in
organ body weight ratios of arsenic-only exposed rats relative to the control. The activities of alkaline
phosphatase in plasma increased significantly (P<0.05) for the groups of rats exposed to CTB and
arsenic only via feed relative to their respective controls. The plasma and liver malondialdehyde (MDA)
levels of rats exposed to CTB and arsenic only via feed were also elevated in this present study when
compared to their respective controls however, the levels were not significant (P>0.05). This study shows
the possibility of Plasma -ALP alteration and changes in levels of tissue lipid peroxidation products of
carbide -treated ripe banana fruits. There is therefore the need for an urgent regulation on the use of
carbide in the induction of ripening of fruits.
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INTRODUCTION is calcium carbide (CaC,), also known as calcium

acetylide. Itis used industrially for welding and other

In order to hasten the ripening of fruits  processes and secondarily by farmers and traders

in developing countries like Nigeria, Cameroon, to induce ripening in fruits like citrus, banana and
Ghana, Bangladesh, India, and Pakistan, Chemical  plantain in Warri Metropolis through a mechanism
substances are added*. One of such substance speculated to be related to the production of
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acetylene and subsequently ethylene. Calcium
carbide is considered very hazardous as a food
processing agent because it contains traces of the
heavy metal, arsenic*. Reports show sources of
arsenic in foods to include exposure to arsenical
pesticide and methods used in processing and
preparation”. Exposure to arsenic through banana
is speculated in our present study because the fruits
are eaten as ripe banana without the contemplation
of washing before consumption. Arsenic is an
element of concern because of its toxicological
significance, even at low concentration'®. Arsenic is
classified as group 1 human carcinogen (International
Agency for Research on Cancer®' and has been
implicated in health incidences involving damage
to chromosomes, induce spontaneous abortion,
congenital malformations due to placental transfer
of the element, reduce birth weight, disturb normal
liver, kidney and CNS function and a known cause of
lung cancer'':121817 gven at relatively very low chronic
exposures. A number of studies have shown that
food rather than water are responsible for majority
of incidences of arsenic poisoning as inorganic
arsenic.'*1%2627 There are reports suggesting that
most of the arsenic in food is organic and therefore
non-toxic.?2?” Though there are contrary evidences
demonstrating that organic arsenic concentration is
only high in sea foods while the inorganic arsenic is
higher in non-sea foods.

Many researches have been carried out
using enzymes as indicators of cell injury, the use
of alkaline phosphatase as cell injury indicator is not
very common. This study was therefore undertaken
in order to provide a clear understanding of the
possible molecular changes responsible for the
bio effects of arsenic outlined above using alkaline
phosphatases activities and lipid peroxidation
products as indicators of liver cell injury.

MATERIALS AND METHODS

Study area and sample collection

Yellow ripe banana fruits were bought from
Ugborikoko and Main Market in Warri, Delta State
Nigeria on one hand. Another set of matured but
unripe banana fruits were collected from a garden
located in Warri South Local Government Area with
permission from the owner for use as control and
in the pilot study. 100mg/g of carbide was used
to induce ripening of banana harvested directly
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from the farm in the laboratory. The control well
matured but unripe banana fruits, harvested from a
garden in Warri with farmer’s permission, were not
pre-treated with carbide, but were subjected to the
same environmental ripening conditions for 72 hours.
The arsenic content of the various banana fruits were
determined after 72 hours. In Phase Il of study, the
estimated arsenic content of the various banana
fruits were used to treat the respective rat groups
via feed. Rats in group | were maintained on carbide
and arsenic-free banana diet (control) respectively.
While rats in groups Il and Ill were treated with
carbide exposed banana (CTB-2) and laboratory
reconstituted arsenic (CTB-2 arsenic concentration)
diet designated as (arsenic only) respectively.

Sample preparation

5 gram of the control samples were washed
with deionized water, chopped into pieces and dried
in the furnace at 105°C to ash. The test banana
samples were also subjected to the same procedure
as above. At the end of the treatment period, the
samples were treated with mixed acid solution
containing HNO,: HCIO in the ratio (4:1) and subjected
to heating until solution was homogenous. The
samples were then filtered into a 100 ml volumetric
flask using a Whatman cellulose (no 44) filters (paper)
with a retentivity of 1 (microns) and of slow speed,
and the volume was made up to 100 ml and kept until
ready for atomic absorption spectrophometric (AAS)
analysis. The concentration of arsenic determined
by AAS was used to formulate feed for the rats in the
second phase of study as follows.

Determination of Arsenic in banana samples

Arsenic content of the banana fruit
was determined by the atomic absorption
spectrophotometric method with vaporization
assembly described by3. This involved reduction of
arsenic oxidation state to free arsenic atom thereby
allowing its detection by the AAS.

Treatment of Animals

Treatment and management of animals
were done according to the rules of local ethics
committee of the Faculty of Life Sciences, University
of Benin and in accordance with the Principles of
Laboratory Animal Care (NIH publication no. 85-93,
revised 1998). The concentrations of arsenic used
were calculated on the basis of average banana
arsenic concentrations of banana fruits in Warri as
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determined by atomic absorption spectrophotometer
at the time of this study. A total of fifteen adult rats
with 13245 g (mean weight) were used for this phase
of study. They were allowed water and food ad libitum
and allowed seven to acclimatize) to the laboratory
conditions before commencement of study. The rats
were divided into three groups of five rats each. Group
| rats designated as the control were maintained on
carbide and arsenic free diet. Group 2 designated
as CTB was maintained on feed formulated with
carbide-induced ripe banana bought from Ogborikoko
Market, Warri. While, group 3 rats designated as
arsenic only were maintained on feed formulated
from arsenic salt calculated from AAS determined
concentrations of arsenic of market carbide-induced
ripe banana fruits designated as (CTB-2)(representing
the average concentrations of arsenic content of Warri
Metropolis banana) for 28d.

Preparation of whole blood for alkaline phosphatases
assays?®.

5ml whole blood was centrifuge at 3000
rpm for 5 minutes. The plasma was collected, stored
in a refrigerator (-18°C) and analyzed within 24 h of
collection.

Preparation of blood and tissue homogenate for
malondialdehyde?

A weighed portion of the liver was
homogenized in ice cold normal saline to obtain a
20% homogenate (1:4 w/v). The homogenate was
centrifuge at 2000 x g for 10 min and the supernatant
was used for the determination of liver malondialdehyde
level and liver alkaline phosphatase activities.

Biochemical Assays

Body weight changes and organ body
weight ratios were determined by the method
outlined by®. The difference between the pre-study
and final body weight (in g) at the end of the 90d
study period was considered as the body weight
change while the weight of organ at the end of the
study period divided by the final body weight of the rat
was used as the brain body weight ratio. The activities
of alkaline and acid phosphatases were determined
in plasma by the method of Kind and King (1954)
modified by?. Alkaline and acid phosphatases at an
alkaline or acid pH respectively hydrolysed di sodium
phenylphosphate to form phenol. The phenol formed
reacts with 4-aminoantipyrine in the presence of
potassium ferricyanide, as an oxidizing agent, to form
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a red coloured complex. The intensity of the colour
formed is directly proportional to the activity of the
respective phosphatases in the plasma sample.

The levels of lipid peroxidation products
determined as malondialdehyde n the liver tissue
homogenate brain tissue homogenate supernatant
were evaluated by the method of®. The procedure
involves the determination of thiobarbituric reactive
substances (TBARs) which are indicators of lipid
peroxidation. Values for TBARs are reported as
malondialdehyde (MDA) quantified using a molar
extinction coefficient of 1.5x10°M'cm™ and expressed
as micromole MDA per gram weight of tissue. Each
unit represents one micromole of MDA.

Table 1: Composition of test and control diets of rats

S/no Composition Control Test diet  Test diet
diet 1(9) 2(g)
1 Carbide free 20 - 20
banana
2 Carbide-exposed - 20 0
banana (powder)
3 Arsenic salt 0.18ppm
4 Growers mash 50 50 50
5 Ferobin plus 2 2 2
(multivitamin tablet)
6 Palm oil 5 5 5
7 Sugar 10 10 10
8 Crayfish 5 5 5
9 Groundnut husk 8 8 8

Source: Asagba and Obi, 2005 (modified)

Statistical Analysis of Data

All data are expressed as mean +SD,
unless specified otherwise. Comparison between the
three rat groups were done using one way Analysis
of Variance (ANOVA) and Fisher’s protected least
significant difference post-hoc testing. The mean
values of the control and test groups were compared
using the student’s t-test, one tail analysis®. All
statistical calculations were done using the SPSS
version 22 statistical software package.

The average arsenic content of carbide
treated banana fruits in Warri and its environ is
represented in Table 1. There was a significant (P<0.05)
increase in the arsenic content of laboratory carbide-
induced ripe banana (CTB-1) fruits when compared
to the control. There was also an increase in the
concentration of arsenic of market carbide-induced ripe
banana (CTB-2) when compared with the control.
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The body weight changes and liver body
weight ratios of rats exposed to arsenic level of
market carbide-induced ripe banana (CTB-2) are
presented in Table 2.

Table 2: Average arsenic content of carbide-treated
banana fruits of Warri and environs

S/no Treatment(s) Arsenic concentration (dry mass)

Mg/kg (mean+SEM) n=10

1 Control <0.001+0.00

2 Laboratory induced 0.18+0.01
ripe banana(CTB-1)

3 Market induced 0.13+0.01

ripe banana(CTB-2)

The effects of arsenic concentration of
carbide-induced ripe banana are represented in
Table 2. Carbide treated banana formulated feed
(CTB-2), caused a slight increase (P>0.05) in body
weight change of the rat when compared to the
control. There was a slight decrease (P>0.05) in the
liver body weight ratio of the rat when compared to
the control (carbide and arsenic-free diet). There
was also a significant (P<0.05) decrease in bd. wt.
change and an increase in arsenic- only treated diet
when compared to the control.

The result of the effects of food chain
mediated arsenic exposure on the plasma and
tissue malondialdehyde level of the rat is presented
in Table 3.

Table 3: Effects of food chain-mediated arsenic

levels on body weight changes and liver body
weight ratios

Treatment(s)n Body wt. change (kg)  Liver/ bd. wt. ratio

mean+SEM mean+SEMx107
Control 8.30+0.25 (5) 31.20+2.38 (5)
CTB-2 (4) 9.10+0.50(4) 30.70+2.05(4)
Arsenic only (5) 5.50+0.40 (5) 43.80+2.90(5)

The effects of food chain mediated
arsenic exposure on MDA levels is represented on
Table 3. There were increases in plasma and liver
malondialdehyde (MDA) levels of CTB-2 and arsenic
only treated rats relative to the control. However, the
increases were not significant (P>0.05).

Table 4: Effects of food chain-mediated arsenic
levels on malondialdehyde level of the rat

Plasma MDA Liver MDA

Treatment (s) mean+ SEM (x10%)( n)

Control 1.53+0.05(5) 0.92+0.01(5)
CTB-2 1.96+0.08(4) 1.15+0.05(4)
Arsenic only 2.08+0.08(5) 1.13+0.03(5)
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The effects of food chain mediated arsenic
exposure on alkaline phosphatases activities in the
rat is presented in Table 4.

The effects of food chain arsenic exposure
on plasma and liver alkaline phosphatases activities
are represented in Table 4. There were significant
(P<0.05) increases in plasma and liver alkaline
phosphatases activities of CTB-2 (group Il) and
arsenic only (group lll) rat groups when compared
with the control (group ).

Table 5: Effects of food chain-mediated arsenic
exposure on alkaline phosphatases activities in the rat

S/no Plasma ALP Liver ALP
Treatment(s) mean+SEM (x10%)(n)
1 Control 10.35+1.20 (5) 3.28+0.14(5)
2 CTB-2 20.18+1.63 (4)a 5.31+0.18 (4)

3 Arsenic only 25.96+1.30 (5)

DISCUSSION

5.93+0.10 (5)

The concentration of arsenic in the control
and test diet is presented in Table1. After 72 h ripening
duration period, the average concentration of arsenic
obtained from the banana fruit was used to formulate
feed in the laboratory and administered to the rats.
Table 2 shows the body weight gain and organ bd
wi. ratios of the rat after exposure to the formulated
feed. Table 3 shows the effect of the feed on lipid
peroxidation products (MDA levels) of exposed rats
and Table 4 shows the effect of feed arsenic content
on alkaline phosphatases activities.

Calcium carbide is considered a very
hazardous toxin especially as a food processing agent
because it contains traces of the heavy metal arsenic.®
Alteration in body and alteration in body weight is
usually considered a toxicity index'?. In this study, there
was a slight decrease(P>0.05) in liver body weight
ratios of rats exposed to carbide treated banana (CTB)
and a significant (P<0.05) decrease in body weight of
rats exposed to arsenic only via feed (Table 2).This
could be as a result of elevated arsenic level detected
in banana fruits treated with carbide when compared
when compared with control. Our finding aligns with
the report of, who reported that calcium carbide was
toxic since it contains traces of arsenic.

Study showed the ability of arsenite to
activate protein synthesis'®. Alkaline phosphatase
concentrates in the liver and other organs. Although,
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some liver alkaline phosphatase activities are present
in plasma. Elevation in plasma alkaline activities has
been implicated in liver disease?'. Observation of Table
4 of our present study showed a significant (P<0.05)
elevation in plasma alkaline phosphatases activities of
CTB and arsenic only exposed rat group. This could be
due to the ability of arsenic to induce the synthesis of
alkaline phosphatase enzyme or cause liver injury with
corresponding synthesis of the phosphatase enzyme.
Our finding is in alignment with the report of'3.

This study was undertaken to determine
the arsenic concentration of banana fruits in Warri
and environs. It was also undertaken to investigate
if the arsenic concentration of the fruit considered in
this study was significant enough to alter selected
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biochemical indices of toxicity. Our findings showed the
possibility of carbide induced arsenic contamination
of fruits and the possibility of arsenic concentration
of fruits of Warri metropolis to alter the activities of
alkaline phosphatases in plasma and cause a slight
elevation in the product of lipid peroxidation.
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