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Abstract

This study was aimed at evaluating the hepatotoxicity, haematological and antioxidant effects
of differently prepared (parboiled and un-parboiled) beans treated with sniper (i.e. a
dichlorvos insecticide) and fed to albino Wistar rats. Thirty (30) male albino wistar rats of
known body weight were assigned into six (6) groups of 5 rats each. The beans were treated
with 0.7 ml (high dose) and 0.3 ml (low dose) of dichlorvos per one kg of beans. Group 1 and
group 2 of un-parboiled beans compounded with standard feed stock, group 3 and group 4
were fed with high dose and low dose of parboiled beans compounded with feed stock, group
5 received beans only while group 6 received standard feed for a period of 30 days. The rats
were euthanized, and blood samples were collected after the termination of the study. The
increases in the activities of liver enzymes (ALT, AST and ALP) in the rats’ sera of different
groups showed a hepatocellular damage as a result of dichlorvos toxicity which also
significantly (P<0.05) decreased the activities of the antioxidant enzymes (GSH, GPx, SOD,
CAT) in the rats of groups fed with un-parboiled beans unlike the groups fed with parboiled
beans which were non-significantly decreased. There was significant increase in the
malondialdehyde concentration of the rats of the groups fed with un-parboiled beans when
compared to group 6 rats. Dose dependent variations were seen in the packed cell volume
(PCV), white blood cell (WBC), haemoglobin (Hb) and platelet. However, a reduced
concentration of red blood cell count (RBC) for the un-parboiled groups and an increase in
the parboiled group were seen, although both were not significant (P<0.05). Consumption of
un-parboiled beans exposes consumers to the risk of dichlorvos contamination and its
harmful effects as seen in this study, hence there is need for the parboiling of beans which
helps to reduce the dichlorvos residues deposited on beans.
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1. Introduction

Cowpea (Vigna unguiculata) is a food legume of the family Fabaceae/Papilionaceae (1)
which is universally consumed. In Nigeria, it is known by names such as “akidi” in Igbo
language, “ewa” in Yoruba language and “wake” in Hausa language. Nigeria, Niger and
Brazil are the major cultivators of cowpea (2), (3). In Nigeria, it is grown as a cash crop
besides its value as food crop. It is planted and stored majorly in the northern states. During
storage, pesticides are added to prevent the attack of different pests but sometimes they are
used indiscriminately. This has led to the detection of pesticide residues on beans exported
from Nigeria (4), (5). Cowpea provides the body with a high-quality protein constituent of the
daily diet among economically depressed communities in developing countries, thereby
bridging the gap created by inadequate supply of protein in the body (6), (3), (7).

Pesticides are ubiquitous and global statistics have revealed increasing use of these chemicals
for the control of pests (8). Although pesticides play great roles in the management of
agricultural enterprise, where they potentiate yields and protect crops against insects at
post-harvest and storage which has given modern agriculture a solid foundation because of its
unquantifiable benefits one of which include enhancement of shelf life of stored agricultural
products (9). It is worthy of note that insects and pests are getting immune to the commercial
pesticides due to over usage, hence leading to the development of multiple pesticides with
different active ingredients targeted on multiple species (10) as well as diversifying modes
of application of pesticides where sometimes they are mixed directly with the agricultural
product being preserved. The major pesticides used in Nigeria for cowpea preservation are
cypermethrin (11) and organophosphates especially dichlorvos. But sequel to the high
importation of pesticides, their prices have become so high making it difficult for local
farmers to afford hence, they have resorted to locally formulated dichlorvos-based pesticides
called ota-piapia (4) which tends to be more accessible to them.

Dichlorvos (2,2-dichlorovinyldimethylphosphate) was first introduced in 1961 (12). It has a
molecular formular C4H7CI204P and molecular weight to be 220.98 (Fig 1). It is one of the
most commonly used organophosphate pesticides in developing countries (13). The WHO
categorized it as Class IB, ‘highly hazardous chemical (14).
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Figure 1.1. Molecular formular C4H7CI204P and molecular weight to be 220.98

Dichlorvos is a highly volatile organophosphate, a pesticide which is used to control domestic
pests, in environmental health, as well as preserving stored agricultural produce from storage
insects like weevils. Organophosphates function mainly by the inhibition of acetylcholinesterase
—an enzyme that breaks down acetylcholine (15), (16), (17). It is mainly metabolized by esterase
to dimethyl phosphate and dichloroacetaldehyde in mammals (18), (19).
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Oxidative stress has been identified as an important molecular mechanism of toxicity of
DDVP. It is defined as an imbalance between the production of free radicals and the
antioxidant system of the body (20). Enzymatic and non-enzymatic antioxidants scavenge
free radicals and reactive oxygen species (ROS) in biological systems (21).

DDVP toxicity should be explored because the residues of DDVP have been detected in food
stuffs in several countries including Nigeria (22). Although some studies have been
conducted to evaluate the effect of dichlorvos insecticide on blood, the purpose of this study
is to determine the effects of un-parboiled and parboiled DDVP-treated beans on the integrity
of the liver and kidney.

2. Materials and Method
2.1 Feed Formulation
A. Beans preparation

Beans were bought in Ultra-modern market, Ubani, Umuahia, Abia State, Nigeria.
Dichlorvos based-pesticide, Sniper, was mixed with 1kg beans to achieve 1 ml/kg and
air dried for one (1) week. The contaminated beans were washed and completely
cooked without parboiling and a no spices were added.

B. Feed formulation

Dichlorvos based-pesticide, sniper was mixed with beans with the ratio of 1 ml : 1kg
(i.e. dichlorvos: beans) and aired for one (1) week. The contaminated beans were
group and prepared (cooked) separately where one group was parboiled and the other
was not parboiled. Each group was sundried and ground into flour, mixed with feed at
different ratios to determine the different concentrations of dichlorvos in each sample,
while another sample which contained beans only was prepared.

2.2 Chemicals

Commercial grade dichlorvos (DDVP, 100% solution containing 100 g per liter of
2,3-dichlorovinyl dimethylphosphate) marketed as Sniper® was purchased from an
agrochemical company in Umuabhia, Nigeria. DDVP was reconstituted in soya oil (SO, Grand
Cereals and Oil Mills Limited, Jos, Nigeria) to a 5% stock solution.

2.3 Experimental Design
» Group 1 = High conc ddvp in parboiled beans + feed (ie. 70 : 30) + water.
* Group 2 = Low conc of ddvp in parboiled beans + feed (ie. 30 : 70) + water.
» Group 3 = High conc of ddvp in unparboiled beans + feed (ie. 70 : 30) + water
« Group 4 = Low conc. of ddvp in unparboiled beans + feed (ie. 30 : 70) + water
» Group 5 = Beans only (Negative control)

» Group 6 = Feed + water only (Positive control)
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The rats were fed with the samples and closely monitored for four (4) weeks. At the end of
the experimental weeks, the rats were anaesthetized with chloroform, sacrificed by cervical
dislocation and blood samples collected through cardiac puncture using 2 ml syringes. Blood
samples for biochemical assays were collected in plain tubes and allowed to clot before
centrifugation and the sera were separated thereafter and used for the assays, while the blood
samples for haematological parameters were collected in EDTA-containing sample bottles
and used for the tests.

2.4 Assays of the Activities of Serum Liver Enzymes

Aspartate aminotransferase (AST) activity was assayed according to the method of Reitman
and Frankel (1957) (23). The principle of this method is that oxaloacetate reacts with AST
and is decarboxylated spontaneously to pyruvate. The pyruvate is measured by hydrazone
formation after pyruvate reacts with 2,4 dinitrophenylhydrazine (DNPH) to give a brown
coloured hydrazone which can be measured at 546 nm.

Serum ALT activity was estimated by the method of Reitman and Frankel (1957) (23). This
method is based on the production of pyruvate by the transamination activity of alanine
amino transferase. Pyruvate reacts with 2, 4-dinitrophenylhydrazone (DNPH) to give a brown
coloured hydrazone that is measured colorimetrically at 546 nm.

The activity of alkaline phosphatase (ALP) was assayed using the method of Kochmar and
Moss (1976) (24). This is based on the principle that in the presence of magnesium and zinc
ions, p-nitrophenol phosphate is hydrolyzed by phosphatase to form phosphate and
p-nitrophenol. The p-nitrophenol released is proportional to the alkaline phosphatase (ALP)
activity and can be measured photometrically.

2.5 Assays of the Activities of Serum Antioxidant Enzymes

Superoxide dismutase activity was assayed by the method of Arthur and Boyne (25) as
contained in Randox Kit. Catalase activity was assayed with the randox kit according to the
method described by Sinha (26). Glutathione peroxidase (GPx) was measured according to
the method of Paglia and Valentine (27), while the reduced glutathione level was determined
by the method of Exner et al. (2000) (28).

2.6 Hematological Evaluations

The total white blood cell count was determined by haemocytometry following the method
described by Ochei and Kolhatkar (2008) (29). The method of Ochei and Kolhatkar (2008)
(29) was used for the determination of red blood cells, where, the blood specimen was diluted
1:200 with RBC diluting fluid and cells were counted under high power (40X) objective by
using a counting chamber. The number of cells was calculated and reported as the number of
red cells / mm® of whole blood. The packed cell volume was determined using the
microhaematocrit centrifuge (Jouan A13 model). The haemoglobin (Hb) concentration was
measured spectrophotometrically by cyanomethaemoglobin method. The platelet count was
obtained using the haemocytometer.
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2.7 Data Analysis and Statistical Procedures

Statistical analysis of the data was carried out with SPSS version 22.0 using One Way
Analysis of Variance (ANOVA). The statistically analyzed data were reported as Mean £SD.
Significant difference was accepted at 95% confidence level of probability i.e. if P < 0.05.

3. Results
3.1 Effect of Dichlorvos on Aspartate Transaminase Activity (IU/L) in Wistar Rats

The result below shows there is non-significant decrease (P<0.05) when group 6 (36.1749.39)
is compared with group 1 (42.0644.34), group 2 (38.8346.26), group 3 (47.8340.92), group 4
(43.6746.08) and group 5 (36.2248.24).

Aspartate Transaminase Activity KEY
60 - Groupl=70g
parboiled+30g feed
50 - . Group2=30g
I parboiled+70g feed
40 | ok I Group3=70g
= = unparboiled+30g feed
30 1 MEAN Group4=30g
20 unparboiled+70g feed
Group5= normal beans
10 - Group6= feed only
0 . . . . . .
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Figure 3.1. Activity of aspartate transaminase in Wistar rats of different groups
3.2 Effect of Dichlorvos on Alanine Amino Transferase Activity (IU/L) in Wistar Rats

From the chart above, there is a non-significant (P<0.05) decrease in the ALT activity when
group 6 (136.33421.98) is compared to group 5 (144.78+14.45), group 1 (161.3342.52) and
group 2 (148+17.51). But the comparison of group 6 to group 3 (178.33+14.19) and group 4
(168.5643.62) shows a significant decrease.
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Figure 3.2. Activity of alanine amino transferase in Wistar rats of different groups
3.3 Effect of Dichlorvos on Alkaline Phosphatase Activity (IU/L) in Wistar Rats

From the chart above, the result of group 6 (9.0740.38) shows a significant decrease (P<0.05)
when compared to group 3 (13.41+1.17) but shows a non-significant decrease when group 6
is compared to group 1 (11.0240.68), group 2 (10.8740.27), group 4 (11.0940.98) and group
5(10.0240.72).
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Figure 3.3. Activity of alkaline phosphatase in Wistar rats of different groups
3.4 Effect of Dichlorvos on Serum Glutathione Activity in Wistar Rats

From the chart above, there is significant (P<0.05) increase when group 6 (9.8740.46) is
compared to group 3 (5.9740.49) and group 4 (6.340.36) but a non-significant (P<0.05)
increase is seen when group 6 is compared to group 1 (8.2840.38), group 2 (7.2140.28) and
group 5 (8.5240.62).
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Figure 3.4. Serum glutathione activity in Wistar rats of different groups
3.5 Effect of Dichlorvos on Serum Glutathione Peroxidase Activity in Wistar Rats

From the chart above, the comparisons of group 6 (4.30%0.12) to group 5 (3.8040.17), group
2 (3.1540.25) and group 1 (3.3440.14) show a non-significant (P<0.05) increase but when
group 6 is compared to group 3 (1.5240.12) and group 4 (2.2030.16), it shows a significant
(P<0.05) increase.
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Figure 3.5. Serum glutathione peroxidase activity in Wistar rats of different groups
3.6 Effect of Dichlorvos on Serum Catalase Concentratioin Wistar Rats

The chart below shows a significant (P>0.05) increase when group 6 (1.0620.08) is compared
to group 1 (0.6330.05), group 3 (0.53#0.05) and group 4 (0.6240.04) but shows a
non-significant increase when compared to group 2 (0.8140.03) and group 5 (0.9440.58).
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Figure 3.6. Serum catalase activity in Wistar rats of different groups
3.7 Effect of Dichlorvos on Serum Superoxide Dismutase Activity in Wistar Rats

From the chart below, the comparison of group 6 (11.0240.04) to group 1 (10.6940.04),
group 3 (10.43+0.05) and group 4 (10.59+0.05) shows a significant (P<0.05) increase but
shows a non-significant (P<0.05) increase when compared to group 2 (10.79+0.05) and group
5(10.9940.03).
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Figure 3.7. Serum superoxide dismutase activity in Wistar rats of different groups
3.8 Effect of Dichlorvos on Serum Malondialdehyde Concentration in Wistar Rats

From the chart above, there is non-significant (P<0.05) decrease in concentration of
malondialdehyde when group 6 (0.6240.07) is compared to group 1 (0.8540.05), group 2
(0.8740.06) and group 5 (0.8040.05). But a significant decrease (P<0.05) is seen when group
6 is compared to group 3 (1.4940.03) and group 4 (1.0840.04).
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Figure 3.8. Serum total Malondialdehyde concentration in Wistar rats of different
3.9 Effect of Dichlorvos on Serum Urea Concentration (mg/dl) in Wistar Rats

The result of figure 4.9 shows significant (P<0.05) decrease when group 6(57.6642.34) is
compared to group 3 (97.5042.28), but a non-significant decrease when compared with group
5 (70.96+1.13), group 4 (87.2043.77), group 2 (85.40+2.14) and group 1 (87.0140.55).
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Figure 3.9. Serum urea concentration in Wistar rats of different groups
3.10 Effect of Dichorvos on Serum Total Protein Concentration (g/dl) in Wistar Rats

The result for total protein shows that when group 6 (4.4440.02) is compared to group 5
(4.9440.05), group 1 (4.7440.05) and group 3 (4.6440.02), a significant decrease was seen
but when compared to group 2 (4.56#0.03) and group 4 (4.5440.02), a non-significant
(P<0.05) decrease is seen.
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Figure 3.10. Serum total protein concentration in Wistar rats of different groups
3.11 Effect of Dichlorvos on Total Bilirubin Concentration (g/dl) in Wistar Rats

From the chart above, there is a significant (P<0.05) decrease when group 6 (1.2740.09) is
compared to group 4 (2.33%0.20), group 3 (2.5040.10), and group 1 (1.83#0.15), but a
non-significant (P<0.05) decrease when compared to group 5 (1.4440.15) and group 2
(1.5040.10).
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Figure 3.11. Serum total bilirubin concentration in Wistar rats of different groups
3.12 Effect of Dichlorvos on Serum Direct Bilirubin Concentration in Wistar Rats

The chart above shows a significant (P<0.05) decrease when group 6 (0.7020.10) is
compared to group 2 (1.23#0.15), group 4 (1.4340.40), group 3 (1.63#0.12) and group 1
(1.2740.15). But group 6 shows a non-significant (P<0.05) decrease when compared to group
5 (0.9340.15).
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Figure 3.12. Serum direct bilirubin concentration in Wistar rats of different groups
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Table 1. Haematological Parameters

Groups WBC PLATELET PCV Hb RBC
+ 98.33 + 37.66 12.63+
Group 6933.333_ 110.0045. 772
1 133.33 1.67 +).88P 0.20°
43.00 14.63+
CIOUP  g333331176.380 L0000 110.0045.772
2 35.77 40 57¢ 0.38%
6733.33371.18" 95.00-42.89°
3 46.67° 1.53¢ 0.38%
44.66 14.86+
GrOUP  goa3 334933332 11000 96.67-8.82°
4 3577 + 331 0.43¢
40.00 13.63+
CrOUP 696666224037 -0>00 106.67+5.672
5 +7.63 + 15% 0.20°
45.66 14.96+
IR 6600.004115.472  128:33 105.002.89?
6 +.41 +].45¢ 0.20°
Groups MCHC MCV MCH
Group 1 33.53040.17™ 0.000340.00° 0.0001140.00°
Group 2 34.0230.04% 0.000390.00" 0.000130.00°
Group 3 32.48810.25° 0.0004540.00¢ 0.0001540.00¢
Group 4 33.28940.07% 0.000460.00° 0.0001540.00¢
Group 5 34.07520.06° 0.00037=0.00° 0.0001320.00°
Group 6 32.77940.07% 0.0004320.00" 0.0001320.00°

abed Groups with different superscript are significantly (p<0.05) different when
compared along the column.
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4. Discussion

Dichlorvos has become one of the most commonly used organophosphate pesticides in
agricultural preservation process especially for stored products (13). Although being
classified as a probable human carcinogen by the Environmental Protection Agency (30), the
relevance of dichlorvos in agriculture has made it an indispensable pesticide in the storage of
agricultural products. The toxicological and hematological effects of consuming parboiled
and un-parboiled beans treated with dichlorvos were evaluated.

Liver enzymes ALT, AST and ALP are employed in the evaluation of hepatic disorders and as
such, an aberration in activity of these enzymes is a reflection of the liver’s integrity and a
high value is an indicator of inflammatory hepatocellular disorders (31).

A non-significant increase (P<0.05) was seen in the aspartate transaminase (AST) enzyme
when the treatment groups were compared to the control (group 6) which may not be used to
mainly evaluate the hepatocyte injury since it is primarily a mitochondrial enzyme and can be
found in the heart, muscle, kidney and brain; hence, the concentration of alanine
transaminase (ALT) in the blood was evaluated and the treatment groups showed an increase
in concentration when compared to the control (group 6); a non-significant increase for group
1, group 2 and group 4 while group 3, being the group containing un-parboiled beans of high
concentration of dichlorvos showed a significant (P<0.05) increase. Alkaline phosphatase
(ALP) showed a similar result with ALT where group 3 showed a significant increase while
the other treatment groups showed a non-significant (P<0.05) increase. This could be due to
the cytoplasmic nature of these enzymes, upon liver injury they enter into the circulatory
system as a result of alteration of membrane permeability. The report on the non-significant
increase of liver enzymes is supported by Yang et al., (2012) (32), Chavarri et al., (2005) (33)
and Kaushik et al., (2009) (34). The increase in the levels of the liver enzymes in the blood
was dose dependent, but the significant increase of ALT in group 3 could be a reflection of
the importance of parboiling since the normal washing of the beans could have reduced the
concentration of dichlorvos pesticide but did not remove it completely (35), (36). Residues of
the dichlorvos could cause hepato-toxicity through the generation of free radicals, hence the
degeneration of the liver cells as a result of oxidative stress. The non-significant increase of
group 1 (the group containing parboiled beans of high concentration of dichlorvos) could be
showing the effect of washing and parboiling of beans on the concentration of the pesticide;
implying that the pesticide was reduced (37) and liver being the site of biotransformation
could have transformed the toxic compound into an inactive metabolite thus reducing its
toxicity (38). The proliferation of the free radicals could be as a result of the reduction of
antioxidants which mops up the free radicals.

Obvious facts through research have shown the great importance of CAT, SOD, GSH and
MDA as biological indicators of the antioxidant capacity of the body resulting in protection
against damages usually elicited through oxidative stress.

In this study, alterations of the antioxidant (SOD, CAT, GSH and GPx) capacity of the body
system and lipid peroxidation marker following the different methods of beans preparation
were investigated. The reduction in antioxidant enzymes was significant (p<0.05) for the
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un-parboiled groups which is a likely indication of the ability of the compound to generate
free radicals which are concomitantly mopped up by the antioxidants present in the body.
This was corroborated by the increase in lipid peroxidation marker, MDA at same point.

The increase in lipid peroxidation was accompanied by a significant reduction in the GSH
level. GSH is a tripeptide found in many mammalian tissues and is a very necessary
free-radical scavenger. It has been shown that certain environmental toxicants can elicit
oxidative stress by converting the parent compound to its reactive metabolites (39). GSH
decrease indicates that there is an increase in the levels of ROS generated in the cell (40)
thereby leading to increased oxidative stress. Reduction in the GSH level may be due to
indirect conjugation with excess electrophiles produced since dichlorvos is an electrophilic
compound (41). Glutathione peroxidase (GPx) was found to be significantly decreased in the
rats that received un-parboiled beans whereas its activity was non-significantly elevated in
the groups that received parboiled beans. GPx, an important intracellular enzyme depending
mostly on a micronutrient cofactor — selenium, is responsible for the breakdown of hydrogen
peroxides (H202) to water; and lipid peroxides to their corresponding alcohols mainly in the
mitochondria and in some cases, in the cytosol (42). Thus, GPx plays a more crucial role of
inhibiting lipid peroxidation process, protecting cells from oxidative stress (43). The
reduction of CAT and SOD activities may be due to the rapid proliferation of superoxide
anions and hydrogen peroxide radicals after consumption of dichlorvos contaminated beans.
The decreased activities of SOD and CAT is previously reported in rats exposed to dichlorvos
by Ojo (44) and Sharma (41) unlike the reports of Kanu (45), Dwivedi (20) and Edem (21)
were the antioxidant enzymes were reported to have increased. There was a slight increase in
the Malondealdehyde (MDA) levels which is a biomarker for lipid peroxidation (LPO)
although the increase was not significant in the parboiled groups but showed a significant
increase in the un-parboiled groups. This result implies that the altered antioxidant enzymes’
activities could have given rise to the infiltration of free radicals into the cells. Hence, the
parboiling of the beans may further reduce the concentration of pesticide residues deposited on
the beans thereby reducing lipid peroxidation.

The significant increase in the concentration of urea in the blood of group 3 rats could be as a
result of lesion in the kidney as a result of oxidative stress accumulated from the reactive
oxygen species; this might also have resulted not only because this group was fed with
un-parboiled beans but also considering the concentration of dichlorvos that was used to treat
the beans. This assertion is made owing to the fact that group 4 rats showed a non-significant
decrease like the rats fed with parboiled beans. The blood urea can be increased in all types of
kidney impairments such as hydronephrosis, congenital cystic, kidney renal tuberculosis,
condition in which deposition of calcium occurs as hypervitaminosis D (46).

Proteins are the fundamental components of all living cells and include many substances such
as enzymes, hormones and antibodies that are necessary for the proper functioning of an
organism (47). Serum protein has many functions including transport of other substances,
immune defense, blood clotting and inflammation defense. Serum protein levels and assays
are useful in evaluating nutrition status, infection and various disorders (48) as well as
indicator for assessing the total amount of protein in the blood plasma or serum and studies

199



ISSN 2157-6076

\\ MacrOthi“k Journal of Biology and Life Science
A Institute ™ 2020, Vol. 11, No. 1

have shown that its depletion is more of a common presentation of chronic liver diseases. The
results on the total protein show a significant increase in group 1 rats and group 3 rats when
compared to group 6 rats and non-significant increase was seen in group 2 rats and group 4
rats. This could be as a result of the high protein content of beans (49), (50). Increased release
of enzymes by the damaged tissues and the antibodies to counteract the dichlorvos might also
be the cause of increase in serum protein. Since the body on perceiving the presence of
dichlorvos as being injurious, there will be a release of antibodies which are composed of
proteins hence leading to increased total protein in the serum.

Researches by Binukumar (13), Banerjee (51), Kovacic, (52), Vidyasagar (53) has shown that
the basis of organophosphate toxicity in the production of oxidative stress may be due to
changes in normal antioxidant homeostasis resulting in antioxidant depletion if the
requirement of continuous antioxidants is not maintained. Also, dichlorvos has been reported
to play roles in the liver dysfunction of animals exposed to it (54) which is majorly linked to
the activities of reactive oxygen species (ROS) (13), (55). This could be the reason why there
were increase in the concentration of both total bilirubin and direct bilirubin although total
bilirubin concentration of group 2 rats was non-significant because it is the group fed with the
parboiled beans of low concentration of dichlorvos implying that the result was
dose-dependent. With the increase in the liver transaminases, ALP and total bilirubin, it could
be said that the integrity of the liver has been compromised through oxidative damage due to
the consumption of dichlorvos. Bilirubin has been shown to be a natural antioxidant (56). As
an antioxidant, bilirubin demonstrated anti-atherogenic function through inhibition of
low-density lipoprotein oxidation (57) or through inhibition of vascular endothelial activation,
which may mediate the anti-atherogenic properties of heme oxygenase-1 (58). The significant
increase seen in this study suggests that dichlorvos caused a leakage of bilirubin as a result of
the damage of liver cells.

The concentration of red blood cell (RBC) decreased for the un-parboiled groups and
non-significantly increased for the parboiled groups. This could have resulted from the levels
of reactive oxygen species generated in the in the mitochondria and released into the blood
because of the imbalance between reactive oxygen species (45), (59). The reduction in RBC
could suggest an anaemic condition and haemoglobin (Hb) levels of the rats fed with the
un-parboiled beans could have risen from low supply of oxygen to the tissues as a result of
possible disruption of the electron transport system by high concentration of dichlorvos. Mean
corpuscular haemoglobin (MCH) was observed to be significantly reduced in the group fed
with un-parboiled beans. This finding suggests possible inhibitory effect of dichlorvos on
heme synthesis which is indicative of symptomatic anaemic condition. Also, the significant
decrease of MCHC and a non-significant decrease of MCV in group 3 show hypochromic
microcytic anaemia. In the report of the research carried out by Akomas et al., 2014 (60), it
was observed that there was the development of hypochromic anaemia due to a fall in the
iron content of the body resulting from oxidative stress. The elevation in the white blood cells
(WBC) of group 1 rats and group 3 rats suggest physiological inflammatory response as a
result of tissue damage and inflammation causing acceleration of the immune system to
increase production of white blood cells (61).
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5. Conclusion

In summary, this work points out the need for beans consumers to always ensure that beans is
thoroughly washed and parboiled in the course of beans preparation - an information that
should be disseminated by both public and private health agencies. Since parboiling is not
complete cooking and different dishes prepared with beans does not encourage parboiling of
beans for example making beans balls (akara), beans could be thoroughly washed with hot
water. From this study, the integrity of the liver and kidney were in doubt sequel to the
consumption of high dose of DDVP-treated beans. However, group 3 rats showing a
significant increase in the activities of alanine amino transferase and alkaline phosphatase
enzymes indicates the need to parboil beans since group 1 rats showed no significance,
implying that parboiling of the beans can reduce the concentration of the pesticide hence,
reducing the toxicity of the dichlorvos. Knowing that major basis of toxicity of dichlorvos is
the generation of free radicals and if the concentration is reduced, generation of free radicals
by dichlorvos is reduced.
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