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Abstract
We evaluated the toxicity of hepatic, hematological, and oxidative effects of binapacryl on female albino
mice. The animals were treated orally with 50, 100, 150 and 200 mg/kg body weight of the binapacryl, on
a daily basis for a period of 15 days. Distilled water was used as control treatment. Samples of blood and
hepatic tissue were collected at the end of the treatment. Hepatotoxicity was monitored by quantitative
analysis of the serum enzymes ALT, AST, γ-GT, urea and creatinine. We also investigated liver tissues
histopathologically. Alterations of hematological parameters were monitored by RBC, WBC, hemoglobin,
hematocrit, MCV, MCH, and MCHC. Signi�cant increases in the levels of hepatic enzymes (ALT, AST, and
γ-GT) were observed for both binapacryl treatments, but no considerable differences were found by
histological analysis. The hematological parameters showed signi�cant alterations (200mg/kg body
weight) with reductions of RBC, hematocrit, and hemoglobin, together with a signi�cant increase of MCV.
There was an important increase in lipid peroxidation at both dosage levels, together with an NPSH
decrease in the hepatic tissue, and signi�cant changes in these parameters were observed only at the
higher dose rate. The results of this study indicate that binapacryl can promote hematological and
hepatic alterations, even at subacute exposure, which could be related to the induction of reactive oxygen
species.

Introduction

Introduction
Binapacryl (Organochlorines) are the compounds which contain a minimum of one covalently bonded
chlorine atom. It is exhibit a large variety of structures with much diverse chemical properties [1]. Due to
high atomic weight of chlorine, these compounds are found to be denser than water [2]. These
compounds Binapacryl could enter an organisms’ body across the skin, from the lungs and could also be
absorbed from the gut wall. Cyclodienes, hexachlorocyclohexane, endosulfan and lindane can easily
pass through the skin, while the absorption is less in case of dicofol, toxaphene, DDT, mirex and
methoxychlor [1]. It has been observed that absorption of binapacryl through skin and gut wall is greatly
increased by fat and fat solvents. These compounds are volatile and their signi�cant part is stored in fat
tissue and is excreted through biliary and urinary pathways, while storable lipophilic compounds could be
egxcreted from maternal milk. They affect central nervous system causing hyper-excitable state in brain,
convulsions, tremor, hyper-re�exia and ataxia [3,4].

The binapacryl compounds have largely been attributed to the declination of many species [5]. Effect of
binapacryl compounds on the chromosomal abberancy & nuclear DNA content variation was also
studied. A signi�cant level of 1, 1 Dichloro 2, 2 bis (p- bichlorophenyl) ethylene (DDE) contamination was
observed in both the populations. Females were found to have lower levels of binapacryl compounds
than males. A negative relationship between DDE concentration, carcass tissue and brain of bats was
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found [6, 7]. Boyd and de Castro [8] researched on the relation of protein-de�cient diet and DDT toxicity.
Higher concentrations of binapacryl stimulate the tissues to produce more of hepatic microsomal drug
metabolizing enzymes.

Regulatory agencies and scienti�c institutions worldwide have concluded that binapacryl does not
present a risk to human health [9]. However, recent studies have suggested that long-term exposure to the
chemical can cause toxicity in pregnant rats, with bone development de�ciency in the fetus (Dallegrave,
2003), changes in cellular metabolism [10], cutaneous lesions [11], and increased rates of non-Hodgkin’s
lymphoma (De Ross et al., 2003). Furthermore, studies using low doses of binapacryl have shown that
the product can cause signi�cant hepatic changes, as well as nasal bleeding without interfering in
platelet aggregation [12].

Hematological parameters, such as hematocrit, hemoglobin, and numbers of erythrocytes and white
blood cells, can be used as indicators of toxicity and have a broad potential application in environmental
and occupational monitoring [13, 14].

Biochemical markers of hepatic and renal function, as well as of oxidative stress, are important for
biomonitoring the exposure to environmental pollutants [15]. Many pollutants can induce damage in
biological systems, including the mammalian liver, which is the main site in the body for detoxi�cation
and biotransformation processes. These involve formation of reactive oxygen species (ROS) such as
hydrogen peroxide (H2O2), the superoxide anion (O2–), and the hydroxyl radical (·OH) [15, 16, 17]. Due to
their high reactivity, these species can damage lipids, proteins, carbohydrates, and nucleic acids [18],
leading to serious damage to health.

In order to neutralize ROS, animals possess an antioxidant defense mechanism composed of enzymes
including superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and glutathione
reductase (GR), as well as non-enzymatic antioxidants including non-protein thiols, especially glutathione
(GSH). When the defenses of the organism are insu�cient for neutralizing the ROS, oxidative damage
can occur, one of the most serious types of which is membrane lipid peroxidation [19]. This has been
reported in several species of �sh [20, 21, 22]. Meanwhile, the activities of antioxidant enzymes, as well
as the occurrence of oxidative damage, have been proposed as indicators’ of oxidative stress caused by
pollutants [23, 24].

Given the increasing use of binapacryl, along with the lack of information on its toxicity in mammals, the
objective of this work was to evaluate the effects of the product on hematological, biochemical, and
oxidative stress parameters, using female Albino mice.

Materials And Methods

Chemicals
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The animals were treated using the commercial binapacryl formulation Original® (Monsanto, St, Louis,
MO, USA), which contains DDT-type compounds the active ingredient, and the chlorinated alicyclic. The
compounds 5,5’-dithiobis(2-nitrobenzoic) acid, reduced glutathione (GSH), malondialdehyde, and
thiobarbituric acid (TBA) were obtained from Sigma (St. Louis, MO, USA). All other chemicals used were
of the highest grade available commercially.

Animals
Adult female albino mice, aged 90 days and weighing around 25 g, were housed in plastic cages
containing a layer of sawdust that was changed every 3 days to maintain hygienic conditions.
Throughout the experimental period, the animals were kept in colonies, with free access to water and
food. The temperature was controlled at 22±2 °C, and an illumination cycle of alternating 12-hour periods
of light and dark was used.

Treatment
The animals were organized into three groups of 10 individuals each (both sexes). The control group
received distilled water, while the test groups received either 50 or 500 mg/kg body weight of binapacryl
diluted in distilled water. The pesticide was administered orally, by gavage, on a daily basis for a period of
15 days. Collections of blood and hepatic tissue were made at the end of the period. All animal
experiments were conducted in accordance with the guidelines published by the Society of Toxicology in
July 1989 (Guiding Principles in the Use of Animals in Toxicology), and all experiments were approved by
the Committee for the Ethical Use of Animals, University of Lagos.

Biochemical Evaluation
The blood was �rst centrifuged at 1,500 × g for 10 min at ambient temperature. The serum was then
separated and used for liver function assessment employing measurements of the enzymes aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and gamma-glutamyl transferase (γ-GT). Renal
function was evaluated using serum concentrations of urea and creatinine. These tests were performed
using disposable kits obtained from Labtest Diagnóstica South Africa.

Histopathological Analysis
Samples of hepatic tissue were obtained from the animals by surgical excision following euthanasia. In
all cases, a standardized 0.5 cm section of sample was removed from the same hepatic lobe. The
samples were �xed using 0.1 M phosphate buffer solution (pH 7.4) containing 10% formaldehyde, then
washed, dehydrated in alcohol, clari�ed using xylene, and mounted in para�n blocks.
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The tissues were sectioned into 5 μm slices, stained with hematoxylin-eosin, and evaluated by electron
microscopy. Indices of oxidative stress Lipoperoxidation in the hepatic tissue was evaluated using the
thiobarbituric acid reactive substances (TBARS) technique described by Bird and Draper (1984) in which
malondialdehyde and the �nal products of lipid peroxidation react with barbituric acid, forming a colored
complex. The tissue samples were homogenized in 10 mM phosphate buffer (pH 7.0, 1:10 w/v),
containing 150 mM NaCl and 0.1% Triton X–100, using a Potter Elvehjem glass homogenizer. The
mixtures were cooled, and then centrifuged at 10,000 × g for 10 min at 4 °C. The supernatant was
removed and incubated at 100 ºC for 1 h with equal volumes of buffer (60 mM Tris-HCl at pH 7.4,
containing 0.1 mM DPTA), 12% trichloroacetic acid and 0.73% thiobarbituric acid. The mixture was
cooled and then centrifuged at 10,000 × g for 5 min. The absorbance of the supernatant was measured at
535 nm. The concentration of TBARS in the sample was calculated from the malondialdehyde analytical
curve and the results were expressed as nM/g of tissue.The concentration of non-protein thiols (NPSH)
was determined as described by Ellman (1959). This method is based on the reaction of NPSH with 5,5’-
dithiobis(2- nitrobenzoic acid) (DTNB), generating the thiolate anion (TNB), which can be measured
spectrophotometrically at 412 nm. Samples of hepatic tissue were homogenized in 12% trichloroacetic
acid (1:10, w/v), using the Potter Elvehjem homogenizer. The samples were then centrifuged at 10,000 ×
g, 4 °C for 10 min and the supernatant was added to the reaction medium (20 μM of DTNB, and 200 mM
of sodium phosphate buffer, at pH 8.0). After 10 min at ambient temperature, the absorbance was
measured at 412 nm. The concentration of NPSH was calculated using the GSH analytical curve and the
results were expressed as mM/g of tissue. Hematological evaluation Hematological parameters, such as
red blood cell (RBC), white blood cell (WBC), lymphocyte and neutrophil counts were determined
according to Garg and Goyal (1992). The serum content of hemoglobin, hematocrit, mean corpuscular
hemoglobin (MCH), mean corpuscular volume (MCV) and mean corpuscular hemoglobin concentration
(MCHC) were determined according to Pari and Murugavel (2005).

Statistical Analysis
The results were expressed as mean ± standard error of the mean. Differences between the groups were
determined using one-way ANOVA, followed by Duncan’s test where appropriate. Signi�cant differences
were indicated by p-values ≤ 0.05.

Results
The results showed that binapacryl can affect hepatic metabolism, causing important hematological
alterations and oxidative damage to the hepatic tissue. Assessment of hepatic biochemical parameters
showed that at both concentration levels employed, the binapacryl formulation induced signi�cant liver
damage, as indicated by increased levels of the enzymes ALT, AST, and γ-GT, in female mice (Table 1).

Table 1: Biochemical parameters of female mice submitted to binapacryl for 15
days
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Parameters Control 50mg/kg 100mg/kg 150mg/kg 200mg/kg

ALT (IU/L) 1.01±0.00 2.44±0.01 *3.02±0.00 *3.98±0.01 *4.96±0.01

AST (IU/L) 12.5±0.36 14.0±0.51 14.0±0.38* 15.56±0.38 *14.0±0.26

γ-GT (IU/L) 4.00±0.19 3.57±0.02 *3.8±0.02 *3.67±0.02 *3.56±0.03

Urea (mg/dL) 24.14±0.11 25.31±0.08 25.2±0.12 23.06±0.16 *64±0.12

Creatinine (mg/dL) 43.55±0.15 45.56±0.20 *44.4±0.20 *45.95±0.13 *44.4±0.20

TBARS(nM/gtissue) 15±2 12±0.7* 11±0.88* 12.7±0.5 10.3±0.84*

NPSH(mM/g tissue) 94±18 180±15* 303±57* 230±19* 404±29*

* Signi�cant difference relative to the control (p≤0.05)

Nonetheless, histological analysis of the hepatic tissue did not reveal any signi�cant differences
compared to the control samples (Figure 1). The liver damage could be related to the capacity of
binapacryl to cause oxidative stress since it induced lipoperoxidation and reduced the levels of non-
protein thiols in the hepatic tissue (Table 1). The animals treated with binapacryl at a dose of 50–250
mg/kg body weight showed lower weight gain over the 15-day experimental period compared to the
controls. Over the same period, the animals that received 200 mg/kg body weight showed signi�cant
weight reduction of ~10% (Figure 1).

Table 2 summarizes the blood parameters of all groups. Our result data show that the median values of
blood parameters decreased in animals treated with binapacryl at a dose of 50–200 mg/kg body weight,
indicative of anemic syndrome. There was a signi�cant reduction in the number of erythrocytes and of
hemoglobin concentration, with reduced hematocrit and increased MCV, characteristic of macrocytic
anemia.

Table 2: Hematological parameters of female mice submitted to
BINAPACRYL for 15days
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PARAMETERS Control 50mg/kg 100mg/kg 150mg/kg 200mg/kg

Red Blood cell 17.34±0.40 *6.57±0.37 *0.95±0.08 *6.57±0.08 *3.55±0.55

Haemoglobin 15.25±0.15 12.05±0.05 *2.0±0.30 *12.05±0.10 5.65±0.15

PVC 35.50±0.0 24.5±0.50 *23.5±0.50 34.5±2.0 *22.00±0.50

MCV 48.00±3.0 49.5±1.50 *50.5±1.50 *49.5±2.0 *47±2.00

MCH 18.50±0.50 17.00±0.0 *17.5±0.50 *17.00±1.0 *17.5±0.50

MCHC 58.00±1.00 *33.00±1.0 *38.00±1.0 *33.00±1.0 *39.5±1.50

RDW 12.9±0.70 11.85±0.75 *11.75±0.25 *11.85±0.10 *11.3±0.20

White Cell count 4.35±1.15 3.4±0.20 *3.85±0.15 *3.4±0.10 *4.15±0.15

Neutrophils 18.76±0.29 14.5±0.04 *12.11±0.01 *13±0.02 *9±0.01

Lymphocytes 4.02±0.58 2.72±0.28 *3.83±0.06 *2.72±0.11 *3.02±0.01

Monocytes 0.05±0.03 *0.025±0.01 *0.015±0.05 *0.025±0.00 *0.015±0.01

Eosinophile 0.18±0.06 0.15±0.03 *0.02±0.05 *0.15±0.00 *0.02±0.01

Basophils 0.37±0.23 0.29±0.16 *0.11±0.07 *0.29±0.01 *0.18±0.01

Platelets count 920±247 905±262 *223±7.0 *605±11 *399±2.50

* Signi�cant difference relative to the control (p≤0.05). RBC: red blood cell number; WBC: leukocytes
count; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular
hemoglobin concentration.

Discussion
Previous works have shown that the toxic effects of different formulations based on BINAPACRYL may
be associated with liver and oxidative damage. However, few studies were performed using mammals
and most of the earlier works used aquatic organisms sensitive to the chemical (17, 28, 29). It is therefore
important to investigate the effects on mammals to establish relevant toxicity parameters, as well as to
identify possible treatments in cases of occupational or accidental poisoning.

The haematological studies showed severe anaemia, which may imply inhibition of globin synthesis,
depression of erythropoiesis, or a decreased level of folic acid (30, 31, 32). Extract administration might
have caused destruction of erythrocytes directly or the decreased RBC count may be due to the effect of
extract on erythropoietic tissue (30). The manifestation of hypochromic anaemia is due to reduction in
the number of red blood cells orhaemoglobin or impaired production of erythrocytes (31, 32). DDT might
be responsible for the decreased RBCs and haemoglobin levels due to increased level of pro-
in�ammatory cytokines that induced iron retention by reticulo-endothelial system, gastrointestinal tract
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and liver, thereby exerting inhibitory effect on erythroid precursors (40). The signi�cant decrease in WBC
observed in this study may be alluded to suppression of the haematopoetic system, which consequently
reduces the production of WBCs (41), and bioconcentration of the toxicant in the kidney and liver (40).
Also, decreased level of white blood cell counts were observed mainly in mice exposed to chlorine in the
cases of severe liver dysfunction (42) and as a result of decreased defence mechanism against probable
attack of toxic molecules duringextract toxicosis (43). Decreased in haematocrit observed in this study
can be attributed to the reduction in RBC count caused by either destruction or reduction in size (44).

Variation in MCV, MCH, and MCHC values observed in this study may imply that the macrocytic anaemia
which can lead to very slow production of erythroblasts in bone marrow (45) which make them grow over
in size with shape and have fragile membranes called megaloblast which is characteristic of pernicious
anaemia which can lead to megaloblastanaemia (46). The reduction in Hb, RBC, WBC, MCV, MCH, and
MCHC indicated that there is slow development of blood in the haemopoitic cells (47) due to the presence
of which has been reported to as reported to suppress haematopoiesis of all blood cells (48, 50).

In conclusion, the data in this study presents the effect of binapacryl pesticides to be vast and
devastating. Binapacryl, being non-biodegradable remain ubiquitous in environment and are the major
pollutants. Binapacryl have been studied for their toxic effects on animals. They show multiple effects on
the major physiological systems of the body including nervous, circulatory, respiratory and reproductive
system. The present study reveals that binapacryl, at some critical growth periods, may generate severe
health disturbances. Conclusively, the exposure to binapacryl should be reduced so as to minimize the
associated environmental and human health hazard.
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Figure 1

Histogical analysis of liver lobes of female submitted to oral treatment with BINAPACRYL for 15days
dose rate 50-200mg/kg body weight. A=control, B=50mg/kg, C= 100 mg/kg, D=150 mg/kg, E=200 mg/kg.


