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ABSTRACT

The present study aims at comparing the in vivo effect among B. thuringiensis (bio-
insecticide), chlorpyrifos (organophosphorus insecticide) and flufenoxuron (insect growth
regulator) on the biochemical parameters, toxicity some reproductive parameters and
histopathological changes in tissue specimens of different organs of albino rats.

In flufenoxuron and chlorpyrifos administrated rats body weight and kidney weight
significantly decreased as compared with the corresponding weights of the control groups.
Also, significant reduction occurred in total protein and serum cholinesterase activity after
oral administration of chlorpyrifos and flufenoxuron. Values of total lipids, triglycerides
and cholesterol significantly increased throughout the experiment and hyperlipidemia,
hypercholesolemia and hyperuremia were noticed in chlorpyrifos and flufenoxuron
administrated rats. Also, the mean values of serum transaminases (ALT and AST) and
alkaline phosphate (ALP) activities were increased.

Prolonged administration of chlorpyrifos caused no effect on hemoglobin
concentration, however, it significantly decreased leukocyte count, erythrocyte count,
hematocrite values, platelet count and blood indices. On the other hand, flufenoxuron
exerted significant decreases in all hematological parameters as compared with the control
group. Likewise, chlorpyrifos and flufenoxuron administration significantly decreased
testis weight, concentration of sperm cells, percentage of live sperms but on the other hand,
caused increase in percentage of abnormal sperms. The orally administration of
flufenoxuron and chlorpyrifos led to histopathological changes in liver, kidneys and testis of
the treated rats. On the other hand, bio-insecticides (Bacillus thuringiensis) did not show
such hazardous effects on the orally administrated rats and consequently it would be safe to

people and can be used on all food crops.

Key words: Insecticides — Liver — Kideny — testis — Albino rats.

INTRODUCTION

Pesticides are toxic chemical compounds designed to
control pests, causal organisms of plant disease, weeds and
other living organisms that reduce the quantity and quality
of crop yields.

Zhao et al. (1995) studied administration of water
containing 100 mg/L: and 20 mg/L flufenoxuron to Wister
male rats. Rats were killed at the second and sixth weeks
after experiment initiation, respectively. They found that
serum testosterone, testis cholesterol, and hepatic tissue
cholesterol levels decreased significantly. Marty et al (2004)
found that the administration of flufenoxuron caused
relative increase in the abnormal sperm, but on the other
hand, caused relative decrease in body weight, kidney
weight, reproduction and fertility.

El-Hamaky ef al (1990) mentioned that organo-
phosphate pesticides such as chlorpyrifos work by

interfering with the activity of the cholinesterase enzyme,
which is necessary for proper nerve function. Without this
enzyme, impulses continue to pass down the nerve fiber
disrupting the nervous system and ultimately resulting in
death by respiratory failure but do not accumulate in the
tissues of humans or animals. Administration of sublethal
doses of chlorpyrifos resulted in altered enzyme activities of
liver, renal damage and reproductive disorders to
experimental animals (Lemus and Abd El-Ghany, 2000).

Firdaus et al. (2003) and Mohammed and Siddiqui
(2003) found that chlorpyrifos decreased red blood cells
(RBCs) white blood cells counts (WBCs) and, packed cell
volume (Het) and serum protein level. On the other hand,
the mean corpuscular volume (MCV), mean corpusclar
hemoglobin (MCH), mean corpuscular hemoglobin
concentrations (MCHC), the activities of alkaline
phosphatase (ALP), aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and blood cholesterol level
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increased. Also, Armando et al (2004) reported that
chlorpyrifos increased the activities of ALT, AST and ALP
in blood.

Johnson (2005) and USEPA (2005) reported that
administration of chlorpyrfos caused a significant increase
in liver weight, blood creatinine and urea levels, but
decreased body weights, kidney and testis weights. They
also found that cholesterol levels and ALP activities were
increased. Hepatocytic hypertrophy, mineralization of renal
pelvic epithelium, epididymal aspermia, atrophy of
seminiferous tubules and hyperplasia of renal pelvic
epithelium were observed. Microscopic examination
revealed hepatocellular hypertrophy (centrilobular) in
males, increase in mean relative liver weight and
hepatocellular hypertrophy.

Cranshaw (2006) and PIP (2006) reported that B.
thuringiensis is considered safe to people and non target
species, such as wildlife. Some formulations can be used on
essentially all food crops. In addition, B. thuringientsis is an
insecticide with unusual properties that make it useful for
pest control in certain situations. B. thuringiensis is a
naturally occurring bacterium common in soils throughout
the world. Several strains can infect and kill insects, because
of this property, B. thuringiensis has been developed for
insect control.

Therefore, a comparative study was conducted among
B. thuringiensis (bio-insecticide), cholorpyrifos (organo-
phosphorus insecticide) and flufenoxuron (insect growth
regulator) with the object of following up the change that
might tuke place in biochemical parameters, toxicity and
histopathological changes in tissue specimens of different
organs of albino rats.

MATERIALS AND METHODS

The used insecticides were obtained from Plant
Protection Research Institute, Agriculture Resarch Center,
Ministry of Agriculture, Dokki, Giza Governorate, Egypt.

Forty male albino rats ''Swiss strain'' weighting 120-140
g each were used in this study. Rats were provided by the
Rats Farm at Nuclear Research Center, Atomic Energy
Authority and fed on standard synthetic normal diet for 14
days in the animals house under normal conditions (Table, 1).

Table (1): Composition of the standard synthetic
normal diet calculated as g/100 g

diet.
Ingredient g/100 g diet
Carbohydrates (sucrose and starch) 66.00
Total protein 20.00
Fats 4.50
Cellulose 9.00
Vitamins mixture 0.35
Salts mixture 0.15

The forty rats under study were divided into four
groups, 10 per each. All the rats were fed on the normal

standard diet for 12 weeks. The first group of rats was used
as a control group (-ve), the second one received Bacillus
thuringiensis var. Kurstaki orally at a dose of 1000 mg/100 g
body weight (b.w.). The third group received flulenoxuron
orally at a dose of 10.5 mg/100 g b.w. which is equivalent to
0.1 of LDs;. The fourth received chlorpyrifos orally at a dose
of 0.955 mg/100 g b.w. which is equivalent to 0.1 of LDs,
every other day for 3 months.

Blood samples were collected after 4, 8 and 12 weeks
from the retro-orbital plexus of overnight fasted rats. Each
blood sample was divided into two parts, the first one was
used for serum preparation and assay of the biochemical
parameters including liver functions, kidney functions and
lipid profile whereas the second one was used for assay of
the complete blood picture according to Dacie and Lewis

(1986).

Total lipids were determined according to Schmit
(1964). Cholesterol was determined according to Kaplan
and Pesce (1996). Triglycerides were determined according
to Fossati ef al. (1982). Protein was determined according to
Henery (1964).

Urea was determined according to Patton and Crouh
(1977). Uric acid was determined according Harris (1995).
Alanine transaminase (ALT) and aspartate transaminase
(AST) were determined according to Reitman and Frankel
(1957). Alkaline phosphatase activity (ALP) was
determined according to Bessey ef al. (1964). Creatinine was
determined according to the method of Henery ef al. (1974).
Serum cholinesterase activity (CHE) was determined
according to Ellman ef al (1961). The reproductive
parameters of sperms were recorded according to Bearden
and Fuguay (1980).

Tissue specimens were collected from rats livers,
kidneys and testis and rabidly fixed in 10% neutral
buffered formalin. After proper fixation, thin paraffin
sections were routinely prepared and stained with H & E
stain for microscopical examination according to Drury
and Wallington (1986). The histopathological examination
was conducted in Faculty of Vet. Med., Cairo University.

The ANOVA model was used for statistical analysis of
the obtained data according to Snedecor and Cochran
(1983). Treatments means were compared by Duncan test
at 5 and 1% levels of significance (Duncan, 1955).

RESULTS AND DISCUSSION

Table (2) illustrates that body weight (b.w.), liver,
kidney and testies weights of rats recived B. thuringiensis
orally decreased slightly as compared with the control
group. On the other hand, both flufenoxuron and
chlorpyrifos resulted in significant decrease in body weight,
kidney and testis weights but at the same time caused
increase in liver weight as compared with corresponding
weight values of the control group. These results are in
agreement with those reported by Blumbach ef al. (2000),
Marty et al. (2004) and Johnson (2005).
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Table (3) reveals that serum transaminase activities
(ALT and AST) of the rats received flufenoxuron and
chlorpyrifos orally increased significantly after 4 and 8
weeks and the increase became more pronounced after 12
weeks from the beginning of the experiment. Also, a
significant increase occurred in alkaline phosphatase (ALP)
after 8 and 12 weeks from beginning of the experiment.
Such an effect may be attributed to the extended toxic effect
of the flufenoxuron and chlorpyrifos related insecticides
beyond the nervous system to include cell signaling cascades
that are vital to hepatic homeostasis (Armando et al., 2004).

Serum cholinesterase enzyme is composed of two distint
cholinesterases  (acetyl cholinesterase and  butryl
cholinesterase). ~Acetyl cholinesterase is the true
cholinesterase while the butryl cholinesterase is pseudo-
cholinesterase and present in serum. Both acetyl
cholinesterase and butryl cholinesterase have similar
inhibitors and activators. Therefore, inhibition of butryl
cholinesterase reflects inhibition of acetyl cholinesterase.
The major substrate is acetylcholine, the neurotransmitter
found at the myoneural junction. Data presented in Table
(3) indicate that flufenoxuron and administrated caused
slight decrease in cholinesterase activity within all time of
experiment, however, the decrease in this enzyme activity
was significant due to chlorpyrifos in the 4™ week and the
decrease became more pronounced by plonging period of
the experiment byeond this period. These findings are in
agreement with those of Vodela and Dalvi (1995), Ashry et
al. (2002) and Verma et al. (2002).

Table (4) shows reduction in total proteins after oral
administration of flufenoxuron and chloropyrifos. The
reduction in total proteins was slight after 4 weeks and
became more obvious after 8 weeks and achieved the
maximum by the 12" week as compared with the control
group. Unlike the impact of using these pesticides on total
proteins, usage of both the two pesticides could not exert
any pronounced change in values of the aforementioned
parameters (Firdous et al., 2003).

Serum creatinine and urea were determined as
indicators of kidney functions, since the increase in these
components above standard levels means that the kidney is
less active or in abnormal case. Values of serum creatinine,
urea and uric acid were elevated throughout the
experiment. The hyperuremia was noticed during the 8"
and 12" week of treatment as compared with the normal
level of control group. The elevation of blood creatinine,
urea and uric acid in treated rats may be attributed to the
toxic effect of chlorpyrifos and flufenoxuron which led to
disorders in the kidney causing reduction in the glomerular
filtration rate and consequently retention of urea in the
blood. These findings are closely resembled to those
obtained by El-Kashory (1999) and Johnson (2005). Also,
USEPA (2005) indicated that the elevated blood urea level
may reflect an accelerated rate of protein catabolism rather
than decreased urinary excretion of urea, while severe
hepatic insufficiency causes decreased blood urea level
apparently because of impaired urea synthesis. Since

creatinine production is endogenous, being dependent on
muscle mass its level in the blood is usually independent of
diet unlike urea.

Values of total lipids, triglycerides and total cholesterol
(Table 5) significantly increased through the experimental
period. Hyperlipidemia and hypercholesterolemia were
noticed due to oral administration of chlorpyrifos and
flufenoxuron as there were sharp increase in values of total
lipids, triglycerides, cholesterol after the 8" and 12" weeks
of treatment as compared with the control levels. These
results are in agreement with the results of El-Kashory
(1999) who suggested that hyperlipidemia and
hypercholesterolemia are expected to occur due to liver
impairment of organophosphorus treated animals.

Data presented in Table (6) indicate that administration
of chlorpyrifos caused significant decrease in leukocytic
count, erthrocytic count, hemoglobin concentration,
hematocrite value, platelet count and blood indices (MCV,
MCH) in the treated rats as compared with the control
group. These results are in agreement with those of Firdaus
et al. (2003) and Mohammed and Siddiqui (2003).

Data presented in Table (7) indicate that the
concentration of sperm cells in flufenoxuron and
chlorpyrifos administrated rats significantly decreased in
the 12" week of the experiment, as compared with the
control group. Likewise, the living sperms and sperm
mortality in the flufenoxuron and chlorpyrifos
administrated rats significantly decreased in the 12" week
of the experiment, as compared with the control group. On
the other hand, the percentage of abnormal sperms in
flufenoxuron and chlorpyrifos administrated rats
significantly increased in 12" week of the experiment as
compared with the control group. These results are in
agreement with those of Marty et al. (2004).

The liver of the control rats showed normal structure of
hepatic lobules and hepatocytes, hepatocytes form columns
of cells adherent to each other by one or more surfaces. Bile
canaculi were present in between two columns of
hepatocytes. At least, one surface of any hepatocyte was on
contact with liver sinusoids. The cytoplasm often appeared
coarsely granular with empty vacuolated areas where lipid
droplets have been dissolved during preparation of the
section. The nuclei were spherical, centrally located and
variable in size and with one nucleolus. Hepatocytes may be
binucleated, the sinusoids were variable in diameter and
lined by discontinuous sheet of endothelial cells with flat
nuclei, Kupffer's cells also, located in the sinusoidal walls
(Fig., 1). This picture is the same as described in Ross and
Pawlina (2005).

In liver of flufenoxuron orally administrated rats the
hepatocytes showed cytomegalic changes in size and the
cytoplasm was granular and vacuolar (Fig., 2). Hepatic cell
nuclei appeared fragmented chromation along the hepatic
vacuolation of different sizes and widening blood sinusoids
denoting degenerating hepatic cells.
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Fig. (1): Section of normal liver of Fig. (2): Section of liver of adult
adult albino rat of the albino rat received 1/10 of
control group. LDso of IGR (flufenoxuron).

Fig. (4): Section of normal kidney Fig. (5): Section of kidney of adult
of adult albino rat of the albino rat received 1/10 of
control group. LDso of iIGR (flufenoxuron).

Fig. (7): Section of normal testis of Fig. (8): Section of testis of adult
adult albino rat of the albino rat received 1/10 of
control group. LDso of IGR (flufenoxuron).

Fig. (3): Section of liver of adult
albino rat received 1/10 of
LDs, of organo-phosphorus

Fig. (6): Section of kidney of adult
albino rat received 1/10 of
LDsy of organo-phosphorus

Fig. (9): Section of testis of adult
albino rat received 1/10 of
LDsy of organo-phosphorus
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In liver of chlorpyrifos administrated rats, there was
loss of cell architecture and increased degeneration of
hepatic cells. Most of hepatic cells were necrotic and
enlarged and cytoplasm was granular and vacular.
Widening blood sinusoids denoting degenerating hepatic
cells (has no nuclei) as shown in Fig. (3). These results are in
agreement with the results of Gomes ef al (1999) and
Revathi and Kumar (2000).

The histological structure of the renal cortex of the
control group showed normal structure of both renal
corpuscles and tubules. The renal corpuscles appeared as
dense rounded structures known as glomeruli, surrounded
by narrow spaces called Bowman. Bowman's capsule
consisted of an inner or visceral layer covering the
glomerulus and an outer layer or parietal layer become
continuous with the wall of the proximal convoluted tubule
(Fig., 4). This picture is the same as described in Gartner
and Hiatt (2001).

Fig. (5) shows that the capillary tuft of the flufenoxuron
orally administrated rats appeared smaller with partial
endothelial vacuolation. The Bowman's space was
increased. The convoluted tubules were widely separated,
narrowing of tubules due to cloudy swelling of their cells.
Oral administration of chlorpyrifos caused marked
degeneration in some of renal corpuscles, proximal distal
convoluted tubules, decrease in size of glomeruli and
marked increase in size of Bowmans spaces (Fig., 6). This
picture agrees with those described by Oncu ef al (2002),
Johnson (2005) and USEPA (2005).

The testis of the control rats showed normal histological
pattern which is built up of seminiferous tubules and the
interstitial cells were found in between the tubules. These
tubules are rounded or oval in cross sections and contained
different stages of spermatogenic cycle. The lumina of
seminiferous tubules are filled with spermatozoa. The
interstitial cells were irregular polyhedral cells with large
spherical nuclei (Fig., 7). This picture coincides with that
described by Russell er al (1996). Flufenoxuron
administration led to mild to moderate degree of
degenerative changes in germinal layers of seminiferous
tubules in the form of appearance of vacuolations,
moderate separation of basement membrane and occlusion
of seminiferous tubules (Fig., 8). The picture of the testis of
the chlorpyifos treated rats shows severe degree of
degenerative changes in germinal layers of seminiferous
tubules with enlargement of blood vessels (Fig., 9). This
picture agrees with those described by Thomas (2001) and
Johnson (2005). This might be attributed to a direct
cytotoxic effect on seminiferous tubules, an indirect effect of
organophosphorus on the blood vessels of testis, which
causes vascular stasis, inhibition of overall hormonal
control mechanism at either the gonadal or the
hypothalamic pituitary levels.

The results obtained herein confirmed that both the
organophosphorus and insect growth regulator (IGR)
insecticides might be harmful for people and nontarget
species such as wildlife. Hence, Bacillus thuringiensis (bio-

insecticides) would be a suitable substitute for such two
insecticides, where it assured its safety to the orally
administrated rats and consequently it would be safe to
people and can be used on all food crops.
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