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ABSTRACT

Aims: This work is aimed at toxicological effects of three Bacillus species employed as bio
control agent against mosquito larvae in terrestrial environment.
Study Design: Using animal model where weight, hematology and histopathology were
considered.
Place and Duration of Study: At Microbiology Department, Federal University of
Technology, Akure, Nigeria, between December 2009 and February, 2010.
Methodology: Twenty wistar rats weighing 180±0.61g were used and fed with mice feed
and water ad libitum for one week to be acclimatize before dividing into four groups of five.
Group 1 was the control and was allowed to normal rat feed and water only, group II – IV
were subjected to daily single subcutaneous injection with 200l of 107cfu/ml cell dose of
Bacillus thuringiensis, Bacillus subtilis and Bacillus cereus respectively for seven days.
The rats were observed shortly after each dosing and thereafter twice daily for one week
for general behavioral signs of toxicity and possibly mortality.
Results: The rats infected with B. cereus lost weight by 3.8% during the period of study
while those in the control, the treated with B. thuringiensis var. isrealensis and B. subtilis
gained weight by an average of 3% of the initial weight. In the hematological analysis of
the rats, there was significant difference (P<0.05) in values when compared with the
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control group. Though decrease in differential counts was observed in the rats injected
with B. subtilis and B. thuringiensis, significant difference (P<0.05) in values was not
observed with the control group. Histopatological examinations of the liver and small
intestine of the rats treated with B. cereus had observable pathological changes when
compared with control, B. thuringiensis and B. subtilis treat groups.
Conclusion: There were no significant toxicological changes in the groups treated with B.
subtilis and B. thuringiensis when compared with the control group. Based on these
observations, it could be concluded that these bacterial species could be used as bio
control agent in human environment without causing havoc to humans and animals.

Keywords: Toxicology; bio control; mosquito larvae; bacillus species.

1. INTRODUCTION

Biolarvicides of bacterial origin, particularly Bacillus thuringiensis var. isrealensis (Bti) have
proved to be highly effective against mosquito larvae at very low dosage and safe to non-
target organisms [1]. Bti is effective against several mosquito species [2,3]. According to
Regis et al. [4], Bti offers many other advantages including high efficacy against target
species, causing catastrophic larval mortality in 24 h. The productions of the characteristic
insecticidal (Cry) proteins deposited in crystals in the mother cell have been shown to mainly
start from the onset of sporulation [5,6]. It has also been shown that some Bti insecticidal
proteins are produced and secreted into culture medium during vegetative growth [7,8].

Despite the larvicidal potency of B. thuringiensis var. israelensis, it is however observed that
its insecticidal and larvicidal activity against Anopheles mosquitoes causing malarial menace
in African countries have not been adequately tested, well documented and adopted in sub
Saharan Africa. This particular bacterial species has also been observed to suffer many
limitations, among which is the short persistence of action. According to Margalith and Ben-
Dov [9], the application of B. thuringiensis for mosquito control is limited by short residential
activity of current preparations under field conditions. Loss of persistence of B. thuringiensis
activity might result from multiple environmental factors such as temperature, water, and
sunlight. B. thuringiensis adapts poorly to surface exposure to sunlight, particularly ultraviolet
light. It has been observed that one of the major problems affecting the efficacy and
economy of B. thuringiensis is its inactivation by sunlight in the field [10].

Owing to the widespread suffering and death caused by malaria and the failure of the safest
and most affordable antimalarials to treat the disease malaria [11,12], there is an urgent
need for alternative methods for treatment, management, prevention and control of malaria.
The biological means of control using microorganisms has proved to be a suitable and
effective alternative. According to Weinzierl et al. [13], microbial insecticides are especially
valuable because their toxicity to non target animals and humans is extremely low.
Compared to other commonly used insecticides, they are safe for both the pesticide users
and consumers of treated crops. Microbial insecticides also are known as biological
pathogens, and biological control agents. So owing to the drawback associated with B.
thuringiensis var. isrealensis, it becomes very imperative that alternative bacterial organisms
that could be used to control mosquitoes be identified, with their methods and mechanisms
of microbial control well understood and comparable. In previous work, B. subtilis and B.
cereus have been found effective as larvicidal. Hence the use of these bacillus species are
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going to be employed in human environment, their toxicity was carried out using animal
model in order to predict their safe use in an environment.

2. MATERIAL AND METHODS

2.1 Toxicity Test

Potential toxic activity for mammals was determined according to Peng et al. [14]. Twenty
Wistar rats were purchased from Veterinary research institute, Vom, Jos. The rats were bred
in cages made of fabricated metals iron having a measurement of 100 x 11cm in the animal
house of department of Microbiology, Federal University of Technology, Akure. The cage
was made up of four compartments 20 x 11 cm each. The floors are composed of flat metal
of 1-2 cm diameter with 1 cm spacing to facilitate the passage of faeces. The animal house
temperature was 28±2ºC during the experiment. The rats weighing 180±0.61g were fed with
mice feed and water ad libitum for one week to acclimatize and were starved for 24 hrs prior
treatments. They were divided into four groups of five each: Group 1 served as the control
and was allowed to normal rat feed and water only, group II – IV were subjected to daily
single subcutaneous injection with 200l of 107cfu/ml cell dose of B. thuringiensis, B. subtilis
and B. cereus respectively for seven days. The rats were observed shortly after each dosing
and thereafter were observed twice daily for the period of one week infection for a general
behavioral signs of toxicity and possibly mortality. The behavioral signs of toxicity observed
included changes in the skin and fur, rate of food consumption, agility, eyes and mucous
membrane and change in body weights. The tested rats were sacrificed by anaestizing with
fume of chloroform at the end of experiment. The animals were conducted in compliance
with NIH Guide for Care and Use of Laboratory Animals.

2.2 Collection of Blood

Blood was collected from the rats by cardiac puncture with the aid of disposable sterile
syringe and needle into heparinised vials. Sterile heparinised capillary tubes were used to
collected blood directly for packed cells volume determination. The heparinised vials
containing blood samples were taken to the laboratory for immediate haematological
analysis.

2.3 Hematological Parameters

The hematological parameter including, Hemoglobin, total red blood cells count (RBC), white
blood cells count (WBC), differential count of leucocytes such as neutrophil (%), lymphocyte
(%), monocyte (%) and packed cell volume (PVC) were enumerated.

2.3.1 Packed cell volume (PCV)

This was estimated by spinning 75% of each blood sample in a haematocrit micro centrifuge
at 1200 rpm for five minutes and the value was read on the haematocrit reader as a
percentage of the total blood volume using the equation:

PCV = Height of packed cell column
Height of whole blood column x 100
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2.3.2 White blood cell

Ethylenediamine tetra acetic acid (EDTA)-treated whole blood at 1:20 ratio with blood cell
diluting fluid (made up of 3.8g sodium citrate, 0.21g neutral formalin and 0.5g brilliant cresol
blue and 100ml distilled water). The diluted sample was then mixed and loaded into counting
chamber. The WBC in the chamber was counted leaving out the edges of the chamber.
Total WBC was determined using the equation.

WBC = N x DF x 106

A x D

Where A = the area counted, N = number of cell. DF = Dilution factor, D = depth of chamber.

2.3.3 Red blood cell

This was determined using the Neabeauer counting chamber, dilution pipette, dilution fluid
(formol-citrate prepared by mixing 10ml of formalin with 1 litre of trisodium citrate solution).
The Neabeauer counter was mounted under compound microscope and cells were counted
with a hand tally. The equation below was used to express total RBC.

Red cell count = N x DF x 106

A x D

Where A = the area of chamber counted, N = number of cell, DF = Dilution factor, convert to
cell per litre D = depth of chamber.

2.3.4 Hemoglobin

Blood samples (0.02 ml) were mixed gently for one minute and drawn using a 0.02ml micro-
pipette and expelled into a tube containing 4ml of Drakins solution. The tube was stopped,
mixed and left to stand for 5 minutes to allow full colour development. A standard was
prepared using a blood sample of known hemoglobin concentration. Using plain Drakin’s
solution both the sample and standard blood dilution were then read on the colorimeter
(Corning colorimeter, 253) at 550nm. The hemoglobin concentration in the blood samples
were calculated using the formula:

Sample Hb concentration = Reading of text x Standard Hb concentration
Reading of standard

2.4 Histopathological Analysis

The internal organs namely liver and intestine were preserved in 10% formalin solution. After
which they were processed for histopathological studies [15,16]. The tissues were cut into
small sizes of about 3cm and were dehydrated in different grades of alcohol from 50%
through 100%. Thereafter, the tissues were cleared in xyline for 2 hours and impregnated in
molten wax. The impregnated tissues were embedded in paraffin wax, allowed to solidify,
marked out with sharp knife and mounted on wooden block for sectioning. The tissues were
sectioned with microtome at micron 5. The sectioned tissues were spread out in a water bath
regulated at 45oC and picked with slides previously rubbed with egg albumin. The sectioned
tissues were de-waxed and hydrated in alcohol grades from 100–50%, stained with
haematoxylin and eosin, excess stain was washed with 70% ethanol, clear in xyline and
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mount in Canada balsam. Liver sections were graded numerically to assess the degree of
histological changes in the acute hepatic injury.  The scoring of liver damage was done
[17,18] as follows: portal fibrosis (0-6), lobular infiltration and necrosis (0-3), Mallory bodies
(0-3), hepatocyte ballooning (0-3) and fatty changes (0-3). The parameters were graded
from score 0 to 6, with 0 indicating no abnormality, 1 to 2 mild injury, 3 to 4 moderate injury
and 5 to 6 with severe liver injury.

2.5 Statistical Analysis

The results were expressed as mean ± standard deviation (SD) and were subjected to one
way analysis of variance (ANOVA), using statistical package for social sciences (SPSS-15)
at 95% level of confidence. The least significant difference (LSD) was performed for the pair
wise mean comparisons, to determine the significant treatment dose at 95% level of
confidence. Values were considered statistically significant at (P<0.05) and denoted by
different alphabets.

2.6 Bacterial Organisms

B. cereus is closely related to B. thuringiensis but can be distinguished from B. thuringiensis
as it cannot produce parasporal bodies [19]. B. cereus spore coats contain a 13,000-dalton
monomer and a 26,000-dalton dimmer [20].

Among the Bacillus genus, B. subtilis produces a broad spectrum of bioactive lipopeptides
having a great potential for biotechnological and biopharmaceutical applications such as
their use as antiviral, antibacterial and antitumor agents and immunomodulators. Unlike
other bacillus species B. subtilis is spore forming pupicidal bacteria whose metabolite can kill
both the larval and pupal stages of mosquito [21,22], observed that the crude mosquitocidal
toxin (CMT) produced by B. subtilis could be more toxic to the pupae of mosquito than to the
larvae.

B. thuringiensis var isrealensis is a natural pathogen of some pests, and the insecticidal
protein produced by Bti are extremely toxic to certain pests, but cause little or no harm to
people, wildlife and most beneficial insects [23]. The enthomopathogenic activity of Bti is
caused primarily by the sequential action of Cry toxin ingested by susceptible insect larvae
that include solubilisation and activation via enzymatic processing, interactions with insect
midgut epithelium, and disruption of the structural and functional integrity of the epithelium,
leading to complete tissue destruction and death of the insect [24].

3. RESULTS

Table 1 shows the hematological parameters of Wister rats treated with Bacillus cereus,
Bacillus subtilis and Bacillus thuringiensis var isrealensis HD522. There was a slight
decrease in the PCV, RBC and WBC counts of Wister rats treated with the Bacillus species
except with B. cereus where much decrease was noticed when compared with the control
group. B. cereus PCV was the least among the Bacillus species treatments where it was
32.00±2.00%, B. subtilis (42.30±1.52%), B. thuringiensis (39.30±0.57%) as compared with
the control group value of 41.00±1.73%). The RBC of the control group was
9.28±0.06m/cu.mm as against 8.19±0.23, 7.90±0.40 and 7.55±0.43m/cu.mm for B.
thuringiensis, B. subtilis and B. cereus treatments respectively. WBC values in that order
was 168±1.15, 174±4.5, 172±2.00 and 265±1.15 t/cu.mm. Because of the low RBC counts in
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the B. cereus treated group of rats, hemoglobin became higher in value (14.00±1.05) than B.
subtilis (12.5±0.48%), B. thuringiensis (12.7±0.12%) and control group (11.1±0.22%). The
differential counts of lymphocytes, eosinophil, neutrophil and basophil were also more
affected in the B. cereus treated rats than observed in B. thuringiensis and B. subtilis
treatments Table 2. Mean weight of between 180.23-180.40g increased to between 184.23-
184.82g in B. thuringiensis treated group of rats. Also, in B. subtilis treated group rats,
weights from between 178.85-180.10g increased to between 183.04-183.8g. The control
experiment weights of between 178.32-180.68g increased to 185.04-185.88g at end of
experiment. Meanwhile, decrease in weights was only observed in B. cereus treatment
Table 2.

Pathological observations of some tissues namely, liver and intestine of wistar rats injected
with Bacillus cereus, B. subtilis, B. thuringiensis var isrealensis HD522 and the control group
are presented in Figs. 1 – 8. The results of histological studies of wistar rat’s liver injected
with B. cereus are shown in Fig. 1. However, there were observable pathological changes in
the liver Fig. 1 and intestine Fig. 7 of wistar rats injected with B. cereus. In the B. cereus
treated mice, liver and intestine had signs of hemorrhagic lesion, gangrenous edges and
shrinkage thereby weakening and reducing the ventricle size of the organ for its appropriate
body functions. The intestines were inflamed with enlargement of the epithelium of villi in the
B. cereus treated rats Fig. 7 which may result to poor absorption rate and whose effects was
seen in the weight loss and hematological parameters studied. No significant damages were
recorded in the intestine of Wistar rats treated with B. thuringiensis var isrealensis HD522
Fig. 5 and B. subtilis Fig. 8 when compared with the uninfected intestine Fig. 6.

Fig. 1. Histopathological section of rat liver treated with B. cereus showing severe
hepatic degradation (SHD) and Hepatocellular necrosis (HN)
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Fig. 2. Histopathological section of rat liver treated with B. subtilis showing
hepatocellular necrosis (HN)

Fig. 3. Histopathological section of rat liver treated with B. thuringiensis showing
Normal cellular architecture NCA) hepatocellular necrosis (HN)
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Fig. 4. Histopathological section of control rat liver showing Central cellular
vein (CCV)

Fig. 5. Photomicrograph of histopathological section of rat’s intestine infected with
Bacillus thuringiensis
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Fig. 6. Photomicrograph of Histopathological section of uninfected rat’s intestine

Fig. 7. Photomicrograph of histopathological section of the intestine of rat infected
with B. cereus showing enlargement of the epithelium of villi (EEV)
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Table 1. Hematological parameters of wistar rats treated with Bacillus species

Test
organisms

PCV (%) RBC x 10
(m/cu.mm)

WBC
(t/cu.mm)

Hemoglobin
(%)

Lymphocyte
(%)

Eosinophil
(%)

Neutrophil
(%)

Monocyte
(%)

Basophil
(%)

Bacillus
cereus

32.0±2.00b 7.55±0.43b 205±1.15a 14.0±1.0a 59.0±1.0b 1.9±0.11a 35.33±0.6a 2.26±0.64b 0.6±0.57b

Bacillus
subtilis

40.30±1.6a 7.90±0.40b 172±2.00b 12.5±0.48b 66.3±1.15a 1.96±0.06a 29.0±1.00b 1.97±0.57c 1.0±0.00a

Bacillus
thuringiensis

39.3±0.57b 8.19±0.23b 174±4.5b 12.7±0.12b 66.0±1.0a 1.97±0.50a 28.0±1.00b 4.96±0.06a 0.67±0.57b

Control 41.0±1.73a 9.28±0.06a 168±1.15b 11.1±0.22c 66.0±1.00a 2.0±0.0a 38.3±0.64a 4.9±0.01a 1.0±0.00a

Each value represents the mean ± Standard deviation and values in the same column with different superscripts are significantly different from each other (P<0.05)

Table 2. Effect of Bacillus species on wistar rats body weight

Tested organisms Initial rats weight (g) Mean ± standard error Final rats weight (g) Mean ± standard error
Bacillus thuringiensis 180.23±0.15a (180.23-180.43) 184.15±0.58c (184.23-184.82)
Bacillus subtilis 179.03±0.39a (178.85-180.10) 183.94±0.61b (183.04-183.87)
Bacillus cereus 180.13±0.22a (179.73-180.32) 173.20±0.26a (173.41-173.85)
control 180.30±0.22a (178.32-180.68) 185.00±0.41d (185.04-185.88)
Values in parenthesis = range, sample population for each mean value = 4; Values in the same column with different superscripts are significantly

different from each other (P<0.05)
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Fig. 8. Photomicrograph of histopathological section of rat’s intestine infected with
B. subtilis showing normal architecture of villi (NAV)

4. DISCUSSION

In many larvicidal bioassay, designs have revealed that numerous intrinsic and extrinsic
factors may influence the toxicological performances of a given insecticide against a given
target mosquito larvae. These factors need in-depth consideration for real interest of any
larvicidal strategy and most importantly its safety use in human environment. Emphasis is
laid on the toxicology of Bacillus species (B. thuringiensis, B. subtilis and B. cereus)
because they have been found to be of potential use in killing mosquito larvae of Anopheles
mosquito species which are vectors of Plasmodium falciparium in Nigeria and other African
countries. If their adequate use in environment must be fully established, toxicity effect on
man and his environment is necessary which have revealed that B. subtilis and B.
thuringiensis are of adequacy in environmental use for mosquito larvae elimination or
reduction than B. cereus. The extensive and widespread use of synthetic insecticides has
caused some concerns regarding the toxicological, economical and environmental impacts
of xenobiotics [25;26]. Hence practical and environmental difficulties results in the use of the
available larvicidal agents, devised means of mosquito larvae eradication with natural
influences that will be efficient and environmentally safe and target-specific is a point of
interest. B. thuringiensis and B. subtilis are spore forming bacterial species which are able
to resist adverse effects in water column to make their bioavailability for mosquito larvae
ingestion in water column. The toxicological performance of the Bacillus species with
terrestrial animal is of concern at the operating level on environment and human safety
hence use of the Bacillus species is in human environment conducive for mosquito larvae
breeding. The safety assessment of the Bacillus species on terrestrial animal using Wistar
rats revealed that there were slight changes in food consumption rate of rats treated with B.
cereus. The significant changes most especially in reduction of activities by the group of
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experimental animals treated with B. cereus was as a result of its toxicological effect which
caused minor alteration in the haematological parameters and histopathological changes in
the tissue, resulting to malfunction. Weight was monitored as an indicator of the general
well-being of animals. The results obtained when the animal’s body weights were
determined agreed with the changes that were recorded in food consumption rates of the
rats. Wistar rats treated with B. cereus showed reduction in their weight (P<0.05) when
compared with control group. The slight weight gained by those groups treated with B.
subtilis and B. thuringiensis was not significant when compared with the control group. The
haematological studies of Wistar rats treated with the Bacillus species encountered general
reduction in values of Packed Cell Volume (PCV), White Blood Cell (WBC) and hemoglobin
(Hb) when compared with the values of control rats. However, the WBC, PCV and Hb of rats
treated with B. cereus were lower than that of the control and all other groups. The
Decrease in WCB count normally reflects a decline in the production of defensive
mechanisms to combat infections. Such decrease would naturally make the rats more
susceptible to various psychological stresses resulting in disease, poor growth and greater
mortality [27]. Though neither infection nor mortality was observed from the study, the
disruption in the metabolism of the various cell types involved in the defense mechanism
would predispose the animals to infection if there was any attack. On the other hand,
leucocytosis may occur as an indication of immunological response against foreign bodies.
The basophils, neutrophils, eosinophils and lymphocytes in rats treated with B. cereus were
significantly different from that of the control.

The histopathological changes in the liver and intestine of wistar rats were observed in B.
cereus, B. subtilis and B. thuringiensis var isrealensis treatments. The intestines were
inflamed with enlargement of the epithelium of villi in B. cereus treated rats. In liver, there
were signs of hemorrhagic lesion gangrenous edges and shrinkage thereby weakening and
reducing the ventricle size of the organs for their appropriate body functions whereas no
significant changes were observed in the rats infected with B. subtilis and B. thuringiensis
var isrealensis when compared with the control group.  Injection of B. cereus exotoxin into
the skin of rabbits has caused increased vascular permeability and necrosis; production of
this toxin seems to correlate with the severity of clinical infection [28]. Liver being the
detoxification organ of animals and kidney the most important excretory organ is very
susceptible to toxins. From this study, B. cereus could cause damage to liver. The damages
observed in these vital organs might have led to reduction in the rate of consumption of food
by rats in this group which eventually led to weight loss.

Haematocrit (packed cell volume) is the measurement of the percentage of red blood cells
in whole blood. Anemia may arise from reduced production of red blood cells, which may
result from deficiency in nutrients or hormones, or from disease or other conditions and
excessive destruction of red blood cells [29]. Reductions which were significant (P<0.05) in
the haematocrit in this group may imply anemia. This report also agrees with the findings
observed on studies in the effect of electroplating effluent on hematological parameters of
Oreochromis mossambicus [30,31].

Hemoglobin is a protein in the red blood cells and it is the most prevalent of the special
blood pigments that transport oxygen from the lungs to the body cells, where it picks up
carbon dioxide for transport back to the lungs to be expired. Distinct decrease in the level of
hemoglobin observed suggests a haemodilution mechanism being operational.
Haemodilution has been interpreted as a mechanism that reduces the concentration of an
irritating factor in the circulatory system [30].
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Red blood count determines the number of red blood cells in one cubic meter of blood. Red
blood cells are the means by which oxygen is carried to the various parts of the body. Thus
shortage in red blood cells would therefore lead to less oxygen supply by the red cells.
Hypoxia is a state of acute oxygen deficiency. It produces a variety of reactions in the body
which includes mild intoxication and stimulation of the nervous system, followed by
progressive loss of attention and judgment until unconsciousness occurs. Respiration and
pulse rate increase, and the systemic oxygen content is reduced. Prolonged lack of oxygen
may cause damage to the brain [29].

This study investigation revealed that B. cereus has pronounced hepatic histopathology
evidenced by histological alternations in liver which include focal necrosis, dilation of central
vein and sinusoids. These findings are in support with [32].

B. cereus hepatotoxicity could lead to vacuolization of the cells, polymorphism of the nuclei
and a decrease in glycogen content of the hepatocytes as observed.

This study’s results showed that the epithelium villi damages were severe in the intestine of
rats treated with B. cereus than the other Bacillus species in comparison to the control group
of mice. This could be due to the fact that villi are the sites of absorption and connected to
the active transport leading to higher concentration of B. cereus toxins in the epithelial lining
of the villi. The intestinal vacuolization and necrosis could be due to the released toxins
which the rats immune system could not overcome thus the observed elaborate
vacuolization of epithelium of the villi.

5. CONCLUSION

There were no significant toxicological changes in the groups treated with B. subtilis and B.
thuringiensis when compared with the control group. Based on these observations, it could
be concluded that no adverse effect was recorded against these organisms. Hence B.
subtilis has been described as an environmental friendly organism, thereby documenting its
bio safety for non-target terrestrial animals. Hence B. subtilis did not change the normal
physiological characteristics and blood parameters of the animals, it could be considered as
a safe bio control agent.
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