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ABSTRACT

Background: Hexaflumuron (HFM) is an insect growth regulator (IGR); it is highly effective against a wide range
of pests. Aim of the work: Due to the lack of toxicological assessments of this insecticide especially the
formulation type, the objective of the present study was aimed to investigate the toxicological effects of repeated
exposure of HFM formulation on adult albino rats. Materials and methods: Three groups were administered daily
by gavage for (28 days) at dose of 11, 4, and 2.5 mg/kg b.wt respectively. In addition to control group. Results:
The results of acute toxicity indicated HFM exhibited moderate to some extent high toxicity toward the treated
rats. Slight tremors and bleeding from nose were observed. The repeated exposure results revealed the high and
middle doses exhibited methemoglobinemia. Also, the HFM treatment led to increase in AST and ALT levels. The
urea and creatinine levels were not significantly increased except the level of creatinine in high dose. According
to the histopathological findings the middle and low doses of HFM revealed greater injurious in liver and spleen
tissues than induced by high dose. HFM induced a statistically significant increase in the micronucleus (MN)
frequency in a dose-dependent manner compared with a negative control group. Conclusion: So, it is obvious the
middle and low doses induced damage in the liver and spleen organs while the high dose induced damage in blood,
bone marrow, and kidney organs.

Keywords: Hexaflumuron, histopathology, spleen, liver, methemoglobinemia, micronucleus assay.

INTRODUCTION DFB binding with a sulfonylurea receptor (SUR) is

Hexaflumuron is a Benzoylphenyl urea the target of chitin synthesis inhibition in the
(BPU) insecticides; it is an insect growth regulator drosophila melanogaster insect ®). But later Meyer et
(IGR) that works by inhibiting a chitin synthesis. It al. @ suggested that the (SUR) is dispensable in
disrupts the molting process in insects, which results drosophila melanogaster embryos for chitin synthesis
in death at immature stages. It is highly effective and other factors may be involved in chitin synthesis.
against a wide range of pests, primarily in In the mammalian it is created that SUR receptors
Lepidoptera, Coleoptera, Homoptera and Diptra. In and their agents, e.g. (BPUs), work together to boost
Egypt, this insecticide is used for control tuta the endogenous release of insulin from pancreatic -
absoluta insect in tomatoes and cotton leaf worm and cells. And the significant negative impact of
boll worms ®., The acute oral LD50 of HFM as un sulfonylureas agents is hypoglycemia, which can be
active ingredient for rats is more than 5000 mg/kg a significant problem in extended treatment ©). Other
b.wt. It is classified as unlikely to be hazard @. But mode of toxicity of (BPUs); is attributed to the ability
the toxicity of the HFM formulation may differ from to induce methemoglobinemia, an abnormal form of
that of the active ingredient. A previous study hemo-globin, the iron in the molecule of hemoglobin
reported that the estimated LD50 of the HFM is converted to its trivalent oxidation state (Fe®")
formulation (locally made) were 110 and 105 mg/kg instead of its common divalent state (Fe?*). This shift
b.wt for male and female respectively (unpublished in the hemoglobin molecule converts it into oxidized
data). In addition, the treated rats exhibited nose hemoglobin and has become inappropriate for the
bleeding and noticeable tremors in neck. Death transport of oxygen, resulting in certain kinds of
happened after several days of administration. So the illnesses called methemoglobinemia ©),
big difference in LD50 value between the active Methemoglobinemia may be inherited or acquired
ingredient and the formulation was of concern. This from the environment, but the acquired form is more
observation leads to investigate the toxicity and the frequently caused by different drugs and toxins @,
side effects of this insecticide especially the Previous literature revealed the acute oral studies in
formulation type. But unfortunately there is limited rats and mice with active substance 25% DFB
literature available on the toxicity of HFM on non- indicated marginal effects on methemoglobin levels
target organisms, and diflubenzuron (DFB) is at a dose of 10 g/kg b.wt ®. Same observ-ation on
another haloaromatic substituted of (BPUs) with an dietary dogs study (8.3 mg/kg/day for 28 days) of
analogous insecticidal mode of action and has similar technical HFM elevated methemoglobin levels in
toxicological properties, so, we review the toxicity of both sexes ©. Also in fish study the DFB (25 mg/ L)
DFB as additional reference. Also DFB is considered caused a reduction in the number of erythrocytes and
the first discovered insecticide of BPUs group. A hemoglobin content after 96 h of exposure @9, These
pharmacological research recently disclosed that previous findings concluded that BPU compounds
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may induce injures on the non-target organisms by
affecting with different mode of toxicity.

It is also well-known; histopathology is a
crucial part of the toxicological and risk assessment
of drugs and chemicals. It is essential to clarify
unbiased findings on the experimental organism @9,
The investigation of histopathological modifications
in animal tissues is a sensitive and quick technique
for assessing the toxic potential and risk assessment
of chemicals in the environment (2),

As well as, cytogenetic analysis gives
valuable information about mutagenic potentiality of
the tested material. Exposure to the mutagens may
induce its effect in the blood or bone marrow in
treated animals @3, Presently, micronucleus assay
serves as an important endpoint to detect the genetic
damage by chemicals in the cells of the organisms.
Micronucleus methods are rapid and easy to learn,
and have comparable sensitivity. For these reasons,
micronucleus assays are being used with increasing
regularity Adler @4, Therefore, the present study
aimed to evaluate the repeated exposure effect of
hexaflumuron formulation on the male albino rats,
especially the probability of HFM to induce
methemoglobinemia status in the treated rats. The
study was designed to evaluate the side effect of this
formulation on the liver and spleen tissues as the
main target organs. In addition to some parameters
that covered liver and kidney functions, and the
mutagenicity ability.

MATERIALS AND METHODS

The tested insecticide (HFM)

The tested insecticide used in this study was a
commercial insecticide (local made) with active
ingredients of hexaflumuron 10%, the IUPAC name:
1-[3,5-dichloro-4-(1,1,2,2-tetrafluoroethoxy)
phenyl]-3-(2,6-difluorobenzoyl)urea. The formul-
ation was supplied as emulsifiable concentrate (EC)
by the Mammalian Toxicology Department, Central
Agricultural Pesticides Lab, Dokki, Egypt.

Animals

Healthy male albino rats (Rattus norvegicus)
of Wistar strain weighing 120 g+10% were used
throughout the whole study. The animals were
obtained from the laboratory animal house of the
National Research Center, Dokki, Egypt. Animals
were kept under full hygienic conditions, had free
access to fresh water and fresh well-balanced diet,
and kept under supervision for two weeks before
commencing the experimental work. The animals
were housed in all groups of five rats per cage.
Procedures for animals and their care were carried
out in accordance with the ethical guidelines for
laboratory animals of Mammalian and Aquatic
Toxicology Department.
Experimental design
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Median lethal dose (LD50) study

Determination of the oral LD50 (median lethal dose)
was conducted to provide preliminary data on the
toxic nature of the formulation being tested for which
no other toxicology data is accessible. In this study,
experimental animals were fasted for 18 hrs prior to
dosing. The HFM was dissolved in distilled water
(d/w) and administered once a single dose orally by
gavage to the rats, using stomach feeding tube. The
volume of the dose depends on the weight of the rats.
The dose didn’t exceed 1 m1/100 g b.wt. A total of 30
apparently rats were randomly divided into six
groups; each of it has five rats. The first group was
used as a pilot test to determine the range of dose
levels in the main study. The second group was kept
as control group and given dissolving vehicle (1 ml
(d/w)/100 g b.wt). The other four groups were
administered at four dose levels 56, 82, 119, and 175
mg/kg b.wt respectively. The rats were observed
individually at least once during the first 30 minutes
after dosing, then periodically during the first 24
hours and daily for a total of 14 days. The signs of
toxicity and mortality were recorded during the
observation period. The calculation method of the
LD50 was carried out according to method of Weill,
@9 When the mortality data (r-values) were
recorded, the f-values were obtained from the tables.
The LD50 was calculated from the following
equation: log m = log D + d (f + 1), Where: logm =
the logarithm of the LD50, log D = the logarithm of
the lowest dose, d = the logarithm of the constant
ratio (=1.46) between dosage levels.

Repeated exposure study

A total of 20 apparently rats were randomly
divided into four groups. The first group was kept as
control and given just (1 ml (d/w)/100 g b.wt). Other
three groups were administered by gavage at dose of
11, 4, and 2.5 mg/kg b.wt which were equivalent to
1/10, 1/30, and 1/50 of estimated LD50 respectively.
The administration of HFM was daily and continues
for (28 days). The signs of toxicity and the body
weights of rats were recorded periodically 9.

Blood and organs collection

Rats were sacrificed by euthanasia at the end
of treatments. Blood samples were collected in
sodium heparin tubes for plasma samples, and then
the samples were centrifuged at 3000 rpm for 20 min
and stored at —20°C to be used for liver and kidney
biochemical parameters. Liver and spleen organs
were immediately removed and washed using chilled
saline solution and were preserved in formalin (10%,
wi/v) for histological parameter.
Ethical approval:
This study was conducted in accordance with
ethical procedures and policies approved by
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Animal Care and Use Committee of Agricultural
Research Center.

Histological parameter

After liver and spleen specimens were preserved in
10% formalin for 24 hrs. The decalcification process
was occurred by fixed in formic acid then washed in
tap water. Serial dilutions of alcohol (absolute
ethanol) were used for dehydration. Specimens were
cleared in xylene and embedded in paraffin at 56°C
in hot air oven for 24 hrs. Paraffin bees wax tissue
blocks were prepared for sectioning at 4 microns
thickness by sledge microtome. The obtained tissue
sections were collected on glass slides,
deparaffinized, stained by hematoxylin and eosin
stain, then examination was done through the light
microscope @7,

Hemoglobin and methemoglobin parameters

The hemoglobin (Hb) was determined by using kit
from Diamond diagnostic Company, Egypt. The
methemoglobin (MetHb) was determined according
to Leahy and Smith “® procedure.

Liver and kidney functions parameters

All  biochemical measurements were
determined in plasma according to the details given
in the kit’s instructions and performed by using a
Jasco UV-VIS spectrophotometer V-630 PC (Japan).

Mutagenicity assay

The monitoring of micronucleated normo-
chromatic erythrocytes (NCE) in bone-marrow was
performed according to the procedure described by
Schmid @ with some modifications recommended
by Adler 4,

Statistical analysis

One-way ANOVA followed by the Holm-
Sidak test were used to determine differences
between groups for all parameters. The results are
presented as mean * standard error of mean (SEM).
Values were considered statistically significant if
P<0.05. The SigmaPlot statistics software, Ver.11
was used for the statistical analysis.

RESULTS

LD50 of HFM and symptoms of toxicity

The estimated oral LDso of HFM was 115 mg/kg b.wt
for adult male rats. The symptoms of toxicity
manifested by the animals began to appear 2 days
after the administration. The main observed
symptoms were slight tremors, and bleeding from
nose. Finally, paralysis happened and followed by
death after 4 days, 7 days and 14 days from
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administration. The recovery happened in some
treated animals at low and middle doses only after the
observation period (14 days).

Repeated exposure and the body weight

After repeated exposure, it was observed HFM at
three doses did not cause death and there were no
signs of toxicity observed on treated rats but some
behavioral changes in the animals were observed.
The main observation was increasing in the water and
food consumption after 3 weeks at high and middle
doses while in low dose this was not observed (data
not shown). However, treated animals showed
normal increase of the body weight when compared
with control group (Fig 1).
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Fig. (1) The correlation between the time of exposure
of HFM and the mean of body weights of control and
treatment groups

Hematological and Biochemical significant change
in Hb levels in three treatment groups when
compared to control group. But there was a
statistically significant increase in MetHb in high and
middle doses. Also The HFM treatment induced
injury effect on liver functions which led to increase
in AST and ALT levels especially in middle dose but
this increase was not significant when compared to
control group. The other biochemical parameters of
liver functions (ALP, Alb, and total protein levels)
were not significantly changed than control group.
While the kidney function parameters e.g. (urea and
creatinine levels) showed Analyses

There was no statistically significant increase in
creatinine level at high dose in relation to the control
group (Table 1).
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Table (1): Hematological and Biochemical parameters in the plasma of rats treated with the HFM

Parameters Control group ) High dose _middle dose ) Low dose
=(1/10 LD50) =(1/30 LD50) =(1/50 LD50)
Hb (g/dI) 20.47+ 0.68 19.76 £ 0.83 2240+ 1.25 21.971+0.82
MetHb (g/dl) 3.02+£0.35 3.48 £ 0.28* 5.21 + 0.45* 4.324+ 0.52
AST (U/ml) 38.76 £ 5.08 45.89 + 7.58 61.16 + 3.86 48.23 £ 7.41
ALT (U/ml) 42.05 £ 4.99 46.43 £ 2.54 53.41+6.26 44,49 +2.76
ALP (U/L) 28.67 £ 1.53 34.78£1.78 31.61+£1.09 26.94 £ 3.10
Alb (U/L) 5.082 +0.28 4.36 +0.13 5.30£0.20 4.24 +0.29
T. Protein 341.97 + 25.58 404.12 £ 63.24 415.78 £+ 65.87 378.71 + 85.56
Urea (mg/dl) 551+0.78 7.561 +0.074 6.17 £ 0.69 6.17 £0.81
Creatinine (mg/dl) 42.28 + 1.50 50.64 £ 2.67* 46.044 +1.85 37.90 £ 3.52

Values are from five animals in each group and expressed as mean £ SEM of each group; *Significant change

compared to control group at p < 0.05.

Histopathology of liver tissues

Histopathological examination of liver specimens
taken from control group showed normal histological
structure of the central vein and surrounding
hepatocytes in the parenchyma. High dose group
demonstrated congestion of portal blood vessel and
portal infiltration with inflammatory cells. Moreover,

livers of rats treated with middle and low doses
revealed greater injurious than induced by high dose.
It is obvious by occurrence necrosis of sporadic
hepatocytes, fibroplasia in the portal triad and portal
infiltration with inflammatory cells while low dose
group demonstrated fibroplasia in the portal triad
with appearance of newly formed bile ductules (Fig.

Fig (2) Light micrographs of the rats liver tissue show as follow: (A), control group showing normal histological

structure of hepatocytes; (B); high dose group showing congestion of portal blood vessel and portal infiltration
with inflammatory cells; (C), middle dose group showing necrosis of sporadic hepatocytes, fibroplasia in the
portal triad and portal infiltration with inflammatory cells; and (D) low dose group showing fibroplasia in the
portal triad with appearance of newly formed bile ductules (H and E X 400)
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Histopathology of spleen tissues

The histopathological examination of spleen specimens of control group showed normal lymphoid follicle
but the HFM treatments showed interesting result. The high dose group revealed slight lymphocytic necrosis and
depletion with noticeable increase in spleen size compared to the control group. While the middle and low doses
showed lymphocytic necrosis and depletion with appearance of tangible body macrophages (Fig. 3).

Fig (3) Light micrographs of the rats spleen tissue show as follow: (A), control group showing normal lymphoid
follicle; (B) and (C); high and middle dose groups showing slight lymphocytic necrosis and depletion; and (D) low
dose group showing lymphocytic necrosis and depletion with appearance of tangible body macrophages (H and E
X 400)

Mutagenic analysis

The data presented in table (2) revealed that, the high and middle doses of HFM induced significant increase of
micronuclei frequency in the bone marrow cells. Low dose did not induce significant increase. Also there are
significant differences between high and middle dose groups and between high and low dose groups. The data
exhibited dose a dose-dependent response.

Table 2: The numbers of micronuclei frequency in rats bone marrow cells after HFM treatment

i i Total No. of
Treatments No. of micronuclei in the cell micronucleated Mean + SEM
1 2 >3 cells
Control group 26 7 5 38 7.60 £0.93
Low dose
(1/50 LD50) 41 6 6 53 10.60 + 0.87
Middle dose -
(1/30 LD50) S 13 7 71 14.20" +1.20
High dose -
(1/10 LD50) 104 19 15 138 27607 +1.44

Values are from five rats in each group and the last column represent mean £ S.E.M of micronuclei per 1000
PCE/NCE; ™ Significant change compared to control group at p < 0.001 “Significant change compared
to control group at p < 0.01
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DISCUSSION

The results of acute toxicity indicated that
HFM exhibited moderate to some extent high
toxicity toward the treated rats. On the contrary the
previous literature reported that the acute toxicity of
HFM as an active ingredient is low and the LD50 is
exceeding 5000 mg/kg b.wt @. May be the big
different between the LD50 value of active
ingredient and the HFM formulation is due to the
impurities or second products that accompanying
with the active ingredient. One of the problems of the
HFM insecticide is no declared impurities of the
active ingredient in the FAO. All impurities have
been claimed confidential . More additional, the
signs of toxicity which were observed on the treated
rats like tremors and bleeding from nose may due to
the unknown impurities or metabolites of active
ingredient. One of the metabolites of DFB is 4-
chloroaniline (PCA). Although this metabolite was
detected at very low concentrations in urine of rats
given a high dose of DFB @9, it is associated with the
majority of the severe health effects found in animal
studies, particularly cancer of the spleen, liver and
osteosarcomas in male rats @. In addition, the
repeated exposure of HFM indicated increasing in
water and food consumption after 3 weeks from
starting of dosing. This is may be due to HFM, as one
of sulfonylurea agents, acts directly on the pancreatic
B-cell to induce insulin secretion; this is done by
binding the cytosolic surface of the sulfonylurea
receptor, which causes ATP-sensitive potassium
channels to be closed, followed by plasma membrane
depolarization, calcium channel opening and insulin
exocytosis ??, So, excess of insulin secretion lead to
hypoglycemic symptoms and hunger which increase
food intake 3.

Other side effect of repeated exposure of HFM
is the significant increase of methmeglobin levels in
high and middle doses. As above mentioned a
methemoglobinemia is a blood disorder in which too
little oxygen is reached to the body cells. Acquired
methemoglobinemia is induced by exposure to
certain drugs, chemicals or foods (. Many previous
studies revealed that the repeated exposure to HFM
by oral route in subacute studies (rats, mice, and
dogs), or in subchronic studies (mice and rats) lead
to increase in methemoglobin level and was
considered the critical adverse effect for the risk
assessment and NOAEL setting ©. Moreover the rats
were exposed for 3 weeks by inhalation to technical
grade of DFB showed methemoglobin levels in the
two lower concentrations, significantly higher than
those of the control animals. Also the metabolite of
DFB (PCA) caused significant increase in
methemoglobinemia at dose of 62 mg/kg ?4. Thus,
HFM or DFB metabolites may be engaged in causing
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methemoglobinemia. Also, HFM metabolism
appears to be broad with little parent compound still
identified after exposure. Some metabolites of HFM
include compounds that have several chemical
groups e.g. (2,6-difluorobenzoic acid, 2,6-difluoro-
benzamide, 3,5-dichloro-4-(1,1,2,2-tetrafluoro-
ethoxy) aniline and 1-(3,5-dichloro-4-(1,1,2,2-tetra-
fluoroethoxy) phenyl) urea ©. Therefore, may one of
these metabolites or others is responsible for
inducing methemoglobinemia state.

On the other hand, the liver is the target organ
for detoxification and necessary for the metabolism
of xenobiotic compounds ©®. The levels of liver
enzymes AST, ALT and ALP in the blood plasma are
some of the most sensitive biomarkers for liver
damage because they are released into the blood after
intracellular damage ©#®. High levels of AST and
ALT are associated with hepatic necrosis, hepatitis
and hepatic toxicity @”. In the present study, repeated
exposure to HFM led to partly increase in AST and
ALT levels in the middle and low doses. However,
this increase was not of clinical significance. These
results of liver function are complementary with the
results of liver histopathology. Leukocytosis which
was observed in liver and spleen tissues after HFM
treatments is reflected by inflammatory cells
infiltration and is considered as a defensive
mechanism @8, Leukocytosis is often related to
infections, poisoning and metabolic disturbances or
other prevalent causes such as malignancies . Also
the necrosis which was observed in liver and spleen
tissues may be attributed to hypoxia or reduced the
oxygen in the blood as a consequence of
methemoglobinemia occurred in treated rats.
Hypoxia leads to both necrosis and apoptosis ¢,
This finding is complementary with previous
freshwater fish study that exposed fish to (0.25, 0.50
mg/L of DFB for 14 days) and found
histopathological changes and slight to moderate
damage in gills and livers of fish GY. The other
noticeable observation in this study was that the
middle and low doses induced more effect than high
dose. It was obvious in the liver and spleen
histopathology result which showed lymphocytic
necrosis and depletion more than that induced by
high dose. Also Barros et al. ©2 found similar
finding when the subacute exposure to the lowest
dose of DFB caused significant decrease in
reproduction of male rats than induced by high dose.
One possible explanation for this could be that
chemical makes their effects like the endocrine-
disrupting chemicals (EDCs) that can make effects at
low doses, which are not predicted at high doses ©2).
Other explanation is that the role of kidneys which
are primarily organs of excretion. The treatments
with high-doses of that compound make stress on the
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kidney and stimulate to rapidly clearance of their
metabolites from the body than those happened in
low doses. But this stress on the kidney is associated
with the risk of kidney injury.

Changes in the plasma creatinine concentration
reflect changes in the glomerular filtration rate in
relation to renal function ©%. Determination of
creatinine in serum is the most common technique
used to assess renal function . It was observed that
animals treated with high dose of HFM showed
significant increase of creatinine levels, with no
change in the urea levels. The middle and low doses
did not induce significant effect on kidney functions.
It is established that the nephrotoxicity of any
xenobiotic is dose-dependent. As supplement to
investigate our results, the mutagenic study showed
increase in micronuclei in high and middle doses. It
could explain that erythrocytes which were
destructed in the spleen and liver tissues are related
to stimulation of erythrocytes regeneration in the
bone marrow. This stimulation may lead to uncontrol
in dividing cells and may lead to increase of
micronuclei frequency in bone marrow. Also it is
possible that this insecticide exerted its genotoxic
effects on bone marrow cells. So, from previous
findings and present study it seems that
hexaflumuron (HFM) may has harmful effects on
non-target organisms and it could not be rule out the
possibility of the metabolites and impurities to lead
to more toxicity than the parent compound.

CONCLUSION

These findings unveiled the hazardous effects
of hexaflumuron repeated exposure on the male rats,
raising concerns about this insecticide that possesses
a potential hazard to human health, especially low
doses. More attention should be addressed to risks of
low doses of HFM and further toxicological studies
should be conducted to identify its toxic mechanisms.
Also, it is important to note that some adverse effects
may be caused by impurities and metabolites like
methemoglobinemia status. Hence, it is important to
do more toxicological studies about these chemicals
and their impurities.
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