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ABSTRACT

Background and objectives: Pesticides play an essential role in crop protection, but their overuse caused
environmental pollution and harmful effect on different animal body systems, including the endocrine
system. The thyroid gland is one of the homeostatic regulators of metabolic activities, which is affected by
the elements of the external environment. There are very limited studies on the effect of indoxacarb on
the histological architecture and functions of thyroid gland. Therefore, this study was conducted with the
aim of examining functionally and histologically of the thyroid gland exposed to indoxacarb. Method: 24
Swiss albino mice male and female were randomly divided into two groups, each group male and female;
group I is a control group given orally with 1ml of distilled water and group II orally treated with 120
mg/kg Bw. of indoxacarb daily for 3 weeks. Blood samples were collected from each mouse under
anesthetic to determine the thyroid-stimulating hormone (TSH), thyroxine (T4) levels. Thyroid gland
histopathology was attained for the evaluation of the indoxacarb effect. Results: The treated mice showed
non-significant increase in T4 levels and a significant decrease in TSH levels but there was no significant
difference recorded in T4 and TSH levels between sexes. Histologically, the sections of the thyroid gland
of the treated group showed empty and irregular follicles, degeneration of the follicular epithelial tissue,
and hyperplasia in the lining of some follicles, the capsule with congestion blood vessels. Conclusion:
This study concluded that indoxacarb may act as a thyroid gland toxicant.
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INTRODUCTION

The development and manufacture of pesticides is a
continuous process to overwhelm the increasingly
devastating effects of various plant and animal
pathogens [1]. Pesticides are widely used throughout
the world, in modern agriculture for crop protection
to assist in the production of high yield of crops [2].
Despite the many benefits of using pesticides to
control pest, there is strong evidence indicating their
role in endocrine disruption [3, 4].
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The oxadiazine insecticide Indoxacarb is one of the
newly introduced insecticides that are considered a
safe alternative for organophosphate pesticides. It is
extensively used in veterinary medicine and
agriculture to control sucking and biting insects [5].
Despite indoxacarb has low to moderate toxicity in
mammals [6], however, it has been demonstrated
that there are some functional and histological
changes in some experimental animal tissues such as
in the liver and kidneys [7,8]. Furthermore, some
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insecticides, herbicides, and fungicides have been
reported to have anti-endocrine functions such as
higher incidence of subclinical hypothyroidism [9, 10,
11, 12, 13] and more specifically, thyroid disorders
[14, 4]. These pesticides work through various
mechanisms such as inhibiting thyroid iodine uptake
[15], interference with thyroid hormone (TH)
receptors [16], linked to transport proteins,
iodothyronine, cellular absorption of TH and TH
gene expression [17, 18, 19]. Also, it has been
documented that exposure of rats to thiacloprid and
to a mixture of deltamethrin and thiacloprid results
in a significance increase in Ts and T4 level but no
significant change in TSH levels [20]. In other study,
diethyl phosphate caused a significant decrease in
TSH level and a significant increase in the levels of Ts
and Ts in treated rats [21]. In contrast, numerous
studies have reported that mice exposed to the low
doses of dichlorobiphenyl trichloroethane (DDT) and
thiocarbamate led to a decrease in T3, T4 levels as well
as an increase in TSH levels [22, 23]. Another study
conducted on farmworkers exposed to pesticides
organophosphates
pyrethroid [25] resulted in a significant increase in
TSH levels and a significant decrease in Ts and T
levels. Also, it has been shown that Ts and T:
significantly reduced following exposure of carp
(Cyprinus carpios) to indoxacarb for 21 days [26].
Furthermore, Nassar [27]
exposure (60 days) to indoxacarb caused reduction in
Ts and Ts levels of rat serum.

In addition, several animal studies have shown that
exposure to pesticides can induce structural
alterations of the thyroid gland [28, 29, 30], however,
long-term exposure of rats to low doses of DDT led
to changes in the arrangement of the follicle’s
epithelium [31]. Also, Chlorpyrifos caused changes in
the histological structure of thyroid gland [32]. Few
human studies have been conducted over the past
decade on adult and children, and heterogeneity has
been observed in the results of 19 different
organochlorine and organophosphate pesticides been
used to assess the thyroid function [14, 33], and to

and carbamates [24] and

revealed that chronic
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find the relationship between thyroid function and
pesticides according to sex [34, 35]. Moreover, Lopez-
Espinoza, [36] and Hernandez-Mariano, [37] revealed
the relationship between the high concentration of

dichlorobiphenyl chloroethylene (DDE),
Dichlorodiphenyldichloroethane (p, p-DDE) and
thyroid function of pregnant women.

Epidemiological studies on animals are necessary to
understand how chronic occupational exposures
affect the thyroid gland in men and women. Studies
on the effects of indoxacarb on the function and
histopathology of the thyroid gland are very limited;
therefore, the aim of this study was to determine the
effects of indoxacarb on the function and histological
architecture of thyroid gland in adult albino mice.

MATERIALS AND METHODS
Reagents
Indoxacarb insecticide (C22H17CIF3N307), the

analytical grade was purchased from Scharlab S. L,
Spain. Indoxacarb 200g/L (75:25) suspension
concentrate was diluted in distilled water to obtain a
stock of indoxacarb solution that was prepared
weekly and kept in a dark bottle at room temperature
(25°C).

Animals

Healthy adult male and female Swiss albino mice (6-
8weeks old, weighing 28-32g) were used. These
animals were inborn in the animal house of the
Zoology Department, Faculty of Science, Tripoli
Libya.
polypropylene cages containing wooden flakes or
ships under standard nurtured condition, and keep it
at a controlled room temperature (22 + 3°C) under
12h light/12h dark photoperiod, relative humidity
50+ 5. For at least a week before the experiment and
those conditions were conserved until the end of the
experiment. Mice were fed a standard lab diet and
given ad libitum access to food and water.

University, Mice were house in clean

Experimental design
The experiment was performed on 24 male and
female adult Swiss albino mice. The mice were
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randomly divided into two equal groups of 12 male
and 12 female: group I: 6 male and 6 female mice
served as control and orally given an equal volume
of the distilled water. Group II: 6 male and 6 female
received a dose of indoxacarb (120 mg/kg BW).
Indoxacarb was engulfed daily for 3 consecutive
weeks. At the end of the experiment, the blood was
collected from jugular veins from each animal under
anesthetic. The upper part of the trachea to the
beginning of the tongue was removed; fixed in 10%
phosphate-buffer formalin (pH-7.2), dehydrated in
an ascending chain of ethanol, clearing in xylene, and
impeded in paraffin wax 55 C? to 60 C®, for general
histological analysis, 5um thick paraffin sections
stained with hematoxylin/eosin, sections taken from
the anterior, medial and posterior part of the thyroid
gland (three nonserial sections per each part of a lobe
of the gland) were analyzed on a light microscope
(Wetzlar, Germany).

Hormone’s assay

Blood samples were collected in non-heparinized
tubes from jugular veins from each mouse. The blood
samples were centrifuged at 5000 rpm for 10 min to
obtain serum. Serum samples were used to estimate
T4+ and TSH levels according to the method reported
by [38] using an international immune diagnostic kit
and was expressed as ng/ml from a standard curve,
EIISA Cobase 411 Roche- Germany, according to
manufacturer's instructions.

Statistical analysis

The mean + standard deviation (SD) values were
calculated for the samples of the control and treated
groups. Statistical software SPSS version 20 was used
for the analysis of the data. Two-way ANOVA
followed by a post hoc LSD test was used. A p-value
of P<0.05 at 95% confidence interval was considered
significant.

RESULTS

Serology
The current study was conducted to evaluate the
effects of pesticide indoxacarb on TSH and T4 levels.
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The results obtained revealed that the group exposed
to insecticide indoxacarb showed no significant
increases in the serum T4 level (P< 0.097), while the
mean value of TSH level was significantly decreased
in comparison to control group (P< 0.033) and there
was no significant difference between sex groups in
serum T4 and TSH levels compared to the control
group (P <0.817) as shown in Table 1.

Table 1. Effect of insecticide indoxacarb on TSH
and T: levels in Swiss albino mice.

Mean+SD Groups Mean+SD
6.87+0.752 Female 6.3+0.32
7.02+0.852 Male 7.1+0.12
0.057+0.015? Female 0.067+0.0122
0.058+0.0182 Male 0.048+0.014°
Mean+SD Groups Mean+SD
6.87+0.752 Female 6.3+0.32
a, b: Significant differences as compared with control group
(P<0.05), n=6.

Histological examination of the thyroid gland

The anatomical evaluation of the thyroid glands in
the control group and the treated group found that
the upper part of the trachea to the beginning of the
tongue appears normal in both groups with no
change in color and no edema.

Examinations of the sections that contain the thyroid
gland of the treated group with indoxacarb and
stained with hematoxylin and eosin showed some
follicles that contain a few pallid and heterogeneous
colloid (the appearance of some vacuoles in the
colloid), and about 50% of follicles free of colloid
(Figure 2 A and B) compared to the control sections
that showed most of the cavity of the follicle filled
with a rich homogeneous colloid and only about 4%
of follicles that free of colloid (Fig. 1 A, B, C, and D).
Also, there was a reduction in the size of most
thyroid follicles and there are many follicles with
irregular shape; lined with flat or squamous
epithelial cells and in some other follicles revealed
some vacuoles in epithelial cells (Fig. 2 D and E)
compared to the control that shows round or oval
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follicles, vary in size and shapes filled with dark pink
homogeneous colloid. Most of the follicles are lined
by a single layer of low columnar to cuboidal
epithelial tissue (Fig. 1 A, B, C, and D).

Furthermore, the treated sections showed
hyperplasia in the lining of some follicles and the
dissociation of epithelial cells of others (Fig. 2 E and
F), also there was degenerated and necrosis in the
intercellular connective tissue and blood vessels
dilation and congested (Fig. 2 E), there was an
expansion in the
observed between lobules follicles and the presence
of thick collagen fibers (Fig. 2 E and F) compared to
the control that shows numerous capillaries in the
areolar connective tissue cluster or individual
parafollicular cells, polygonal in shape, light-colored
or low-density cytoplasm next to or around the
intrafollicular thyroid follicles (Fig. 1 D).

interstitial connective tissue

Figure 1: Shows pictures of thyroid sections of
control animals, (A) Shows two lobes of the thyroid
gland, (B) the square shows one lobe of the thyroid
gland, surrounded by thin capsule large arrow and
containing blood sinuses thin arrow (D). C & D
shows Lobes divided in to small lobules by
trabeculae (T), the follicles between brackets are
round or oval in shape, Parafollicular cells (white
arrow), and Colloid (Co). (H & E respectively 5X, 10X,
40 X).
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Figure 2: Sections of the thyroid gland of indoxacarb-
treated group of mice show: (A&B) the entire lobe
with empty follicles. (C & D) shows the capsule
contains congestion in blood vessels (thin black
arrows). (C, D & E) many empty follicles of colloid
[*]. and the others containing small cavities in the
colloid (Vacuoles (V) .(E) shows the irregular follicles
(red arrow) and appearance of the degeneration (De)
of the follicular epithelial tissue, (F) the appearance
of hyperplasia (H) in the lining of some follicles, H &
E respectively 40 X, 10X, 5X.

DISSCUSION

The incorrect belief that says the thyroid gland
function is only to homeostasis metabolic processes,
but it seems to be associated with several other
health issues, such as diabetes [39], cardiac disease
[40, 41], the reproductive system [42], Lupus disease
[43] and rheumatoid arthritis [44]. The thyroid gland
is intensely affected by internal factors and highly
sensitive to the toxicity of many
factors, including herbicides,
fungicides, and insecticides. However, the current

external
environmental
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results evaluate the effect of indoxacarb on the
thyroid gland of albino mice treated with indoxacarb
(120mg/kg daily) of for 21 days showed that
indoxacarb affect the thyroid gland function with
non- significant increase in the T4 level and a
significant decrease in TSH level in both sexes
compared to control group. This study is in
agreement with other that illustrated
exposure to thiacloprid and deltamethrin [20] led to
an increase in the T4 level. While Kongtip et al. [45]
reported that T4 significantly elevated in 78 farmers
exposed to several pesticides. Also, the present
results are in consistent) with the study of [21] and
[32] who revealed that diethyl phosphate and
chlorpyrifos considerably decreased TSH level in rats
that
significant decrease in the TSH level in people who
were exposed to pesticides such as, organic chlorine
and DDE. In contrast, these results disagreed with
the effects of chlorpyrifos and deltamethrin on the
thyroid toxicity on albino mice and rats [46, 47], that

studies

respectively. Moreover [12] revealed a

reported a significant decrease in T3, T4 levels and a
significant increase in the TSH level. Also, this study
contradicted with other studies that showed the
exposure to pesticides such as indoxacarb, DDT,
polychlorinated ~ biphenyls, = organophosphorus,
organochlorine, cause a decrease in the T3, T4 levels
and a significant increase in the TSH level [22, 35, 27,
24]. This controversy in the results between the
different studies may be attributed to the dosage of
the pesticide, the method of administration, and the
period of treatment.

The mechanism by which indoxacarb cause change
in the thyroid hormones levels and structure is not
known. However, since the pesticide indoxacarb
used in this study affects the nervous system of
insects [48], it may also, has a significant effect on the
pituitary gland of mammals, as it caused a significant
decrease of TSH level, which led to an increase in the
T4 production and thus led to thyroid stress. This
result conflicted with the negative feedback
mechanism as reported by [49].
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Furthermore, the histopathological results of this
study also showed shrinkage in the size of some
follicles, a decrease in the amount of colloid, and the
evacuated colloid in 50% of the follicles of the thyroid
gland. Also, the epithelial cells lining the thyroid
follicles into a squamous
epithelium and some of them replaced entirely by
fibrous tissue. Besides, some sections that treated
with showed thick collagen fibers
compared to the control group, this result is in
accordance with the data observed by [31] who
reported the prolonged exposure to very low doses
of DDT led to severe changes in the thyroid gland
tissue of rats, as well as confirmed by [47, 32] studies
showed the exposure to insecticide deltamethrin and

were transformed

indoxacarb

Chloroperofus respectively, led to an effect on the
histological morphology of the thyroid gland tissues
in albino rats. Also, this study agreed with another
study on rats which reported that sodium fluoride
caused a histopathological alteration of thyroid gland
such as follicular cystic dilatation with flattened
lining epithelium and eosinophilic colloid with
congestion in blood vessels and functional changes
[50].

The distortion of the architecture and the disruption
of the function of thyroid may be caused by a
variation of mechanisms; many environmental
elements interfere with the hypothalamic-pituitary-
thyroid axis at altered levels. Mechanisms of action
may include the receptors for T4, T3 or TSH and
thyroid peroxidase enzymes. Also, may involve
sodium-iodide symporter, transport proteins, or
cellular uptake mechanisms. The circumferential
metabolism of the THs can be affected through
effects on iodothyronine deiodinases or hepatic
enzymes. Any small changes in thyroid homeostasis
may adversely influence human health. Therefore, it
is urgent to clarify whether the animal data showing
effects of indoxacarb on thyroid function can be
extended to humans.
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CONCLUSION

In summary, the previous study revealed that
pesticide indoxacarb has a significant toxic effect on
the function and ultrastructure of the thyroid gland,
which are of great importance for most of the
physiological processes of the various body systems,
For the environment safety, men must use the
adequate quantities of pesticides and using them
with caution.
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