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ABSTRACT

The current study is designed to investigate the histological and immunohistochemical characteristics of the
thyroid gland in adult male Sciurus anamalus. This study found that the thyroid gland of the Caucasian
squirrel is located in the neck area, below the larynx, on both sides of the trachea. It has two lobes (right and
left) with cylindrical shape. The histological studies revealed that the thyroid gland is surrounded by a capsule
which consists of connective tissue and forming of two layers which are outer layer and inner layer, and a
layer of adipose tissue appears overlapping the outer layer. The inner tissue of the gland consists of follicles
with different shapes and sizes, and is lined with simple cuboidal epithelial tissue (follicular cells).
Sometimes it appears in the form of high or low cuboidal epithelial tissue, in dependent on the functional
activity state of the gland, and the follicles cavities are filled with colloid. In addition, there are two kinds of
cells spread in the gland tissue, follicular cells and parafollicular cells, and they are fewer in number and
larger in size than follicular cells and appear either singly or in the form of clusters and occupy two sites
between the follicles or within the follicle. Immunologically, the results observed an immune response to
thyroglobulin antibodies to detect the protein secreted by the follicular cells, which in turn secreted it to the
colloid. Moreover, the immune response appeared clear in the cell membrane of the follicular cells and the
colloid through the appearance of the brown color which is specific to the immune reaction.
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1. Introduction

The Sciurus anamalus belongs to the family of Sciuridae and order of Rodentia and there are about 50 genera
and 273 diagnosed species. It is a mammal that lives on the trees and feeds on bark and tree buds, different types
of seeds, and even on fungi found in the forest [1]. The thyroid gland is the largest endocrine gland in the body
and is specialized in the production, storage and release of hormones (T3, T4) which regulate the essential
metabolic rate in the body [2]. The thyroid gland consists of two lobes on both sides of trachea connected by a
narrow isthmus [3]. Each lobe is coated with a capsule consists of dense connective tissue and extends from the
capsule a septa inside the gland that support it and make its structure, which is in the form of continuous amounts
of connective tissue that contain a network of blood and lymphatic vessels and nerves. The gland is divided into
several lobules. The parenchyma of the gland consists of a group of different follicles in shape and size, which
represent the functional and structural unit of the gland [4]. The follicular cells or primary cells, which are
cuboidal epithelial cells are lined the follicles, and each follicle contains a cavity filled with a colloid material
containing the secretions of the follicular cells. Moreover, these cells secrete calcitonin hormone, which is
responsible for regulating the level of calcium in the body [5]-[7]. The previous sources showed there are few
of research related to the histological and immunohistochemical of thyroid gland structure in Iragi mammals,
with the exception of several studies, including Hussein and Al-Taay's study on Iragi buffaloes [8], Ali's study
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[9] on the local female donkey and Nasser's study on the local rabbits [10]. Therefore, this study aimed to study
the thyroid gland in the Caucasian squirrel (Sciurus anomalus), which will provide a detailed description the
histological and immunohistochemical structure of thyroid gland.

2. Material and Methods

2.1. Samples collections

The study samples represented by the thyroid gland were collected from 6 animals of adult male Sciurus
anamalus, which were obtained from the local markets in Baghdad governorate. All samples were classified
according to the taxonomic key in the Museum of Natural History in Baghdad. The animals were dissected and
the thyroid gland location was specified and then it was removed and the sample was fixed in formalin solution
(10%) in order to use it in the histological study.

2.2. The Histological preparations

The Samples fixed using 10% of formalin to prepare all specimens for the histological study. The samples are
passed through an ascending series of alcohols including 70, 80, 90 and 100%, then the samples are clarified
with xylene and embedded in paraffin wax blocks. The blocks of paraffin wax were then cut using microtome
to produce sections with 6 mm in thickness. The obtained section were stained with Haris Haematoxlin and
Eosin stain [11], [12]. The immunological reaction was performed using the marker (Anti-Thyroglobulin, Code
IR5090) and determined by the presence or absence of dye in the tissue and in the case of an immune response
present, symbolized by (+) which is represented by the appearance of a brown color in tissue cytoplasm, whereas
the absence of the reaction was represented by (-) symbol. Then, the slides were examined using a photographed
microscope connecting to the digital camera which used to capture images of the chosen sections.

3. Results

3.1. The Morphological description of the thyroid gland

The results of the anatomical examination observed that the location of thyroid gland in adult male (S. anomalus)
is in the neck area beneath the larynx on both sides of the trachea. It consists of two lobes, and absence of the
isthmus that connects the two lobes, as in other mammals. In addition, the gland appears cylindrical, elongated
with reddish-brown in color, and the right lobe is a little longer than the left (Fig. 1).

3.2. The Histological structure of the thyroid gland

The microscopic examination results of thyroid gland in male Sciurus anamalus revealed that it is surrounded
by a capsule which consists of connective tissue and forming of two layers, outer and inner layer, in addition to
a layer of fatty tissue overlapping with the outer layer. The outer layer consists of colloidal and elastic fibers
and a few reticular fibers and is also interspersed with fibroblasts. As for the inner layer, it contains colloidal
fibers, smooth muscle fibers, blood vessels and nerves; this layer is connected to the inner tissue of the gland
through septa dividing it into several lobules (Fig. 2). In addition, the gland tissue consists mainly of follicles,
which appeared in different shapes, including circular, oval, polygonal, and others with irregular shape, and also
with different sizes, large, medium and small, distributed randomly within one lobe (Fig. 3). The simple cuboidal
epithelial tissue is lined the follicles that appears sometimes high or low, in dependent to the functional activity
state of the gland. There are two kinds of cells spread in the gland tissue, follicular and parafolicullar cells. The
follicular cells are with the spherical nuclei in shape; these cells are based on the basement membrane, which
can be seen clearly using (PAS) stain. On the other hand, the parafollicular cells range in shape from rounded
to polygonal shape, and the nuclei are spherical in shape and large in size. Moreover, the cytoplasm is clear and
transparent and did not appear to be receptive to dyes, while the calcitonin cells (C-cells) can be distinguished
using hematoxylson-eosin (H&E) stain, and they appear singly or in the form of clusters. These cells occupy
two locations between the follicles or within a single follicle, and their surface touches the colloidal substance

(Fig. 4).

The follicles contain cavities filled with a gelatinous substance, which is the colloidal substance, which appear
in varying quantities in the follicles; they may appear completely filled, while some contain small amounts, and
others are completely empty. The colloid is able to stain with PAS dye because it contains glycoproteins and
appears in a violet color and also appears in a light pink color using hematoxylin and eosin stain (Fig. 5).
Additionally, in the connective tissue between the follicles, there is a supporting network of blood vessels,
lymphatics, and nerves.
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3.3. The immunohistochemically study

The results of the study detected an immune response with varying intensity to (Anti- Thyroglobulin , Code
IR5090) marker to detect the protein secreted by the follicular cells, which in turn secreted it to the colloid.
Furthermore, the immune response of the cell membrane in the follicular cells was appeared through the
presence of the brown color of the immune reaction with varying intensity (++) and (+++) (Fig.6), while the
colloid showed a strong immune response and intensity (+++) (Fig.7), while the parafollicular cells did not
show a clear immune response (-). The follicular cells produce thyroglobulin and secrete it into the colloid,
which helps in capturing iodine in order to produce thyroid hormones.

4. Discussion

The findings of the anatomical examination revealed that the thyroid gland in adult male Caucasian squirrels
(S. anamalus) consists of two lobes located in the neck area below the larynx on both sides of the trachea, in
addition to the absence of the isthmus that connects the two lobes, as it appeared in other mammals. This is
consistent with previous researches, including the results of the thyroid gland in wild African grass cutter [13],
The mice( Swiss albicans) [14], weasel (Herpistus javanicus) [15], the long-eared hedgehog (Hemichenus
auritus) [16], and guinea pigs [17]. On the other hand, there are studies indicating the presence of the isthmus
structure that connecting the two thyroid lobes, as in local female donkey [9], local Iragi sheeps [18] and one-
campus camel [19]. While in other studies, as in dolphins, 41% of them detected the presence of the isthmus
and 28% lacked the isthmus [20]. This contradicts the results of the current study in the Caucasian squirrel may
due to the different metabolic activity in different mammals, or due to the functional need and the nature of the
environment for both. In the current study, The two thyroid lobules in the S. anamalus appear in different sizes,
and these observations are in agreement with the findings of previous studies, including the African giant rat
[21], gray mongoose [22] and Bakerwali goat [23]. While these results differed with the study of [24] on
Belarusian hedgehog, in which the size of the right lobe is similar to the size of the left lobe. The reason for the
difference in size is may due to the difference in age, sex, as well as the activity of the animal depending on the
functional need [13], [25]. In contrast, the color of the gland is similar to what was found in the previously
mentioned studies. Histologically, the microscopic examination results revealed that the thyroid gland is coated
by a capsule consists of two layers of connective tissue, in addition to a layer of fatty tissue interfering with the
outer layer of the capsule. These results are in agreement with the study of the thyroid gland in Iragi buffalo [8],
gazelles and sheeps [26], guinea pigs (Guniea pigs), and albino rats [17]. On the other hand, the results of this
study regarding the capsule for both animals did not agree with the findings of the study of the thyroid gland in
the African giant rat [27] and white hybrid pigs [25], where it was found that the capsule is consist of a single
layer of connective tissue. Furthermore, it did not agree with the study on black Bengal goat thyroid gland [28]
and rabbits [29], as the capsule was found to be composed of three layers: inner layers and outer layer consisting
of connective tissue and middle layer consisting of fatty and nervous tissue. The reason for the difference in the
results of this study with the previous studies mentioned above may be due to the need for energy to accomplish
the function and to the different nature of the environment as well as the variation in the sizes of animals.

The findings of the current study observed that the inner gland tissue consists of different follicles in size and
shape, and this is consistent with the studies of the Iraqgi buffalo [8], the wild African grass-catter [13] and the
giant rat. African [21], weasel (Herpestes javanecus) [15], and long-eared hedgehog (Hemiechinus auritus)
[16]; this similarity is certainly due to the nature of function and secretory activity of its cells. Interestingly, the
microscopic examination found a variation in the tissue lining the follicles, as the follicles are lined with either
low simple cuboidal epithelial tissue or high simple cuboidal epithelial tissue, and the epithelial tissue lining the
follicles is based on a basement membrane. The results of this study regarding the tissue lining the thyroid
follicles are in agreement with previous on in Ewes [30], The mice (Swiss albicans) [14] and Belarusian
hedgehog (Belarus Hedgehog) [24], which are observed that the follicles lining is composed of simple cuboidal
epithelial tissue. In contrast, the observed results is not agree with the study on West African dwarf goat [31]
where the lining is consist of simple cuboidal epithelial tissue and simple squamous epithelial tissue, while in
the one-humped camel [19] the follicle is lined with varying epithelium from simple cubic epithelium to simple
low columnar epithelium. The incompatibility is due to the difference in the gland activity in different mammals,
where the diversity in the sizes of the follicles and the height of the epithelium indicates the gland follicles
activity, where the activity is inversely proportional to the follicle diameter [6].

There are cells called parafollicular cells spread in the gland tissue or called calcitonin cells or (C-cells); these
results are in agreement with a number of studies, including the study of the thyroid gland in the weasel
(Herpestes javanecus) [15], long-eared hedgehog (Hemiechinus auritus) [16], adult male guinea pigs (Cavia
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porcellus), and albino rats (Rattus norvegicus) [17]. The previous studies indicated that follicular cells occupy
two positions, either intrafollicular position or interafollicular position, which are the study of the thyroid gland
in the black goat Bengal [28], the African giant rat [21], the Belarusian hedgehog [24], and the European bison
[32]. However, this study did not agree with the study conducted on the one-humped camel, in which the
parafollicular cells did not appear within the gland tissue [19]. The difference in the numbers of C-cells and
their spread within the gland tissue may indicate the histological composition, the environment of the animal,
and the nature of the function of the cells. C-cells act to balance the calcium in the blood, and its rise leads to
the release of the calcitonin hormone from the cell, which in turn inhibits the absorption of calcium by the
intestines, causing a inhibiting in the action of osteoclast cells, thus reducing calcitonin in the blood [33]. The
follicles cavities appear filled with a gelatinous substance, which is the colloid, and its quantity varied within
the follicle, and this is consistent with the studies of [34] in bat (Taphozous kacchensis), gazelles and sheeps
[26]. The colloid is stained with violet color as it appears more receptive to PAS dye (PAS-positive) than other
colourants. This result is consistent with the study of mice (Swiss albican), (14) in male rabbits, white crossbred
pigs and white cattle [35]. The reason for the strong interaction of the colloid with the PAS dye is that the
thyroglobulin secreted by the thyroid gland contains 2-4% of hexosamine, as well as galactose, mannose,
fructose and other carbohydrates, as well as thyroglobulin contains various iodinated amino acids [36]. The
immunological study included using (Anti- Thyroglobulin , Code IR5090) marker in this study; the results
showed an immune response to thyroglobulin antibodies to detect the protein secreted by the follicular cells,
which in turn secreted it to the colloid. Moreover, the immune response appeared clear to the cell membrane of
follicular cells and colloid through the appearance of the brown color of the immune reaction. The results of
this study were consistent with the study on dogs [37], in which the thyroglobulin marker was used to detect
tumors, as it showed a clear immune response to the proteins found in colloid. Furthermore, a strong response
was detected in horses [38], guinea pigs (Cavia porcellus) [39] and humans that used this marker to detect
adenocarcinomas that present difficulties in diagnosis [40].

Figure 1. a. Positon of thyroid gland in Sciurus anamalus (T) trachea, b. (L.Th') left thyroid lobe , c. (R.Th)
right thyroid lobe
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Figure 2. Cross section in thyroid gland showing (c) capsule , (Ext) external layer of capsule (Int) internal
layer of capsule , (Adp) adipose tissue , (Fib) fibroblast (H&E stain, 40X)
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Figure 3. cross section in thyroid gland showing ( Lf) large follicle , (Sf) small follicle, (Mf) medium follicle,
(Hsc) high simple cuboidal epithelial tissue , (Lsc) low simple cuboidal epithelial tissue (PAS stain, 40X)
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Figure 4. cross section of thyroid gland showing (Intaf C-c) intra follicles parafollicular cell , (Int C-c) inter
follicles parafollicular cells (PAS stain, 40X
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Figure 7. A coss section in hyroid gland showing, (Co)cooid
(Anti thyroglobulin marker , 40X)

5. Conclusion

This study revealed that thyroid gland in male Sciurus anamalus is consists of two lobes (right and left) and it
is surrounded by a capsule of two outer and inner layers. The histological composition of the thyroid gland
consists of several follicles; the follicles are lined with simple cuboidal epithelium tissue. The thyroid gland is
composed of two kinds of cells including epithelial cells and (C-cells). Some follicles are filled by colloid while
others contain a lesser amount of it. The immune response of the cell membrane in the follicular cells was
appeared through the presence of the brown color of the immune reaction with varying intensity (++) and (+++),
while the colloid showed a strong immune response and intensity (+++), while the parafollicular cells did not
show a clear immune response.
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