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Abstract: The parathyroid glands are essential endocrine glands as they produce 
hormones that maintain calcium within the normal level in blood through secretion of 
parathormone. The removal of parathyroid glands leads to fatal levels of hypocalcemia. 
The number of parathyroid glands is species specific. The current investigation was 
performed on 20 healthy freshly slaughtered adult male goats. Fifteen specimens were 
immediately fixed in 10% buffered neutral formalin, then processed for histological and 
immunohistochemical examination. Other 5 specimens were handled for transmission 
electron microscope. The present work was conducted to study the morphological and 
histological characteristics of parathyroid glands of goat. Parathyroid glands comprised 
of two pairs, each pair formed from external and internal glands. External parathyroid 
gland was rounded or oval in shape. Its location was varied in the same animal where it 
may be located cranial to thyroid gland or beside the submandibular salivary gland. 
Internal parathyroid gland was embedded inside thyroid tissue. It appeared as pale 
rounded area at the end of cranial part of the right and left thyroid lobe. The histological 
findings demonstrated that, each parathyroid gland is surrounded by a thin capsule of 
dense irregular connective tissue. The glandular parenchyma is divided by short thick 
septa into ill distinct compartments. Each compartment had numerous numbers of chief 
cells. The active chief cells were polygonal in shape with oval nuclei. Immuno-
histochemical findings revealed that they are positively reacted against chromogranin 
antibody. Electron microscope revealed that the cytoplasm have abundant mitochondria, 
rough endoplasmic reticulum, evenly distributed golgi apparatus and numerous secretory 
granules. On the contrary, the inactive chief cells have more vacuolated cytoplasm which 
contains less cell organelles.  
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Introduction 

Goats play an important role in the food and 

nutritional security of the rural poor people (1). 

The economic returns of goat are rising every 

year in developed countries (2). 

Parathyroid glands are the last real organ 

recognized in humans (3). They are essential for 

life in most animals and human (4). They 

assume an extraordinary part in the direction of 

the calcium metabolism inside the body (5,6). 

The glands’ parenchyma consists of densely 

packed cellular structure that are arranged in 
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various forms including follicles or anasto-

mosing cords and nests of polygonal cells. They 

are isolated by single or double layered 

collagen and reticular fibers with fibrocytes. 

The parathyroid cells are classified according to 

the presence of glycogen and lipid droplets into 

darkly stained active secreting and lightly 

stained inactive resting cells (7). 

The active chief cells are polygonal in shape. 

They have light, spherical or oval indented 

nuclei. The inactive chief cells are polygonal 

outlines and have less cell organelles than the 

active cells. They have more vacuolated 

cytoplasm and central nucleus (8). In rat the 

staining properties of the cytoplasm reflects 

different functional status of the chief cells (9). 

In mouse, chief cells have some 

morphologic changes as indicated by various 

phases of the secretory cycle (10). In Rattus 

rattus, the chief cells are oval in shape (11), the 

active stage is polygonal in shape, the plasma 

membranes of adjacent active chief cells have 

complex interdigitations, while, the inactive 

chief cells are cuboidal and have uncomplicated 

interdigitations between adjacent cells (12). 

Immunohistochemistry revealed that the 

parathyroid glands contain two major kinds of 

cells; chief cells and oxyphilic cells. Chief cells 

are considered as the functional and the most 

well-known cells (13). The immunocyto-

chemical staining revealed that chief cells 

contain less secretory granules than other 

endocrine cells (14). They have densely stained 

diffuse fine granules containing PTH 

(parathyroid hormone) and Chromogranin in 

their cytoplasm (15). The parathyroid cells are 

stained focally or diffusely to chromogranin 

antibodies (16). 

Chromogranin A is a major protein of the 

parathyroid glands which is co-stored and co-

secreted with parathyroid hormone. Chromo-

granin A is dispersed essentially in endocrine 

and neuroendocrine cells (17). Chromogranin 

A and other subclasses of chromogranin have 

been found in most endocrine cells with 

secretory granules in human being (18,19) and 

animals (20, 21). 

The present work aimed to throw more light 

on the morphology and histological structure of 

the parathyroid glands of goat and differentiate 

their different cell types by light and 

transmission electron microscopes. Also, to 

investigate localization of chomogranin A 

immunoreactive cells by immunohistochemical 

studies. 

Material and methods 

Animals and Tissue Samples 

The current study was conducted on 20 

healthy freshly slaughtered adult male goats 

"Capra hircus" taken from Minia El-Kamh 

abattoir, Sharkia Governorate, Egypt. Fifteen 

samples were used for the routine histological 

studies and five samples were used for the 

electron microscopical studies. The parathyroid 

glands were dissected from the healthy animals 

immediately after slaughter. The shape and 

color of the glands were studied immediately 

after being dissected.  

Tissue preparation 

The specimens were immediately fixed in 

10% buffered neutral formalin, then dehydrated 

followed by clearing in Xylol. All specimens 

were infiltrated with soft melted paraffin in the 

hot air oven and were embedded in hard 

paraffin. Using rotary microtome, sections of 5-

7 μm thickness were cut. The paraffin sections 

were stained with Harris's Hematoxylin and 

Eosin (H & E) stain as a routine staining 

method to demonstrate the general histological 

structure. Crossmon's trichrome stain was used 

for the collagen and muscle fibres (22). 

Tissue preparation for  

immunohistochemistry  

Avidin biotin peroxidase method was used. 

The sections used were mounted on charged 

slides, then deparaffinized by xylene, and re-

hydrated in graded ethanol then washed in 

phosphate buffer saline (PBS) at pH 7.2 for 5 

minutes. To block endogenous peroxidase 

activity, the sections were immersed in 0.3% 

hydrogen peroxide in water. The sections were 

then washed in distilled water several times and 

then washed in PBS. The sections were then 

washed in 10% normal rabbit serum (blocking 

reagent) in a humid chamber for 30 min to 

reduce non specific binding of immunoglo-
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bulins. The sections were incubated with 

antisera containing the specific primary anti-

body (chromogranin rabbit monoclonal 

antibody RM-9112-R7, Thermo scientific, 

Thermo Fisher Scientific). The sections were 

then incubated in a humidified chamber at room 

temperature overnight. Excess reagent was 

thrown off and the slides were washed in four 

changes of PBS, 5 min each. Then, the sections 

were incubated at horse reddish peroxidase 

polymer for 15 min at room temperature. The 

slides were rewashed in four changes of PBS, 5 

min each. Diaminobenzidine (DAB) was used 

as chromogen and sections were incubated for 

2-4 min at room temperature. Sections were 

washed in distilled water for 5 min, then were 

counter stained with Mayer's haematoxylin, 

dehydrated in ascending grades of alcohol, 

cleared in xylene and then mounted in Canada 

Balsam (22). 

All the stained sections were examined with 

a standard light microscope (Olympus BX 21, 

Objective X 4,10,40,100 and Ocular X 10) and 

photographed by a digital Dsc-W 800 super 

steady cyper shot camera (Sony-Japan) at the 

Department of Histology and Cytology, 

Zagazig University). 

Transmission electron microscopic (TEM) 

studies 

Pieces of tissue about 1 mm³ were fixed 

immediately in a buffered glutaraldehyde - 

formaldehyde fixative (GA/FA) that consists of 

(1% glutaraldehyde and 10 % formaldehyde in 

0.1 M Phosphate buffer at pH 7.4 at 4ºC) for 2 

h, then fixed in 1% osmium tetroxide. After 

rinsing in the osmium tetroxide, they were 

dehydrated in ascending grades of ethanol 

ending with propylene oxide, and embedded in 

Epoxy resin. Semi thin sections were cut on a 

MT2 Sorvall microtome and stained with 

toluidine blue. Ultrathin sections were cut on a 

RMC MT6000_ XL ultramicrotome, mounted 

on copper grids and stained with uranyl acetate 

and lead citrate. The ready ultrathin sections 

were examined and photographed at Faculty of 

Agriculture, Mansoura University by a JOEL 

electron microscope (JEM 1200 EX II) 

operating at 80KV (23). 

Results 

Morphology of parathyroid glands 

Parathyroid glands right and left lobes 

consisted of two pairs; external pair (right and 

left) and internal pair (right and left). External 

parathyroid gland was rounded or oval in shape. 

It had pale reddish color and consisted of right 

and left lobes. The gland was located anterior to 

the cranial pole of thyroid gland. External 

parathyroid gland was embedded inside the 

remnants of thymic tissue. Internal parathyroid 

gland consisted of right and left parts. It was 

embedded inside thyroid tissue. Internal 

parathyroid gland was very small to be seen in 

fresh samples where it appeared after making 

serial segments in the formalinized thyroid 

lobes. It appeared as pale rounded area at the 

end of cranial part of the right and left thyroid 

lobe (Figure 1). 
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Figure 1: Photomacrograph of goat parathyroid glands. (A) showing "T" remnant of thymus gland, "P" 

external parathyroid, "Th" thyroid gland and "E" esophagus. (B) showing the less observed internal 

parathyroid "arrow" embeded within thyroid gland lobe "T" after its separation at the cranial end 

 

Light microscopy 

External parathyroid gland was surrounded 

by thin connective capsule, which consisted of 

connective tissue fibers and cells. The capsule 

arises from which irregular short and thick 

septa dividing the parenchyma into incomplete 

compartments (Figure 2A). These 

compartments had densely packed cellular 

structure of only one cell type of chief cells, 

which present near the blood capillaries (Figure 

2B). In goat parathyroid glands, no oxyphil 

cells were observed. Chief cells were abundant 

and evenly distributed inside the lobules. They 

were separated by interstitial connective tissue 

including collagen fibers and blood capillaries 

(Figure 2C). In semi thin section, many 

vacuoles of different sizes were observed and 

the chief cells were distributed all over the 

parenchyma beside the blood capillaries 

(Figure 2D). 

Internal parathyroid gland was embedded 

inside thyroid tissue (Figure 3A) and separated 

from them by connective tissue septa 

containing collagen fibers (Figure 3B).The 

chief cells were classified into two types 

according to the staining affinity; darkly stained 

cells and lightly stained cells. Chief cells were 

round or oval in shape with pale acidophilic 

cytoplasm. It had rounded vesicular and 

centrally located nuclei (Figure 3C). 

Immunohistochemical observation revealed 

that the chromogranin immunoreactive cells 

gave a strong positive reaction with anti-

chromogranin, the expression was strongly 

observed in the cytoplasm of chief cells (Figure 

3D). 

 

 



Morphological and histological studies on parathyroid gland of adult male goat (Capra hircus)              235 

 

Figure 2: Photomicrograph of the goat's external parathyroid gland showed (A) the glands’ connective 

tissue capsule "arrow"and the parenchyma "P". (B) the glands’ capsule "arrow", the parenchyma consists 

of chief cells "C" which present near to blood capillary "BC". (C) showed the glands capsule had collagen 

fiber " arrow" the parenchyma "P" consists of chief cells which separated by interstitial connective tissue 

including collagen fibers (arrow heads) (D) semi thin section of external parathyroid showed many vacuoles 

"V" of different sizes and the chief cells (C) are distributed all over the parenchyma beside the blood 

capillaries (BC). (A&B): H&E stain, (C) : Crossmon's trichrome, (D): Toluidine blue x. 100 in (A) x. 50 in 

(C)  and x. 400in (B,D) 
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Figure 3: Photomicrograph of the goat's internal parathyroid gland showed (A) the internal parathyroid 

gland "IP" is embedded inside thyroid tissue "T". (B) the internal parathyroid gland "IP" is embedded inside 

thyroid tissue "T" and separated by connective tissue septa containing collagen fibers "arrow head". (C) 

internal parathyroid gland showed the gland is surrounded by connective tissue septa "S" The gland's 

parenchyma is consisted of light "arrow head" and dark chief cells "arrow". (D) External parathyroid gland 

showed the immune-reactivity of chromogranin A. The chief cells are positively reacted against 

chromogranin antibody "black arrow" Stain: (A&C): H&E, (B) : Crossmon'strichrome, (D): IHC staining 

x. 100 in (A,B) and x. 400in (C,D) 

 

Ultrastructure  

The active chief cells were polygonal in 

shape with oval or round nuclei. Their nuclei 

were large and light with peripheral 

heterochromatin spots. The nuclear envelope 

was indented with many nuclear pores. Their 

cytoplasm had abundant mitochondria, 

randomly distributed rough endoplasmic 

reticulum, evenly distributed golgi apparatus  

 

 

and numerous dense secretory granules. The 

inactive chief cells had polygonal outlines with 

more vacuolated cytoplasm which contain less 

cell organelles and more central nucleus (Figure 

4). The inactive chief cells had rounded nucleus 

and moderate number of mitochondria. They 

were located beside blood capillary that contain 

red blood corpuscle (Figure 5). 
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Figure 4: Transmission electron micrograph of goat's parathyroid gland. Ultrathin section showed that the 

active chief cells have rounded nucleus "N". Their nuclei are large with electron dense heterochromatin 

spots "arrow". The cytoplasm of these cells have abundant mitochondria "M", evenly distributed golgi 

apparatus "G" and several secretory granules "S". The inactive chief cells have more vacuolated cytoplasm 

"arrow head" 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Transmission electron micrograph of goat's parathyroid gland. Ultrathin section showed that the 

inactive chief cells have rounded nucleus "N". The cytoplasm of these cells has moderate number of 

mitochondria "M". They are present near blood capillary "BC" containing red blood corpuscle "R" 
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Discussion 

The parathyroid glands vary in number and 

location in several vertebrates (24). The 

parathyroid glands are small pale brown 

flattened oval disk (12). In goat, the parathyroid 

glands have two embryological origins. The 

external parathyroid and the internal 

parathyroid originate from III and IV 

pharyngeal pouches respectively. It is 

organized bilaterally. The external parathyroid 

gland lies ventral to the wing of the atlas. 

However, the internal parathyroid gland is 

buried in the medial portion of the cranial half 

of the thyroid gland (25), our study confirmed 

the results of above mentioned authors. 

Besides, in the present work, the location of the 

external parathyroid gland varied in the same 

animal for example; it may be located cranial to 

thyroid gland embedded within remnant of 

thymic tissue, also it may situated beside 

submandibular salivary gland. 

The present study revealed that the 

parathyroid glands of goat consisted of external 

and internal pairs. The external and internal 

parathyroid glands have been recorded in large 

ruminants; buffalo (26) and camel (8). External 

parathyroid gland of camel was located anterior 

to the cranial pole of the right and left lobe of 

thyroid gland or 9-16cm dorsal to the dorsal 

pole of the thyroid gland (8). In our study the 

internal parathyroid gland was buried inside 

thyroid lobe. t couldn't be seen in fresh samples. 

However, it appeared after making serial 

segments in the formalinized thyroid lobes 

rather than in camel the internal parathyroid 

was not circumscribed and cannot be seen by 

naked eye (5). 

The current work indicated that external 

parathyroid gland was surrounded by thin 

connective capsule which sent irregular short 

and thick septa dividing the parenchyma into 

incomplete compartments. Similar results were 

reported in buffalo (26). In goat the parathyroid 

compartments had densely packed cellular 

structure of only one cell type called chief cell. 

The same results were confirmed in rats (27). 

However, the parathyroid gland of horse 

consists of two types of cells including chief 

cells and oxyphilic cells (28) which were not 

detected in goat's parathyroid parenchyma 

under investigation in current study. Also these 

cells are absent from the parathyroid glands of 

the rat and many species of lower animals (11). 

Its number increases by aging (29). While in 

human (30) and in camel (8) the oxyphil cells 

are larger than chief cells. Their cytoplasm is 

filled with numerous large mitochondria as a 

need for energy production. 

Chief cells were classified into two types; 

darkly and lightly stained cells. They undergo 

morphologic changes corresponding to 

different stages of the secretory cycle (10).  

They were round to oval in shape with pale 

acidophilic cytoplasm. Chief cells had round, 

vesicular and centrally located nuclei. Similar 

results were recorded in horse by  Babu et al. 

(28) .  

Parathyroid hormone (PTH) 3 and 

chromogranin A (CgA) represent the two major 

proteins of the parathyroid gland whose 

secretion is controlled by the concentration of 

extracellular Ca2+ (31). The most hypotheses 

for the role of CgA, is that it is a precursor 

protein for autocrine or paracrine peptides that 

modulate stimulated endocrine cell secretion 

(31,32). Using ABC  immunohistocheistry; our 

results confirmed previously mentioned 

findings through detection of positively reacted 

chief cells with chromogranin antibody (33).  

The active chief cells were polygonal in 

shape with oval nuclei. Their nuclei were large 

and light with peripheral heterochromatin 

spots. The cytoplasm of these cells have 

abundant mitochondria, randomly distributed 

rough endoplasmic reticulum, evenly distri-

buted golgi apparatus and numerous dense 

secretory granules which indicate active protein 

synthesis. On the contrary, the inactive chief 

cells have more vacuolated cytoplasm which 

contains less cell organelles. Similar results 

were recorded in previous studies in camel (8) 

and (12).  Chen et al. (12) added that these 

vacuoles may be due to numerous lipid 

droplets, lysosomes or glycogen particles 

Conclusion 

Parathyroid glands of adult goat consisted of 

external and internal pairs. The location of the 



Morphological and histological studies on parathyroid gland of adult male goat (Capra hircus)              239 

external parathyroid gland varied in the same 

animal. The internal parathyroid gland was 

buried in the thyroid gland. It had only one cell 

type called chief cells without oxyphil cells. 

Two types of chief cells were observed; active 

and inactive suggesting different stages of 

activity according to calcium level in the blood. 

These cells were positively reacted to 

chromogranin antibody which has an important 

role in its endocrine function.  
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