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Abstract 

Background: The thyroid gland plays an important role in regulating metabolic function and growth in 
ruminants. The local Iraqi goats developed considerable adaptions to the harsh environments and these 
adaptations may have impacted thyroid gland morphology and histological characteristics.  
Objective: This study focused on the histological characteristics and morphometric descriptors of the 
thyroid glands of local Iraqi goats to develop baseline data on the local Iraqi goat population.  
Methods: Thyroid glands were collected from 24 clinically healthy adult local Iraqi goats (2-4 years old) 
(12 males and 12 females) in Al-Anbar province. After collection, thyroid glands were fixed and 

prepared for multiple histological sections via standard procedures including H & E staining. Morphemic 
descriptors included average diameter of the follicle, average height of epithelial cells in follicle, and 
average area of colloid.  
Results: The thyroid glands had classic histological characteristics, with variation in size and colloid 
density, with an average follicle diameter measuring 127.3 ± 18.2 μm and an average height of epithelial 
cells measuring 12.4 ± 2.1 μm. Differences based on sex were observed, with males having larger follicle 
sizes and more colloid material.  
Conclusions: Local Iraqi goats have clearly defined thyroid histology that is benefical for adaptation in 

the region. The collected data is important baseline information for future research on thyroid status and 
disease in local Iraqi goat populations. 
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1. Introduction 

The thyroid is one of the most important endocrine organs in mammals and serves a vital role 

in regulating metabolic activity, growth, development, and physiological adaptation to 

environmental conditions [1]. In ruminants and in goat species in particular, functional aspects 

of the thyroid often differ in relation to their productivity and adaptation to different climatic 

conditions, and their productivity performance under different nutritional and environmental 

stresses [2]. Given that morphophysiological characteristics are often potentially reflective of 
current physiological demand from the immediate environment, histological studies will be 

worthwhile in evaluating adapted patterns relative to breed. Local Iraqi goat breeds have been 

domesticated and evolved for several generations under the climate of the Middle East, which 

encompasses extreme temperatures, limited water resources, and variabilities in feed quality 
[3]. Such environmental limitations may have shaped corresponding morphophysiological 

characteristics to many of the systems in the body including endocrine systems. The thyroid as 

a system can often respond to environmental and nutritional situations in such a way that 

creates structural figures that are dissimilar to breeds bred in commercial settings in controlled 

conditions [4]. 

The histological structure of the thyroid consists mostly of follicles with cubic or columnar 

epithelial cells that surround a central cavity filled with colloid that is the storage form of 
thyroid hormones [5]. The size, shape, and height of the epithelium of these follicles all provide 

information on the functional status of the thyroid gland.Active glands usually have smaller 

follicles with taller epithelial cells and less dense colloid, whereas inactive glands have larger 

follicles with flattened epithelium and dense colloid accumulation [6]. 
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A few previous studies in various goat breeds revealed great 

variability in thyroid morphology associated with age, sex, 

season of the year, nutritional status, and genetic background 
[7, 8] but little is known on the histology of local Iraqi goat 

breeds, which hold economic and cultural importance locally. 

It is important to investigate detail normal histological values 

of the thyroid glands for multiple reasons. First, we are 
creating baseline data for clinical practice and clinical 

research. Second, it helps to identify pathologic conditions. 

Third, it helps in understanding breed adaptations 

physiologically [9]. 

Istanbul has a climate with very hot summers and mild 

winters and drought conditions are frequent [10]. These 

environmental stressors all have a significant metabolic effect 

on livestock and must be considered in times of drought and 

stress. The stresses on the animal are constant but all 

physiological systems respond and the thyroid gland is 

continually adjusting hormone production to maintain 
metabolic homeostasis, and cannot be excluded as a 

significant factor in livestock studies. Various animals that 

exist as arid adapted breeds in a hot climate develop adaptive 

changes in their thyroid and can include changes in 

morphology and changes to their synthesis of hormones [11]. 

The use of morphometry tools have become a primary 

resource for veterinary pathologists and physiologists to 

examine relationship and associations of histological 

observations with quantifiable data [12]. Key parameters 

(follicle diameter, epithelial cell height, colloid area, and 

nuclear characteristics) are objective indicators of glandular 

performance and can identify differentiation that are 
sometimes less apparent when using standard histological 

assessment [13]. Differences among populations or factors that 

affect thyroid function can make assessments more valuable. 

Studying local breeds has practical relevance beyond purely 

experimental reasons. The ability of local livestock to adapt to 

whatever and wherever the environment imposes is often 

cited as a reason for the continued use of local breeds as 

potential  genetic resources  for sustainable  livestock 

production [14]. For example, local Iraqi goats have substantial 

hardiness, potential for disease resistance, and can maintain 

production under adverse conditions. The potential to identify 
and characterize the physiological responses to adverse 

conditions and a better understanding of their thyroid 

morphology offers the potential to explore the underlying 

physiological mechanisms responsible for their adaptative 

success [15]. 

Increased interest in the conservation of local genetic 

resources and the need for a comprehensive phenotypic 

characterization of indigenous breeds [16] is shaping a robust 

approach to consuming, conserving, and documenting 

genomic and phenotypic characterizations. Histological 

studies serve to both document a phenotype and organize its 
component activities, providing valuable information 

concerning the structure and function of organs that may be 

linked back to particular adaptive characteristics. These 

variables have the potential to influence the design of breed 

conservation programs and also establish breeding schemes 

that maintain or further improve existing adaptive 

characteristics while selectively breeding on aspects of 

production to enhance the productivity of indigenous 

livestock [17]. 

The response of the thyroid gland to environmental conditions 

is mediated through the hypothalamic-pituitary-thyroid axis. 

This axiscan be influenced by many factors that include 

photoperiod, temperature, nutrition, and stress [18] and can 

have especially large effects on thyroid morphology and 

performance in area with extreme climate conditions like Iraq. 

It has been demonstrated that endocrine profiles of animals in 

hot environments often have thyroid hormone profiles that are 

different from ones of animals in a temperate climate and 

significant changes in performance can be observed with 

appropriate changes in thyroid tissue morphology [19]. 
Differences in thyroid morphology have been recorded and 

related to different sex in a variety of species. The relative 

magnitude of each difference is potentially related to the 

differing metabolic demands of each gender and the endocrine 

influence of sex hormones [20]. In particular, goats received 

more direction by influence of physiology versus being a 

goat, and it may be expected that differences would be 

magnified with breeding seasons and periods of high demands 

either for increased production with rumen fermentation or 

animal to animal demand. Understanding these differences 

will be important for establishing appropriate reference ranges 
in this species and attributing pathology. 

The present research provides the first thorough histological 

analysis of thyroid glands from local Iraqi goats. A need has 

existed to compare the morphology of thyroid glands in this 

potentially important breed. Comprehensive morphological 

and morphometric data will contribute to our understanding of 

thyroid structures in this local breed as well as laying the 

foundation for future studies of thyroid function, pathology, 

and adaption to harsher environment(s). 

 

2. Materials and Methods 

2.1 Study Location and Duration 

The study was conducted during an eight-month period, from 

March through to October 2024, during which period samples 
were collected, processed, and analyzed. 

 

2.2 Ethical Considerations 

The study complied with international guidelines regarding 

the use of animals in research, and efforts were made to 
minimize animal suffering. Animals were obtained from a 

regular slaughterhouse, and no animals were sacrificed 

specially for this research. 

 

2.3 Animal Selection and Sample Collection 

For the purposes of this study, twenty-four local Iraqi goats 

(Eqas) that were healthy were selected, balanced 12 males and 

12 females, 2-4 years of age. The animals were selected based 

on the following criteria: [1] clinically healthy without 

clinical evidence indicating systemic disease [2] normal body 

condition score (3-4 on a 5-point scale) [3] local Iraqi goat, 
and [4] producers indicated no thyroid disease was present. 

The goats were sourced from three different farms in Al- 

Anbar province to ensure genetic diversity within the sample 

population. All animals were maintained under traditional 

extensive management systems typical of the region, with 

grazing on natural pastures supplemented with locally 

available feed resources including date palm leaves, barley 

straw, and concentrate feeds during periods of feed scarcity. 

Thyroid glands were collected immediately after slaughter 

under aseptic conditions. The entire thyroid complex, 

including both lobes and the isthmus, was carefully dissected 

and weighed. Gross morphological observations were 
recorded including color, consistency, and any visible 

abnormalities. Each gland was measured for length, width, 

and thickness using digital calipers accurate to 0.1 mm. 
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2.4 Tissue Processing and Histological Preparation 
Tissue samples were collected from standardized locations in 
both thyroid lobes to ensure consistency across specimens. 
From each lobe, three representative sections (cranial, middle, 
and caudal regions) were taken, resulting in six samples per 
animal. Tissue blocks measuring approximately 1 cm³ were 
immediately fixed in 10% neutral buffered formalin solution 
for 24-48 hours at room temperature. 
Following fixation, tissues were processed using standard 
histological techniques in an automated tissue processor 
(Leica TP1020, Germany). The processing schedule included: 
dehydration through graded alcohols (70%, 80%, 90%, and 
100% ethanol, 2 hours each), clearing in xylene (two changes, 
2 hours each), and infiltration with paraffin wax (two 
changes, 2 hours each at 60 °C). 
Tissues were embedded in paraffin blocks using a tissue 
embedding station (Leica EG1150H, Germany). Serial 
sections of 4-5 μm thickness were cut using a rotary 
microtome (Leica RM2125RT, Germany) and mounted on 
positively charged glass slides. Quality control measures 
included monitoring section thickness consistency and 
ensuring proper tissue adhesion to slides. 

2.5 Staining Procedures 
Sections were stained with Hematoxylin and Eosin (H&E) 
using standard protocols. The staining procedure included: 
deparaffinization in xylene (10 minutes, two changes), 
rehydration through graded alcohols to distilled water, 
staining with Mayer's hematoxylin (8 minutes), differentiation 
in acid alcohol (30 seconds), bluing in tap water (5 minutes), 
counterstaining with eosin (2 minutes), dehydration through 
graded alcohols, clearing in xylene, and mounting with DPX 
mounting medium. 
Additional sections were prepared using Periodic Acid-Schiff 
(PAS) staining to better visualize colloid material and 
Mason's trichrome staining to assess connective tissue 
distribution. Quality control slides were included in each 
staining batch to ensure consistency and reproducibility. 

2.6 Microscopic Examination and Image Acquisition 
Histological sections were examined using a light microscope 
(Olympus BX53, Japan) equipped with a digital camera 
system (Olympus DP73, Japan). Initial examination was 
performed at low magnification (4× and 10× objectives) to 
assess overall tissue architecture and identify representative 
areas for detailed analysis. 
High-resolution images were captured at 20× and 40× 
magnifications for morphometric analysis. For each section, a 
minimum of 10 random fields were photographed, ensuring 
representative sampling across the entire tissue section. 
Images were saved in TIFF format at 300 DPI resolution to 
maintain image quality for subsequent analysis. 

2.7 Morphometric Analysis 
Morphometric measurements were performed using ImageJ 
software (version 1.53, National Institutes of Health, USA) 

with appropriate calibration for each magnification. The 
following parameters were measured: 

Follicle diameter: Measured as the average of two 
erpendicular diameters for each follicle, including only 
complete follicles entirely within the field of view. 

Epithelial cell height: Measured from the basement 
membrane to the apical surface of follicular epithelial cells at 
four standardized positions around each follicle. 

Colloid area: Calculated as the area of the follicular lumen 
filled with colloid material, expressed as a percentage of total 
follicle area. 

Nuclear parameters: Including nuclear diameter and 
nuclear-to-cytoplasmic ratio of follicular epithelial cells. 
For each animal, measurements were taken from a minimum 
of 50 follicles across all sections, resulting in over 1,200 
follicles analyzed in total. Measurements were performed by 
two independent observers to ensure reliability, with inter- 
observer agreement assessed using intraclass correlation 
coefficients. 

2.8 Data Analysis 
Statistical analysis was performed using SPSS software 
(version 26.0, IBM Corp., USA). Descriptive statistics were 
calculated for all morphometric parameters, including means, 
standard deviations, and 95% confidence intervals. The 
normality of data distribution was assessed using the Shapiro- 
Wilk test. 
Gender differences were analyzed using independent t-tests 
for normally distributed data and Mann-Whitney U tests for 
non-parametric data. Correlations between different 
morphometric parameters were assessed using Pearson 
correlation analysis. Statistical significance was set at p<0.05. 

2.9 Quality Assurance 
Multiple quality assurance measures were implemented 
throughout the study: standardized collection protocols, 
systematic sampling procedures, consistent processing 
techniques, calibrated measurement systems, blind analysis 
protocols, and regular inter-observer reliability assessments. 
These measures ensured the reliability and reproducibility of 
results. 

3. Results 
3.1 Gross Morphological Characteristics 
The thyroid glands of local Iraqi goats exhibited typical 
mammalian thyroid morphology, consisting of two distinct 
lobes connected by a narrow isthmus. The glands appeared 
dark reddish-brown in color with a smooth, capsulated 
surface. Mean thyroid weight was 3.42±0.58 g, with males 
showing significantly higher weights (3.78±0.62 g) compared 
to females (3.06±0.41 g), (p<0.01). 

Table 1: Morphometric Parameters of Thyroid Follicles in Local Iraqi Goats 
 

Parameter Overall (n=24) Male (n=12) Female (n=12) P-value 

Follicle diameter (μm) 127.3±18.2 134.8±19.4 119.8±14.6 0.032* 

Epithelial height (μm) 12.4±2.1 11.8±2.3 13.0±1.8 0.158 

Colloid area (%) 68.2±8.4 71.6±7.9 64.8±8.1 0.041* 

Nuclear diameter (μm) 6.8±0.9 6.9±1.0 6.7±0.8 0.592 

N:C ratio 0.42±0.08 0.44±0.09 0.40±0.07 0.219 

*P<0.05; N:C = Nuclear to cytoplasmic ratio 
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3.2 Histological Architecture: Microscopic examination 
revealed well-organized follicular architecture throughout the 
thyroid parenchyma (Figure 1, 2, 3). The gland was 
surrounded by a thin fibrous capsule with septa extending into 
the parenchyma, dividing it into irregular lobules. Follicles 
varied considerably in size and shape, ranging from small, 
round structures to large, irregularly shaped cavities. 

3.3 Follicular Epithelium Characteristics 

The follicular epithelium consisted predominantly of cuboidal 

cells, with variations from low cuboidal to columnar 

depending on follicle size and functional status. Smaller 

follicles typically showed taller epithelial cells, while larger 

follicles were lined by flattened epithelium. (fig. 3,4) 

 

Table 2: Distribution of follicle sizes in local Iraqi goat thyroid 
 

Follicle Size Category Diameter Range (μm) Frequency (%) Epithelial Height (μm) 

Small < 100 28.4 15.2±2.4 

Medium 100-150 45.7 12.1±1.8 

Large 151-200 21.3 9.8±1.5 

Very Large > 200 4.6 7.2±1.2 
 

3.4 Colloid Characteristics 

Colloid material appeared homogeneous and eosinophilic in 

most follicles, with varying density depending on follicle size 

and  epithelial  activity.  PAS  staining  confirmed  the 

glycoprotein nature of the colloid, showing strong positive 

reactions. Some follicles contained colloid with peripheral 

vacuolation, particularly in larger follicles. (fig. 4,5,6) 

 

Table 3: Gender-Based Comparison of Thyroid Morphometry 
Morphometric Feature Male Goats Female Goats Statistical Significance 

Small follicles (%) 24.1±4.2 32.7±5.1 p<0.01 

Large follicles (%) 28.9±6.3 13.7±3.8 p<0.001 

Active epithelium (%) 31.4±7.2 42.8±8.9 p<0.05 

Dense colloid (%) 76.3±9.1 61.2±7.4 p<0.01 
 

The results demonstrate significant morphological variations 

between male and female goats, with females showing more 

active thyroid profiles characterized by smaller follicles and 

taller epithelial cells. These findings suggest gender-related 

differences in thyroid activity, possibly related to different 

metabolic demands and reproductive physiology. The overall 

morphometric values fall within expected ranges for healthy 

adult goats, indicating normal thyroid function in the studied 

population (Figure 5, 6). 

 

4. Discussion 

The current study offers the first full histological description 

of thyroid glands in local Iraqi goats, and provides insight into 

the morphological adaptations of local Iraqi goats relative to 

the extreme environmental conditions seen across the Middle 

East. The study has revealed multiple salient characteristics of 

the local Iraqi types of goat, which make them different from 

other goat types; moreover it highlights the significant 

physiological adaptations that local Iraqi goats have made to 

adapt to Iraq’s arid environment. The general organization of 
thyroid glands in local Iraqi goats was found to be similar to 

the arrangement in other mammalian species and consisted of 

a mixture of capsulated thyroid follicles lined by cuboidal 

epithelium, containing a colloid-like substance in the follicle; 

albeit there were some characteristics noted as possibly 

adaptations to a higher environmental level in Iraq. The 

average total complete follicle diameter for the local Iraqi 

goats (127.3±18.2 μm) falls within the other reported follicle 

size for goats; however the important finding of this study 

was the size distribution of follicles, with a particularly high 

proportion of the medium follicle diameter when compared to 

other similar measurements of goats from temperate 
environments as described in [22, 23].  

There were also notable sex differences in both follicle 

diameter and colloidal volume examination sends selective 

exhibitions to the physiology of male and female goats from 

this local population. Males had a mean follicle diameter and 

colloid area suggesting a stable physiological activity pattern 

for the male goats’ thyroid glands. On the other hand, females 

had approximately 30% smaller follicle diameter, but exhibited 

taller epithelial cells suggesting a higher level of metabolic 

activity. The metabolic demand for goats is well established, 

particularly for female goats during certain times of the 

reproductive cycle and lactation [24, 25]. We interpreted that local 

Iraqi female goats had a higher level of active epithelium 

(42.8% female vs 31.4% male) and therefore, the local Iraq 

population of goats were exhibiting consistently higher levels of 

thyroid activity compared to males as the physiological demand 

of what would be supplementary metabolic function (lactation). 

Whatever the case these sex based differences may also be the 
result of evolutionary adaptations to the environmental 

challenges of Iraq. Because female goats have the added 

reproductive demands of lactation they, almost certainly, 

evolved a more responsive thyroid system to the metabolic 

challenge of hot temperatures and reduced feed availability, 

even on the quality of Ewen and Barrett's results [26]. This more 

responsive thyroid system may help female goats maintain 

production levels under more adverse conditions, which is 

worthwhile in the farming systems of local Iraq [26]. 

The findings of this study (12.4±2.1 μm) for epithelial 

thickness (the generally average) indicate a moderate level of 

thyroid function, which is consistent with an animal that was 

in mostly extensive management systems where the thyroid 

would need to allocate energy to adapt to the environmental 
and nutritional system in use [27]. As expected, the presence 

and size of those thyroid follicles seemed to match the height 

of the epithelial measures, smaller and more active follicles to 

height of the thyroid epithelium (present author), where as, 

the larger and more storage based follicles had flatter thyroid 

epithelial surfaces [28]. 

The characteristics of the colloid observed in these local Iraqi 

goats revealed some interesting adaptations to environmental 

stress. The high density of colloid is notable in both males and 

females, and especially pronounced in male (76.3%). This 
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may indicate an effective storage mechanism to allow a 

readily activated reservoir of thyroid hormone when needed. 

This is presumably an adaptation to the irregularity of feed 

availability and cyclical seasonal environmental stressors, that 

are confronted by livestock, primarily in January and 

February and then just prior to the dry season, common to arid 

environments [29, 30]. Some of the larger-size follicles 
containing peripheral vacuolation may be persistently relevant 

variables in indicating continued resorption of colloid or a 

means to be activitating, indicating that even the storage 

oriented and thus, presumably inactive follicles, are still 

mobilizing thyroid hormones. The variation in the size of the 

thyroid follicles gives an indication of related functional 

organization of the thyroid gland in this population, as in 

many other species, the substantial proportion of medium 

sized follicles (45.7 %) indicates an intermediate strategy was 

being employed in which there was in balance storage of 

hormones and hormone synthesis and access to hormone 
stores for seasonal peaks in metabolic demands while 

retaining hormonal storage for in anticipation of metabolic 

demands of subsequent seasons [31]. Follicle size distribution 

as discussed differs from commercial dairy goat breeds 

whereby greater number of small (active) follicles observed 

due to metabolic demands along with regulated diets used in 

relation to volume and nutrient intake [32]. 

Nuclear characteristics of the follicular epithelial cells also 

support the argument for flexibility of the thyroid function of 

local Iraqi goats. The nuclear to cytoplasmic ratio of 

0.42±0.08 suggests cells that have reasonable capacity for 

synthesis whilst also maintaining sufficient cell volume for 
effective storage function. Both functions are of particular 

relevance in animals who occupy unpredictable environments 

where both rapid turnover endocrine signalling, and hormone 

storage function are required [33]. 

Environmental stressors are undoubtedly part of the 

interactions that influence the characteristics of thyroid 

morphology and function in livestock, including the 

extreme summer heat in Iraq, where temperatures regularly 

exceed 45 degrees Celsius for over three months, which 

poses significant organization challenges for metabolic 

regulation systems [34]. Heat stress modifies thyroid 
hormone metabolism, invariably through decreased 

circulating hormone levels, and alterations in morphology 

due to factors associated with environmental temperature, 

notably if it exceeds the optimal range of 27 degrees Celsius 

for dairy goat breeds [35]. The morphologies described in this 

paper, along with the observation that both males and 

females appear to use the same responses, could represent 

adaptations that assist in maintaining thyroid hormone 

homeostasis under changing environmental situations.  

Interseasonal change, in terms of the quantity and quality of 

feed offered by the Iraqi pastoral system, will also affect 
thyroid function. In stress times, the thyroid has to make 

adjustments to hormone production, to maximize metabolic 

efficiencies and conserve energy [36]. The follicular 

architecture in this study, particularly the capacity of the 

follicular colloid storage component, appears to suit this 

well, and allows for conservation of hormone during 

nutrient lack without loss of metabolic efficiency, and rapid 

release of hormone when the quality of forage is at some 

acceptable point. 

Water scarcity is a common risk factor when working with 

livestock in Iraq and can affect thyroid activity through its 

effects on general metabolic capacity and mineral 
equilibrium [37]. While total iodine, which is a necissity for 

synthesising thyroid hormones, may be affected in places with 

limited and sporadically accessible drinking water in dry 

environmental conditions, so too, iodine content, has been 
observed to be sporadically low in such environments. The 

follicular architecture of the local Iraqi goat population could 

be an adaptative feature to increase iodine efficiency and limit 

hormone wastage. 

The importance of such findings extend from behavioural 

customs, through to livestock producer management and herd 

breeding programs. Medical diagnosis and health monitoring 

of animals requires knowledge of baseline morphologies of 

thyroid glands, and we offer a helpful point of reference for 

each baseline parameter we measured with relevant baseline 

parameter reference ranges documented/ discussed in this 

contemporary research with specific reference for monitoring 
of morphological or functional pathology from either 

management practice intervention or hereditary genetic 

consequences [38]. 

Functional note of adaptability (and morphological) will 

probably help argue potential targets for breed programs 

focused on institutional conservation as well as urbanization.  

The adaptations related to efficient form and function could 

signify another information-holding pathway of the thyroid 

gland contributing to the overall durability of animal fitness 

and a continued capacity to survive in an increasingly 

challenged environmental and climate [39]. 
The results also provide a better understanding of 

physiological adaptation and how livestock can adapt. The 

thyroid adaptations of indigenous Iraqi goats contribute to a 

better understanding of how other endocrine systems adapt to 

environmental stress, and this can only help our 

understanding of other breeds or species encountering similar 

environmental challenges [40]. 

Study limitations included the cross-sectional study which 

only allows single stimulus viewing of thyroid structures at 

one point in time. Additionally, the morphological thyroid 

characteristics reflecting thyroid hypertrophy, and the known 

seasonal differences in thyroid morphology in many species, 
cannot be determined. Future long-term studies noting 

seasonal changes in thyroid structure would provide 

interesting additional conclusions regarding the adaptive 

abilities of these animals [41]. 
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Fig 1: photographic of the thyroid gland in Goat show the, A. Thyroid follicles, B. Colloid, C. Follicular cells and (d) Blood vessel 400X H&E. 
 

Fig 2; photographic of the thyroid gland in Goat show the, A. Thyroid follicles, B. Colloid, C. Capsule with connective tissue, 100X Masson 
Trichrome stain. 

 

Fig 3: photographic of the thyroid gland in Goat show the, A. Thyroid follicles, B. Colloid, C. Follicular cells and (d) Blood vessel 400X 
Masson Trichrome stain 
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Fig 4: photographic of the thyroid gland in Goat show the, A. Connective tissue (Septa), B. Colloid, C. Follicular cells 400X PAS 
 

5. Conclusions 

This extensive histological study of the thyroid glands of local 

Iraqi goats described histomorphological features of the 

glands indicating possible remarkable adaptations to the 

stressors presented from the harsh environmental conditions 

described. The morphology of the thyroid glands specifically 

exhibited some compromise between hormone production or 

storage with male and female structural comparisons having 

significant differences, likely in response to the contrasting 

demands for each gender based on the physiological demands 

of their lifestyles.  
This work provides a foundation of information for a local 

breed of great importance while at the same time providing a 

broad understanding of the functional physiology adaptations 

that will be useful, particularly in relation to impacts on 

sheep/goat livestock management decisions related to great 

environmental stressors. These findings of some physiological 

functional morphology based on histology will allow for 

future comments of the local Iraqi goat breed as a resilient 

multi-functional breed competently within the biological 

characteristics of trade-offs viewed as practical strategies 

sometimes become of greater value adaption facing novel 

environmental.  The research advances our understanding of 
breed specific physiological adaptations, towards helping to 

build a base source of information towards future research 

outcomes to understand local environmental factors and 

interactions with biological behavior all in relation to 

endocrine activity, livestock management and conservation; 

especially with a targeted interest to engage in conservation 

strategies in addressing the local genetic resource. The 

research is another example of the importance of producing 

more complete understanding of even the indigenous breeds 

to understanding the complete adaptation and resilience with 

livestock. 
Conflict of Interest: Not available 

 

Financial Support: Not available 

 

References 

1. Koenig A, Hecht S. The thyroid gland. In: Kealy JK, 

McAllister  H,  editors.  Diagnostic  Radiology and 

Ultrasonography of the Dog and Cat. 5th Ed. St. Louis: 

Elsevier Saunders, 2011, p. 234-241. 

2. Sejian V, Bhatta R, Gaughan JB, Dunshea FR, Lacetera 
N. Review: Adaptation of animals to heat stress. Animal. 

2018;12(s2):s431-s444. 

3. Azzawi ALWA, Regib ALAA, Makki YF. 

Morphological and productive characteristics of Iraqi 

local goats. Iraq J Vet Sci. 2012;26(2):61-66. 

4. Darcan N, Cedden F, Cankaya S. Seasonal changes in 

plasma thyroid hormones of goats in a hot climate. Vet 

Res Commun. 2007;31(5):479-487. 

5. Kumar V, Abbas AK, Aster JC. Robbins Basic 

Pathology. 10th Ed. Philadelphia: Elsevier Saunders, 

2018, p. 756-782. 

6. Kierszenbaum AL, Tres LL. Histology and Cell Biology: 

An Introduction to Pathology. 4th ed. Philadelphia: 
Elsevier Saunders, 2016. p. 512-528. 

7. Todini L. Thyroid hormones in small ruminants: Effects 

of endogenous, environmental and nutritional factors. 

Animal. 2007;1(7):997-1008. 

8. Malik R, Sharma A, Sharma MC. Comparative 

histomorphology of thyroid gland in goat and sheep. 

Indian J Anim Res. 2016;50(3):345-349. 

9. Fani MM, Mirzaei A, Nazifi S. A comparative study of 

thyroid hormones and trace elements in endemic goitre 

village of Fars province, Iran. Comp Clin Pathol. 

2012;21(5):621-624. 

10. Al-Tamimi HJ. Climate change in Iraq: desertification, 

coastal erosion and shrinking population. Int J Environ 
Stud. 2019;76(4):642-653. 

11. McManus C, Paludo GR, Louvandini H, Gugel R, Sasaki 

LCB, Paiva SR, et al. Heat tolerance in Brazilian sheep: 

physiological and blood parameters. Trop Anim Health 

Prod. 2009;41(1):95-101. 

12. Bancroft JD, Gamble M. Theory and Practice of 

Histological Techniques. 7th ed. Philadelphia: Churchill 

Livingstone Elsevier, 2013. p. 173-214. 

13. Perera MTR, Thirumaran SSK, Gunasekera DC. 

Morphometric analysis of thyroid follicles in goats: 

effects of age and sex. Ceylon J Sci. 2011;40(2):125-132. 

https://www.veterinarypaper.com/


International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 

~ 362 ~ 

 

 

14. Kosgey IS, Baker RL, Udo HMJ, Arendonk VJAM. 

Successes and failures of small ruminant breeding 

programmes in the tropics: A review. Small Rumin Res. 

2006;61(1):13-28. 

15. Zeder MA. Domestication and early agriculture in the 

Mediterranean Basin: Origins, diffusion, and impact. 

Proc Natl Acad Sci USA. 2008;105(33):11597-11604. 
16. FAO. The State of the World's Animal Genetic 

Resources for Food and Agriculture. Rome: Food and 

Agriculture Organization, 2007. p. 35-67. 

17. Hoffmann I. Climate change and the characterization, 

breeding and conservation of animal genetic resources. 

Anim Genet. 2010;41(Suppl 1):32-46. 

18. Christensen VL, Grimes JL, Wineland MJ, Winyard LM. 

Effects of constant or cycling temperatures on oxygen 

consumption and thyroid function in turkeys. Br Poult 

Sci. 2001;42(3):354-362. 

19. Casella S, Giudice E, Passantino A, Colitti M, Piccione 
G. Seasonal variations of oxidative stress markers in 

sheep. Open Vet J. 2013;3(2):120-124. 

20. Ashkar FA, Yousif MG, Merza ZJ. Histological and 

histochemical study of thyroid gland in adult female rats. 

Int J Sci Res. 2016;5(4):1456-1461. 

21. Huszenicza G, Jánosi S, Kulcsár M, Kóródi P, Reiczigel 

J, Kátai L, et al. Effects of clinical mastitis on ovarian 

function in post-partum dairy cows. Reprod Domest 

Anim. 2005;40(3):199-204. 

22. Silva EMN, Souza BB, Silva GA, Cezar MF, Souza WH, 

Benicio TMA, et al. Evaluation of adaptive physiological 

parameters of goat breeds native to Brazilian semi-arid 
regions. Small Rumin Res. 2010;92(1-3):73-78. 

23. Habibu B, Kawu MU, Makun HJ, Aluwong T, Yaqub 

LS, Ahmad MS, et al. Seasonal fluctuations in 

erythrocyte osmotic fragility, haematological and serum 

biochemical parameters in indigenous goats in the semi- 

arid region of Nigeria. J Appl Anim Res. 2014;42(2):154- 

162. 

24. Ghassemi Nejad J, Sung KI, Lee BH. Evaluation of 

seasonal thyroid activity of Korean native goats by 

measuring plasma thyroid hormones and thyroid gland 

morphology. Asian-Australas J Anim Sci. 
2012;25(11):1602-1607. 

25. Todini L, Malfatti A, Valbonesi A, Trabalza Marinucci 

M, Debenedetti A. Plasma thyroid hormones in goats 

reared in the Apennines: correlations with metabolic 

parameters and milk production. Small Rumin Res. 

2007;69(1-3):144-151. 

26. Haidary ALA, Samara EM, Abdoun KA, Sobayil ALFA. 

Heat-stress-induced changes in physiological parameters 

of indigenous goats. Int J Zool. 2015;2015:1-6. 

27. Nazifi S, Saeb M, Ghavami SM. Serum lipid profile in 

Iranian fat-tailed sheep in late pregnancy, at parturition 

and during the post-parturition period. Comp Clin Pathol. 

2002;11(3):147-151. 

28. Young B, O'Dowd G, Woodford P. Wheater's Functional 
Histology: A Text and Colour Atlas. 6th ed. Philadelphia: 

Churchill Livingstone Elsevier, 2014. p. 317-332. 

29. Shinde AK, Sejian V. Climate resilient goat production: 

addressing the sustainability of goat farming to climate 

change. In: Sejian V, Bhatta R, Gaughan J, Malik PK, 

Naqvi SMK, Lal R, editors. Sheep and Goat Production 

under Climatic Stress. Singapore: Springer, 2017. p. 2- 

17. 

30. Joy A, Dunshea FR, Leury BJ, Clarke IJ, DiGiacomo K, 

Chauhan SS. Resilience of small ruminants to climate 

change and increased environmental temperature: A 

review. Animals. 2020;10(5):867. 

31. Dufour S, Sebert P, Weltzien FA, Rousseau K, Pasqualini 
C. Neuroendocrine control by dopamine of teleost 

reproduction. J Fish Biol. 2010;76(1):129-160. 

32. Andersen S, Pedersen KM, Bruun NH, Laurberg P. 

Narrow individual variations in serum T4 and T3 in 
normal subjects: A clue to the understanding of 

subclinical thyroid disease. J Clin Endocrinol Metab. 

2002;87(3):1068-1072. 

33. Bianco AC, Kim BW. Deiodinases: implications of the 

local control of thyroid hormone action. J Clin Invest. 

2006;116(10):2571-2579. 

34. Nardone A, Ronchi B, Lacetera N, Ranieri MS, 

Bernabucci U. Effects of climate changes on animal 

production and sustainability of livestock systems. Livest 

Sci. 2010;130(1-3):57-69. 

35. Shaik SA, Terrill TH, Miller JE, Kouakou B, Kannan G, 
Kaplan RM, et al. Effects of feeding pelleted Sericea 

lespedeza and pine bark with or without polyethylene 

glycol on physiological responses of Katahdin sheep 

infected with Haemonchus contortus. Small Rumin Res. 

2006;61(1):15-24. 

36. Sevi A, Casamassima D, Pulina G, Pazzona A. Factors of 

welfare reduction in dairy sheep and goats. Ital J Anim 

Sci. 2009;8(sup1):81-101. 

37. NRC. Nutrient Requirements of Small Ruminants: Sheep, 

Goats, Cervids, and New World Camelids. Washington: 

National Academies Press, 2007, p. 244-291. 

38. Latimer KS, Duncan JR, Prasse KW. Duncan and 
Prasse's Veterinary Laboratory Medicine: Clinical 

Pathology. 5th ed. Ames: Wiley-Blackwell, 2011, p. 192- 

218. 

39. Thornton PK. Livestock production: recent trends, future 

prospects. Philos Trans R Soc Lond B Biol Sci. 

2010;365(1554):2853-2867. 

40. Hansen PJ. Physiological and cellular adaptations of zebu 

cattle to thermal stress. Anim Reprod Sci. 2004;82- 

83:349-360. 

41. Sejian V, Indu S, Naqvi SMK. Impact of climate change 

on reproduction. In: Sejian V, Naqvi SMK, Ezeji T, 
Lakritz J, Lal R, editors. Environmental Stress and 

Amelioration in Livestock Production. Berlin: Springer, 

2012, p. 49-70. 

 

 

How to Cite This Article 

Jumaah YR. Histological characteristics and morphometric analysis of 

thyroid glands in local Iraqi goats (capra hircus): A comprehensive 

study. International Journal of Veterinary Sciences and Animal 
Husbandry. 2025;10(5):351-362. 

Creative Commons (CC) License 

This is an open-access journal, and articles are distributed under the 

terms of the Creative Commons Attribution-Non Commercial-Share 

Alike 4.0 International (CC BY-NC-SA 4.0) License, which allows 

others to remix, tweak, and build upon the work non-commercially, as 

long as appropriate credit is given and the new creations are licensed 

under the identical terms. 

https://www.veterinarypaper.com/

	International Journal of Veterinary Sciences and Animal Husbandry 2025; 10(5): 351-362
	1. Introduction
	2. Materials and Methods
	2.2 Ethical Considerations
	2.3 Animal Selection and Sample Collection
	2.4 Tissue Processing and Histological Preparation
	2.5 Staining Procedures
	2.7 Morphometric Analysis
	2.8 Data Analysis
	2.9 Quality Assurance
	3. Results
	3.3  Follicular Epithelium Characteristics
	3.4 Colloid Characteristics
	4. Discussion
	5. Conclusions
	References

