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ABSTRACT
The histological and ultrastuctural studies were carried out on thyroid samples (n= 24) collected from ten–month-old Large White Yorkshire pigs of either sex reared in low altitude and high altitude of Kerala. Histologically, the gland enclosed spherical or oval thyroid follicles of various sizes. Small-sized follicles were predominantly in the peripheral zone of the gland.  The staining intensity of the colloid within the follicles varied from acidophilic to basophilic. A single layer of low cuboidal cells lined the follicles. Predominance of basophilic colloid, vacuoles at the periphery of the colloid, and taller lining cells indicated an active follicle.  Active follicles were more numerous in the low-altitude male and female groups than in the corresponding high-altitude groups. The larger, lightly stained Parafollicular cells were present either singly or in groups at intrafollicular, parafollicular, or interfollicular pattern. The serum T3 and T4 hormones were significantly higher in the low-altitude male group than in the corresponding high-altitude group. In female animals the serum T4 hormone levels recorded significantly higher values in the low-altitude group than in the high-altitude group. The average serum T4 levels in males were significantly higher than in females at both altitudes. However, the T3 values did not differ significantly between male and female groups at both altitudes.  The recorded variation in T3 and T4 hormones may be attributed to the higher ambient temperature at the low altitude than at the high altitude.
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1. INTRODUCTION

Pig farming contributes not only to livelihood but also increases profit to marginal farmers within a short period of time. The most popular pig breeds like Large White Yorkshire, though originating from the temperate climate based Western countries, are adapted to the agro-climatic conditions of India [1]. Pigs are much sensitive to high ambient temperatures as the animal has a comparatively thick subcutaneous fat and a few sweat glands [2]. The thyroid is an important endocrine gland, which produces the hormones Tri-iodothyronine (T3) and Thyroxine (T4). T3 is more biologically active than T4. Thyroid hormones play a crucial role in regulating basal metabolic rate, controlling appetite, growth, and immune response. The release of thyroid hormones is under the influence of the hypothalamic-pituitary-thyroid axis [3].  Pig production also depends on nutrition and seasonal climatic factors such as temperature and humidity. 

Although a few studies recorded thyroid gland structure in pigs [4-5] or in sheep [6]; in camel [7]; in Jamunapari goat [8], the functional information for thyroid gland in pigs reared at different altitudes is limited. Reports on alteration in the thyroid gland function in different altitudes in humans and rats [9-11] and during thermal stress in goats [12] are available. However, a thorough examination of the histology of the thyroid gland and its structural variation between pigs reared at different altitudes is very limited. Hence, the present study was done to understand whether any variation exists in the thyroid glands of Large White Yorkshire pigs reared in low-altitude and high-altitude regions of Kerala, India.

2. MATERIALS AND METHODS

The samples (n=24) for the study were collected from a total of ten-month-old Large White Yorkshire pigs from the slaughter houses located in the low-altitude (Meat plant, College of Veterinary and Animal Sciences, Mannuthy, Thrissur, Kerala elevation 2.83 m) and in the high-altitude (Sulthan Bathery, Wayanad, Kerala elevation 930 m) areas. Animals were divided into four groups, viz., low-altitude male group, low-altitude female group, high-altitude male group, and high-altitude female group; each group comprised six animals. Histomorphological features of the thyroid gland and serum T3, T4 levels in Large White Yorkshire pigs reared at low-altitude and high-altitude regions of Kerala, India, were studied.

2.1. Processing of tissues for histological studies

Histologic studies were done on representative tissue samples collected from the cranial, middle, and caudal ends of both right and left thyroid glands. The samples were preserved and fixed in 10 percent Neutral Buffered Formalin for 48 hours. Later, properly fixed tissue samples were processed for paraffin embedding, and 5 µm-thick sections were prepared using a rotary microtome. Haematoxylin and Eosin (H and E) and Gomori’s rapid one-step trichrome method for collagen fibres [13] were employed for routine and special staining of the sections respectively. The stained sections were screened under a binocular light microscope (Model- Olympus CX21iLED), and photomicrographs were taken using an attached camera (Model- MagcamDC10). The micrometric parameters, viz., the diameter of the thyroid follicles at the central and peripheral zones of the thyroid of the right and left thyroid glands, were separately recorded using the Magvision software. 

2.2. Processing of the samples for the Scanning Electron Microscopy

Representative tissue samples of the thyroid glands of male and female animals reared at low and high altitudes were used for scanning electron microscopic (SEM) studies. First, fixed the samples in 2.5 percent gluteraldehyde in 0.1 M phosphate buffer (pH 7.2) for 24 hours at 4 ºC. Later, the samples were dehydrated in ascending grades of ethanol. Subsequently, the samples were dried prior to the sputter coating process. The properly dried samples were mounted over the stubs using double-sided carbon conductivity tape. A thin layer of gold coat was applied using an automated sputter-coater (Model- QUORUM SC7620) for twenty minutes and scanned under Scanning Electron Microscope (Model- TESCAN VEGA-3-LMU) at a magnification of × 150 up to × 5000 as per the standard procedures.

2.3. Processing of the samples for the hormonal assay

The blood samples (20 ml) were collected from the ear vein, prior to their slaughter. The serum was separated and stored at -20 ºC for hormonal assay.  The serum T3 (Tri-iodothyronine) and T4 (Thyroxine) were estimated by using BRIT’s (Board of Radiation and Isotope Technology) Radioimmunoassay kit “BRIA MAG 3” and “BRIA MAG 4”, respectively, as per the kit protocol.  The tubes were counted in a gamma counter calibrated for I125 for 1 minute, and the results were calculated. A standard curve was plotted, using six serum standards ranging from (0-4.8 ng/ml) of T3 and (0-240) ng/ml of T4.  The amount of radiolabelled T3 (or T4) tracer bound to the particles is inversely related to the T3 (or T4) concentration of the test samples.  Unknown values were read from the standard curve by interpolation.  8-anillino-1-napthalenesulphonic acid (ANS) was used in the kit for displacing T3 (or T4) bound to Thyroxine binding globulin (TBG).

2.4. Statistical analysis

The data were analysed statistically using SPSS software (version 24.0). An Independent t-test was performed to determine the significance of thyroid hormones with sex and altitude.

3. RESULTS

3.1. Histoarchitecture of thyroid gland

The thyroid gland possessed a thin covering connective tissue capsule made up of fine collagen fibres.  Fine trabeculae of connective tissue extended from the capsule into the thyroid parenchyma, and such interlobular connective tissue divided the gland into numerous lobules (Fig. 1a, 1b, 1c). The capsule, interlobular connective tissue, and lobules were evident by stereozoom microscopy, scanning electron microscopy, and histology.   The subcapsular zone enclosed small blood vessels.  The fine fibres extended into the interior of lobules and in the interfollicular areas, however, the number of fibres were scanty (Fig. 1c, 1d). The lobules enclosed numerous spherical or ovoid acini termed thyroid follicles.  Each follicle had an encircling distinct basement membrane, which in turn was surrounded by a vascular loose connective tissue (Fig. 1c).
Most of the thyroid follicles were spherical, oval, or elliptical (Fig. 1c, 1d, 2a). However, a few showed extreme variation in shape and had a zig-zag or irregular outline. Microscopically, the gland revealed, along with a few large follicles, many medium-sized and a few small-sized follicles.  Medium to large-sized follicles had a uniform distribution.  The small-sized follicles were in the peripheral zone towards the capsule.  Micrometry revealed that the thyroid follicles in the central area of the gland were larger than those located in the peripheral zone. The average diameter of thyroid follicles located in the central zone was 117.67 ± 1.6 µm. The maximum diameter measured for the thyroid follicles was 301.35 µm. 
Each follicle enclosed a dense, gel-like material colloid, the storage form of follicular epithelial secretion (Fig. 1b, 1c, 2b).  The colloid appeared as homogenously stained light to dark pink and or bluish material when demonstrated by the different staining protocols, viz., Haematoxylin and Eosin and Gomori’s one-step trichrome staining methods.  However, a variation in the staining intensity of the colloid was apparent from acidophilia to basophilia in different follicles. Moreover, vacuoles were present at the periphery of the colloid in many active follicles (Fig. 2c).
A single layer of cells, follicular epithelial cells, lined every follicle. The lining cells were regular, flat to low cuboidal and enclosed small, dark, heterochromatic nuclei. The apical ends of those cells faced inward to the lumen of the follicle while their basal ends rested on the delicate basement membrane.  The cells had a hexagonal profile, and at higher magnification, the secretions at the apices of the cells were clearly depicted (Fig. 2b, 2d, 3a).  The cells within the medium and large follicles were of low cuboidal to flat type, whereas within the small follicles, high cuboidal or high columnar cells were observed. The small flat cells contained flattened nuclei, another indication of inactive follicles.  The high cuboidal cells enclosed round nuclei, which represented active follicles.

The degree of accumulation of colloid within the follicles showed variation; in some follicles it was full, whereas it was partial in others.  Some follicles even showed complete absence of colloid (Fig. 1d, 2a).  A few follicles presented irregular spaces beyond the periphery of the colloid, between the colloid and follicular epithelium, which represented shrinkage of colloid (Fig. 2a). It was believed that the shrinkage of colloid occurred during regular staining protocols.
Parafollicular or C cells were also present in the thyroid gland. These cells were present either as a single cell or as a group of two or three cells.   Single cell variety was found either as intrafollicular (Fig. 3b), wedged in between follicular epithelial cells, or parafollicular (Fig. 1c), located between the follicular epithelium and the basement membrane. C cells if occurred in groups were present in the interfollicular areas, and cell groups were enclosed by a basement membrane and it constituted the interfollicular pattern (Fig. 2b).  The C cells were larger than the follicular epithelial cells and its shape varied from ovoid to elongated. Its faintly stained cytoplasm enclosed numerous granules, and a regular euchromatic nucleus than the remaining follicular epithelial cells. Further, the cytoplasm of those cells appeared clear in comparison to the follicular epithelium. Some of the C cells had an elongated profile and were found in close association with the basement membrane.
3.2. Hormonal assay
Serum T3 hormone levels of the low-altitude male, low-altitude female, high-altitude male, and high-altitude female groups were 1.20 ± 0.003 ng/mL, 1.196 ± 0.004 ng/mL, 1.186 ± 0.003 ng/mL, and 1.191 ± 0.004 ng/mL, respectively. Serum T4 hormone levels of the low-altitude male, low-altitude female, high-altitude male, and high-altitude female groups were 60.84 ± 2.14 ng/mL, 31.16 ± 2.91 ng/mL, 16.36 ± 1.54 ng/mL, and 21.75 ± 1.64 ng/mL, respectively. Irrespective of altitude, the average serum T4 level was 38.6 ± 6.82 ng/mL and 26.45±2.13 ng/mL in male and female animal, respectively.  When the data was compared between the low-altitude male group to high-altitude male group, average serum T3 and T4 hormone levels were significantly higher in the low-altitude male group than in the high-altitude male group (< 0.05). When a similar comparison was done between the low-altitude female group to high-altitude female group, average serum T4 hormone levels were significantly higher in the low-altitude female group than in the high-altitude female group (< 0.05), and T3 hormone levels were not statistically significant.  Furthermore, the comparison of data revealed that, irrespective of sex, the average serum T3 and T4 hormone levels were significantly higher in the low-altitude group than those of the high-altitude group (< 0.05). The average serum T4 levels in males were significantly higher than the corresponding females at both altitudes (< 0.05).  However, the T3 values did not significantly differ between male and female groups at both altitudes. 

4. DISCUSSION

4.1. Histoarchitecture of thyroid gland

Histoarchitecture of the thyroid gland’s capsule and interlobular connective tissue in Large White Yorkshire Pigs was consistent with the reports in sheep [6].  The parenchyma of thyroid enclosed large, medium, and a few small-sized follicles, similar to the reports in pig and in camel [4, 7]. The morphology of the follicles and its lining follicular epithelial cells was consistent with the findings in pig and in Jamunapari goat [5, 8]. A few of the follicles presented vacuoles in the colloid towards its periphery.  Similar observations were made in pigs and in mice [5, 14].
The colloid present within the follicles showed a variation in the staining intensity. Predominantly basophilic colloid represented activated follicles and acidophilic colloid depicted inactive thyroid follicles.  Moreover, high cuboidal epithelium was present in active follicles. Existence of vacuoles at the periphery of the colloid also indicates an active functional status [15]. The low-altitude male and female groups revealed more active follicles than the corresponding high-altitude male and female groups.
The declining trend in the diameter of the thyroid follicles from centre to periphery observed in the study agreed to the reports in the thyroid gland of yak and mithun [16] and of buffalos [17]. The three patterns of occurrence and distribution of C cells observed in the study was in consistent with the reports in dogs [18].
4.2. Hormonal assay
Irrespective of sex, the average serum T3 and T4 levels were significantly higher in the low-altitude group than that of the high-altitude group.   Similar increase in thyroid hormones observations was recorded that following thermal exposure in Marwari goat [12].  Therefore, the recorded rise in T3 and T4 hormone levels observed in the present study may be attributed to the higher ambient temperature at low-altitude than at high-altitude. Furthermore, in Large White Yorkshire pigs, a significantly higher serum cortisol and larger zona fasciculata layer, which produces that hormone, was recorded in the low-altitude male and low-altitude female groups than their high-altitude counterparts [19].  The increased cortisol level in the low-altitude groups suggested more stress, presumably accounted by higher ambient temperature. 

Contrary to our findings, T3 and T4 hormone levels were increased in male western rat [9] and in the people who lived in high altitude [10,11].   The small sample size and the small altitude difference of the present study may also be considered when interpreting the recorded variation of the current study from the earlier reports [9-11]. 
The average serum T4 levels in the males were significantly higher than in the females of the corresponding low-altitude and high-altitude regions and it agreed to the reports in Danish Yorkshire pigs [20]. A detailed study incorporating a large sample size will be advantageous for appreciating the interplay of hormones, the effect of altitude, and other environmental factors.

5. CONCLUSION 

The present study recorded that the thyroid had a connective tissue capsule and lobules enclosing thyroid follicles. The follicles were spherical or oval; size varied from small to medium to large, and follicles were lined by a single layer of follicular epithelial cells. Medium to large-sized follicles were present predominantly in the central area of the gland.  The colloid within the follicles varied in staining intensity.  Basophilic colloid, peripheral vacuoles in the colloid, and tall lining cells indicates an active follicle.  Such active follicles were more abundant in low-altitude groups than in the corresponding high-altitude groups.  The histological observation was supported by the T3 and T4 hormones of the different groups.  Parafollicular cells were located at intrafollicular, parafollicular, or interfollicular pattern. As the gland plays a crucial role in an animal’s basal metabolic rate, growth, and immune response, its structural variation under various physiological and pathological conditions may be further investigated to gain ample knowledge of the intricate interaction of the endocrine glands.
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Fig. 1a. Stereography of ventral surface of intact thyroid gland showing thin capsule and lobules. Stereozoom microscopy x 8. C- Capsule, L- Lobule.
Fig. 1b. Thyroid gland of male pig at low altitude. SEM x 410. C- Capsule, CI- Intact colloid, CD-Depleted colloid ,   CL- Follicle (lack of Colloid), CT- Interfollicular Connective tissue.
Fig. 1c. Photomicrograph of longitudinal section of thyroid showing peripheral vacuoles and C cells (Parafollicular position). H & E x 100. IC- Colloid, FE- Follicular epithelial cells, CP- C cells (Parafollicular), TF- Follicle (Tangential             section).

Fig. 1d. Thyroid gland of male pig at high altitude. SEM x 462. IC- Colloid, CL- Follicle (Lack of colloid), CT- Connective tissue.
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Fig. 2a. Photomicrograph of cross section of thyroid in female at low altitude. H & E  x 100. CS- Shrunk colloid, CP- Follicle (Partially filled colloid), CL- Follicle (Lack of colloid), B- Blood capillaries.

Fig. 2b. Photomicrograph of cross section of thyroid showing group of C cells (Interfollicular position). H & E x 400. CI- C cells, FE- Follicular epithelial cells, CT- Connective tissue, IC-Colloid.

Fig. 2c. Photomicrograph of cross section of an active thyroid gland showing irregular follicular epithelium, peripheral vacuoles and basophilic colloid. H & E x 400. 1. Irregular follicular epithelium, 2- Colloid (Basophilic), 3- Peripheral vacuoles, 4- Interfollicular connective tissue, 5- Blood capillary, 6- Colloid (Eosinophilic).

Fig. 2d. Thyroid gland of female pig at low altitude. SEM x 5000. FE- Follicular epithelial cell, IC- Colloid, S- Secretion of epithelial cell.
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Fig. 3a. Thyroid gland of female pig at high altitude. SEM x 4800. FE- Follicular epithelial Cell (Hexagonal), S-Secretions.

Fig. 3b. Photomicrograph of longitudinal section of thyroid showing C cells (Intrafollicular position). Gomori’s one step Trichrome method x 100. CF- C cells (Intrafollicular), IC-Colloid.
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