



Histology of the thyroid gland in Large White Yorkshire pigs reared at low and high altitudes of Kerala

ABSTRACT

Pig farming is an important livelihood for marginal farmers in India. Pigs are very sensitive to high ambient temperatures. The hormones of the thyroid gland, an important endocrine gland, regulate basal metabolic rate. The study was done on the samples collected from 24 ten-month-old Large White Yorkshire pigs of either sex reared in the low-altitude and high-altitude areas of Kerala. Thyroid samples were processed for routine histology and scanning electron microscopy. 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 indicates an activefollicle.  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. Whereas in the case of female groups, only 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 T3values didnot 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 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 producesthe hormonesTri-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];inJamunapari goat[8], the functional information for thyroid gland in pigs reared at different altitudesis limited.Reportson 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 thoroughexamination 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 doneto 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 for the study were collected from a total of 24 ten-month-old
 Large White Yorkshire pigs from the slaughterhouses 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 (SulthanBathery, 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-thicksections wereprepared 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 SEM (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 
were collected from the ear vein, prior to their slaughter. The serum was separated and stored at -20 ºC for hormonal assay.  TheserumT3(Tri-iodothyronine) and T4(Thyroxine)wereestimatedbyusing BRIT’s (Board of Radiation and Isotope Technology) Radioimmunoassay kit “BRIA MAG 3” and “BRIA MAG 4”,respectively, as per the kit protocol.  Thetubes were counted in a gamma counter calibrated for I125 for 1 minute, and theresultswere calculated. A standard curve was plotted,using six serum standards rangingfrom (0-4.8 ng/ml) of T3 and (0-240) ng/ml of T4.The amount of radiolabelled T3 (or T4) tracerboundtotheparticlesisinverselyrelatedtotheT3(orT4)concentrationofthetest samples.Unknown values were readfrom the standard curve by interpolation.8-anillino-1-napthalenesulphonic acid(ANS) was used in the kit for displacing T3 (or T4) bound to Thyroxine bindingglobulin (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 interlobularconnective tissue divided the gland into numerous lobules (Fig. 1a, 1b, 1c). The capsule, interlobularconnective tissue, and lobules were evident by stereo zoom 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 thyroidfollicles 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, heterochromaticnuclei. The apical ends of those cells faced inward to the lumen of the follicle while their basalends rested on the delicate basement membrane.The cells had a hexagonal profile, and at higher magnification, the secretions at the apices of the cells wereclearlydepicted(Fig.2b, 2d, 3a).The cells within the medium and large follicles were of low cuboidal to flat type, whereas within the small follicles, highcuboidalorhighcolumnar cells were observed. The small flat cells contained flattened nuclei, another indication of inactivefollicles.The high cuboidal cellsenclosed round nuclei, which represented active follicles.
The degree of accumulationof colloidwithin 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, betweenthecolloidandfollicularepithelium,which represented shrinkageof colloid (Fig. 2a).Itwasbelievedthattheshrinkageofcolloidoccurredduring regularstaining 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,orparafollicular (Fig. 1c),located betweenthefollicularepitheliumandthebasementmembrane.Ccellsif occurredingroups were present in the interfollicular areas, and cell groups were enclosed by a basement membrane and it constitutedthe interfollicular pattern(Fig. 2b).The C cellswerelargerthanthefollicularepithelialcells and its shape varied from ovoid to elongated. Its faintly stained cytoplasm enclosed numerous granules, and a regular euchromatic nucleus than the remainingfollicular epithelial cells.Further,thecytoplasmofthosecellsappeared clear in comparison to the follicular epithelium.Some of the C cells hadanelongatedprofileandwerefoundincloseassociationwiththebasementmembrane.

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 ± 0.004ng/mL, 1.186 ± 0.003ng/mL, and 1.191 ± 0.004ng/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 ± 2.91ng/mL, 16.36 ± 1.54ng/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 levelswere significantly higher in the low-altitude group than those of the high-altitudegroup(<0.05).The average serum T4 levels in males were significantly higher thanthe corresponding femalesatboth altitudes(<0.05).  However, the T3values didnot 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 tissuein Large WhiteYorkshirePigs was consistent with the reports in sheep [6].The parenchyma of thyroid enclosed large, medium,anda few small-sized follicles, similar to the reports inpig and in camel[4, 7].The morphology of the follicles and its lining follicular epithelial cells agreed with the findings in pig and inJamunapari goat[5, 8]. A few of the follicles presented vacuoles in the colloid towardsits periphery.Similar observations were made in pigs and in mice [5, 14].

Thecolloid present within the follicles showed a variation in the staining intensity. Predominantly basophilic colloid representsactivated follicles and acidophilic colloid depicts 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 reportsin dogs[18].

4.2. Hormonal assay

Irrespective of sex, the average serum T3 and T4 levels were significantlyhigher in the low-altitude group than that of the high-altitude group.Similarincrease in thyroid hormones observations wasrecorded that following thermal exposurein Marwari goat[12].Therefore, the recorded rise in T3 and T4 hormone levelsobserved in the present study may be attributed tothe higherambienttemperatureat low-altitudethan 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 suggests more stress, presumably accounted by higher ambient temperature. 

Contrary to our findings, T3 and T4 hormone levels were increased in malewesternrat[9]andinthepeoplewholivedinhighaltitude[10,11].   The small sample size and the small altitudedifference of thepresentstudymayalsobe considered when interpreting therecorded variation of the current study fromthe earlier reports[9-11].
The average serum T4 levels inthe males were significantly higher than in the femalesof 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 follicleswere 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 intricateinteraction of the endocrine glands.
REFERENCES
1. Karthickeyan SMK, Gopinathan A, Sivaselvam SN. Pig Farming: A successful and profitable venture. Indian Farming. 2015; 64(1).  https://epubs.icar.org.in/index.php/IndFarm/article/view/49720
2. Chakraborty A, Baruah A, Sarmah BC, Goswami J, Bora A, Dutta DJ, Biswas RK, Kalita D, Naskar S, Vashi Y, Phangchopi D. Thyroid response to temperature humidity index in crossbred pigs supplemented with antioxidants during summer and winter season. Advances in Animal Veterinary Sciences. 2017; 5(6): 271-275. DOI | http://dx.doi.org/10.17582/journal.aavs/2017/5.6.271.275. ISSN (Online) | 2307-8316; ISSN (Print) | 2309-3331.

3. Pasternak JA, MacPhee DJ, Lunney JK, Rowland RRR, Dyck MK, Fortin F, Dekkers JCM, Plastow GS, Harding JCS; PigGen Canada. Thyroid hormone suppression in feeder pigs following polymicrobial or porcine reproductive and respiratory syndrome virus-2 challenge. Journal of Animal Sciences. 2021; 99(11): skab325. doi: 10.1093/jas/skab325. PMID: 34734242; PMCID: PMC8633620.

4. Singh R. Biometry and pathology of porcine pituitary, thyroid, and adrenal glands in pigs. The Indian Journal of Animal Sciences, 2007; 77(8): 738-741. https://epubs.icar.org.in/index.php/IJAnS/article/view/10386
5. Igbokwe CO, Ezeasor DN. Histological and immunohistochemical changesof the thyroid gland during the foetal and post-natal period of development inindigenouslargewhite crossbred pigs.BulgarianJournal of Veterinary Medicine. 2015;1-12.DOI: 10.15547/bjvm.859
6. RajalakshmiK,RameshG,Ushakumari, Kannan, SivakumarM,SrideviP,Lakkawar AW. Microanatomy of the thyroid gland in sheep (Ovis aries). International Journal of ChemicalStudies. 2019;7(2):404-415.
7. Singh D, Joshi S, Thanvi PK, Saini MK, Choudhary OP. Scanningelectron microscopy of the thyroid gland of camel (Camelus dromedarius). Journal of CamelPracticeResearch 2021; 28(1): 107-109. DOI : 10.5958/2277-8934.2021.00017.5 
8. ChoudharyOP,DoleyPJ.2017.HistomorphologicalandscanningelectronmicroscopicstudiesofthyroidglandinJamunaparigoats.IndianJournal of Smallruminants. 2017; 23(1):120-122.DOI: 10.5958/0973-9718.2017.00007.1
9. Al-Hashem FH. The effect of high altitude on blood hormones in male wester rats in South Western Saudi Arabia. American Journal of Environmental Sciences. 2020;63(3):268-274. https:/doi.org/10.3844/ajessp.2012.268.274 
10. Alhazmi AS, Alomey A, Almalki H, Almehmadi M, Albshri M et al. Effect of high altitude on thyroid and thyroid stimulating hormones levels in Taif city. Acta Scientific Nutritional Health. 2018 2(12):11-13. 
11. von Wolff M, Nakas CT, Tobler M, Merz TM, Hilty MP, Veldhuis JD, Huber AR, Pichler Hefti J. Adrenal, thyroid, and gonadal axes are affected at high altitude. Endocrine Connections. 2018; 7(10):1081-1089. https://doi.org/10.1530/EC-18-0242. PMID: 30352395; PMCID: PMC6198189 
12. SejianV,SrivastavaRS,VarshneyVP2008.Pineal-adrenal-thyroidrelationships under thermal stress: Effect of circulating levels of thyroid hormonesingoat.Indian Journal of Animal Sciences. 2008;78(11): 1263-1264. 78(11).  https://epubs.icar.org.in/index.php/IJAnS/article/view/4988
13. Luna LG. Manual of histological staining methods of the armed forces institute of pathology. 3rd ed. New York: McGraw-Hill Book company; 1968. 
14. MiyagawaJ,IshimuraK,FujitaH.Finestructuralstudiesonthereabsorption of colloid and fusion of colloid droplets in thyroid glands of TSH-treatedmice.Cell TissueResearch.1982;223: 519-532.https://doi.org/10.1007/BF00218473
15. EurellJAandFrappierBL.Textbookof VeterinaryHistology. 6th ed.BlackwellPublishing,Iowa,USA. 2006.
16. Baishya G, BhatttacharynM,Talukdar SR, Kalita SN. 1998.Morphology ofthe thyroid gland and oxidoreductases in the liver of mithuns(Bos frontalis) andyaks(Ros grunniens). Indian Journal of Animal Sciences. 1998. 68(2):111-114. https://epubs.icar.org.in/index.php/IJAnS/article/view/19735
17. Ranjan R, Sharma A, Singh A, Bansal N. Histogenesis of thyroid gland inbuffalo.Indian Journal of Animal Sciences. 2011; 81(4): 377–379. https://epubs.icar.org.in/index.php/IJAnS/article/view/5531
18. Roediger, W. E. W. 1973. A comparative study of the normal human neonatal and thecaninethyroid C cell.J.Anat. 115(2): 255-276. 
19. Patgiri S, Rajani CV, Surjith KP, Patki HS, Leena C, Indu VR. Comparative Anatomical Studies of Adrenal Glands in Large White Yorkshire Pigs Reared at Low and High Altitudes in Kerala. Uttar Pradesh Journal of Zoology 2024; 45 (18):62-70. https://doi.org/10.56557/upjoz/2024/v45i184424.
20. Petkov P, Kanakov D and Stoyanchev V. Quantitative variations in thyroidhormones- T3and T4 in pigs of various breeds, gender and age. Trakia Journal of Veterinary Sciences2008;6(2):16-20.
�How the exact age was estimated from the slaughter house samples?


�Add the reference for the procedure.


�Volume of blood sample collected?


�The hiatological results mentioned here is lacking the differential features between the groups in respect of altitude and sex. The histological results should be revised accordingly.






