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Comparative Histological study on Mammary Gland of domestic animals


ABSTRACT
[bookmark: _GoBack]The present study was conducted on mammary gland of domestic animals to study and compare the histoarchitecture of mammary glands of different domestic animals. The tissue samples of mammary gland of 6 adult buffalo, 6 cattle, 15 sheep, 15 goats, 6 dogs and 6 pigs were collected. The present study was executed at Department of Veterinary Anatomy, College of Veterinary Science, Sri Venkateswara Veterinary University, Tirupati, Andhra Pradesh during the period of July 2020 to October 2021. The mammary gland comprised of parenchyma and stroma. The active alveoli were lined by a single layer of cuboidal epithelium covered by layer of myoepithelial cells which rested on basement membrane. The resting alveoli were lined by a layer of flattened cells. In lactating gland, number of corpora amylacea was more in alveoli and in non-lactating glands they were numerous in interstitial tissue. The number of corpora amylacea were more in buffalo and sheep followed by cattle and goat and very few in pig and dog. The duct system of mammary gland consisted of intralobular, interlobular, intralobar, interlobar and lactiferous ducts. In lactating gland, the average diameter of intralobular duct was highest in goat followed by sheep, buffalo, cattle, pig and in dog. The average diameter of interlobular duct was highest in pig followed by in goat, sheep, buffalo, cattle and dog. The average diameter of interlobar duct was highest in pig followed by goat, sheep, cattle, buffalo and dog. 
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INTRODUCTION
The mammary gland is an exocrine epithelial gland exclusive to the mammalian species that is quantitatively and qualitatively adapted to the growth requirements and behaviour of mammalian species. They repeat cycles of development, lactation and involution and the progress of lactation is characterized by major changes in the population of mammary gland secretory cells Capuco et al. (1997). During the lifetime of the animal, the mammary gland probably undergoes more and greater changes in size, structure, composition and activity than any other tissue or organ. These changes start during foetal life and continue even after the gland has reached maturity since it waxes and wanes during successive reproductive cycles Knight and Peaker (1982). 
Buffalo, is the major livestock species for milk production, contribute significantly to the economy of many countries in Asia. Improved buffalo milk production and treatment for the production diseases like mastitis could significantly enhance the economy and living standards of farmers in countries, where buffaloes predominate Shraddha et al. (2018). Milk yield and shape of lactation curve are determined by the number of mammary secretory cells and the secretory activity per cell Eitedal et al. (2009). The importance of small dairy ruminants has increased significantly during recent years, especially in developing countries, where they are an interesting and important alternative for the supply of dairy products for human consumption. Additionally, it is often considered that dairy production in developing countries is an essential tool to overcome social and economic issues such as poverty and malnutrition, particularly in infants Mc Dermott et al. (2010).The small ruminant sector plays an important role in the rural economy at the national level. They have a significant role in ensuring food and nutritional security for the families of millions of poor households Karim et al. (2010). 
The mammary gland is an excellent model for studying the progenitor cells because of repeated expansion and renewal of cells Jamie et al. (2015). It is critical to understand the modifications associated with lactation in the mammary gland in order to develop strategies to improve milk yield or reduce the effect of diseases that decrease milk production and milk quality, with particular relevance to mastitis. The present study was planned to explore the normal histoarchitecture of mammary glands of different domestic animals in view of its importance in rural economy of the small and marginal farmers. Further, this also provides information to clinicians and pathologists to understand the normal structure of the mammary glands. 

MATERIALS AND METHODS
The present study was conducted on mammary gland of domestic animals i.e., 6 adult buffalo, 6 cattle, 15 sheep, 15 goats, 6 dogs and 6 pigs. The tissue samples of mammary gland of buffalo, sheep and goat were collected immediately after their slaughter at municipal slaughter house, Proddatur and Tirupati, whereas tissue samples of pigs were collected from AICRP on pigs, Tirupati and tissue samples of dog were collected under willed animal body programme from Veterinary Clinical Complex, College of Veterinary Science, Proddatur and Tirupati. The tissue samples of cattle were collected from animals brought to department of Veterinary Pathology, College of Veterinary Science, Tirupati and Veterinary dispensaries in Chittoor district for postmortem examination. The experimental protocol was approved by IAEC vide proceeding number.
The tissue samples of mammary gland were taken at different regions of the gland. Then the tissue samples were fixed in 10 % Neutral buffered formalin and Bouin’s fluid (Singh and Sulochana, 1997). The fixed tissues were subjected to routine tissue processing and paraffin blocks and sections of 4-5 μm thickness were taken and these were stained by the following methods for histomorphological study. 
1. Standard Haematoxylin and Eosin method for the routine histological study Singh and Sulochana (1997).
1. Masson’s Trichrome method for demonstration of collagen fibres Singh and Sulochana (1997). 
1. Verhoeff’s method for elastic fibres Luna (1968).
1. Gridley´s and Wilders’s method for reticular fibres Singh and Sulochana (1997).
1. Beilschowsky method for nerve fibres Luna (1968).
MICROMETRICAL OBSERVATIONS:
	The Haematoxylin and Eosin stained sections of the mammary glands of buffalo, cattle, sheep, goat, pig and dog were used to record the micrometrical observations with the help of Filar and ocular micrometer duly calibrated with stage micrometer. The average values of all parameters were subjected to statistical analysis Snedecor and Cochran (1994).
RESULTS AND DISCUSSION:
Capsule
In the present study, the mammary gland was covered by a thick connective tissue capsule in all domestic animals i.e., buffalo, cattle, sheep, goat and pig. The thickness of capsule was mentioned in Table 1. In pig, it was thicker than the other domestic animals and consisted of large amount of adipose tissue. In this the fibers of the capsule and adipose tissue were arranged alternatively. The connective tissue septa from capsule extended into the parenchyma of the gland and divided the gland into several lobes and lobules as reported by Trautmann and Fiebtger (2002) in domestic animals, Aughey and Frye (2001) in mammals, Paul et al. (2013) in desi and crossbred cows, Naik et al. (2015) in Malnad Gidda cows, Chaurasia et al. (2016) in Murrah buffalo. Further, the septa were very thick in buffalo, cattle and sheep and they were thin in goat, pig and dog.
The capsule of mammary gland was made up of collagen, few elastic and reticular fibers. Similar observation was also reported in the capsule of goat and sheep by Modekar (2018). In sheep the collagen fibers were more dense and thicker than other domestic animals. The number of elastic fibers were more in pig, sheep and goat and their distribution was comparatively less in buffalo, cattle and dog. Further, the elastic fibers arrangement characteristically wavy in buffalo and cattle, but in pig and dog they were straight and thin. The number of reticular fibers were few in the capsule of sheep, goat and dog. Similarly, Modekar (2018) also noted few reticular fibers in capsule of sheep and goat. The reticular fibers were scarce in the capsule of buffalo, cattle and pig. Similarly, Naik et al. (2015) noted few reticular fibers in capsule of  Gidda cows of Malnad region.
Parenchyma and stroma
In the present study, the mammary gland was a compound tubuloalveolar gland as noted by Breazile (1971) in domestic animals, Bacha and Bacha (2000) in mammals, Trautmann and Fiebiger (2002) in domestic animals, Dellmann and Eurell (2006) in mammals, Atyia (2009) in small ruminants, Naik et al. (2015) in Malnad Gidda cows, Shraddha et al. (2018) in Murrah buffalo. The mammary gland comprised of parenchyma and stroma in all domestic animals i.e buffalo, cattle, sheep, goat, pig and dog.  Further, the glandular parenchyma consisted of alveoli and ducts of varying sizes and shapes as reported by Atyia (2009) in small ruminants.
In the present study, two types of alveoli were noted in the parenchyma of the mammary gland. They were active and resting alveoli, which was in accordance with the findings of Modekar (2018) in ewe and doe. The number of active alveoli were more in lactating gland. The active alveoli were lined by a single layer of cuboidal epithelium covered by layer of myoepithelial cells, which rested on basement membrane (Fig.1). This finding was corroborated with the findings of Konig and Leibich (2004) in cow, Dellmann and Eurell (2006) in mammals, Atyia (2009) in small ruminants, Naik et al. (2015) in Malnad Gidda cows, Paramasivan and Ramesh (2016) in Madras red sheep, Premanandan and Jennings (2017) in domestic animals,  Modekar (2018) in ewe and doe, Shraddha et al. (2018) in Murrah buffalo. Contrary to this, Trautmann and Fiebiger (2002) in domestic animals, Patel et al. (2007) in buffalo recorded single layered columnar epithelial cells. However, Sorenmo et al. (2011) noted low cuboidal to tall columnar epithelium around alveoli in cow and canine respectively. 
The epithelial cells showed indistinct cell boundaries with a spherical nuclei. The position of the nuclei in epithelial cells was variable. The cytoplasm of the epithelial cells was eosinophilic and vacuolated in appearance. The lumen of the active alveoli was filled with the secretory products, but few lipid droplets were also noticed. The luminal mass in some alveoli contained leukocytes particularly lymphocytes, monocytes and neutrophils, which was in agreement with the findings of Paramasivan and Ramesh (2016) in Madras red sheep. 
In the present study, the resting alveoli were lined by a layer of flattened cells, wherein the nuclei were dark, elongated in shape. Patel et al. (2007) noted flattened nuclei in regressing alveoli in buffalo. The amount of secretory material in resting alveoli was absent or very less in quantity. In non-lactating mammary gland, the amount of parenchyma was reduced, whereas interlobar stroma was more in domestic animals. The size and number of alveoli were comparatively less than the lactating mammary gland. Similar findings were also reported by Shraddha et al. (2018) in Murrah buffalo. 
In the present study, the dark basophilic structures called corpora amylacea were seen in alveoli, interalveolar connective tissue and interlobular connective tissue. In lactating gland, more number of corpora amylacea were seen in alveoli (Fig.2). Similar findings were also reported by Bacha and Bacha (2000) in mammals, Patel et al. (2007) in buffalo, Premanandan and Jennings (2017) in domestic animals, Chaurasia et al. (2019) in Murrah buffalo. Whereas,  Dellmann and Eurell (2006) noted corpora amylacea in ducts also along with alveoli and interstitial tissue in mammals.  They were concentrically laminated and had dark peripheral area and light central area in the lactating gland of all animals studied in the present study. The corpora amylacea were numerous in interstitial tissue in the non-lactating glands of all domestic animals. It was in accordance with the findings of Modekar (2018) in sheep and goat. These corpora amylacea were fragmented. However, Paramasivan and Ramesh (2016) noted corpora amylacea both in the lumen of alveoli and septal connective tissue and frequently in non-lactating mammary glands of Madras red sheep. 
In buffalo, the alveoli were mostly oval to irregularly polygonal in shape and some were roughly square in shape. In cattle, they were mostly spherical, oval and pentagonal and some were roughly triangular in shape in the present study. Paul et al. (2013) and Susanta et al. (2013) noted round or oval alveoli in desi cows and pentagonal or hexagonal in crossbred cows. Naik et al. (2015) opined that the alveoli varied from round to oval, irregularly hexagonal or pentagonal in Malnad Gidda cows. In sheep and goat, alveoli were spherical to oval in shape and some were elongated. Whereas, Cadar et al. (2012) noted polygonal alveoli in sheep. In pig, alveoli were spherical and oval to elongated in dog in the present study.
On the basis of diameter the alveoli were categorized into small, medium and large alveoli and the sizes of these alveoli of both lactating and non-lactating mammary gland were mentioned in Table 2. In lactating mammary gland the diameter of small - sized alveoli was highest in buffalo. In pig, among the three regions, the highest diameter of alveoli was found in inguinal region than abdominal and thoracic regions. This indicated that major contribution of milk is from inguinal region of mammary gland in pig. In non-lactating mammary gland, the diameter of three types of alveoli was less when compared to the lactating gland in all domestic animals in the present study. Further, the number of lining epithelial cells were mentioned in Table 3. In non-lactating gland, the number of cells were reduced to half when compared to the lactating gland. These findings suggested that the cells of alveoli in non-lactating mammary gland undergoes regression.
The duct system of mammary gland consisted of intralobular, interlobular, intralobar, interlobar and lactiferous ducts in all domestic animals studied as observed by Naik et al. (2015) in lactating Malnad Gidda cows. The alveoli emptied into intralobular ducts and they converged to form interlobular duct, which drained lobules and opened into intralobar duct. The intralobar ducts converged to form interlobar duct and they united to form a large lactiferous duct. Similarly, Konig and Leibeich (2004) in cow and Premanandan and Jennings (2017) in domestic animals reported formation of lactiferous ducts in mammary gland as observed in the present study.
The intralobular and interlobular ducts were lined by single layer of simple cuboidal epithelium and surrounded by myoepithelial cells. Similar findings were reported by Dellmann and Eurell (2006) in mammals noted that the intralobular duct was lined by simple cuboidal epithelium and interlobular ducts were lined proximally by a simple cuboidal epithelium and more distally by two layers of cuboidal cells. 
The interlobular ducts were surrounded by connective tissue consisted of blood vessels and nerves. Interlobar ducts and lactiferous ducts were lined by double layered cuboidal epithelium. Naik et al. (2015) also reported double layered cuboidal epithelium in lactiferous ducts of lactating Malnad Gidda cows. Whereas, Panchal and Vyas (2006) noted that lactiferous ducts were lined by double layered epithelium with upper tall columnar and basal cuboidal cells in buffalo. The lamina propria of all these ducts consisted of connective tissue fibres made up of collagen, elastic and numerous smooth muscle fibres, few reticular fibres and fine blood capillaries. Whereas, the lamina propria of lactiferous ducts was thick and consisted of large number of collagen and reticular fibers. The average diameters of intralobular ducts (Table 4), interlobular ducts (Table 5) and interlobar ducts (Table 6) were studied in the present study.
In the present study, the adipose tissue was distributed along the septa in buffalo, cattle, sheep and goat. Further, large amount of adipose tissue was seen in between the alveoli and along the interalveolar septa in pig (Fig.3).
In mammary gland of all domestic animals, stroma consisted of collagen, reticular, elastic fibers and bundles of nerve fibers as observed by Chaurasia et al. (2016) in buffalo. But collagen fibers were predominant in interlobar and interlobular stroma and also fine network of collagen fibers were also noticed in the interalveolar space. But Naik et al. (2015) reported that in lactating Malnad Gidda cows, the interalveolar septa consisted of collagen, elastic and reticular fibres, fibroblasts and smooth muscles. In non-lactating gland, collagen fibers in the interalveolar stroma were more, when compared to lactating gland in the present study. The collagen fibers were more thick and dense in sheep, buffalo and pig and they were less thick in cattle, goat and dog. 
The stroma of the mammary gland showed large number of elastic fibers in the interlobar connective tissue septa, around the blood vessels and around the different ducts. Further, in cattle and buffalo elastic fibers were noticed in the tunica mucosa of the larger ducts and they showed wavy pattern (Fig.4). In the present study, in sheep and goat and dog, elastic fibers were less in number in the mucosa and around the duct. But in pig, comparatively the elastic fibers were more in number in the connective tissue surrounding the ducts and they were straight. But their number was almost negligible in the mucosa of the duct. The fine network of reticular fibers were noticed around the alveoli of the mammary gland and their distribution and number was moderate in the mammary gland of buffalo and cattle.  In dog, the reticular fibers were more distinct and their density was also high like in sheep and goat (Fig.5). Whereas, in pig mammary gland, the number of reticular fibers was comparatively scarce when compared to other domestic animals. 
In mammary gland the density of nerve fibers was more around the alveoli and also high in interlobular connective tissue septa and ducts of mammary gland in buffalo and cattle. In sheep and goat also, large number of nerve fibers were noted around the alveoli and ducts (Fig.6). Further, in dog, the fine and conspicuous network of nerve fibers were noticed around the alveoli but their presence was comparatively less in connective tissue and stroma of the mammary gland. 
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Fig. 1 Photomicrograph of lactating mammary gland of sheep showing active alveoli (A) with cuboidal epithelium (EC) and myoepithelial cell (ME).
	Haematoxylin and Eosin method x 400
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Fig. 2 Photomicrograph of mammary gland of buffalo showing corpora amylacea (CA) in the alveoli (A).
	Haematoxylin and Eosin method x 400
	LD - Lipid droplet
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Fig. 3	Photomicrograph of mammary gland of pig showing adipose tissue (AT) in between alveoli (A).
	Haematoxylin and Eosin method x 40
        S    - Septa
                      BV - Blood vessel
[image: C:\Users\HP\Desktop\Articles - 2024\pics - histol\Fig 4.JPG]

Fig. 4	Photomicrograph of mammary gland of buffalo showing elastic fibers (EF) in the interlobar septa (ILS).
	Verhoeff’s method x 400
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Fig. 5	Photomicrograph of mammary gland of dog showing reticular fibers (RF) around the alveoli (A).
	Wilder’s method x 400
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Fig. 6	Photomicrograph of mammary gland of goat showing nerve fibers (NF) around the alveoli (A).
	Beilschowsky method x 400

Table. 1 	Showing the average thickness of capsule (mean ± SE) of mammary gland in different domestic animals. 
	S.No.
	Species
	Thickness of capsule (µm)

	1.
	Buffalo
	294.25 ± 0.60

	2.
	Cattle
	277.32 ±4.72

	3.
	Sheep
	215.62 ±7.35

	4.
	Goat
	232 ± 5.68

	5.
	Pig
	335 ± 0.28

	6.
	Dog
	95.38 ± 0.27



Table. 2 	Showing the average diameter of alveoli (mean ± SE) in lactating and non- lactating mammary glands.
	
	
	     Lactating mammary gland 
	 Non-Lactating mammary gland

	S. No
	Species
	Small Alveoli (µm)
	Medium Alveoli (µm)
	Large Alveoli (µm)
	Small Alveoli (µm)
	Medium Alveoli (µm)
	Large Alveoli (µm)

	1.
	Buffalo
	55.91± 3.19
	95.87± 4.03
	149.50± 7.49
	25.39± 1.34
	42.95± 1.67
	63.71± 3.02

	2.
	Cattle
	51.66± 2.79
	86.75± 3.55
	115.53± 5.30
	27.64± 1.68
	37.64± 0.89
	71.56± 2.08

	3.
	Sheep
	31.26± 1.45
	53.69± 2.32
	101.54± 2.8
	19.37± 1.04
	32.26± 1.17
	61.28± 3.34

	4.
	Goat
	32.07± 1.14
	69.32± 5.23
	125.06± 7.08
	26.14± 1.20
	33.38± 4.45
	68.94± 2.68

	5.
	Pig  Thoracic region
	40.08± 1.53
	54.18± 1.87
	69.49± 2.49
	20.0 ± 2.64
	20.71± 1.67
	30.16± 1.78

	6.
	Pig  Abdominal region
	41.38± 1.48
	54.67± 1.46
	71.68± 1.92
	20.18± 1.89
	22.86± 1.64
	32.64± 1.81

	7.
	Pig  Inguinal region
	44.50± 1.87
	56.89± 2.06
	72.06± 1.33
	24.86± 2.64
	34.84± 2.70
	35.78± 2.32

	8.
	Dog
	24.86± 1.79
	33.72± 1.68
	40.14± 2.43
	14.89± 1.86
	17.84± 1.85
	21.86± 2.68



Table. 3 	Showing the average number of cells per alveoli in lactating and non- lactating mammary glands.
	
	
	Lactating mammary gland
	Non- Lactating mammary gland

	S.No.
	Species
	Small Alveoli
	Medium Alveoli
	Large Alveoli
	Small Alveoli
	Medium Alveoli
	Large Alveoli

	1.
	Buffalo
	15 - 18
	22 - 25
	30 - 33
	9 - 11
	15 - 18
	28 -30

	2.
	Cattle
	11 -15
	19 - 20
	31 - 35
	8 - 10
	15 - 17
	29 -30

	3.
	Sheep
	8 - 10
	12 - 15
	24 - 27
	6 – 8
	10 - 12
	18 - 20

	4.
	Goat
	13 
	16 - 20
	28 - 30
	9 - 11
	10 - 14
	25 - 27

	5.
	Pig  Thoracic region
	12 - 15
	12 - 15
	30 - 32
	9 -10
	12 - 15
	20 -22

	6.
	Pig  Abdominal region
	15 - 18
	15 - 18
	30 - 32
	8 - 10
	13 - 15
	20 -22

	7.
	Pig  Inguinal region
	20 - 22
	20 - 21
	30 - 35
	9 - 10
	13 - 15
	25 - 30

	8.
	Dog
	10
	17 - 20
	24 - 28
	5 – 6
	10 - 11
	15 - 20



Table. 4 	Showing the average diameter of Intralobular duct (mean ± SE) in lactating and non- lactating mammary glands.
	S.No.
	Species
	Lactating mammary gland (µm)
	Non-Lactating mammary gland (µm)

	1.
	Buffalo
	42.79 ± 4.28
	34.88 ± 1.29

	2.
	Cattle
	36.96 ± 1.61
	21.68 ± 1.74

	3.
	Sheep
	46.42 ± 10.27
	24.38 ± 1.04

	4.
	Goat
	57.68 ± 6.82
	36.22 ± 1.49

	5.
	Pig Thoracic region
	50.29 ± 0.83
	20.62 ± 4.89

	6.
	Pig Abdominal region
	53.86 ± 1.23
	24.68 ± 3.64

	7.
	Pig Inguinal region
	53.49 ± 1.16
	32.68 ± 1.60

	8.
	Dog
	53.49 ± 1.16
	26.72 ± 2.64



Table. 5 	Showing the average diameter of Interlobular duct (mean ± SE) in lactating and non- lactating mammary glands.
	S.No.
	Species
	Lactating mammary gland (µm)
	Non-Lactating mammary gland (µm)

	1.
	Buffalo
	[bookmark: _Hlk84458882]62.23 ± 4.84
	48.46 ± 4.64

	2.
	Cattle
	[bookmark: _Hlk84458925]44.74 ± 5.45
	29.17 ± 2.34

	3.
	Sheep
	[bookmark: _Hlk84458869]77.98 ± 3.50
	27.61 ± 1.30

	4.
	Goat
	[bookmark: _Hlk84458849]79.47 ± 2.91
	37.63 ± 2.69

	5.
	Pig Thoracic region
	[bookmark: _Hlk84458827]107.85 ± 15.60
	68.89 ± 1.44

	6.
	Pig Abdominal region
	[bookmark: _Hlk84458805]119.68 ± 6.35
	75.64 ± 2.68

	7.
	Pig Inguinal region
	[bookmark: _Hlk84458779]121.85 ± 10.34
	81.23 ± 1.14

	8.
	Dog
	[bookmark: _Hlk84458940]64.85  ± 8.34
	38.14 ± 1.89


Table. 6 	Showing the average diameter of Interlobar duct (mean ± SE) in lactating and non- lactating mammary glands.
	S.No.
	Species
	Lactating mammary gland (µm)
	Non-Lactating mammary gland (µm)

	1.
	Buffalo
	[bookmark: _Hlk84459063]117.07 ± 12.25
	81.36 ± 5.33

	2.
	Cattle
	[bookmark: _Hlk84459052]113.79 ± 17.16
	80.28 ± 4.69

	3.
	Sheep
	[bookmark: _Hlk84459040]145.65 ± 23.76
	63.26 ± 2.04

	4.
	Goat
	[bookmark: _Hlk84459027]148.04 ± 19.87
	64.18 ± 3.62

	5.
	Pig  Thoracic region
	[bookmark: _Hlk84459009]379.05 ± 8.35
	110.68 ± 10.68

	6.
	Pig  Abdominal region
	[bookmark: _Hlk84458991]395.68 ± 10.64
	122.82 ± 14.87

	7.
	Pig  Inguinal region
	[bookmark: _Hlk84458973]553.56 ± 16.56
	164.68 ± 7.83

	8.
	Dog
	[bookmark: _Hlk84459078]95.56 ± 6.56
	42.68 ± 7.83
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