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Abstract 

 The micro morphological observation 

was carried out on mammary glands to 

describe the distribution pattern during 

different physiological status viz. prepubertal, 

pubertal, pregnant, lactating and dry with 6 

animals in each group. The myoepithelial cells 

appeared as angular or flat cells with their 

nuclei placed between the lining epithelial 

cells and the basement membrane of the 

alveoli. The body was broad with many 

processes extended along the course of the 

duct. Few of them were pyramidal or 

prismatic in shape and wedged inbetween the 

lining epithelial cells and the basement 

membrane. The cytoplasmic processes of 

myoepithelial cells extended around the ducts, 

alveolar buds and also interdigitated between 

the basal surfaces of the epithelial cells. 

Myoepithelial cells were seen around all 

segments of the ducts in the prepubertal and 

pubertal mammary glands, and the alveoli of 

pregnant and lactating mammary glands. In 

the ducts and alveoli, the alkaline phosphatase 

positive myoepithelial cells formed a dark 

band around the lining epithelial cells. Under 

electron microscope, the myofilaments were 

arranged and oriented parallel with the long 

axis of the cell. The myoepithelial cells had 

abundant organelles such as mitochondria and 

rough endoplasmic reticulum during lactation. 

Numerous pinocytotic vesicles were situated 

mainly at the periphery of the cells. During 

dry period, the myoepithelial cells decreased 

markedly in size with condensed cytoplasm 

around the nucleus and only few cytoplasmic 

processes were present.  
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Introduction 

 The mammary parenchyma 

constitutes the epithelial and myoepithelial 

cells which are separated by the basement 

membrane from the surrounding 

connective tissue and mesenchymal cells. 

The mammary gland is a cutaneous gland, 

histologically, in the more advanced 

mammals it is a compound tubuloalveolar 

type that originates from the ectoderm. 

The gland composed of epithelium, 

adipose tissue and connective tissue 

stroma which are invested with blood 

vessels, nerves, smooth muscle fibers, 

lymph nodes and lymphatics. 

 Mammogenesis is most often 

assumed to occur during pregnancy. 

During pregnancy and lactation, the 

growth and development of mammary 

glands are extensive and controlled mainly 

by pituitary and ovarian hormones (Erb, 

1977). However, mammary development 

begins from the foetal stage and proceeds 

even beyond initiation of lactation. The 
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hormones involved in the co-ordination of 

the development of the mammary gland 

with that of the other parts of the 

reproductive system are the hormones of 

the adenohypophysis, placenta and the 

steroid hormones produced in the ovaries, 

testes, adrenal cortex and placenta.  

 Earlier studies on growth and 

development of mammary gland have been 

centered only on pregnant and lactating 

animals. Earlier works reported are 

available on histological and histochemical 

features of myoepithelial cells in rats 

(Warburton et al., 1982). The literature on 

the distribution of myoepithelial cells in 

the mammary gland in bovines and ovines 

is limited. Therefore, the present study was 

focused to record the histology and 

distribution of myoepithelial cells of 

mammary glands during various 

physiological status in sheep.  
 

Materials and methods 

 A total of 30 Madras red ewes of 

different age groups were included in the 

current study. The ewes used were divided 

into five age groups viz. prepubertal, (4 to 

6 months), pubertal (7 to 18 months), 

pregnant (1.5 years to 2.5 years), lactating 

(2 to 4 years) and dry (4 to 8 years) with 6 

animals in each group.  
 

Light microscopy 

 The tissue samples collected from 

mammary glands of all these animals were 

fixed in various standard fixatives viz., 

10% neutral buffered formalin, Zenker’s 

fluid, Carnoy’s fluid and Bouin’s fluid. All 

tissues collected as above were processed 

by routine Alcohol-Benzene schedule and 

paraffin blocks were cut at 5-7/m 

thickness for histological study.  

 The sections were stained with 

standard Haematoxylin and Eosin, 

Masson’s trichrome method for collagen 

and muscle fibres, Verhoeff’s method for 

elastic fibres, Phosphotungstic acid 

haematoxylin (PTAH) method for 

myoepithelial cells, Periodic acid Schiff 

(PAS) technique for mucopolysaccharides, 

Mercury-Bromophenol blue method for 

basic proteins, Gomori’s calcium method 

for alkaline phosphatase activity for 

myoepithelial cells, Gomori’s lead method 

for acid phosphatase activity, Von Kossa 

method for calcium, Oil red ‘O’ in 

propylene glycol for lipids (Bancroft and 

Gamble, 2003).  
 

Transmission electron microscopy (TEM) 

 Tissue pieces from mammary 

gland were cut into 1-2 millimeter 

thickness and fixed in 2.5% 

Gluteraldehyde in 0.05 M phosphate 

buffer (pH 7.2) for 24 hours at 4oC. The 

tissues were washed in sodium cacodylate 

buffer for 30 minutes and post fixed in 1% 

aqueous Osmium tetroxide for 2 hours at 

4oC. The samples were washed in sodium 

cacodylate buffers two times for 15 

minutes each. After the post fixation, the 

samples were dehydrated in a series of 

graded acetone, infiltrated and embedded 

in Spurr’s resin.  

 Semi thin sections of 200-300 nm 

thickness and ultra thin sections, 50-70 nm 

thick were cut with a glass knife on a 

Leica Ultracut UCT-GA-D/E-1/00 ultra 

microtome. The semi thin sections were 

stained with toluidine blue. The ultra thin 

sections were mounted on grids and 
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stained with saturated aqueous uranyl 

acetate and counter stained with 4% lead 

citrate (Bozzola and Russell, 1998).  
 

Results and discussion 

 The mammary parenchyma in 

prepubertal sheep was rudimentary and 

consisted of poorly defined lobes. These 

comprised of branching ducts surrounded 

by connective tissue and as fat pad. The 

ductules and alveolar buds are lined by a 

stratified columnar or cuboidal epithelium 

that is surrounded by a single layer of 

myoepithelial cells. A basement membrane 

separates the ductular system from the 

surrounding stroma.  

 The development of lobules and 

further branching of ducts were seen 

during the pubertal mammary glands. The 

primary ducts were small which branched 

further into secondary and tertiary ducts 

that terminated in end buds. The primary 

ducts were lined by a multilayered 

epithelium and had very narrow lumina.  

The secondary and tertiary ducts were 

lined by single or double layered 

epithelium.  

 The myoepithelial cells appeared 

as angular or flat cells with their nuclei 

placed between the lining epithelial cells 

and the basement membrane of the ducts 

(Fig.1) or alveoli. Similar findings was by 

Silver (1954) who stated that the 

myoepithelial cells surrounded the 

mammary alveoli in sheep were stellate in 

shape. These were demonstrated best after 

staining for alkaline phosphatase which 

was confirmed by Bomhard and Kappes 

(1976) in canines. The body was broad 

with many processes extended along the 

course of the duct. 

 
Fig.1 Mammary gland of pubertal 

sheep showing the ducts lined by 
2-3 layers of cells and a narrow 
lumen (L). The cells are in active 
mitotic phase as evidenced by 
their indented nuclei. Myoepithelial 
cell (ME) lines the epithelial cells.  

TEM x 2000 
 
 Few of them were pyramidal or 

prismatic in shape and wedged inbetween 

the lining epithelial cells and the basement 

membrane. The cytoplasmic processes of 

myoepithelial cells extended around both 

ducts and alveolar buds when both 

structures were sectioned across or along 

the tubular axis. In transverse sections of 

the ducts, myoepithelial cells interdigitated 

between the basal surfaces of the epithelial 

cells as identified in mammary gland of 

rats (Warburton et al., 1982).  

 The sproutings of the intralobular 

ducts were seen to form distinct alveoli in 

pregnant mammary glands in sheep. They 

were mostly luminated and lined by 

cuboidal cells with strongly basophilic 

nuclei. Myoepithelial cells were seen 

around all segments of the ducts in the 

prepubertal and pubertal mammary glands, 

and the alveoli of pregnant and lactating 

mammary glands. The number of 

myoepithelial cells was more and 

continuous around the ducts and alveoli in 

pregnant age groups. This is in accordance 
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with the findings of Sulochana (1983) who 

also noticed the myoepithelial cells 

increased in number consistently and 

considerably at 150 days of gestation in 

sheep.  

 During pregnancy and lactation, 

there is a marked increase in the rate of 

proliferation of epithelial cells in the 

alveolar bud regions, resulting in large 

clusters of alveoli surrounded by strands of 

connective tissue. The epithelial cells in 

the alveoli were distended by the presence 

of secretory vacuoles.  

 In lactating glands, myoepithelial 

cells (Fig.2) dispersed around the secretory  

 

 
Fig.2  Mammary gland in pregnant 

sheep showing alveoli (A) with 
wide lumen filled with acidophilic 
secretions. The epithelial cells 
filled with fat droplets in the 
cytoplasm. Myoepithelial cells 
(arrow).                    H&E x 630 

 
alveoli and there were apparently large 

gaps between cells. The cytoplasmic 

processes of myoepithelial cells form a 

discontinuous layer between the 

epithelium and the basement membrane. 

This may be due to the expansion of the 

alveoli occurring at a faster rate than the 

proliferation of myoepithelial cells, 

resulting in the breaking of intercellular 

contacts between adjacent myoepithelial 

cells. 

 The myoepithelial cells were PAS 

positive and showed affinity for the 

substrates of the alkaline phosphatase but 

negative for acid phosphatase activity. 

Bomhard and Kappes (1976) in dogs, 

Katiyar (1982) in buffalo and Lenhardt et 

al. (1994) in dairy cows, also demonstrated 

the myoepithelial cells with histochemical 

staining method for alkaline phosphatase. 

In the ducts and alveoli, these alkaline 

phosphatase positive cells (Fig.3) formed a  

 
 

 
Fig.3  Mammary gland in lactating 

sheep showing strong reaction for 
alkaline phosphatase in the 
alveolar epithelium (A). The 
myoepithelial cells (arrow) 
bordering the alveoli show positive 
reaction. Gomori’s Alkaline 
Phosphatase x 630. 

 
dark band around the lining epithelial 

cells. Mild to moderate Oil red ‘O’ 

staining was also observed in their 

cytoplasmic processes. 

 Under electron microscope, the 

main identifying feature of myoepithelial 

cell was the presence of numerous 

myofilaments in the cytoplasm (Fig.4).  

 The myofilaments were arranged 

and oriented parallel with the long axis of 

the cell. This is in agreement with Pulley 
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(1973) who stated that the main 

identifying ultrastructural feature for 

myoepithelial cells was the filaments in 

the cytoplasm.  
 

 
Fig.4  Mammary gland in pregnant 

sheep showing the myoepithelial 
cell (ME) separated from 
fibroblast (F) by basement 
membrane (BM).     TEM x 30000 

 

 The myoepithelial cells were 

located between the luminal epithelial cells 

and the basement membrane and were 

linked to the epithelial cells and with one 

another by desmosomes. The organelles 

were located mainly around the nucleus, 

with most of them on the epithelial side of 

the nucleus. The mitochondria were 

moderate in number, usually fewer than 

that of the epithelial cells. The elongated 

or oval nucleus had characteristic 

indentations. Hollmann (1974) concluded 

that the myoepithelial cells had no 

secretory activity in the mammary gland of 

sheep. However, they had abundant 

organelles such as mitochondria and rough 

endoplasmic reticulum during lactation. 

Numerous pinocytotic vesicles were 

situated mainly at the periphery of the 

cells.  

 During dry period, the 

myoepithelial cells decreased markedly in 

size with condensed cytoplasm around the 

nucleus but a few cytoplasmic processes 

were still present. There were fewer 

myofilaments than previously and there 

were only occasional mitochondria and 

some pinocytotic vesicles. Apoptosis of 

myoepithelial cells was never observed in 

any of the stages studied. The current 

observations is in correlation with the 

findings of Tatarczuch et al. (1997) in the 

involuting mammary glands of sheep. 
 

Summary 

 The current study on the mammary 

gland of Madras red sheep revealed that the 

Myoepithelial cells appeared as angular or 

flat cells with their nuclei placed between 

the lining epithelial cells and the basement 

membrane of the ducts and alveoli. These 

were demonstrated best after staining for 

alkaline phosphatase. The cytoplasmic 

processes of myoepithelial cells extended 

around both ducts and alveolar buds. 

Myoepithelial cells were seen around all 

segments of the ducts in the prepubertal and 

pubertal mammary glands, and the alveoli 

of pregnant and lactating mammary glands. 

These cells were found even in the 

regressing alveoli and duct in the dry 

mammary gland. In lactating glands, 

myoepithelial cells dispersed around the 

secretory alveoli and there were apparently 

large gaps between cells. The myoepithelial 

cells were PAS positive and showed affinity 

for the substrates of the alkaline 

phosphatase but negative for acid 

phosphatase activity. In the ducts and 

alveoli, these alkaline phosphatase positive 

cells formed a dark band around the lining 
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epithelial cells. Under electron microscope, 

the main identifying feature of 

myoepithelial cell was the presence of 

numerous myofilaments in the cytoplasm. 

The myofilaments were arranged and 

oriented parallel with the long axis of the 

cell. During dry period, the myoepithelial 

cells decreased markedly in size with 

condensed cytoplasm around the nucleus 

but a few cytoplasmic processes were still 

present. There were fewer myofilaments 

than previously and there were only 

occasional mitochondria and some 

pinocytotic vesicles.  
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