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Abstract 

 The micromorphological study was 

carried out on the ductular system of 

mammary glands during different age groups 

viz. prepubertal, pubertal, pregnant, lactating 

and dry with 6 animals in each group. The 

interlobar ducts branched off in all directions 

from the gland cistern and supported by thick 

interlobar connective tissue in prepubertal and 

pubertal age groups of sheep. Near their 

emergence from the cistern these were lined by 

a pseudostratified columnar epithelium which 

changed later into the stratified cuboidal or 

stratified columnar epithelium but showed 

stratified cuboidal epithelium with 2-3 cell 

layers in lactating mammary glands. The 

interlobular ducts of mammary glands 

branched out from the interlobar ducts and 

ran through the interlobular connective tissue. 

They were clearly defined, well luminated and 

were lined with a simple tall columnar 

epithelium or stratified columnar epithelium 

resting on a PAS positive basal lamina in the 

pregnant sheep. The lining epithelium of the 

intralobular ducts became simple cuboidal in 

the glands of lactating age groups. The 

epithelial height of intralobular ducts was 

highest (27.40 ± 1.66 µm) in pubertal, and 

significantly decreased to lowest (14.20 ± 0.77 

µm) in lactating mammary glands. The 

intraluminal secretions in these ducts showed 

strong reactions for Schiff’s reagent and 

alkaline phosphatase but showed weak 

reaction for acid phosphatase. The dry or 

involuting mammary gland showed negative 

reaction for acid mucopolysaccharides and 

calcium. Myoepithelial cells were seen around 

all segments of the ducts in the prepubertal 

and pubertal mammary glands, and distinct 

around the alveoli of pregnant and lactating 

mammary glands. 

Key words: Mammary, Duct, Morphology, Sheep 

 

Introduction 

 The mammary gland is a cutaneous 

gland, histologically, in the more advanced 

mammals it is a compound tubuloalveolar 

type that originates from the ectoderm. 

Mammogenesis is most often assumed to 

occur in the mammary glands 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 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 
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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. Reports are available on 

histological and histochemical features of 

bovine and buffalo mammary glands 

(Uppal et al., 1994). The literature on the 

histomorphology of the ductular system in 

mammary gland during prepubertal, 

pubertal and dry animals is supposedly 

limited. Therefore, the present study was 

focused to record the micromorphology of 

the ductular system of mammary glands 

during different age groups of Madras red 

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. 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, 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).  

 The micrometrical observations 

like epithelial height of interlobar duct, 

interlobular duct and alveoli were recorded 

(Table.1) for mammary glands of all age 

groups. The observations were subjected 

to statistical analysis and tabulated as per 

the procedures of Snedecor and Cochran 

(1994).  

Table 1: Micrometrical Parameters of 

Mammary Gland in Different Age 

Groups of Sheep 

Parameters 

(µM) 
Prepubertal Pubertal Pregnant Lactating Dry 

Epithelial 

height of 

interlobular 

ducts 

23.94
c
 ± 

2.39
 

18.58
b

 ± 

0.73
 

18.35
b
 ± 

0.89
 

11.04
a
 ± 

0.57
 

16.01
b

 ± 

1.46
 

Epithelial 

height of 

intralobular 

ducts 

 

25.55
b
 ± 

1.42
 

27.40
b

 ± 

1.66
 

16.03
a
 ± 

0.73
 

14.20
a
 ± 

0.77
 

16.22
a
 ± 

0.94
 

Epithelial 

height of 

alveoli 

--- --- 
13.28

b
 ± 

0.51
 

7.89
a
 ± 

0.50
 

12.32
b

 ± 

0.55
 

 

(Mean ± S.E.) All means vary significantly 

(P<0.01). Means bearing common superscript 

did not differ significantly (P>0.05) 
 

Results and Discussion 

 The connective tissue septa 

branched from capsule and grown deeper 

and penetrated the adipose tissue which 
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was evident in prepubertal and pubertal 

age groups of sheep. The adipose tissue 

was abundant and surrounded the small 

groups of ducts along with collagen fibres.  

 The interlobar ducts branched off 

in all directions from the gland cistern was 

clearly noticed in these mammary glands 

(Fig.1). May (1970) also stated that the  

 

 
Fig.1  Mammary gland in prepubertal 

sheep showing the development of 
ducts system with its epithelial 
buds (E) extending from gland 
cistern surrounded by connective 
tissue stroma (C) and adipose 
tissue (F).                   H&E x 100 

 

milk collecting ducts in sheep originated at 

the glandular alveoli and meet each other 

to open finally into the large gland cistern.  

The interlobar connective tissue 

invested the larger ducts and showed thick 

walled arteries, veins and lymphatics in the 

mammary gland of prepubertal animal. 

The number and diameter of these blood 

vessels increased gradually in pubertal, 

pregnant and lactating mammary glands. 

The ducts branched and followed the 

connective tissue to expand the area of 

ductular system in these age groups of 

sheep. However, the connective tissue 

became reduced and lobuloalveolar tissue 

was predominantly increased in the 

mammary glands of pregnant and lactating 

sheep. 

 Near their emergence from the 

cistern, interlobar ducts were lined by a 

pseudostratified columnar epithelium 

which changed later into the stratified 

cuboidal or stratified columnar epithelium 

(Fig.2).  

 

 
Fig.2  Mammary gland of pubertal 

sheep showing the ducts lined by 
multilayered epithelium with 
narrow lumen. Myoepithelial cells 
(arrow) are seen on the periphery 
of the ducts.                H&E x 630 

 
 These observations are similar to 

the descriptions given on the duct 

epithelium of various animals by number 

of authors (Bhatia and Sahai, 1979 and 

Sulochana, 1983). However, Schmidt 

(1971) reported that the ducts are lined by 

simple low columnar epithelium. The 

basement membrane was distinct and 

strongly PAS positive.  Their lumen 

contained homogenous basophilic PAS 

positive masses. The interlobar ducts were 

covered by the thick interlobar connective 

tissue in prepubertal and pubertal 

mammary glands.  

The interlobar ducts of lactating 

mammary gland showed stratified 

cuboidal epithelium with 2-3 cell layers. 
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The ducts were surrounded by connective 

tissue of varying thickness. The epithelium 

lining the interlobar ducts were more 

pronounced with mucosal folds dipping 

into the lamina propria appeared as 

accessory glands. These structures were 

more frequent in the lactating mammary 

glands. The lining cells showed highly 

PAS reactive and aldehyde fuchsin 

positive cytoplasm.  

 The interlobular ducts of mammary 

glands branched out from the interlobar 

ducts and ran through the interlobular 

connective tissue. They were clearly 

defined and well luminated and the 

development of alveoli was distinct in 

mammary glands of pregnant sheep. The 

mammary parenchyma at this stage of 

development consisted of proliferating 

ducts and solid rounded alveolar buds with 

considerable lumen. These ducts were 

lined with a simple tall columnar 

epithelium or stratified columnar 

epithelium resting on a PAS positive basal 

lamina. This is in corroboration with the 

findings of Bhatia and Sahai (1979) 

described that the larger intralobular and 

interlobular ducts of the mammary gland 

in buffaloes were lined with stratified 

cuboidal epithelium. However, Calhoun 

and Stinson (1981) also described that the 

interlobular and large lactiferous ducts had 

an epithelium composed of two layers of 

flattened cuboidal cells. 

 The cytoplasm of the epithelial 

cells during pregnancy appeared strongly 

acidophilic. The lumina of ducts contained 

several fragmented and cast off cells and 

some eosinophilic mass of secretion. The 

epithelial height of the interlobular ducts 

ranged between 11.04 ± 0.57 µm in 

lactating animals and 23.94 ± 2.39 µm in 

prepubertal animals. 

 The intralobular ducts were found 

smaller and luminated with a single layer of 

low columnar cells in the pubertal mammary 

glands. Similar findings were reported by 

Calhoun and Stinson (1981) who described 

that the intralobular ducts were lined with a 

non-secretory simple cuboidal epithelium in 

ruminants. The basal lamina was very 

prominent and was formed of basophilic and 

reticular materials. Few clear type of cells 

between the basal lamina and columnar cells 

showed many mitotic figures and were 

binucleated. The intralobular ducts were 

surrounded by filamentous processes of the 

myoepithelial cells.  The lining epithelium of 

the intralobular ducts was columnar with 

rounded nuclei during pregnant periods and 

became simple cuboidal in the glands of 

lactating age groups (Fig.3).  

 

 
Fig.3  Mammary gland of lactating 

sheep showing glandular alveoli 
filled with secretions in their 
lumen. A longitudinal section of 
intralobular duct (arrow) is seen 
at the centre of the lobule.  
Masson’s Trichrome x 100 

  
 The epithelial height of intralobular 

ducts varied significantly in the mammary 
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glands of different age groups of sheep. It 

was highest (27.40 ± 1.66 µm) in pubertal, 

and significantly decreased to lowest (14.20 ± 

0.77 µm) in lactating mammary glands.  

The myoepithelial cells were seen 

around all segments of the ducts in the 

prepubertal and pubertal mammary glands 

(Fig.2), 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. 

 The intraluminal secretions in these 

ducts showed strong reactions for Schiff’s 

reagent and alkaline phosphatase but 

showed weak reaction for acid 

phosphatase. The dry or involuting 

mammary gland showed negative reaction 

for acid mucopolysaccharides and calcium, 

but moderate to intense reaction for acid 

phosphatase was noticed in the epithelium 

of ductular system which may be due to 

regression of secretory alveoli in adult 

goat (Li et al., 1999). 

 The alveoli and ductular system of 

pregnant and lactating mammary gland 

showed mild reaction for neutral lipids with 

oil red ‘O’ method as has been described by 

Sulochana (1983). The author further stated 

that the neutral lipids are scarcely fond in 

the epithelia of the cistern and larger ducts. 

In the current study, the intraluminal 

contents and secretions of alveoli and ducts 

were especially rich in neutral lipid content, 

particularly in the pregnant animals when 

the active lactogenesis sets in. 

 The alveoli and ducts in the 

mammary glands of dry animals showed 

degenerative changes and lost their shape. 

The lumen became obliterated in the alveoli 

and in the ducts (Fig.4). In the mammary  

 
Fig.4 Mammary gland of sheep during 

dry period showing the 
degenerating alveolar and 
ductular epithelium (D) and 
increase in connective tissue 
stroma (C) with formation of 
interstitial corpora amylacea 
(CA).                       H&E x 630 

 

glands of dry sheep, the connective tissue 

fibres increased due to the involutionary 

effect. Infiltration of round mononuclear 

cells was seen in the connective tissue 

stroma of the dry mammary gland. These 

mononuclear cells either occurred randomly 

dispersed or in small patches or clusters. The 

lumen of the alveoli and ducts were also 

infiltrated with these cells.  
 

Summary 

 The current study on the mammary 

gland of Madras red sheep revealed that 

the ductular system branched off in all 

directions from the gland cistern during 

prepubertal and pubertal age group. The 

interlobar connective tissue invested the 

larger ducts. However, the connective 

tissue became reduced and lobuloalveolar 

tissue was predominantly increased in the 

mammary glands of pregnant and lactating 

sheep. The interlobar ducts were lined by a 

pseudostratified columnar epithelium 

which changed later into the stratified 

cuboidal or stratified columnar epithelium. 
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The interlobular ducts of mammary glands 

branched out from the interlobar ducts and 

ran through the interlobular connective 

tissue. The mammary parenchyma at this 

stage of development consisted of 

proliferating ducts and solid rounded 

alveolar buds with considerable lumen. 

These ducts were lined with a simple tall 

columnar epithelium or stratified columnar 

epithelium resting on a PAS positive basal 

lamina. The epithelial height of the 

interlobular ducts ranged between 11.04 ± 

0.57 µm in lactating animals and 23.94 ± 

2.39 µm in prepubertal animals. 

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 current study, the 

intraluminal contents and secretions of 

alveoli and ducts were especially rich in 

neutral lipid content, particularly in the 

pregnant animals when the active 

lactogenesis sets in. 
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