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Transmission Electron Microscopic Analysis of Smooth 

Endoplasmic Reticulum of Mammary Secretory Cells in 

Rabbits during Lactation and Regression Stages 
 

Svatoslav Hluchy 

 

Robert Toman  

 

 

Abstract 

 

The aim of the research was to describe and analyze changes of smooth 

endoplasmic reticulum (SER) of mammary epithelial secretory cells in rabbits 

during lactation and regression stages. Typical short tubules, thinned cisternae 

and elliptical vesicles without ribosomes were found in the middle and apical 

parts of cells during lactation stage. The average relative volume of SER 

reaches 0.439 % of cytoplasm volume. Negative correlations were calculated 

with the relative volume of granular endoplasmic reticulum (GER), 

mitochondria and lipid droplets. The relative surface of SER reaches 0.09 µm
2 

/ 

µm
3 

of cytoplasm, while negative correlations with relative surface of GER, 

mitochondria, empty vacuoles, lipid droplets and multivesicular bodies were 

found. The average size of tubules and vesicles of SER was 0.172 µm. 

Negative correlations with an average size of mitochondria, secretory vesicles, 

protein granules, empty vacuoles, lysosomes, lipid droplets and multivesicular 

bodies were found. An average size of SER positively correlates with an 

average size of Golgi apparatus cisternae. The relative volume of each single 

SER vesicle reaches 0.022 µm
3
. The presence of tubules and vesicles of SER 

during regression stage were not found, however smooth membranes can be 

considered as remains of granular endoplasmic reticulum (GER). Our 

observations using transmission electron microscopy, quantitative and 

statistical analysis have shown the functional relationship of these structures 

with synthetic and transport processes in the cell. 

 

Keywords: correlations, quantitative analysis, smooth endoplasmic reticulum 

(SER), transmission electron microscopy 
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Introduction  

 

Smooth endoplasmic reticulum (SER) occurs in a small amounts at the 

cytoplasm of secretory epithelial cells (Mettler et al. 1984). SER forms short, 

slightly dilated smooth membrane tubules and vesicles (Uhrín and Kliment 

1982; Jimenez et al. 1984). The membranes of smooth endoplasmic reticulum 

(SER) can interact with the membranes of granular endoplasmic reticulum 

mainly during proteosynthesis, but did not interact with the perinuclear space. 

While granular endoplasmic reticulum (GER) is involved in proteosynthesis, 

protein folding, quality control and despatch, smooth endoplasmic reticulum 

(SER) is associated with the production and metabolism of lipids and steroid 

hormones. SER is providing transport processes, glycogenolysis and 

detoxification (Valivullah et al. 1986; Schinko et al. 1990; Ghosal et al. 1994; 

Reinhardt and Lippolis 2009; Invernizzi et al. 2012; Monks and McManaman 

2013).  

The aim of this study was to describe changes of smooth endoplasmic 

reticulum (SER) in epithelial secretory cells of lactating and involuting 

mammary glands in rabbits. 

 

 

Materials and Methods 

 

In this work samples of mammary glands of 10 rabbits were used.  

Depending on the stage of the physiological activity of the mammary glands 

rabbits were divided into two groups: lactation and the regression stage. All 

animals were kept in standard conditions at the Research Institute of Livestock 

Production in Nitra. Samples for electron optical examination were collected 

for each of the three mammary glands (thoracic, abdominal and pubic), the 

right half of the body of rabbits immediately after killing the animal. A sample 

size of 1 to 1.5 mm
3 

were collected from glandular parenchyma and processed 

according to the methodology prepared by Mráz and Polónyi (1988). 

Electronograms were made by an electron microscope JEOL 100MX on the 

Elektronen Platte EU 2 ORWO at the Department of Reproduction (Research 

Institute of Livestock Production). We used a 7200-fold magnification, in some 

cases 3600, 10000 and 14000-fold. For quantitative assessment methodology, a 

microscopic system Nikon Eclipse E 600 and camera Pixelink (PL-A642) in 

connection with software for image analyze Lucia 4.8, was used. Basal 

statistical indicators and correlations were calculated from obtained data using 

Statgraphics statistical software. Basic variational-statistical characteristics and 

the observed differences by ANOVA, F-test and Scheffe test were tested. 
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Results and Discussion  

 

Typical short tubules, thinned cisternae and elliptical vesicles without 

ribosomes were found in the middle and apical parts of cells during lactation 

stage (Figure 1).  

The average relative volume of SER reaches 0.439 % of the cytoplasm 

volume. Negative correlations were calculated with the relative volume of 

granular endoplasmic reticulum (GER), mitochondria and lipid droplets. The 

relative surface of SER reaches 0.09 µm
2 

/ µm
3 

of cytoplasm, while negative 

correlations with relative surface of GER, mitochondria, empty vacuoles, lipid 

droplets and multivesicular bodies were found. The average size of tubules and 

vesicles of SER was 0.172 µm. Negative correlations with average size of 

mitochondria, secretory vesicles, protein granules, empty vacuoles, lysosomes, 

lipid droplets and multivesicular bodies were found. The average size of 

tubules and vesicles of SER positively correlates with the average size of Golgi 

apparatus cisternae. The relative volume of each single SER vesicle reaches 

0.022 µm
3    

and the negative correlations with each single relative volume of 

other organells were calculated.  

 

Figure 1. Secretory Epithelial Cell of Mammary Gland of Rabbit during 

Lactation (magnification 16 350x) 

1 – apical surface with microvilli , 2 – basal lamina, 3 – zonula occludens, 4 – zonula 

adhaerens, 5 – mitochondria, 6 – granular endoplasmic reticulum ( GER), 7 – smooth 

endoplasmic reticulum (SER), 8 – Golgi apparatus cisternae, 9 – secretory vesicles with protein 

granules, 10 – alveolar lumen with protein granules, 11 - nucleus 

 

Presence of longitudinal flattened cisternae and vesicles composed of a 

smooth membrane and resembling remains of granular endoplasmic reticulum 
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cisternae in cytoplasm of mammary secretory cells during regression stage 

were found (Figure 2). On the surface, however, they are not studded with 

ribosomes. Desintegration and quantitative changes of GER were described by 

Hluchý and Toman (2014).  

 

Figure 2. Secretory Epithelial Cell of Mammary Gland of Rabbit during 

Regression (magnification 16 350x) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 – longitudinal flattened cisternae, 2 – nucleus with invaginations of nuclear envelope 

 

The average relative volume of smooth membranes (SM) reaches 2.323 ± 

0.968 % of cytoplasm during the regression stage. Negative correlations were 

found with relative volume of remains of granular endoplasmic reticulum 

(GER) and vacuoles with firm granular content (V). A statistically significant 

negative correlation with relative volume of lysosomes (r = - 0.99869 
+
)  was 

calculated. Positive correlations with relative volume of mitochondria and lipid 

droplets were found (Table 1).   
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Table 1. Correlation Coefficients of Relative Volumes of Secretory Epithelial   

Cells Structures of Mammary Glands in Rabbits during Regression Stage 

 GER M L LD SM V 

GER 1.00000 1.00000 1.00000 -1.00000 -1.00000 1.00000 

M  1.00000 - 0.53995 0.57642 0.49615 0.23569 

L   1.00000 - 0.99903
+
 -0.99869

+
 0.69073 

LD    1.00000 0.99547 -0.65828 

SM     1.00000 -0.72684 

V      1.00000 

ER – remaibs of endoplasmic reticulum, M – mitochondria, L – lysosome, LD – lipid droplets, 

SM – smooth membrane,  V – vacuoles 

 

The relative surface of smooth membranes reaches 0.524 ± 0.271 µm
2 

/ 

µm
3 

of cytoplasm. Negative correlations with a relative surface of remains of 

GER, mitochondria, vacuoles and lysosomes were found. However, smooth 

membranes relative surface positively correlated with relative surface of lipid 

droplets (r = + 0.99341). The average size of flattened cisternae formed by 

smooth membranes was 0.149 ± 0.055 µm. Positive correlations with the 

average size of other structures were found, except the average size of lipid 

droplets ( r = - 0.09160 ). 

Our observations of shape, arrangement and location of endoplasmic 

reticulum (ER) in rabbit´s epithelial secretory cells do not differ from the 

observations of other authors. Only a few authors deal with ultrastructural 

morphometry changes in the mammary glands (Uhrín and Kliment 1982; 

Mettler et al. 1984; Qu et al. 2012; Hluchý and Toman 2014; Hluchý et al. 

2014). There are no differences in the cellular structure of mammary tissue, but 

significant differencesin the relative volume of mitochondria and vacuoles 

between transgenic and non-transgenic mammary gland epithelium were 

observed (Dragin et al. 2006). Some authors (Chanat et al.1999; Ahlem et al. 

2008; Stiening et al. 2008) had studied the changes of ultrastructure of 

mammary epithelial cells dependent upon the synthesis of casein micelles and 

their transport inside the cell and into alveolar lumen. Also the synthesis of 

triacylglycerols in the smooth endoplasmic reticulum (SER) and formation into 

cytoplasmic lipid droplets has been studied (Smoczynski et al. 2012; Invernizzi 

et al. 2012). The analysis of milk fat globule membrane proteins has revealed 

their origin from the Golgi apparatus and endoplasmic reticulum of mammary 

epithelial cell (Wu et al. 2000; Murgiano et al. 2013). After the end of 

lactation, the regression of the secretory activity and reduced energy needs 

caused an increase of the smooth membrane relative surface and the average 

thickness of cisternae and tubules becomes smaller. Mechanisms responsible 

for the disruption in mammary epithelium function during involution were 

described (Baldassarre et al. 2011; Ren et al. 2014). 
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Conclusions 
 

Our results concerning of low occurrence of SER and smooth membranes 

in cells correspond with the findings of several authors. Their relative volume, 

surface, average thickness and volume of individual tubules and their co-

relationship with fat droplets, secretory vesicles and vacuoles indicate the 

functional dependence of these structures with synthetic and transport 

processes in the cell. 

 

 

References  

 
Ahlem A, Samira M, Ali el, H, Pierre G, Leila T (2008) Ultrastructural study of the 

intracellular behavior of four mineral elements in the lactating mammary gland 

cells: study using conventional transmission electron microscopy. Microscopy 

Research and Technique 71, 12: 849-855. DOI: 10.1002/jemt.20628.  

Baldassarre H, Deslauriers J, Neveu N. Bordignon V (2011) Detection of endoplasmic 

reticulum stress markers and production enhancement treatments in transgenic 

goats expressing recombinant human butyrylcholinesterase. Transgenic Research 

20,6:1265-1272.  DOI: 10.1007/s11248-011-9493-y.    

Chanat E, Martin P, Ollivier-Bousquet M (1999)  alpha(S1)-casein is required for the 

efficient transport of beta- and kappa-casein from the endoplasmic reticulum to 

the Golgi apparatus of mammary epithelial cells. Journal Of Cell Science,112, 

19:3399-3412  ISSN: 0021-9533. 

Dragin S, Pivko J, Massanyi P, Lukac N, Makarevich AV, Paleyanda RK,  Chrenek P 

(2006) Ultrastructural morphometry of mammary gland in transgenic and non-

transgenic rabbits. Anatomia Histologia Embryologia-Journal Of Veterinary 

Medicine Series C, 35,6:351-356  DOI: 10.1111/j.1439-0264.2006.00692.x.    

Ghosal D, Shappell NW, Keenan TW (1994) Endoplasmic reticulum lumenal proteins 

of rat mammary gland. Potential involvement in lipid droplet assembly during 

lactation. Biochimica and Biophysica  Acta.1200, 2: 175-181. 

Hluchý S, Toman R, Hájková Z, Bencsik I (2014) An Ultrastructural Study of 

Mitochondria of Mammary Secretory Cells in Rabbits During Lactation and 

Regression Stages. Scientific Papers: Animal Science and Biotechnologies, 

47,1:252- 255,  Agroprint Timisoara, Romania,  ISSN 1841 – 9364.  

Hluchý S, Toman R (2014) An Ultrastructural Study of Endoplasmic Reticulum of 

Mammary Secretory Cells in Rabbits During Lactation and Regression Stages. 

American Journal of Animal and Veterinary Sciences, 9, 4:217 – 220 ISSN Print: 

1557-4555 ISSN Online: 1557-4563. 

Invernizzi G, Naeem A, Loor JJ (2012) Short communication: Endoplasmic reticulum 

stress gene network expression in bovine mammary tissue during the lactation 

cycle. J Dairy Sci.95,5:2562-2566. DOI: 10.3168/jds.2011-4806. 

Jimenez L, Rua C, Muňiz E, .Garcia P (1984) Alveolar epithelial cells of the 

mammary gland of Lactating Myotis myotis: An Ultrastructural Study. Z. 

mikrosk.-anat. Forsch.,Leipzig 98,3:465-477. 

Mettler F, Wild P, Geyer H Augsburger H, Manser E (1984) Ultrastructural studies on 

Lactating mammary glands of goats before and after milking. Zbl.Vet.Med. 

A,31:213-219. 



ATINER CONFERENCE PAPER SERIES No: AGR2015-1823 

 

9 

Monks J, McManaman JL (2013) Secretion and fluid transport mechanisms in the 

mammary gland. Handbook Of Dietary And Nutritional Aspects Of Human 

Breast Milk: Human Health Handbooks, 5, 35-56pp.  DOI: 10.3920/978-90-

8686-764-6_2.     

Mráz P, Polónyi J (1988) Metódy elektrónovej mikroskopie živočíšnych tkanív 

[Electron Microscopy of Animal Tissues]. Veda Vyd. SAV, Bratislava,  309 p. 

Murgiano L, D'Alessandro A, Zolla, L,Valentini A,  Pariset L (2013) Comparison of 

Milk Fat Globule Membrane (MFGM) proteins in milk samples of Chianina and 

Holstein cattle breeds across three lactation phases through 2D IEF SDS PAGE - 

A preliminary study Food Research International, 54,1:1280-1286  DOI: 

10.1016/j.foodres.2012.10.035.    

Reinhardt TA, Lippolis JD (2009) Mammary gland involution is associated with rapid 

down regulation of major mammary Ca
2+ 

-ATPases. Biochemical And 

Biophysical Research Communications. 378, 199-102 DOI: 10.1016/j.bbrc.2008. 

11.004.     

Ren S, Lu G, Ota A, Zhou ZH, Vondriska TM, Lane TF, Wang Y(2014) IRE1 

Phosphatase PP2Ce Regulates Adaptive ER Stress Response in the Postpartum 

Mammary Gland. PloS one, 9, 11 e111606 DOI: 10.1371/journal.pone.0111606  

Schinko I, Trebbin H, Fuchs E. Welsch U (1990) Ultrastructural and histochemical 

observations on secretory phenomena in the resting human mammary gland. 

Zeitschrift fur  mikroskopisch anatomische. Forschung. 104, 4: 578-592. 

Smoczynski M, Staniewski B, Kielczewska K (2012) Biogenesis of the milk fat 

globules Medycyna Weterynaryjna, 68,3:163-167  ISSN: 0025-8628. 

Stiening  CM, Hoying JB,  Abdallah MB, Hoying AM, Pandey R, Greer K, Collier RJ 

(2008) The effects of endocrine and mechanical stimulation on stage I 

lactogenesis in bovine mammary epithelial cells. Journal of Dairy Science, 91, 

3:1053-1066 DOI: 10.3168/jds.2007-0161.  

Uhrín V, Kliment J (1982) Submicroscopical structure of mammary gland in cows 

during lactation. Živočíšna výroba, 27, 7: 503-513. 

Valivullah HM, Dylewski DP, Keenan TW (1986) Distribution of terminal 

transferases of acylglycerol synthesis in cell fractions from lactating mammary 

gland. Int.J.Biochem., 18,9:799-806. 

Wu CC, Howell KE, Neville MC, Yates JR,  McManaman JL (2000) Proteomics 

reveal a link between the endoplasmic reticulum and lipid secretory mechanisms 

in mammary epithelial cells. Electrophoresis, 21,16,:3470-3482  DOI: 

10.1002/1522 683(20001001)21:16<3470::AID-ELPS3470>3.3.CO;2-7.    

Qu B, Jiang Y, Zhao F, Xiao J, Li QZ (2012) Changes of endoplasmic reticulum and 

mitochondria in mammary epithelial cells during mammogenesis in Chinese 

Holstein dairy cows, Acta Histochemica.,114,5:448-53. DOI: 10.1016/j.acthis. 

2011.08.007. 

 

 

 


