
Constructing an in vitro system 
of applying stretching pulses on 

MECs similar to the milking 
procedure

Guy Dabby

Volcani Institute Agricultural Research Center

The Hebrew University of Jerusalem



Mechanical Forces During Milking

• Milking applies shear, 
compression, and cyclic tensile 
forces on mammary glands.

• Mechanical forces can impair 
cell function and secretion, but 
their impact on MECs is unclear.

• To our knowledge, no in vitro 
models exist to study these 
forces on bovine MECs.



From Udder to Cell Culture

L1 bovine mammary epithelial cells generously provided 
by Prof. Itamar Barash (Volcani Inst.):
German and Barash, In Vitro Cell Dev Biol – Animal 2002



CytoStretcher

• Fitted for tissue culture 
systems

• Exert tensile forces on cells

• Control on: 
- % Strain

- Velocity 

- Number of Cycles

https://www.curibio.com/cytostretcher



Modelling Milking
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• Building a system to mimic milking forces 
directly on udder cells in a controlled lab 
environment.

• Testing how mechanical forces like 
stretching affect cell behavior without 
relying on live cows.

• Eliminating the high costs and difficulties 
associated with performing these 
experiments on animals.

• Cells showed proper proliferation.

(.2007)מועצת החלב -ה"מאלי "הוצא לאור ע. ההמלצות הישראליות למתקני חליבה



Proliferation
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MECs’ Morphology and Uniformity



MECs’ Morphology and Uniformity



MECs’ Morphology and Uniformity



Geometrical Properties

• Shape

• Orientation

• Size



2 Approaches in Order to Create Uniformity

• Topography

• Cyclic Stretching



Topography 



Chamber Topography



Lice Comb Experiment

• Cells were incubated for 1 day 
on a CS chamber that was 
placed on a lice comb in order to 
influence the topography of the 
chamber.



Results Analysis 

• The lice comb 
topography did not 
affect cells alignment.

Cell

α α

Image analysis 
using “ImageJ”
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Cyclic Stretches



Image Analyzing



The Data Set



Compactness

Perimeter

Area

𝐶𝑜𝑚𝑝𝑎𝑐𝑡𝑛𝑒𝑠𝑠 =
𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟2

𝐴𝑟𝑒𝑎 × 4 × 𝜋
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Compactness

Perimeter
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Aspect Ratio (A.R.)

Major Axis

Minor Axis

𝐴. 𝑅. =
𝑀𝑖𝑛𝑜𝑟 𝐴𝑥𝑖𝑠

𝑀𝑎𝑗𝑜𝑟 𝐴𝑥𝑖𝑠
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Aspect Ratio (A.R.)

Major Axis

Minor Axis

𝐴. 𝑅. =
𝑀𝑖𝑛𝑜𝑟 𝐴𝑥𝑖𝑠

𝑀𝑎𝑗𝑜𝑟 𝐴𝑥𝑖𝑠
Aspect Ratio < 1



Compactness

• Cells were incubated for 2 days

• Cyclic stretching in different 
frequencies

• Decrease of 0.65 in compactness’s 
median on 0.22Hz pulses

Before Stretching

After Stretching



Aspect Ratio

• A.R. median increased after cyclic 
stretching

Before Stretching

After Stretching



Compactness vs. Area

• Connected cells might be 
segmented as one label

• Area = 1814 pixels

• Compactness value = 10.14



Compactness vs. Area

• Higher compactness values with 
higher area labels

• After stretching we see a 
decrease with the slope 

Before Stretching

After Stretching



Conclusions

• An in vitro system that does not harm cell viability

• Reliable way to measure cell morphology

• Cell uniformity effect in lab conditions is possible
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