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and sheep soft organs

SUMMARY

— The ex vivo characterization of soft tissues viscoelasticity is extremely important for
the research and development of bioengineered tissues.

— The measurement of the viscoelastic properties of soft tissues on standard mechanical
testers, when possible, is often laborious and requires important customization steps.

— The viscoelastic properties of fresh organs (lungs, liver, kidney, heart and brain) obtained
from pork and sheep were successfully measured ex vivo using the ElastoSens™ Bio.

— The obtained viscoelastic properties slightly varied among individuals of the same
species and statistical differences were present among their organs.

— Porcine liver, lung and heart were significantly stiffer than sheep organs.

INTRODUCTION

The emerging field of tissue engineering and regenerative medicine have the noble
goal to develop lab-grown human tissues or alternative biomaterials to assist in their
self-healing. In order to be functional in the human body, these biomaterials need to
meet specific requirements of the intended site of implantation both in terms of biologic-
al, biochemical, and physical properties. During the research and development of the
bioengineered system, a number of characterization assays need to be performed to
extract qualitative and quantitative information on its performance and to compare with
reference values from native tissues. These products are complex and delicate since
they are composed of soft natural and/or synthetic biomaterials, biological molecules,
and can even contain cells. Therefore, characterizing both these novel biomaterials and
native tissues using standard techniques requires, when possible, a high level of cus-
tomization which can be a challenge and a major source of variation in the information
obtained (see our previous article on this subject).

With this in mind, herein, the feasibility of using the ElastoSens™ Bio to evaluate the
viscoelastic properties of soft tissues was investigated. Sheep and pig are widely used
in research. For this reason, samples from fresh organs (heart, kidney, liver, lungs, and
brain) from sheep and pork (5 individuals each) were tested using ElastoSens™ Bio and
the results analyzed to evaluate the consistency and robustness of the method.
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MATERIALS AND METHODS

Fresh heart, kidney, liver, lungs, and brain from 5 individuals of sheep and pork were ob-
tained from a slaughterhouse located in the suburb of Montreal (QC, Canada) and kept
in the fridge for a maximum of 72 hours until testing. The organs were cut into two similar
pieces and cylindrical samples (diameter = 22 mm, height = 8-12 mm) were punched
and inserted into the sample holder of the ElastoSens™ Bio. Both the arch punch and
ElastoSens™ Bio’s sample holder have the same diameter (22 mm). A spatula was used
to accommodate the sample ensuring its contact with the bottom and the walls of the
sample holder. A cylindrical weight (150 g, diameter 22 mm) was left over the sample for
10 s to provide a consistent loading history to the specimen ensuring that they are at a
similar reference state. The steps below were followed for the testing in the instrument:

1) Temperature setting (25 °C) in the measuring chamber of the ElastoSens™ Bio;

2) Standard testing of the empty sample holder (as required by the ElastoSens™
Bio);

3) Sample introduction into the sample holder as previously described;
4) Use of the weight for 10s;

5) Introduction of the sample holder containing the sample into the measuring
chamber;

6) Measurements were taken over 1 minute every 4 seconds.

Five specimens for each lung, heart, brain and liver were tested while for the kid-
ney only 3 specimens were possible to be well excised (and tested). Average results
are expressed as mean + standard deviation. Statistical analysis was performed using
GraphPad Prism version 9 (GraphPad Prism Software, La Jolla, CA, USA). Ordinary one-
way ANOVA was applied. Significance was retained when p < 0.05.

RESULTS AND DISCUSSION

The viscoelastic properties of fresh organs obtained from pork and sheep were success-
fully measured using the ElastoSens™ Bio. Mastering the sample cutting into cylindrical
shape and sample introduction into the sample holder was shown to be essential for
ensuring the quality of measurements. In addition, as much as possible, samples were
taken from similar regions within the organ and loaded in the same direction into the
sample holder. Tests were conducted quickly after this preparation to avoid any drying
of the sample’s surfaces. Average shear storage modulus of each organ is represented
in Fig.1.
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Fig. 1: Shear storage modulus (G’) of fresh lung, liver, kidney, heart, and brain from
sheep (left) and pork (right) obtained using ElastoSens™ Bio.
Human tissues and organs are composed of cells and a matrix of proteins, polysacchar-
ides and water known as extracellular matrix. At least for mammals, these components
are similar among the members of a single or different species but the proportion
among them can have significant differences as a result of genetic, diet, environment
and health conditions of the individuals. Because of that, the viscoelastic properties of
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Fig. 2: Average shear storage modulus (G’) of fresh
lung, liver, kidney, heart, and brain from sheep and
pork obtained using ElastoSens™ Bio.

mammal tissues can vary even among the individuals of the same species. In the appen-
dix (Table A1 and Fig. Al), it is possible to observe that the shear storage modulus and
tan & among the individuals of the same species are in the same order of magnitude
but they do present slight variations (with a few significant differences among them).

Fig. 2 shows the average shear storage modulus (G’) and tan & of each organ per animal.
Within the same species, all the different organs had statistical differences among them-
selves. Brain is the least stiff organ which can be related to their low collagen content [1].
On the other hand, the heart is the stiffest due to their high ECM protein content (90% is
composed of 10 different proteins including collagen and elastin) [2,3]. This high protein
content and fibrous structure as well as the presence of 4 chambers with different func-
tions (upper chambers receive the blood and the more muscular lower chambers pump
the blood) can also explain the higher variation in the viscoelastic properties. Apart from
the brain and kidney in which no statistical differences were found, the other organs
showed to be stiffer for pork compared to sheep.

Overall, the simple and consistent method of measuring the viscoelastic properties of
soft organs reported in this study can greatly facilitate the research and development
of bioengineered tissues.

Table 1: Average shear storage modulus (G’) and tan d of fresh lung, liver, kidney, heart, and brain from
sheep and pork obtained using ElastoSens™ Bio

G’ (Pa) Tan &
Brain 649.9 +160.2 0.49 £ 0.09
Liver 1094111274 0.43+0.13
Kidney 2095.0 + 338.4 0.41+0.04
Lungs 2283.4 £ 6817 0.38+ 014
Heart 4115.0 £+ 1297.0 0.42 +0.08

G’ (Pa) Tan &
Brain 702.6 £ 96.4 0.49 £ 0.04
Liver 14531+ 3621 0.35+0.03
Kidney 23701+ 5191 0.42+0M
Lungs 2784.5 + 5513 0.30 £ 0.09
Heart 7830.2 + 2054.7 0.36 + 0.05

CONCLUSION

The viscoelastic properties of fresh organs obtained from pork and sheep were suc-
cessfully measured using the ElastoSens™ Bio. The protocol optimization for cutting a
cylindrical sample from the fresh organ and its introduction into the sample holder was
essential for the quality of the measurements. Overall, porcine liver, lungs and heart
were significantly stiffer than sheep organs.
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PERSPECTIVES

— ElastoSens™ Bio can precisely measure the viscoelastic properties of soft tissues
ex Vvivo.

— The ease of applying the method (avoiding customization) for measuring the vis-
coelastic properties of soft organs can lead to more consistent results.

— The viscoelastic properties of bioengineered tissues obtained by the ElastoSens™
Bio can be easily compared to native tissues.

— The dynamic viscoelastic changes under culture over time of bioengineered tissues
can be captured by the ElastoSens™ Bio and compared to those of native tissues.

— The simple and consistent viscoelastic characterization of soft organs and tissues
can boost the research and development of bioengineering tissues.
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APPENDIX

Table A1: Viscoelastic properties obtained from each individual species.

G' (Pa) Tan &
N1 N2 N3 N4 N5 N1-5 N1 N2 N3 N4 N5 N1-5
Lungs 3503.6 2041.2 2032.9 1871 19681 22834 0.29 039 0.47 0.31 0.46 0.38
std 469.6 39 326.9 3081 141.2 6817 0.03 0.08 0.2 0.02 014 014
Liver 1103.8 1220 998.4 1096.2 1052.2 10941 0.42 0.4 0.39 0.56 037 0.43
std 327 85.8 69.9 109.2 171.8 127.4 0.06 0.03 0.06 0.23 0.08 013
Kidney 21637 2198.5 2398.6 1619.3 - 2095 0.41 0.43 0.4 037 - 0.41
std 293.8 151.5 65.2 84.2 - 338.4 0.03 0.03 0.02 0.03 - 0.04
Heart 54711 2958.6 29375 3795.8 54117 ans 0.42 0.56 0.48 0.52 0.47 0.42
std 937.5 3837 708.8 5041 535.8 1297 01 0.09 0.05 0.05 0.04 0.08
Brain 6927 459 596.8 610.4 8907 649.9 035 033 037 035 0.34 0.49
std 71 50.2 90.4 787 76.4 160.2 0.06 012 0.05 0.06 0.08 0.09

G' (Pa) Tan &

N1 N2 N3 N4 N5 N1-5 N1 N2 N3 N4 N5 N1-5

Lungs 2876.7 3420.2 2286.4 2517 28274 2784.5 0.31 0.36 0.3 0.25 0.27 0.3
std 5421 334.5 389 3079 3987 551.3 on 015 0.03 0.04 0.04 0.09
Liver 1206.7 1951.9 1703.6 1201.6 1201.6 14531 0.35 0.33 0.37 0.35 0.34 0.35
std 841 31.3 879 1521 141.9 3621 0.02 0.02 0.04 0.03 0.02 0.03
Kidney 24413 25697 2729 2362.6 1748 23701 0.37 0.4 0.4 0.45 0.45 0.42
std 513.2 319.4 4571 2427 4055 51911 0.05 0.06 01 015 014 oM
Heart 8027 6786.3 6557.6 9704.3 8076 7830.2 0.33 0.38 043 0.32 0.32 0.36
std 1188.6 1396 1274.8 2532.8 1876.5 20547 0.03 0.04 0.06 0.02 0.02 0.05
Brain 6971 726.6 764.8 646.4 678.4 702.6 0.48 0.47 0.48 0.52 0.52 0.49
std 121 411 109.4 104.2 37.2 96.4 0.02 0.03 0.04 0.03 0.02 0.04
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Fig. A1: Shear storage modulus (G’) obtained from each individual species.
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