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* Definition: when the acceleration of gravity ranges from 10 to 10° g

Organisms on Earth are subjected to 1 g; microgravity is experienced
in space and on various celestial bodies.

Can be simulated on Earth in numerous ways (usually can get down
to 103to 10*g at best).

Applications include:

Cells in Altered cytoskeleton, Extrapolate

microgravity metabolism discoveries for

(real/simulated) _ A further investigation
j Formation of 3D : e

organoids/spheroids

WWWw.Spaceanswers.com
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D Rotation

Gravit . ‘;
Simulated Microgravity y Normal Gravity (15-25 rpm)
for 72 hrs
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/
Rotation
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®,
No Rotation Rotation

No Rotation Spheroid Formation

for 72 hrs

No Spheroid Formation

*Balance of centrifugal and
gravitational forces
*Coriolis forces act on spheroids
*Spheroids experience low shear
stress as they rotate (why this can be
considered simulated microgravity)
*This will vary based on spheroid size
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-Space-based experiments are the primary goal
-These experiments are expensive, difficult to schedule and challenging to design

-Need: consistent, reliable Earth-based simulation experiments

Wikipedia.org

Experimental Challenge: If low shear stress is crucial to microgravity simulation, how can we maintain
consistent, low shear stress in the RCCS, namely across spheroids of various sizes?

Proposed Solution: Model fluid and particle dynamics using the COMSOL ©® Multiphysics 5.3
Computational Fluid Dynamics (CFD) and Particle Tracing modules to show how adjusting rotational speed
and media viscosity can improve experimental consistency.

WWW.SUNYCNSE.COM 6
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Computational Fluid Dynamics (CFD)

Single-phase flow (spf) studies using base parameters for cell culture
media (DMEM) under laminar conditions were used to measure the shear
stress distribution across the vessels across different rotation speeds and

viscosities.

Particle Tracing

Particle sizes were chosen based off previous studies/literature. This was
used to show spheroid positioning and experienced shear stress within
vessel.
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Breast Cancer
MDA-MB-231

Ovarian Cancer
OVCA420

Scale Bar: 400 um

*Cells form a variety of
sizes/morphologies of spheroids
*Can we modulate the shear
stress to ensure consistency
across these sizes?
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Ramped Rotation:

ARSE - Ramped
| -15 rpm for 24 hrs

-5 rpm increase every
24 hrs up to 25 rpm

[+ -72 hrs growth total

Scale Bar: 1000 pm
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 CFD experiments show the low shear stress within HARVs. In addition, particle
tracing models how the spheroids behave under that shear stress, with higher
speeds pushing mid-sized spheroids towards the edge.

* To ensure consistency of shear stress across spheroid diameters, modulating
the viscosity can align the spheroids closer to the middle, lowering the shear
stress.

e This will be further verified and refined in the future with more simulations
modeling the changes in shear stress over longer culture times as the spheroid
size gradually changes.

* RCCS experiments with methylcellulose-supplemented media will also be used
to verify the simulation results.
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-Single Phase Flow (spf) studies under laminar conditions and based off the Navier-Stokes equation (Frozen
Rotor). The size of the HARV was constant so the variables were the rotating speed and the viscosity of the
media. Rotation speeds for the RCCS are 15 and 25 rpm and the rotating domain was defined in the clockwise
direction along the z-axis to mimic the horizontal orientation of HARVs on the RCCS.

-For Particle Tracing, particle sizes were chosen based on both our own experimental results and what has been
previously published. The particle mass was calculated based on the volume of the spheroid and an assumed
density of 1.04 g/cm? [6].

Equation 1 Equation 2 [3]

_ . T
p(u-Viu= V-[-pl+ pu(Vu+ (Vu))]+F+pg g = Jrzxy + T2, + TPy,

pV-(u)=0
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Balance of Coriolis and Centrifugal

B

. ) forces

Daviation dua t

E . g ra\'i!:Irnd UL::?!I:I Dﬂ!lsrﬂrﬁnn -
ji —8— Deviation due Lo E

- cantrifugal fores T
b c

3 o
G 4

==, o
2 &
E g % 150°
g - Oc

T [
= G =~ 180°
s~ 5=
: S o

o Y h
Eu:; E 210
|5 [

3

% l-:.:.. 270" 270
3 E
Ei E Particle Motion: Stationary Particle Motion:
T Frame Rotating Frame

0.0 - - -Achieves steady-state spiral -Shows actual

Rotations per Minute (rpm) balancing coriolis and trajectory

Hammond and Hammond, 2001 centrlngaI forces

10/22/2018 WWW.SUNYCNSE.COM 21




