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INTRODUCTION: Several novel cell cuture mecanostimulus designs
[1,2,3] have recently been introduced to obviate the strain field inhomogeneity
and anisotropy seen with earlier designs [4,5] reliant on transmurd pressure
differentials applied adossa diaphragmdic culture substrate. Deite the
apparent improvement in substrate kinematic uniformity, these new designs
introduce heretofore unencountered paternsof fluid motionin the overlying
liquid medium, thereby developing novel péternsof readive normd and
shear stesses d the cuture surface. We here report how duty cycle
parameters influence the reactive fluid stresses in oneincreasirgly popular
such design, involving a membrare-like circular substrate which is radially
stretched asit is distended by pusatile motionsof alubricated, flat circular
platen.

METHOD: The apparatus considered is that origindly introduced by
Schdfer et a. [2], in which axisymmetric substate distentions ae achieved
by camdriven vertica excursions of a flat-ended, rounded-lipped cylindrical
platen contacting the substrate undersuface (Fig 1). Nutrient medium flow
fields were determined by finite element solution of the Navier-Stokes
equations [6], the nutrient medium being modeled asa Newtonian fluid of
dendty p and viscosity p. Ranges of variation for the g/stem @erational
parameters were: 0.180 to 3.97 mm for A (corresponding to peak substrate
strains from 0.29 to 6.43%), 0.25to 4 Hz for f,and 3to 9 mm for the reding
depth h of the nutriert. Each of thesethree parameers was individually
perturbed in two increments, both upward and downward, from basline
(Af,h) = (1.12, 1, 6).
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Figure 1. Sdematic dagram (axisymmeric geoméy) of the
mechanostimulus system. Plysicdly, Ry = 38 mm, R = 31.8 mm,
p = 103x10° kg/m?, p = 0.02 poise.

RESULTS: Reactive shear stresses were developed & the cuture surface due
primarily to the radial gradient of he radial component of fluid velacity
(arrows, Figure 2) superimposed onhe bolus-like veticd pulsations of he
fluid mass. Comparedto the low valuesprevailing over most ofhe sibstrate
through most of tle duty cycle, stear stesswas almostiscontinwusly sewere
nearthe platen lip (Fig 3). By contrast, readive normd stresses remained
nearly uniform acossthe culture surfae, showing only subte temporal
fluctuations due to the excursions of immersion depth (near-hydrostétic
pressue distribution, shaded isobarsin Fig 2) accompanying fluid
egessgingress fronthe “crevice” regon lying just otward from te platen
lip. Forthe repective parametric rangesconsidered, both the instantaneaus
locd maxima and the temporal-spetial averages of unseady reactive fluid
stress dpartures from basline depended most sensitively (6.5-fold variation)
on frequency, intermadiately (3.7-fold ) on anplitude, and least sesitively
(1.4-fold) on rutrient depth (Tablel).

DISCUSSION: As with contemporary systtms deivering more
heterogeneaus grain inputs [6], the prevaling magnitudes for shea stressin
the present system wee seeral oders of magitude lowe than for normal
stress.  However, given the exaqisite sear sensitivity of various
mechanoreceptors and transdiction pathways, even &ear magnitudes o the
order of tenths of a dyne/cn? meiit avoidance wherepossble. Tothat em, it
is clearly preferable in the presant system to avoid culture proliferation onto
the peripheral regon of the sistrate, and to operate te g/stem at low
frequency. (By implication, usage of alrupt excitation transients such as

square or swtooth waves would be particuarly deleterious.) Given those
modestprecautions, however, the present data siggest hat reactive fluid gress
is not likely to be a major source of mechanostmulus artifact for this
paticular apparatus design.
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Figure 2. A typical nutrient medum instantanecus flow field (velocity shown
vectoridly, pressire shown dhaded) late in the wpward phese of platen
excursion.
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Figure 3. Temporal/spetial variation of readive fluid shear stress throughout a
typicd (periodic) duty cycle for the bagline ca® (A=1.11 mm, f=1 Hz, h=6
mm). Thelarge rise in shear stressoccuis near the edge of platen contact.

Case A [ Fl b | evax | owax T mAx Oave Tave
Base 1.11 1 6 1.8 93.57 0.334 11.86 0.035
At 2.65 1 6 4.3 224.7 0.804 27.86 0.087
At 3.97 1 6 6.4 3234 1.242 39.44 0.151
Al 0.64 1 6 1.0 53.79 0.192 6.871 0.020
All 0.18 1 6 0.3 15.10 0.054 1.944 0.005
f1r 1.11 2 6 1.8 95.10 0.278 15.46 0.097
frt 1.11 4 6 1.8 76.81 2.175 25.19 0.602
fu 1.11 1 6 1.8 93.67 0.323 11.04 0.021
fly 1.11 vl 6 1.8 93.71 0.322 10.84 0.015
ht 111 | 1| 75 | 1.8 | 9278 | 0317 | 11.93 | 0.042
hir | 211 | 1| 9 | 1.8 | 9204 | 0302 | 12.03 | 0.049
hi 1.11 1| 45 1.8 94.58 0.352 11.85 0.030
hil 1.11 1 3 1.8 96.29 0.464 11.97 0.107

Table 1. Peak sbstrate strain eyax (%), and peak {yax) ard average (avc)
unsteady reactive fluid normd (o) and shear ) stresses fthes/cn).
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