EREMNE $£35%5 £5H 202005108
436 Journal of Medical Biomechanics, Vol. 35 No.5, Oct. 2020

SCE RS 1 1004-7220( 2020) 05-0436-06

— TR S U B 2 B S 35 0 #3E B B A

o', £ &' Zmz', kAEM, koE’
(1. RHF TR KAl oot Hl i RS 58 B fa il TG 9006 s ML TR R e R, Rt 300384
2. PR ARG TR, DR R ARBISE R, K 300161)

WE: B TR —EFARN N AR MECE S, TR S 2 a5, ik 10 S A TR AL n 4844

AR P SR 2 KB P 2% T IR I/ INE AR T | SE30 22 70 R AR 174 200 B0 282 5 PR 32 2 1 Al LA

fE; EALEJ:*%ESL/J B ZLERAY H A BROTE AR AR /N T BEAT 05 L, 23 T2/ N 38 1 107 728 37 1 o ) 7L 5 R Y
2B B B8 [B] 78 50 T 41 i ( bone marrow stromal cells, BMSCs ) JiNZk 5% AU AE 35K 0. 5 Hz,2 h/d 3542 5 d, IF

muﬁﬁmﬂx%zm@ﬁ; i, R FTFHR S AT AN T AT XY 3 L B 5 B

RE 50% PRI BLALE 3 7E 10% B2 1 [ A, AU /N A SR i 24 2] AR g T AR oy B PRI AE 509 DL ARIIE T 24 i

% J1¥)5); BMSCs TEAS KA W AR AL HES Ty 1o ¥ T3 B F B Ny ), 518 1 IS AT T & AR 3 L 9

R R A5 7 5, T[] I X6 22 2 A0 M 5 R RRIICHEA T 107 A8 I 2, S I 2 2B ) 2 PR 4R A8 T R A

R LR INERAE e, NAD,; i, HiEAE

HESES: R318.01 XERIREB: A

DOI. 10. 16156/j.1004-7220. 2020. 05. 008

Development of Strain Loading Device for Adherent Cells in vitro
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Abstract. Objective To design a novel strain loading device for studying the mechanical biology of adherent
cells. Methods Based on the technology of substrate deformation loading, the device adopted controllable
stepper to cause deformation of the silastic chamber, so as to realize cell loading with multiple units and large
strain. The device was developed to test its loading functions. The three-dimensional (3D) models of the silastic
chamber were established to simulate the loaded chamber by the finite element technology, and uniformity of the
strain field was analyzed. The device applied 5% strain to bone marrow stromal cells (BMSCs) with 0.5 Hz
stretch frequency at 2 hours per day for 5 days, and an inverted phase contrast microscope was used to observe
the morphology of BMSCs. Results The developed strain loading device for adherent cells in vitro could provide
mechanical unidirectional strain up to 50% with three groups of cell loading substrates; within the 10% stain
range, the area of uniform strain filed on the silastic chamber remained above 50% , which ensured that the cells
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were loaded evenly; the morphology of BMSCs was obviously altered, and the direction of arrangement tended to

be perpendicular to the loading direction of principal strain. Conclusions The device shows the advantages of

reliable operation, wide strain range, adjustable frequency and convenient operation. It can be used to load multiple

cell culture substrates at the same time, which provides convenient conditions for the study of cell mechanobiology.
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Fig.1  Schematic diagram of the strain loading device for
adherent cells in vitro (a) Overall schematic diagram,

(b) Control system, (c) Mechanical schematic diagram
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Fig.2 Silastic mold and chamber

2 /INES B FHREAR B TR T 1, 6 /N2 P s 4 o
N, Dl T R 3 R e O X B IR TR
Rl SR PSS A9 [ A e, e G B R
FEbR BB E Tk T ERAE AL IR T i ] 7E R
MEE G L, W 8 R S SR AE . 75T B3l
Wi bk — g R R E B DRIE /N N A
MAEEhE 2, NAR A % e O BE T ) B AR
3 YRR SEES, [ B AT 30 I 7R REAR R
/NEE I N A A HR AR R AR R, AN RERR I /N
DA P8 ' 77 3 Y A IO 728 o 8 S 56 vl T i e B
T AR T SR A M EE AR KA L
1.4 EBEEETRTHERRSESR

B 6 JEIA T 35 et SD KB, A &N 80 ~
100 g, HHL 10% KA 0. 2 mlL A i i SRR A
FUSPISIANIE , F 75% A5 IR 0 K BRACT L 5 min,
TC R 25T 43 B R SRS 1 BB ARG o o i A
(BT KB PBS 28 Wi Hh b i 5 5 A 75 10%
A2 L5 O ICRE 7 DMEM 3% 35 3L (s 2 mrp . 59
V0N T o, 2 % B, FH G BRI S A il R
5 mL7E 10% Jif 48 17 1Y B ) DMEM 3552 5 e &
VR AR, BRI A B b, R

WCHT 5 0 VL ) B 200 B0, o L A Vi B o
25 em® WIRE IR, BT 37 °C 5% CO, k7%
FENKEFR, 24 b ] DL RO BE | IR 27 U (3555
N 15% BG4 1L 7E IMDM) , SRJ54 3 d # i 1 Ik
(FEFRW R 10% fi 4R 1L IMDM) .

2 #R

2.1 EIHER
ASTSCAEE T — 87 U 1 PR B U RE 240 i AR
HAE (WA 3),

B3 RSB R T IRk 3E B ST
Fig.3 Pictures of the strain loading device for adherent cells

in vitro
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Tab. 1 Frequency interval under different mechanical strain
expansion and contraction before/after modification of

the silastic chamber

5 R BRJE
AR/ % kit BUORXE iRk, SR E/

mm Hz mm Hz
1.10 0~3.0 0. 46 0~4.5
5 2.75 0~1.7 1.15 0~3.0
10 5.50 0~1.1 2.30 0~2.0
15 8.25 0~0.9 3.45 0~1.6
20 11.00 0~0.5 4.60 0~1.4
30 16.50 0~0.4 6.90 0~1.0
50 27.50 0~0.3 11.50 0~0.5

F2 10% T TMEITLE

Tab.2 Frequency comparison at 10% strain

R/ e/ P/ f%, i,
B/ Ha
(mm-min~") % (mm-+min™") % Hz
100 50 0. 151 500 50 0.510
100 0.303 100 0.758
150 0.454 150 0.962
200 50 0.270 1 000 50 0.741
100 0. 454 100 1. 120
150 0. 667 150 1. 100
300 50 0.368
100 0.610
150 0. 806
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Fig.5 Strain distributions of the silastic chamber in long axis direction
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Fig.6 Loading results of bone marrow stromal cells
(a) Before loading, (b) After 5-day loading

@mmj

3 Wis5s®

Biti 5 T 55 LW D 6T 248 LS T PR TR KR A AR
SRR ke A & R TR, DLERR TR
Az EE AR Ry e, 8 A %o g v R I R AT N 2R,
()2 A1 7t o 2 B 6 R b 0 2 M, X Ao 1 Oy
AOEBETERAME T, 32 E Flexcell 2R A4
M finaece B 5 AN BN Tz A R RS 4., 5
5 AR By Bt R A T AT B A A 2 S5 5 f) A
FANRE ALK, BRI 4 A hn 85 &
— P A 4 ol BT BT X R B i IR I it o
I FRS TSGR AT I, AR T —&
BT AR N 2k e SR = R /N At IR
AT AR T, A8 | B[] AT 4% #RAE 0, A B A
TR S = g AR
TIAN AR e AL W] G A1 R N 46 ), HE 40
FIAEAEAL THAPAR S A RERR /N3 (/N 64T
PR¥ENK I AR FF A 16 2032 By, 2 100 % 240 A it n & 46
I ARLEER BT NIE LA REZ 5, 7]
XS AR IS /N PP R AR I E AT B R 2 5096 37 5 3
AR R RGN T AR g b R R G R T
T b A AT 4% o e P2 A 2 o, BT AR T #RAE L (H
DR BE T CRIE PR, A PR IE AR T &
B ARSI U B 248 L 72 i 2k ke R FH B 2 L AL

RS, WA E] 0~20 Hz AR A
B
[1] GIULITTI S, ZAMBON A, MICHIELIN F, et al

Mechnotransduction through substrates engineering and
microfluidic devices [ J]. Curr Opin Chem Eng, 2016(11) :
67-70.

(2] skil, TG, Boe, 5. PRAMMAE P R 400 s 555 vh
AR IF5E[ J]. BERAERI 1%, 2018, 33(4) : 354-359.

[10]

[11]

[12]

[13]

[14]

ZHANG Y, DING H, YANG Q, et al. Stress analysis on
elastic substrate of in vitro endothelial cell culture device
[J]. J Med Biomech, 2018, 33(4) : 354-359.

MRl (AT, 25K, 56 B T Sh A 2 S R IR R AR )
i RGBT [ J]. BEIAEY) J1%, 2011, 26(5) : 441-
447.

CHEN XZ, SHI CH, LI RX, et al. Design of a new
dynamic load and circulating-perfusion bioreactor system
[J]. J Med Biomech, 2011, 26(5) ; 441-447.

LEE DH, PARK JC, SUH H. Effect of centrifugal force
cellular activity of osteoblastic MC3T2EI cell in vitro [ J].
Yinsei Med J, 2001, 42(4) : 405-410.

MEHh, WS, BEARER, S MR R A A B Y
WHRI[J]. AR @z, 2008(2) : 77-79.

HE, R, M8, 5. — R BUHLALN 28 240 i 0 2825 & 1
WHRI[J]. BERIAEY )%, 2011, 26(6) : 534-539.

XU C, FAN Z, HAO Y, et al. Development of a novel
stretch strain cell loading unit [ J], J Med Biomech, 2011,
26(6) : 534-539.

WasE, THG, 2, . R RN ) ARSI i e
SEERFST[J]. EREY S22, 2016, 31(2) ; 107-111.
YANG Q, DING H, LAN HL, et al. Experimental study on
an in vitro vascular tensile stress loading device [J]. J
Med Biomech, 2016, 31(2) . 107-111.

X AE. — b AL 40 M EE D i 4% & g8 0 BF I &R g X
BMSCstE Wt S CE 10 4 (L2 5T [ D). V% . 58
PUZEPBE R, 2013,

WU MH, WANG HY, TAI CH, et al. Development of per-
fusion-based microbioreactor platform capable of providing
tunable dynamic compressive loading to 3-D cell culture
construct: Demonstration study of the effect of
compressive stimulations on articular chondrocyte functions
[J].Sensor Actuat B Chem, 2013(176) : 86-96.
HENSTOCK JR, ROTHERHAM M, ROSE JB,

Cyclic hydrostatic pressure stimulates enhanced bone

et al.

development in the foetal chick femur in vitro [ J]. Bone,
2013, 53(2) : 468-477.

LEUNG DYM, GLAGOV S, MATHEWS MB. A new in vitro
system for studying cell response for mechanical stimula-
tion. Different effects of cyclic stretching and agitation on
smooth muscle cell biosynthesis [ J]. Exp Cell Res, 1977,
109(2) ; 285-298.

FIBTE, SO, (ARSNE SR AL ) R B TRt [ J].

[ AP B2 TR B 2250 0F, 2004, 31(5) : 331-334.

TANG L, LIN Z, LI YM. Effects of different magnitudes of
mechanical strain on osteoblasts in vitro [ J].
Bioph Res Co, 2006, 344(1): 122-128.

JEE, T, ZEXE. Flexcell 250k 8 v 5k Ry 28 X A 5] 40
s TE R [ J ). AR BE AR, 2015, 13

Biochem



B OB%,%. — PR EE 4 B R 25 0 2 5 B R
CUI Lu, et al. Development of Strain Loading Device for Adherent Cells in vitro 441

[15]

[16]

[17]

(15) ; 2535-2539.

HECTOR RH, ELVIS C, CLAUDIA EL, et al. Characteri-
zation of uniaxial high-speed stretch as an in vitro model of
mild traumatic brain injury on the blood-brain barrier [ J].
Neurosci Lett, 2018(672) ; 123-129.

SHAO Y, TAN XY, NOVITSKI R, et al. Uniaxial cell
stretching device for live-cell imaging of mechanosensitive
cellular functions [ J]. Rev Sci Instrum, 2013, 84(11):
1-8.

WARZAC. SRRl o A v i JSE RS 14 IO g 43 A R e 2 A X
ECV-304 ZHME S RYsZmI[ D]. HPK. HPIKA%, 2008.

(18]

[19]

[20]

PtiEE, SR, Wi, A HUBIKNE ) O R 5 A
MOTREREPE A2 [ J]. BUAR DR R 244K, 2015, 29(6) .
321-324.

RN AL ARG, R, A AN TE] DN ) 1 5K R %t
KRER KB e [ J]. B O g EE ¥, 2018, 27
(4): 337-341.

ZHANG W, KONG CW, TONG MH, et al. Maturation of
human embryonic stem cell-derived cardiomyocytes
(hESC-CMs) in 3D collagen matrix: Effects of niche cell
supplementation and mechanical stimulation [ J]. Acta

Biomaterialia, 2017(49) . 204-217.





