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Piezoelectric Material Aided Electromagnetic and Mechanical Stimulation
Bioreactor for Regeneration of Three Dimensional Nerve Network System
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We developed 3D bioreactors for enhancement of axonal outgrowth and nerve
network regeneration using stimulations of DC electric field (DCEF), AC magnetic field (ACMF),
cyclic tensile strain field (Stretch) and piezoelectric induced electric-strain hybrid field (Piezo:

MSO and PVDF sheets). First, 3D bioreactors were designed using finite element analyses and
fabricated for uniform stimuli. Next, we measured axonal outgrowths of PC12 cells and cerebral
cortex (Primary) cells using the multi photon excitation fluorescence microscope and evaluated
stimulation effects on axonal outgrowths of PC12 and primary cells. We found maximum enhancement
effects of four stimulation conditions using the response surface method, such as 43 mV/mm and 6.2
h/day for DCEF, 4.20 micro T, and 50 Hz for ACMF, 2.3%, 1 Hz and 0.17(million times) for Stretch,
and 0.1% and 0.76 mV/mm for Piezo.We found the optimal conditions for achieving the enhancement of
axonal outgrowth and quick nerve network generation.
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(&) MPM observation results FECA simulation results (b) Axonal outgrowth results
Figure I. MPM observation and FECA simulation results under various mechanical stimulations. FECA simulation
result under optimum stimulation condition.

(2) ZERFAAAYV T 7 2RI -7 v I B X UCEEHEER ) v — 7 VOER K%



KXY, a7—T7 VI ADRRDLEL-MRMES X HREA Y F 7 — 2RISR RH 5
EERMGEEL 72, K977 I/ EES NV ORhRO G L2, BEERRE RS o7z, T,
BEFIBERL LTI I=vBIPLY VYORMEITS & & CHIRSE AR BT &, BE& R 0B,
T O IIERMEONEA FREIC T2 C & AR TE 2. PCI2 B X UNEEKIMApREAIfgIc X 2
MR Ay N — 2R NA Y T2 2T 3 REEM B oS T, 27—y
DIEEE, Mgk =Koy E, SRt 2 T — 2 2005 L, SMEL =244V T
7 2 NTOREERIGER, HRKERT (NGF) offtih, X O PC12 &~ v AH S ol i
JEDSARETH 5 2 & R L 7=, PIHAMIRERECE (R, MReiRmERE, mm) 2B E T =
RICNAF VT 7 2T v v AN —BEDOIMANCELIE L 72 PZT % 72 B IR B & fr 2 i % 1
KL, 27—7 Y7 ANIciBL 72 PC12 Mg L E O RIFE T/ IRECE 32 2 LI L 7-.

(3) FHEBMEZRAV 2% - EBFEEEE ORF : W7 OWEEIZ W THRUEEM B MSO
ZEMICEET S 2L THY  BREBDANA 7V v REIRSATRER SR T A F VT 7 Z OB
RERBT-N, BRETIERANKMNINTHLIZ EBLO=ZReANA AT 7 X DF ¥ L /3—HNT
— KR ELGEAAET A ENRETCHD ZENHBA L. 22 C, BEEMEEE T B AEKEES
JEBRY ~—"Td 5 PVDF ZHH T2 Z L2 L7, PVDF Z W=/ 0 R LR Y OF AR /]
RO T A - BRAANA TV v FAREEE O EIEEZITY, PCI2 12 X 2R RIEHE R OMR
MEIToT. MR E LT, ATV RERAMR 2 WIGA IR L THRBEED RN H D Z L %
W LT, ZRICAAA Y 727 2DBA%Ici PVDF JEEY — F 0% REE ICEE 3 2 582344
WThbEEZD.

(4) ERTTRTABSER BB ORRFE : B1/E L= SR e ARTEEREZ AWV, Mk y hU—7
TER% D 1= 8 O Fe g RS OYRFR 24TV, BE5 iR & A R BRI O $h 33 i =~ 0 28 2 B
LC, MifufEEEE B U CIIBME (100um) A5 2 xR L, TNl EOREEZ IO TR
% (4pT) RIELCAEOERRES IR T 52 2R Lz, 72720, SR MROBmMEIZ SN T
IFBEE T, Xy bU—7 ORAHBIIATEE TH D Z b oTz. fERE LT, MR
BEN T CHh R EAMEE SN D & IR AN D 2 L TR LTS R
BT E D HRRR S LT

AWZEIC X Y ZRICHG B EE 2 v, A v b7 — 2B D 72 O B g M st o
PR 2T\, WG L iR o R fhiE~oZicB L <, MAaEEEE R L < idBEME
(100um) b3 zRHL, 2 EOHHEHCE TS QuT) FEC iR AR
BT 5 2 &R FH L7, ZRITlGAREEZ Ay, i v M7 — 2RO 72 © O bl
GRS SR s L8 MPM 815 X 2 flifaAECE & @ik o R 2 E BRHli35. REE
VT —RERES 23 BIAE AT BE 7 Yoke () Hid % FF 2 = ROCR UGS A3 E # iaH/E L, PC12
HRE o tEh R R B £ MEEA v b7 — 2 R O &AL 23 AT BE 7 Bl i Stk o R %
1T o 7=, WG B E O%GHCIL, G ERERMENT 7 1 777 4 ANSYS # w7z, KiffgE T,
Yoke #i&E% 3 % 2 & T, (LEOWERE % F> Xt A fEE O KGHEEZ TV, —
KRGS DR 3 X O MPM (%G 7 BEMER) 1< X % 500 um 377 (AEBHIIEE R 8 afiETH 2
ERMER L. PCI2 IC X ARMES I A Yy V7 — 7 EROBE 2T o7, BEITEAL 4
T2 2NTA2u T O—kRklSG 2R L, MhRMERENR L & v b7 — 7 TEERIEED RS 2
Tl EMERL -

* ' 3
B e Mg . L/ L ey -
s -
o 4 : | ;:"* b
N X - w ir .
.- ’* l&" o 3}‘ e
5 = v & - s “
s e A "™ h. v

a 12 i s
e ACMF bioreactor
Figure 2. 3D images of PC12 cells created by image treatment software MIMICS (units: um); (al) Control at 2 days,
(a2) Control at 7 days, (b1) ACMF at 2 days, (b2) ACMF at 7 days. Photo of bioreactor.
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Figure 3. (a) Multi focus image of PC12 cells: 2, 4 and 6% stretch stimulations. (white bar 100 Lim)
(&) 3D image (left) and multi focus image (right) of cerebral cortex cells.
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Figure 6. MPM observation results of
Orientation control of axonal outgrowth.

Figure 5. 3D images of axonal extension in PC12 cells (green: cell body and neurite, blue: nucleus, Unit 50 um); (al)
Control-6.0 h/day, (a2) 30 mV/mm-6.0 h/day, (a3) 60 mV/mm-6.0 h/day, (a4) 90 mV/mm-6.0 h/day, (b1) Control-15
h/day, (b2) 30 mV/mm-15 h/day, (b3) 60 mV/mm-15 h/day, (b4) 90 mV/mm-15 h/day, (c1) Control-24 h/day, (c2) 30
mV/mm-24 h/day, (c3) 60 mV/mm-24 h/day, (c4) 90 mV/mm-24 h/day.
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