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AFwsix, TR i ES) % FH9 5 ECF BBEE~ A 7 07 31 A% L, DITFD6 m DLk ISL T\,

% 1 % [ffiim) TIE, Lung-on-a-chip i, Mifuffiia% £53% L 7= PDMS (Polydimethylsiloxane) $Z% fLE I A A IR iBfES 5 2 & T,
BEORLC & & 72 O il O BhEMIREREE & B ICHBLT 5~ A 7 0ifiikT A 2 ThH Y, EF, P APF~OISARHRINA TS
—5C, HEHD Lung-on-a-chip 1X, KIEOERIER L 7 & OFEGNMNBETH D0, VAT LAO/NUALRBITF BN S L L T\ 5.
Fz, EEEERENICRA N H Y, B TE BRI W LICHER S 5 LT\, 2 b OBEEFRT 5720,
AWFFETIE, BEBNRA 7 /31 AT 2 2 & TriJEik e CBREN T X % Lung-on-a-chip DEHLZ B L T2 Lik<Tn 5.

% 2 % TECF BEE)E Lung-on-a-chip D2%2) TiL, /NMED D& A M EERE) 73 /THEZ% Lung-on-a-chip IZMEE & S D EAZ DOV Tik
NTW5B. —oRBIC, Mk H O PDMS ML BEROSYEREHICOWT, MERIEL b TWs Y 7 N Y 7T 7 ¢ Tk, #M
55 CREDBERI OBRIZIKIR T 2 FIREMEN H D Z L A48 L, X0 BE CEEMO SOV O NI ZIRTW\ 5. Z2HIZ, VAT
LDNEALDEATIZOWT, EftEELEDOHITY = v Mita 4 S & 5 ECF (Electro-Conjugate Fluid) % AV \o~A 7 mR v 7 %N
T DI ETEIATESL EBRTND. =281, EEEEEEEZ ATREIC T 2 HIFICOWT, RERO Y = v MRIZK Y BEE & RRE
EAZHAZHAFRE/R ECF v A 7 uR 7 &35 2 & T PDMS B FLUBEBOIEEMER R LT 5 Lk~ Tnd. ERDO=Z2%T /A 2
WA 22 &C, mEREE CHE)T& % Lung-on-a-chip ZEHL 425 Z L ABEL TV 5.

%3 8 [ AUE D DA NSRRI D 7 7= 2 BUEFIE OBR% ) TiX, PDMS H o R TL LB e MlaRz o 8EA fTREIC T 5
7202, BEENEWNI~A 707 —%2 L LTHWE Y 7 NV V7T 7 4 2R L TCWA. Ni v A 7 17 BT —X MEMS £l
L EHHIR A G CTRES T, KL PDMS %3 LIAAZB(LEE2 Z L CTEAR 8 pm F721X 10 pm OFLEHT 2D 2 FED
PDMS HZAEBEDOHAIZHKII LTS, Sz PDMS B fUEE & BERGh  PET (Polyethylene terephthalate) #25 fLE R
HUVEC (b MEHEIRNECRIID) 25538 L, ASEHBIT » A G2 O CHIBOAEGEREZFE L& 25, WFICHREEN RN &
EARLTWD., ZORRNS, #ELE-FECEESN T PDMS ML LA AR ER E L CHHTE 2 2 28T 5.

% 4 52 [ECF ~ A 7 m R 7 % #4548 L 72 Lung-on-a-chip DBF%] TiX, VAT AD/IMBALDT=®, ECF A 7 aR v T E2T /A R
WL, F0%AE ST PDMS L ILVE I E MBI MR S5 2 & T, MO ES) % B34 5 Lung-on-a-chip Z#ER L T\ 5.
BETH7 31 A%, LJE PDMS i, PDMS HL UMK, TJE PDMS iiil%, BLO=fH—2AY v MNEEMxI %2 A4 5 ECF ~A
7R Th bR SN, ZOEIEIZEII L TWD, BUE LT SA ZAOFMERIZ LY, RN L F%EOOT A (10%) % PDMS
ZAVEIC I A S 5 DIHEERTES (15kPa) & Z DOFINEE (1.5kV) 2B 60T LTWA. £72, JAHINZ2EIERINT PDMS U
ZIEEE MRS D Z LIRS LTEY, TS 2L LTOREMMEELEFL TS,

%5 5 T A Mo CBEE) rTRE 2% ECF BRENY Lung-on-a-chip OB ] Tix, @& W% T PDMS B2 AU % i vl iE 72 ECF BEEhE
Lung-on-a-chip ##2%%, BIR L T\ 5. BEENA L L CIXAAMIBEMEZRA TR Y v MEBEmREZ WICHE L7z S faE—2 Y » ME
EhEx &2 A L, BEFNT 2 BBOG) Y Bx CHREN S M A BIEICY D A FREIC L7 ECF v A4 7 r AR T 2R LT\ 5. FIRER
FRHTIZ B S\ T i 1) 0 7 LR & 1538 2RI 1 B EE O BLE A 5, ECF R— hEHIENK, 8 PDMS i, PDMS 8% LB,
T/ PDMS i, A2 7EIEAPDMS 'L — bk, B8XW ECF <A 7 R TR IND T A A &gkEt L, TOBEIIRS L
T3, RAIELT ECF Ry 7B W TEF M OIE I FHE L BEBREOMBICKLE L SNAHMELEZHLMI LTV 5. EEMMNT 5
T A IOV 2 5 2 & T, IEFIER (0.2~0.3 Hz) (2% L CramEiidk (5 Hz) < PDMS HEZILEROMfEN e TH S Z L &
AL, BELIET AL ZAOEEEEIEL TV D.

#6w i Tk, AMETHONIERERIET 5L L BICABROBEICONTHERTNS.

DL RS 2 CRFR S0, mE WAL CBEE) C X % Lung-on-a-chip % EHL T 5728, k2L IUE ki o s, ECF <A1 7
R T ETNA ACHNET D EICL B VAT A0/, BL O G RAFEI R ECF v+ 7 v R 7O =08 &Hi4a L,
150 JE I K BBl FTBE 72 ECF BEEHJEZ Lung-on-a-chip ZEHL L, TOHMEEZH LI LTS,

%« FRSCEER T, FISC 2000 F & JE3C 300 35 % 1 9O T 22, & L<ITTEL 800 #5% 1 #RH L T 728 W,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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This thesis, entitled “Development of an ECF-driven Microdevice Reproducing the Stretching
Motion of Alveoli,” is composed of the following six chapters.

In Chapter 1, the background and purpose of this research are described. The lung-on-a-chip, which
closely reproduces the in-vivo alveolar environment by mimicking the stretching and contraction
movements of alveoli, is expected to improve the efficiency of the drug discovery process. However,
current experimental systems are bulky because they require connection to an external pump.
Furthermore, it is difficult to reproduce specific environments, such as High-Frequency Oscillatory
Ventilation (HFOV) with high-frequency respiration, due to limitations in driving at high frequencies.

In Chapter 2, we propose a lung-on-a-chip driven by Electro-Conjugate Fluid (ECF), which can
operate at high frequencies. ECF is a functional fluid that produces an active flow called an ECF jet
when a DC high voltage is applied. A micropump utilizing ECF as the working fluid can serve as the
driving source. The proposed device is developed focusing on three aspects: the development of a
fabrication method for cell culture membranes, the integration of a driving source, and enabling high-
frequency functionality.

In Chapter 3, we develop a new method for fabricating polydimethylsiloxane (PDMS) culture
membranes using nickel (Ni) micropillars, fabricated by MEMS technology, as molds for soft
lithography. The validity of this method is evaluated by culturing cells on the fabricated membranes.
The membranes successfully function as culture substrates.

In Chapter 4, a lung-on-a-chip integrated with the ECF micropump is developed. The fabricated
device generates an 11% cyclic strain in response to an applied voltage of 1.5 kV at 0.2 Hz, which is
comparable to conventional devices.

In Chapter 5, we develop a lung-on-a-chip capable of high-frequency actuation by installing an
ECF micropump that generates flow in both directions. By applying a cyclic voltage of 1.5kV at 5 Hz
to the fabricated device, the culture membranes can be stretched cyclically under conditions
equivalent to those of HFOV (5% strain at 5 Hz).

In Chapter 6, the summary and future work are presented.

% FRSCEF X, FR3C 2000 52 & B 300 EA 1 ERT ORI 50 b L IFBEL 800 7E A 1 HRFEH L T 72 &0y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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