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In recent years, in vitro assay systems using microfluidic devices have gained much
attention. Compared to conventional static culture, microfluidic culture systems provide
more physiologically relevant conditions, such as shear stress, nutrient supply, and waste
removal. Polydimethylsiloxane (PDMS) is the most popular material for the fabrication of
elastic microfluidic devices. However, the nature of the cured PDMS resin, which absorb a
wide range of hydrophobic compounds, limits its application to ADMET studies. The
development of materials that can replace PDMS is a critical issue, requiring ease of
processing, transparency, oxygen permeability, biocompatibility, and low sorption. The
author focused on perfluoropolyether elastomer (PFPE), which is chemically inert and
resistant to both solvents and high temperatures but also has the unique characteristic of
being a liquid at room temperature. In addition, PFPE is optically transparent and
biocompatible enough to be used for corneal inlay. The author fabricated microfluidic
devices with PFPE via soft lithography and investigated their feasibility in ADMET studies.

Chapter 1 Application of Perfluoropolyether Elastomers in Microfluidic Drug
Metabolism Assays

At first, PFPE-based microfluidic devices were tested in drug metabolism studies. Most of
small molecular drugs are hydrophobic and eliminated through hepatic metabolism. Primary
rat hepatocytes were isolated and cultured in the PFPE microfluidic devices. The device had
two parallel top and bottom microfluidic channels separated by a porous membrane, and
cells were seeded in the top channel. Cultured hepatocytes were polygonal or cuboidal in
shape, similar to those cultured in plastic plates. When hepatocytes were exposed to
dynamic flow, the production of albumin and urea increased compared with static
conditions. Exposure to dynamic flow did not result in obvious changes in the expression of
cytochrome P450s, but increased the metabolic activity of hepatocytes compared to under
static conditions. Exposing the cells to sufficient air through the bottom channel did not
change the metabolism, indicating that the flow-induced increase in metabolism might be
due to an increased supply of substrate drugs rather than oxygen. PFPE devices did not
absorb midazolam, which was extensively absorbed by PDMS devices. Although sorption
into PFPE occurs with certain drugs, it could be predicted by the Hansen solubility
parameter (HSP) theory. These results indicate that PFPE-based microfluidic devices can
basically suppress the sorption of hydrophobic drugs while allowing cells to retain basic
cellular functions and metabolic activities.

Chapter 2 Co-Culture of Primary Rat Hepatocytes and Non-Parenchymal Cells in
Perfluoropolyether-Based Devices in Hepatotoxicity Studies

Interactions between hepatocytes and non-parenchymal cells can have significant metabolic
and toxicological consequences. However, simple co-culture models cannot mimic the
physiologically relevant microenvironment including the structure of the Space of Disse.
The role of non-parenchymal cells in the toxicity of hepatocytes was investigated in a
two-channel microfluidic device in which each cell type was physically isolated by a porous
membrane. Co-culture with non-parenchymal cells increased the gene expression of
albumin in hepatocytes, and reduced the release of ALT/AST into the medium following the




48-h exposure to hepatotoxicants, i.e., acetaminophen and coumarin. Moreover, co-culture
with non-parenchymal cells restored the level of reduced-form glutathione due to the
hepatotoxicants, and alleviated the oxidative stress caused by acetaminophen. In addition,
co-culture with non-parenchymal cells elevated the glutathione conjugate of
acetaminophen, and reduced the level of o-hydroxyphenylacetic acid, a product from the
toxic metabolite (o-hydroxyphenylacetaldehyde) of coumarin. These results suggest that
non-parenchymal cells could protect against drug-induced liver injury. Thus, a two-channel
microfluidic device could be used to assess hepatotoxicity, which would also account for
cell-cell interactions in the liver.

Chapter 3 Perfluoropolyether-Based Gut-Liver-on-a-chip Device for the Evaluation of
Oral Drug Bioavailability

Gut-liver-on-a-chip devices, in which two tissue chambers are connected by small-volume
microchannels, has potential applications in the bioavailability assessment of oral drugs.
Caco-2 cells and primary human hepatocytes were co-cultured in the device. After
midazolam was administered on the apical side of the gut chamber, both intact and
metabolite forms were detected in the effluent from the liver chamber. However, extensive
sorption of midazolam was observed in PDMS-based devices. Experiments using
PFPE-based devices indicated that the rate of appearance of the metabolite was
dose-dependent for midazolam and was also significantly suppressed by concomitant
administration of ketoconazole. When genome-edited CYP3A4/UGT1Al-expressing
Caco-2 cells were used, metabolites of midazolam appeared in the apical fluid. Taken
together with the data on midazolam injected into the liver, it was clear that most of the
metabolites of midazolam produced in the intestinal compartment were secreted into the
apical fluid. While further improvements in absolute prediction of human bioavailability are
needed, the gut-liver-on-a-chip device should allow for a basic assessment of saturation
pharmacokinetics and drug-drug interactions for oral drugs.

In conclusion, PFPE elastomers have been demonstrated to ameliorate the significant
sorption problems encountered in PDMS-based organs-on-a-chip devices; PFPE-based
microfluidic devices have not lost the fundamental properties of PDMS in manufacturing
and functional evaluation. These findings contribute to the development of
microphysiological systems intended for in vitro ADMET studies.




(et 2 )

GRCHEEORK RO S)

W, A 7 afikT AL ZZ W in vitro B AT ANER SN TWVWA, EROEE

BFELHBL T, ~A 7 uffiikiEE s 27 4 Tldk, SAWIE T, RBEMH., EEDRER L,
L VAERNREEEHETES, LL, BFHVWLNARY P AF L aXHr (PDMS) X,
BOKMALEME WA LT LIV, EYEhE - SR ~OISHIZIZRARNSH S, £ T, HiF
Fix, ALFICARIEETh 2 EREESEICLER S =T AR 2—FT LT T A h~v—
(PFPE) IZHEH L, Y7 NI VT T 7 4 —BICXO~A 7 afiiikT A 22 ERL T, ZDF|
FHATRENE 2 ST L 7=,

1 ETIE, ZAEBETHE AN ET 2 oOY T~ A 7 a ik x>, PFPE il A 7/ 1
WIRT NA ATHEER L, 7y MIRITFHRZEBEL CTEELZEZA, TI9RAF v I T L—
FTEE AN L O L EREIC, BAIROES] L P iass A ofE 2 R L, BRI & 59
L B IRIRBEBICH AR TT VT I URRBOEAENEIN L7z, ¥ F 7 1 A P450 OB ITEN
PRI TN AP O AHHE YR IXER R BB I N T ER Uiz, JRIEME @\ &Y T AT, PDMS
FNA ATHRENTINGE L1223, PFPE T34 A TIIE L A EIE SN o Tz, —HOEY Tl
PFPE ~DINENKZ 2 DD N VIEMREST A —4% (HSP) BRI k> TTPHIT 2 2 &7
THETdH - 7=,

% 2 B ClL, PFPE i~ A 7 aifiihk T A 20 HmERBR~OICHERA DL L LI, Ty b
PTG & FESE ML O LR O R 2 /ET Lz, B tsige s L Ccik, e & Nk
M7 L L 2 BT 57 4 v EEORK G Z S0AERN R/ NREZ B CE /v, 2T, H1
BECIER LT 2 T VR T A, AT, EEEMENITFHIRO B R T &R %2R LT,
ZORER, EFEMR L OIEERICI Y, FFHROT VT I VBB FRENENT S & & BT,
MO HLZTE N T I ) 7o b7~ A8 HERIRE L= & X2 O A & @ ALT/AST @
B AE Sz, S HIC, EFEMEE o RIC LY IFEEYEIC L 2B 7 L2 F
T LUV DR R SN EiCnx, TR R T I ) 72O NVEFAURED R
7= b @D o-hydroxyphenylacetic acid FEEDIK TN I NI, 2 F ¥ RT3 A A
ORI &L - T, FEFE ML IEWFH R 1S U CREMIZEH < 2 & 2 omicrnd 2
ENRHREE IR o T,

FIETIE, ROFDODAA AT XA TV T 4 li~DIEHZHRE LT, Gut-liver-on—a-
chip TA ZAZBFE LT, KT AL RX, EF2F v U RXAMBIENR~A 7 0 F ¥ R &k
SNTEEE LTS, B MMEB IO MNFIERO T VITIE, Z4E 4 Caco-2 M, #iftE
MFMREAH LN, XY TLERBT v =0 AR ICHRE Lz & &, FFiET v o
— 2B O IR ITIIR AR & R O T B3 S v7-, PFPE 87 S A X CIHEHEGETDH
EBRNARETH Y . RSO HBREEIII XY T 20HBIKENTHDLZ L, 7 haf Yy —b
DOPFHE G THEIZHGISND Z ERRSz, 7/ LS L7 CYP3A4/UGT1AL FEHL Caco—2
faz AW TEREZITV., ZOREZEERICHIT LI 2 A, XY T LOREHOITE A
El Caco-2 ML DTEIEIZ 3 I N TWD Z ENHL MM~ 7-, Ll b, EEMARFENICITE
FPREOLEND D), Z O Gut-liver—on—a—chip 12X ¥ . O KD AR 22 e ) He
B EAEA OFHE N AIRETH D Z LR ENT,

LAk, PFPE =J A h~—{X, PDMS CT#iE 3 2 EKRIAEME L KLETE, ~ A 7 v iiiAi
WMRBIVATLAOZEME L TRO THEHRZ ENEIES N, OO EIE, in vitro Y
HE - BHESEEZ B E Lo~ A 7 B KBES 27 L OBBICERT 2O TH D,

XoT, Aimstidfl+ CGERE) o e LTlifEd 26D LB 5, £, S5 4F
2H16H, XNEEZTHICEE LZFHICOWTHRMAZIT 2R, Atk LBOT,

B, RWSE, R RFPAVHEER 1 AFZFE2HICZYT L0 LHB L, ARIZEL T
X, S84 3 H 24 HETOR, Y LOEXITRATZEONEEZEN LD LETDH D
LERDD,

TEAXAGEH : S5 6 A2 3 HU%






