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Abstract

In this study, microfluidic channels were fabricated on poly(methyl methacrylate)
(PMMA) substrates using a CO:z laser. The advantages of using CO: laser for
micromachining include low fabrication cost and fast processing time, and the use of
PMMA as the material for the microfluidic channels is due to the polymer's chemical
resistance, thermal stability, biocompatibility, and optical properties comparable to those
of glass, as well as light weight, low cost, and ease of fabrication compared to other
materials. Compared with other materials, the polymer is also lightweight, low cost, easy
to manufacture, and most importantly, the poly(methyl methacrylate) has a very high
absorption rate of COz2 lasers, making it very suitable for CO2 laser processing.

The experiment investigated the eftects of laser power, scanning speed, and scanning
distance on the microfluidic channels. Higher laser power resulted in wider and deeper
channels, while increasing scanning speed and distance reduced these dimensions. The
average channel width and depth were 484.55+6.6 um and 139.09+5.6 um, respectively,
with a trapezoidal cross-section.

The microfluidic device showed a separation efficiency greater than 80% at flow
rates of 2, 3, and 4 mL/min, but only 74.6% at 5 mL/min. The optimal flow rate was 4
mL/min, achieving a separation efficiency of 87.2% for mature hepatocytes.

In the Urea assay experiment, the urea concentration of mature liver cells cultured
in the microfluidic device followed the same trend as those cultured by normal
centrifugation, peaking on day 3 and decreasing by day 5, demonstrating the device's

feasibility.

Keywords: COz laser ~ microfluidic ~ poly(methyl methacrylate) ~ mature hepatocyte
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Mg § TliE MFS2 pF > Tag2 € % 2 & & & Outlet2 3 &7 4c & > non-

target fm?e #F L F M T 2T 54 Waste outlet 3 - FiE i NER L
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ST A o AW PRSI L FE Y CEE B LR T AR [ EAE D 10

BALRTE e o 30 G OR R P Rl (<0.4%) 7 HEA R D Rehk R4

*90% -
Fm1
@ Outlet 1 e Outlet2
\ >
—F, Fioe ; : Wast
Tag1 Tag2 b
. 1 Ey 8 \\9, L"’Faz \92 outlet
OT ¢ R ime W - e R
i t t
Non-target MFS1 MFS2 Flow direction —»

cells

B 2-8 Multitarget magnetic activated cell sorter (MT-MACS)#n1 i® i 327 &, Bl[17]

2.3.3 k Kafd (Optical trapping)

% Kt (Optical trapping) ¥ M3 583 F fosicd & ~F i)k ey o A
RIEEF B ARLPT A RRETIHC] S o LT R E BT A
% > jm A4 A4 2% 5 H & 4 (Gradient force )14 2 § 844 (Scattering force )
PRA AR LR R Po g i@ R H g Ak dd o its
AR g R RS R R R T R ARE TR LR P RITE B
Bl GH AR R SR Ut R AR L T U %
RS R A S B TA S R T MR S - s R e o
ARG~ &) s R fedT it S & T F fI!r;’p" VLA BT R OBR R e o (& 35RO R A
F i g BB A I AR R PAE T U A RS R r Y
VU FE O EAS B e 8 B e o @ B S F TR U A 0 4o 2-9 #7570 7 Masaya
Murata[18]% A ch ¥ B 2% B R > & * 3W 13 & 4 1.99%102 uL/min )5 & T #7

Yo B Bl ehvE e B R S 100% ~ w je Sk £ 81.8% o
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Laser point

Channel flow

Bl 2-9 & im%s #15v e i d SR MR B B 0 S e g A I s A R R F

BEpuE 5 e AR E A RRE R G A B P 4 (18]

234 % & %A 5t (Standing surface acoustic wave)

ffé * £ o B L 51k (Standing surface acoustic wave » SSAW)sipic/n 48 50 % ¢ »
TR E S PE LA S RS SRR T R
foidd B AR g i & § LI e B fodbiF 4 R Fa B TS

BRI ()3 B REF 4 BRI (DA Bt o Bt RS iR g

P

FAEXIESOPE IR0 L P FEEEE 1 PFRYIRSRF] R

ERR A AL E S B EFE ~ SSAW e (TR B I E 2 BF > F L B4 aniE
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]
(b) Y
— Acoustic force : i
—Viscous force é - X
— Gravity force i :
fw,_ _:*‘Buoyay f ;
""" Pressure node 1 )

Pressure node 2
B 2-10 Standing surface acoustic waves 11 /327 &, BI[19]

Xiaoyun Ding[20] % 4 i% i#F 4 SSAW 3l 4ccrR 4 S BLAY id = » X457 4 B

A @ 3 AT AT 0 Aof] 2-11 977 o BB F L W NE S e

A ERT i § SSAW SR A LS LR 0 A N6 PR AL La

18 B-f (tilted-angle standing surface acoustic waves > taSSAW) » %ﬁ d & * taSSAW »

FoLA Al 2 o 10 pm RCF ¢ AR 0 A MRS L 99% 0 52 4 i A g

)

7.3 40 9.9 pm BCF 2 AR B A H0RF 95 97%

B s G AR N

) ; %
10 pm beas,l.sﬂ ’
: /"..;.\‘. o PO e Se e N s ohe se oo o0 F° "_'-

Pressure Y S
nodal - | 5 B 2 pm beads
lines C //,,/"/7349:300 | S e

300 ym

't

B 2-11 tilted-angle standing surface acoustic waves 1 €5 & Bl ° 2 um ¥ 10 pm 9

BFC IR oA B o R SZRATMRS 5 4 30 & £[20]
15

doi:10.6342/NTU202403859



2.4 4k b XA M

2.4.1 FE 2 ¥ » = # (Deterministic lateral displacement)

FERL » 8 T RS ) 3 ok S B AR e 8 KR
AR EAY - kIR A S A s 30 R R RS P Ak 2 R
2 ARG B RE o R F S R ol @A SR R
FIHA ]2 g2 2 FARARDE » B - A T3¢ Flo @2 F M 4 &

TR Flpt € F A A2 A A e B o] SRR 10
I ERF Iy BEEF MR LA PAR B RSB E A

RA AT TER e 08 s R Pl g TR kg A2 R ]

Sl

WIRR AR R X B P R GRS LR e o KR I A K
# TR T IT(Re<]) s ER B £ X 7*L4] > Yuwen Lu[21] 5 4 %"]’(ﬁkﬁ-gijggui 7
BrEIMERE» S REE > 4Bl 2-12 277 0 A WE Spum ~ 10 pm fr 20 pm s+

ALY AHSE LB G 98.65% ~ 92.65%Fr 85.5% ©
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tl

Outlet]

Outlet III

> Outlet I

Lx ° Spmparticle

© 10pm particle

@ 20pm particle Outlet]

Stage 1 — Inertial unit Connected region Stage 2 - DLD unit

Separation and pre-focusing Flow matching Further separation

Bl 2-12 3248 55 - BATH-WRL A2 d fich e & ch DLD B i KR o f

g ORI R B2 (- A4 AR 21]
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2.4.2 % A B (Pinched flow fractionation)

R A BEBLF LG 2BARIAAU L AR KR AR E o Ao 2-13 ¥

e =

T Ei/ﬁ?\ffﬁ'%?\fﬁ‘ﬂ;:ﬁg ?{,J‘%%\"‘ %K?E‘hiﬁ ’Av\ﬁu?v?f‘f%-é'_#\“ml F’;?é ’

™™

BB RBE R RS REL DI RBIEA A MRTF AR L] R
R G EAORMEA For v A K > BEIHIE 2 B
AR R T A ] AR W AR TR EL R g B Y R )
BT R AR 2 IR W AR i AR o A R g e g Y B ) h

MR e RS T T B ERE LR 0 BT Al R A 4

Liquid with particles Broadened Detection

\ segment line
Pinched
segment

Liquid without ~ " s--------
particles

B 2-13 Pinched flow fractionation 1 ¥ & 327 &, B [22]

18
doi:10.6342/NTU202403859



2.4.3 1§ 1248 (Inertial microfluidics)

EERGEY pEERs TR XD R T RS A DR R

TSR RNERTE § S CRE R S S IR £ PO R

=\

AT RE Y w0 BRI FIE TR S 0k o AR g Rgp R B ow AR 07
oo B iEEY B 2 R TRy o o] 2-14 41T o okt AR R G gk
FPoenT e 29068l e A8 w i (Aspectratio=1)¢
B ERE A4 BTHEE AR A0 (Aspect ratio = 0.5) ¢ 0 f T e

TEe g § A4 BEU D 20 0 O EERE ERY 02H i sk

a b C

T

®
*-
1

1

> &
!

v |
- @ -
A |
|

I

A

B 2-14 372 A 2 g 2 THe 8 1 L B[23] -

Aynur Abdulla[24]% 4 & * 24 pm fo 10 pm HF F 2 AR HERF 7 5k 0
%2 (HeLa)4 2 6 i 3f fm o (WBC) e g2 a4 e g od o 14edi v 24
Bofol gl gigd P B Av g ZEEIRIMFNEME 2 B
Fend nif m s a8 dol] 2-15 977 o b6 (iR PP Y ki BE AT g
TR TR e B - BHERBE FILEdend 4 R4
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Fl ek eim s (CTC) § X FIF 7 $B chal 4 (8% > 3E il 1 inaf BReha )0 @
o BIFE RSO R AT H A 2 B R e e B s 1 g R R e
AEEH R o md RRFRTAGRE EE Y B A e e B Fleh 10 pm eER A

99.5% ; & Rl A v AT T B F 024 pm PRk 88.8% 1 b oo

i Force Analysns in Second Expansion

Structural Design of SAIF Chip | OutletBifurcation | 'Force Analysisin L |
: i ®  ['Outlet Bifurcation %" |
i . i T

H ° * @

~-Outlet 1

i E) o k]

i Middle L]

' Outlet

: White Blood Cell (WBC) L

D o 00000 .0 A S S S S5 S U I8 R e S S S D P S S S S s R St

'
U--Outlet2 || (@ Circulating Tumor Cell (CTC)

B 2-15 A 57 AW o 258 d 0 AR E 2 2 BIHE T B 22 [24]

Zhang[25]% 4 ¢ * PDMS @l {¥ ) 4 B4ES % H chficing ¥ 82 B- ek
Pl - A(H R 200 pm~iFR G 42 pm) o 4oB] 2-16 7 0 kLG 3 BA R
S R e o R T O A2 2 S R A Y > 3 288 mL/h ik E e
EHR R A BER A% L TR

1" WBCs
reservoir

The diluted
whole blood RBCs

2™ WBCs
; reservoir
reservorr

Bl 2-16 Ao £5 7 B o 2R d 2 B4Ed R uE 28 A 2[25]
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Bhagat[26] % % A %] * g5 /£ 5 1.9um~4um -~ 5pm fr 7.32 pm 5 F ¢
Gt AR AR 100um ~ F & 5 50 um 05 TR ek 7t 0 R 1.9 um

Hiie
(ay/Dy = 0.03)fr 4 pm (a,/Dy = 0.06):HF ¥ ¢ i+ { %

*37}
>‘I A
ey
e
&
3
N
b S
So$

4 R P AL P BB RR S S um (ap/Dy = 0.07)fr 7.32

o

um (ap/Dp = 0.11)en% F 2 e+ A & L= 4 i ) Rl Ee7R

BEEFTH TP % 0 ay/Dp 2 0078F e R ESE - Ty 0 F 4
19 um e 732 um R F e R R TP % > ¥ H RS2 BE L7 it iE

74 3t 4o 2-17 #71 o
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Bl 2-17 &<~ ]2 A3 1.9 um ¥ 732 um 2 3 #[26]

Kuntaegowdanahalli[27] % 4 id xR ff 22 4 S Lo d gnt @ > #2735 7
B Spkx | R & 8T o 3 doB] 2-18 om0 AR B A B * T B 4T 1015
20 um % F ¢ WS o BIRR B Ar gl iT e e R K R (B R 500 um > UF
B 130 pm)ens e g 5 90% 0 T % etk B 4 4 SH-SYSY neuroblastoma %

C6 glioma Mwfz ehk #arcF ) 5 80% > P FFac 53 F K 100 F B wmre /& &85 vtk

ek

W

1%
[ I X XTI LI

nnnnnnnnnnnnnnnnnnnn

LAt
ﬁ-/‘i
’“..l-. J
e e -—'-"-"‘:
........“"....“;
“.__,.--—'—_-""_-___ ‘____-*-__"'"‘H-.
e -

-_--_-__h-_'—"'-—h — e e e = —
FL‘-o @ @ —F,

e — —— — — —_————
—_— —
I"--._____ _____..-"'

—_— e e e —

Bl 2-18 %45 FL/Fp #-7 F ~ | 3ps 42[27]
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7 ap/Dp 2 00785 £ i 2§ B FIRAT A S HREL A e
W RSt EALL R 0 4 AE R GEE Sl - o
=Zasz
f Dh3
¥R > 0085 > BIF A TR 4 SR W TS i o F o p i, G

BT A e il g pORRE (TR A 0 ARl 2-19 #7or > Pakhira[28]% 4 i % gt Rp i@
¥ MCF-7, PC3-9, A549 CTCs and normal blood cells (WBCs & RBCs)** % & 500 um

fod /& 200 pm 8 R UIEE ¥ e T RO TR ¥ 5 e A4 A LS R

» 100% -
Cross-sectional view B
A (Inn ut
\ 1 let Inn ——o‘ l ; Outer
>~ o
= = z Vgt =
v - e ‘#. ' Centrifugal
1= Lorions
= - e .&
- | o
N i— 4-
T
. MCEF-7 (27 pm) PC3-9 (20 pm) A549(15pm) @ WBC (10 yum) @ RBC (8 um)

Bl 2-19 BFRR#7 o~ ] $Ek A 42[28]

Akbarnataj[29]% 4 ®iF B § RS H 2 BAER G MR (TR
500 pm ~ p REFEAE 5 70 pm et REFEAE 110 pm)A 3 WBC 2 CTC » 4R 2-20 #7
ToBER G AR EVRE RS § (s gtk Tl R Y el 1)
REFS B > AT R T gri B € L F 5 e b B TR A 2.5 mL/min <0

BT 0 N R AT T B B eh MCF-7 04 #oe S 7 s it §] 88-90% o

23
doi:10.6342/NTU202403859



Cross-sectional View

Inner wall

Inner wall : =% . Outer wall

B 2-20 2583 S pcin g ot & B[29]

Adel[30]% % & * CO2LASER & PMMA zA 4% F 3p%] > &% A pf = 2 k30
B G Ak LA g (AR S 600 um s pREFER S 70 pm et REIER
110 um) > 4o B] 2-21 #7771 > # WBC j ;% ¢ 4 3 > 4 & 800 uL/min /i & 7 >
1%Fe 2% 3% % vt e R R A B S A B G 90.14% e 82.03% > 750 uL/min
SRR T 0 3% 3R AL e i 4R A AR B 78.42% 1 2 4911 £ 4 B fRind B

AFARB el RER € ERwme AT (5% 5 > A FRAYPICF T E o

Black
(RGB: 0)

40% Black
(RGB: 153) Tnner
Wall Wall
(@) (b)

B 2-21 i % AP > E A% $- 25 A i [30]

Warkiani[31]% < @ iFdi - 88 5 3 & & &k d Pl RE L R > 40 B 2-22 #7
o B RIS A RFELE T AT A AP 2R TS E

e g o TR AR R e R B B B e e R A ¢ 4Rl CTC -
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{: WBCs
Sheath Blood

. cTC

CTCs outlet Waste outlet

B 2-22 5 £ i3agnaE AR 7 & BI[31]
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244 WMHEGRE R RE

§ AR TP § AL - RIS il doil R B e X

i\

-~

AT L RAT G BEAR F SRS @RI 0 TR Y @ Lk S| B
iR o] 4N (2.1) 55

De =221 pe | 21 2.1)
u 2Rc

:,!j—r) ’p,v./n 'gﬁ/\’?‘ﬁ(?}i Uf,w/n ’Eﬁ’li/’ fi ‘Ll,,; /n 'E_ga_"jﬁ‘l}/ \ﬁ;‘:’ l‘;!l_\, K3

Wt o Red AT HM ST EME A 0 De =00 % B AR RFIR &

B EY o DegEEY F LA A AR o A DUFAPEET 0 3 Al

F_

1§ lE v mn;‘ﬂ@?—F’“F &ﬁ = Rty 5 ) ‘}j‘_—i- *g Favxg\ﬁy frh?f ﬁi_{-f :; 3 jé:iﬁi ’ %1@;“(2.2):

Upean = 1.8 X 107* x Del-63 (2.2)

=
T\:\_
4y
Eir
m-&’{
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¥

% MG - R B L AP RIS SR E Y T A

BB Rl 20 - 2 B R do(2.3)47 7
Lpc =2w +h (2.3)
He oweh AU G FOTRE F R pF bl LFNAPET > § bl i

-

o Sé;f']'l fg_;—fi_%‘ s @ f}:i’*‘ é;iﬁl%iﬂ‘ il}i‘jl]él ’g_—,’—f%v B '"erﬁy itk fr"&E'r;gﬁ_ &r;\(z 4)’""!’

X Lpc (24)
Wigsrde s> v U F e 4 2 <) o 4e(2.5)97 7
Fp = 3nuUpeanac (2.5)
AP va it Bime p Y B4 AL T - P PIRIER Y LA
A4 5 Fd P ad A s R 4eand 4 E g de0(2.6)47 7

2pUf2act
th

FL:

AARF IR P S0 3 TR R o ) R+ € F1G Dean 4 @ B 147

m
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__5_37'1?, i_:}-g;

e
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B R FI T  AAE T A AN AR o d T

2.5 /) &

AR ERALY LR W & T RN BRe Y ey 1R
FIWAE S D AR E S OBRE BB 2B A8 R AR R fig ik
E 2 AeBRAEE S BRALEEMAZEE DN R AR s fpan 2 A
LR Y UEE S PR TEE R RS RN R LY S

EAAE Y o E R AR AP R a0 R pRET CO2 § 5

=)
i

Beinif 2 MRS k0 F AR P B AARL  N ERRRT AR R ikl

~

e & pens i DI ELR AR 0 ERARE S 49 UGL T 5

v
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$IF Mg

3.1 civig WA

ARG R ST EE R Y 7 3mm B PMMA Fi AdE > £ % CO2 T
B (T AR AR 20 %) 0 Mo R T AR B 3-1 1T 0 KB40 T Bl 3-2 47
FoEF IBrAc MR 2T HIRE AR SRR o REFAAE LT K
WY % R PMMA AR € % 75%:0e FRtAg g i g iR 5 A o B MR
R iz COr g MMRE AR A2 PO B A 0 ks 0 #a ¢ PMMA
AFEEEF BT EFRHLEZIHE-HY > rofeiv £ T4 Amm G L

’fﬁ?@ﬁ“ T % T LR E H eSS H o P AR REAT A RIE
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CO, LASER

double-sided tape

PMMA

B 3-1 doonig 8 B iviag -

%

5 mm

Bl 32 doini %
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32 R KA

32.1 F R8s

AR TR SR MR AT T A B GO A ER G e P g
3745 > A8 % Speedmark-Vision v & £ 5 10.6 pm ~ & % ﬁi;f] e F L 30W - EEE
% 75mm % 1 xF#‘%lﬁ; 100 mm X 100 mm H ¢t 3] 4@ 3-3 ~ B 3-4 #7177 » Fhw

Bpeded 3-1 95 7 o

B 3-3 7 &iR([32]

Bl 3-4 3=4LER[32]
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3o03-1 F AR

Model Speedmark-Vision
Wavelength 10600 £+ 5 nm
Mode TEMoo
Max Power 30 W
Repetition Rate 200 kHz
Working Distance 75 mm
Field Size 100 mm x 100 mm

322X AR R fa(PMMA)A

TG TR R SR AP G fa (PMMA) - o] 3-5 4 o AR
EPFEF - AP EH BB A F N T R E R E
prob g gt R £ B S AR~ A0 EEA(33] 7t > PMMA
#CO 57 FiT 95%mxfek » FP & 55 COr g Sf4e 1 e E L o 9 »
IPMMA A4 ¢ <t 5 60mm x 60mm » & & 5 3mm > 4oB]“7r > 4p B2 F 4o

32w o
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W 3-5 R AR MR fa ki

%32 BUAR G B [33]

Property Symbol Value

Glass transition temperature T, 110 °C

Melting temperature Tm 160 °C

Thermal decomposition starts at Tas 230 °C

Thermal decomposition ends at T4e 393 °C

Specific heat cp 1.466 kI kg ' K

Enthalpy of vaporization AHy 2231.78 kI kg !

Material density p 1070 kg m™>

Thermal conductivity k 0.19Wm 'K
32
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3.2.3 iiifl'ﬁ‘}if
R EmrE s ER AR Y LR AL 5 (KDS230) BEF 3t KD
Scientific® 2 & > 4cB) 3-6 #7770 A u[iEF B 1234 o 5 mL/min & {7 B

#

e

000000 Ul
E00 BHORD0

W 3-6 2§
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33me kA~ RAFE L HEREBERY

3.3.1 % kiR

ARG AR mte 0 d M2 A P BT 1 RS NG RERET %

ko

ik

332 AREF 5

Hydrochloric acid (30721-1L) B>+t Sigma-Aldrich - NaCl (31320-05) ~ KCl
(28514-75) ~ NaH2PO4-2H20 (317-18) ~ Na2HPO4-12H20 (31723-35) - Dimethyl
Sulfoxide (09659-14) P>t Nacalai » Trypan blue 0.4% (207-17081) -~ Collagenase
(034-22363) pE** Wako ° FBS (26140-079) - Penicillin-Streptomycin (15140-122) ~
MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) f#** Thermo
Fisher Scientific - Cellmatrix type I-A 3 mg/mL (Collagen) (160222) F>t#79 € Z F
v o Urea Assay Kit (DIUR-100) p#** BioAssay Systems - WE medium (CC901-0500)

P>t Simply GeneDireX e

333 RBRH

A b J o (KDS230) pE*t KD Scientific® = 7 o . 4 (5840R) Rt
Eppendorf Researche 2t & - Microplate Absorbance Reader (Ref.16039400) P& *%
TECAN =7 o gz ;\4p = £ & st (Axio Vert.Al) FE*t Carl Zeiss - Countess II
FL Automated Cell Counter ~ Cytospin™ 4 Cytocentrifuge B>t Thermo Fisher

Scientific °

3.34 R A
15 mL # Fat § (339650) ~ 50 mL ;& F#r< F (339652) >t Thermo
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Fisher Scientific ° Costar® 12-well Clear TC-treated Multiple Well Plates ~ Costar®
Stripette® 10 mL Polystyrene Sterile Serological Pipets (4488) ~ Costar® Stripette® 50

mL Polystyrene Sterile Serological Pipets (4490) p#>* Corning °

3ABRFY B X

g * 1M e HCL #-3 mg/mL %%} i F-v }E'a’i'ﬁrﬁ = 0.1 mg/mL > B~ 3% R 3~
v ;% 600 mL coating % 6 well culture plate & > *x & % 37 “C > 5% CO2 732 % $442

Hl 30 4480 BRI R IO RS > 2800 SmL hPBS AR 2 X

ARG BRI RESLUR -
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35,3 i

351 § 5% ¢ K B

% 4+ 5 £ B ficst (Laser scanning confocal microscopy) #_r4 23 g e ;8 3
BRI G E G A% 2 BB MET o 3 AR F R ITL kAR D R
s B> X 41 * 4434 & B (Pinhole) 2 “,% FLE TG uhgkipk R kp BTG
LR RN E 0 R R R AR o 0 REFIE R & TR TR D
Pene AFFFT @Y SHRBLBAY P 0T B E LB ACE 0 4oB] 3-7 frF 0 2
et 3-3 4757 0 % xipl R CO2 F %] & PMMA JiF chjiinaf 2 TR ~ IR R

'l‘,( P4 %}%‘]’s o

N

B 3-7 @ 8% P L RS
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# 3-3 T R R RARBLARR[34]

Model VK-X210
Objective lens Magnification on a 15”
50x
magnification monitor 1000x
Observation/ Horizontal (H): um 270
measuring range Vertical (V): um 202
Working distance: mm 0.35
Measuring range 7 mm
Height measurement Display resolution 0.0005 um
Repeatability ¢ 0.012 pym
Display resolution 0.001 pm
Width measurement
Repeatability 3¢ 0.02 um
Wavelength Violet laser, 408 nm
Measurement laser Maximum output 0.95 mW

light source
Laser Class

Class 2 Laser Product (IEC 60825-

1, FDA (CDRH) Part1040.10 *)

Laser light-receiving

element

PMT (Photoelectron Multiplier Tube)

Light source for
Lamp

optical observation

100 W halogen lamp

Imaging element

1/3" Color CCD image sensor

Color camera for
Recording resolution

Super high resolution (3072x2304)

optical observation
Auto adjustment

Gain, Shutter speed

37
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352 p B imre it B iR
AR AT * dhp # w2 ik 5 Countess I FL Automated Cell Counter - #

PR E e s B R kR R e 3 E Y 0 o Rl 3-8 47T o

] 3-8 Countess II FL Automated Cell Counter [35]
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FAR RERFEHSG
4.1 F s p i 2 B E

411 % S# FHAE LB
#-PMMA 43} & IR 80mm feo F S 4 1 & ~ M 5 frdf sy T B0 & 9
X5 100mm/s~20kHz fr 2 =% » 3 2 F 843 F 4 W 5 1.24+2.363.53-4.69W -
TR ORIREF T S s e R A AR R T RB T
PMMA # 45 4 CO2 § Sfex oo ol > TR Z iRA 3N B F 4o > 4o 4-1 #F
oo R TS FH 2454 D 4.69W P iR T 35 F R (£.494.03 pm # 4c 3

555.43 pm : T ¥R B fE_182.45 pm # T 59547 um o 4cF] 4-2 - B 4-3 #5 o

B 4-1 % 3 5t5 53% PMMA © (a) ~ (b) ~ (c) ~ (d) F 5+ 5 o u] 5 1.24

236353 % 469W
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Width (um)

Depth (um)

560 §
540 - /
520 +
500
|
480
—m— Width
460 T T T T T T T T T T T T T T .
1.0 15 2.0 25 3.0 3.5 4.0 4.5 5.0
Power (W)
Bl 42 3 bt o poinif R 2 M T
600 ﬁ
500
L]
400 -
300 ﬁ
200
L
| —=— Depth|
100 — : )

T T T T T T
1.0 15 2.0 25 3.0 35

Power (W)

T T
4.0 45 5.0

Bl 4-3 ot 8 i iR R 2 M 1
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4.12 F Sdvte & R HANE 2 B2 P

#-PMMA #4r2c & B §E 80mm A § 545 & 4 Ffodfdy Sl & R AL
® 469 W ~20kHz fr2 =t » & 7 3 445 4 50 mm/s ¥ £ 3 4e o ¥ LR 7
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4.1.3 #Fd B RES MR E 2 B3
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% 41 HomE 2 TRBIER
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No. Width (um) Depth (pm)
1 484.15+15 134.83+6
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B F O IT 5 RS % PMMA-PMMA A ie 7404 i »&HW@’! 1,;;;,

T E A68°C T2 15minEiTAE > TR LEFFEFTRARE R
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E5 R4 kR X @203 % PMMA %4 B 4 st R o
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4.3 & I

Blimie A HE &Y o ¥ 5.0 X 10%cells/mL thimie kB (Ta & o gt

F_*

AL B g R T0%:he FRAG A URE Y RFHF o LR Y L3RS A
che FRp ) o STiE T TR E Rk R E X T 10 mm o ¥ P E B 2 B
FH s 0.8mm- £ SERF g » B9 » od 2 fnifanifie S22 B Ao jpad

e o B X5 2.5mm o 4-Bl 4-16 #F o

Old

10 mm

Bl 4-16 A= hp i i 3% 3+
B A hein R T e LT % oa, =20um~ Dy =23lum- H ¢ o p =
1007kgm™> ~ u=0.958x102kgm 's![36] > ¥ i * 2~3~4 2% 5mL/min i

B opdcr LKA A2 L AR R 0 d B 418 Fhr o H Y 3 E S e

Number of mature hepatocytes in the inner outlet

— x 100%
Number of mature hepatocytes in inner and outer outlets
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ST i ) Rled o RIS 4 R e B R A R S 0

= B OFm e g g B T Tl o

o 42 AR R A R B Eics

Q (mL/min) Inner outlet Outer outlet
2 8.91 x 10° 1.78 x 107
3 2.75x 107 3.09 x 107
4 531x10° 4.98 x 10°
5 1.97 x 107 1.09 x 107

f43 Aedpiit A T e A g

Q (mL/min) Separation efficiency
2 33.4%
3 47.1%
4 51.6%
5 64.4%

F 44 ARz T4 B EA A 2 1]

. 2pUf%act
Q (mL/min) Fp = 3nuUpeqna. F, = D—hz F,/Fp
2 3.28x10” 1.28x107° 0.390
3 6.34x10°* 2.88x10” 0.454
4 1.01x10°% 5.12x107 0.507
5 1.26x10°® 6.67x107 0.529

51
doi:10.6342/NTU202403859



WP o 4ol 417 Hm 0 5 B 2 Sk
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F 457 AR R ITFwE LA RN E T2 8kE o d Bl 4-19 25 B 4ok

4-6 #1517 2 ¥ J‘ZLF} I E S 23 404 mL/min T g4 gk *‘”K > 80%1 F o E B
ViE 872%  Ra o Bon B MR L T 5 mL/min FF o A F R T '8 3 74.6%
-

R 4T g I F R B EHRA A LA B T4 R gD

BRI SmL/imin BFo RA 0 AR E T ARG LB F TR L

Fla i g o Ak 20 ERG R F A 2 B0 G A wdkB g
GV R R F]Y > AR T HET KPR Y i E S8 s 4mL/mine
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% 45 it A oA v o ROF e B
iE ¥ =

Q (mL/min) Inner outlet Outer outlet
2 9.20 x 10° 2.02x10°
3 8.60 x 10° 1.26 x 10°
4 6.70 x 10° 9.83x 10°
5 1.32 x 107 4.48 x 10°

%o 4-6 Fikisz RO A Hn s

Q (mL/min) Separation efficiency
2 82.0%
3 87.2%
4 87.2%
5 74.6%

fo047 sipisw B4 B4 2 4]

. 2pUf%a.t
Q (mL/min) Fp = 3nuUpeqna, F, = D—hz F,/Fp
2 1.86 x 10? 1.28 x 10° 0.688
3 3.61x10° 2.88x 107 0.798
4 5.76 x 107 5.12x107° 0.889
5 7.15x10° 6.67 x 10° 0.933
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CTHRAEDR Y 0 g FIE L ¥ R RIS w3 A R Y () 0 AR
ER AT & me B (d) 0 VP B @R T 3F 5 e (d)2
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4.6 % # 15 (Urea assay)

ok S AR St - o R A R B AR S R AT 4 AR o d
Bl 4237 g I i KEARR R PSR T 0 RFRRESERS R
BepX J i mie § ipl i AR A S ZAPFREFARER S T A FFL

FR I I TR Ft s R AR TR

Mature hepatocytes urea assay

7.71 LA With centrifugation
Famed W ithout centrifugation

fie]

6.24 597

7 5.95

5.78

o

[
1

Urea concentration {mg/dL)

N\
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