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The Design and Fabrication of pCCA-uGI Device
for Toxicity Evaluation of Acetaminophen
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ABSTRACT - Deficiencies in the early ADMET (absorption, distribution, metabolism, elimination and toxicity) infor-
mation on drug candidate extract a significant economic penalty on pharmaceutical firms. Microscale cell culture analogue-
microscale gastrointestinal (WCCA-uGI) device using Caco 2, L2 and HEp G2/C3A cells, which mimic metabolic process
after absorption occurring in humans was used to investigate the toxicity of the model chemical, acetaminophen (AAP). The
toxicity of acetaminophen determined after induction of CYP 1A1/2 in Caco 2 cells was not significant. In a coculture sys-
tem, although no significant reduction in viability of HEp G2/C3A and L2 cells was found, approximately 5 fold increase
in the CYP 1A1/2 activity was observed. These results appear to be related to organ-organ interaction. The oral admin-
istration of a drug requires addition of the absorption process through small intestine to the current LCCA device. Therefore,
a perfusion coculture system was employed for the evaluation of the absorbtion across the small intestine and resulting tox-
icity in the liver and lung. This system give comprehensive and physiologic information on oral uptake and resulting toxicity
as in the body. The current W{CCA device can be used to demonstrate the toxic effect due to organ to organ interaction after

oral administration,

Key words — pnCCA (Cell culture analogue), Acetaminophen, CYP 1A1/2
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550 CYP 2E1, 1A1/29F 3A49) &8 54&2< N-
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Caco 2A| EZ(human colon adenocarcinoma epithelial
cells), L2M3E(rat lung Type II epithelial cells) ¥ Hep
G2/C3AA] Z(human hepatocalcinoma epithelial cells)E
ATCC(American Tissue Culture Collection)ollA] E-oFkict,
Caco 2 AM¥+ 10% FBS®F 10mM2] MEM non-essential
amino acid’} #7Fg Dulbecco’s modified minimum  essen-
tial medium(DMEM)°IA wiFstiom, L2 ¥ HEp
G2/C3AM = DMEM/F12(1:1)0 ol FHo|Er} Z7ha
Al Euj Ao wiFstAch. DMEMF12E £33 BE
B2, 2FHYERI(FBS), HUAH, 2EEnlol4al, Fo]F
HolEe} A HALNEHF AL Life TechnoloigiesAt
(Rockbille, MD, USAYIIA, E7]2}o|4](Poly-D-lysine), o}
Eojmicyl, HZ2H, A EAYZETL Sigmark(St. Louis,
MO, USA)IA T8I

Table I-Physiological Parameters for a Pharmacokinetic Model
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Caco 2MIZ2| CYP 1A128HM9| &3

Caco 2AIEE I 1x10°1041070182 HF3L Type
1 collagen©] Y E transwell®] apical sideZ°] DMEM
0.5 mL, basolateral®< DMEM 1.5 mLE %o} 2447} W)
st 2El3, CYP 1A129 4L Z7HA717] 98
3-methylcholanthrene(3-MC) 0.5 uMS 7138l w3kt
CYP 1A1/29] €43 ethoxyresorufin O-decthylase(EROD)
of o3 APEE HEREAY] FRE 2HsAL

HEpG2/C3AMIZ=R} L2M|Z2| chEHuFnt SA|HHSF Al M|
Zo| ZM53 CYP 1A12 EMo| &H

HEpG2/C3AM| = Type 1 collagen®] Z®E transwellol
1x10° cells/em®E, L2A| E£+E inserto] 1x10° cells/em®=
AEsa 7Pt 1.5mLe 0.5mLe] wiRE go FAMY
(coculture)3t3ATh. pCCA-UGIPIA 2] ofx Eoju] o] =4
S H718E7] 98] Caco 2M|E9} HEpG2/C3AM E, L2AIE
ARG ZF MRS FAleH SAEHE AFEih o
HEZ R =Z 7} A7)o] fAXZRS Ao ns HE
|2 Z o]&3ledok 3}, Caco 24| ES} HEpG2/C3A7}
4 AR fARSE 453 aAEAS Uil Zos
HUET o] Al HES] AEE 72 A8t
HEp G2/C3AMES} L2AXE M2 wellZ insertE ©]-&-3}
o EufSFetiom, iAo 2 FAMYE FYsHAl A
8383t 3-MC M2l 2] AZE d3aigdt 2 &

N

N oo B o
>

Al st 499 MES] F4%(cell proliferation)? CYP
1A12 848 438190 Alxe] 45 MTS((3-(4,5-

dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl-2H-tetrazolium, inner salt)2} electron coupling
reagent®] phenazine methosulfate(PMS)YE AF&-3te] A
formazan®] &%%Z Elisa reader® ©]-2351d 492 nme] 3}

Organ volume (mL)* Blood flow Blood flow Residence
(per 250 g rat weight) (mL/min)? (% of cardiac output)® time(sec)
Blood flow of cardiac output 74.0
Liver 19.6 13.8 18.6 85
Lung 2.1 74.0 100 2
Gut 11.3 9.8° 13.2 69
Other tissue(brain, diaphram, 2612 70.0 95.6 223

fat, kidney, muscle etc)

a. in B. Davies and T. Morris, Pharm. Res., 10, 1093-1095 (1993).

b. Portal vein flow is more important than gut itself blood flow as a connection with liver and GI.

c. Each blood flow/blood flow of cardiac output.
d. each organ volume/ each blood flow.
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Aol 2 s MTS assayZS E3
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Caco M| ZAA 3-MColl 2J3ll CYP 1A129] &40 &
7} & Caco 241 E2] apical side 2ol 3-MC$} oM Eo}
=@ (120 pM)S Ti3ke M2 WIXE 718k, basal
side Zoll& 3-MCS $Hidhs AEL2 HiAE 7tste] opHE
olnji=dlof| &3 A8 Caco 24| E)A AR 7=} 315
th wZ 3-MCE AR &2 o Eou]xdl Fojio
ME Caco 2M|Eol|Ae] E4S Hristd CYP 1A12 &%
T Uehd ol Ectu Y] E437 Bty XY =
’dS MTS assay®= SASIAT @A A% 28YLH
g FFEEEE o] nlo] o= A A ZAI K (Bio-rad,
Munich, Germany)2- AFHE-8le] 273151},

[e23Xe)

nCCA 2d

HE 7He 19.6mL, e 2.0 mL ¥ &3NS 11.3mL
olBR Z} Alolxe] BREER 2F V)4 IS ol
FANZRE IR o]FA BojFl ARE o] 8-sie H
2%, 7} 85%, &SN 692, TR 7| 223%9] FAAE
ZHeE tuto| 25 TxRIsigTt. o] W) Asjaat 7k
Ao ZA 7} 4717 FEAEE HaA sigleng 4o
3 Ao 9 HHELE(7.5 mL/min)S ©]-&31K] PRI
FFEE(9.8 mL/minyE ©)8-dk] Aslae] fAXZRE At
BIATh. F7He] HEZF peristaltic pumpE ©]-§-std H <} 7+
°F o]0z uCCA tlHle|2Z Wix|7} 524 dfom,
syringe pump= H 9} 7| §-&3 TE Gl tracts 15k

A8

o] wf 7R g T reE Eolvks wixY ¢ o
80%, 7+eHE Tt 7ho® Eofrlke wixe S oF 20
%2 2 HlE&E AT A2 2433 Akl o
#3 YARIs Ak

1
ool

ok

ol

AlR[E uCCA M=

Ag]&riuto]2~E Cornell Nanofabrication Facility(CNF)
of| ] standard lithography-etching technique-g- ©]-& 3}
A z23tH Tk uCCAS ¥l2 CAD(Cadence; Fishkill, NY,
USAYIA 2detsion, tlolElgld = kA7l Fo pattern
generatorZ FE0] FIHE FEnfiIol] =EAIA nCCAH
He A Zslsitt. tutols A|2; A TS Fo] BasiEE
100 pm, 40 um< g+ 2Hzte] vaa g Azbsitt.

d2]& do)#(Silicone Quest; Santa clara, CAYE A2l&

nCCA-uGI tipjol=e] 7t 265
FHo SRS o7l Yt P20 primer (Shipley; Marl-
borough, MAYS FH32™, 4000 rpmelA] Shipley 1813
photoresist(ShipleyyS 1.5 umFAZ 7 FE 1T}, Pattern
< contact aligner(AB-M HTG 3HR Contact proximity
aligner, San Jose, CA, USAYE ©|&3ld ¢lo]sol] =}l
(405 nm wavelengthy2 2.5% B9+ :ZA1H miaz0] HEl
& do)HE &7! $ofl MIF 300 EANCZ uCCAE S
=90k A HA 2zk unix 7702 ©]€-8] 2 pm/min®
Z 40pm®] FAZ A #x HEHZ A7sir 42"
HE wko 2 o} 9l photoresists= 60°C 30552t heated

_?4
foz]

A=
resist batholl4] A A3t}

F WA =2 shipley 10758 ARS8k 3000 rpmell A )
olHE 2d FHHARAIZAT. o] o gk
shipley 18278 AREA] Q& AZHe] AZ4&
A2)del] mEEA] b2 FHE 27fo] Hof
FAske shipley 10758 AHE-3llt). dubdes
1075 20 um A= FAE IR ¢S 7
A MxeZo] 231t Contact alignerE AHE-3le] o]n)
217k AelEgolslg ok BYE 955 wigsisier

405 nmolA 152 T =2 BT ol Tl ol

100 um®) F712 Q52 unix 77002 2|73l en, o)A
& oF 60%o] 20Fth mRee g ol 0= photoresist

Z 60°C heated resist batholX AAstaom 4719 tjulo]
2F WHEo1Xl uCCA tule|2e o348 AAZE o &
ted 47l19] vupe]2=g Qi)

|

[o]

uGI tract CIH[O|A

HGI tract THEO] 20l M 9] 912 FE.e
880 FANZHE ZIEE slglom, ofgf % FE-2 {AA
7F 692 F AEF k. o] W 9%} ol % chamberd]
0|12 ZA FogM UE chamberd] YHFAE FASHA
stk 2 dEAE 4% chamberolld AstHEa) Pz
AN FPAHom ujxe] EFo] dojuA] BA A -
A7t & chamber® it 28 k= dlo] =7] wjFojrt,
uGI tract TlHlo]2= polymethylmethacrylate(PMMA) Z&]H

=

£ 7}A]3L computer numerically controlled(CNC) machine
(Bridgeport Series II:Bridgeport, CT, USA; equipped with
a dynapath controller:Indianapolis, IN, USA)l <&l A2}t
% th. CNC machine &3kt FAA1Z-E 98] T
ZRRIE tulol ol A A& Hojaly F=ole FHE
ZEE e Uths A3S 7HAL Tt oli% chamber
o Z&)7lRye|E AEHG um pore, 273 12 mm) )
ZE 7IEAE AT AYE 9% chamberg 2=E 3T

259 FHAZ

[5) e

T or
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nRREre 2 ujx]e] ¢t -5 9% TS ENeH
NS YA 018319 chamberr} M2 BREEE 31T}

RCCA-pGI tract C[HIO|A

Plexglas housing(3.8x 5.4 cm? A2]F uCCA o)X
o] EH& 9] 2l AAEAT}. T2 plexiglas sheet
(thickness: 3.2mm)E 72 Y79 E7E5 9 +4E
eSO ol REE-L 64 mmFAY plexiglasE 7FAIL 2
mmF7Ae] A& o] Bol7bEE 2.56x2.56 cm FAMZHE
g RESITE A g3t ARE dolHE FaL 7|
F7F 7R Res FoEA PREY plexiglasE HAL
LIRS ARg3le] o] YUNE A2 EaAIFT nCCA
9} uGI tract2 0.25mm Pharmed tubing(205S: Watson-
Marlow: Wilmington, MA, USA)2 &2 MZ dZo] HE=
slgom, o] ff FEEL gelloading tipe ©l&3t U+
o} E42 dAo] golat=s P

EE -

Caco 2M|Z29| CYP 1A12 &M

Figure 1 Caco 24| ¥4 CYP 4848 4 A
02 AE2=9) vgsled CYP B4lo] =718l e By
o}, &8kt Zelle opH|EctredlS A £ Yl &
27} ZAFT CYP 1A12, 2E1 3 3A47} opd|Eotm)x
Mo =4JEAQ] N-acetyl-p-benzoquinoneimineS A=
d 2 28l §4 BaET Ed o] £ Caco 24
oA CYP 1A12 84S Hristaa) sk 3-MCE

Resorufin concentration (uM)
w
1

0] @ig Y

H T T
40000 60000
Number of celis

e v T v T T J
0 20000 80000 100000

Figure 1-Resorufin concentration produced by the Caco 2 cells for

24 hrs in the presence (O) and absence (@) of 3-MC. 3-MC was add-
ed to media of the Caco 2 cells to activate CYP enzyme.
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FHskE WlEIAE AMEsle] AR Al AlxEe] CYP
1A12843% fFAREES 8tk 3-MCe A3 43}
& AAze EAlshs e a484dS Jehlr] $ig
EZSl 522 E non-induced Caco 24 EZ 2] CYP
1A129] 848 72919 CYP 1A1/2¢] 4L Caco
M Z e 10 uM SEAIIZET L] vl o3 A Blx
B3] w2 SAs3iv. AdE dlzede] e 530nm
excitation, 590 nm emission BEJAM FZE Z4slle}. o]
o E2F 001-100 uMe) F= HANN FEF 244
(=09926)°] “ERIT. 3-MCE -k 9% Caco 241E]
CYP 4= A #Hd=R Q%o 3-MCol &g CYP
1A129] FE0]% Caco 241E9] F=7} 1x1071Y @ CYP
BaAo] 84L& ¢ ) A= FTeIen, o EaE A
Al CYP 1A129] T=9} FARE AL & 4 AUALE®

ZH|Z2} EiMEZe| CEEHHekRl SAIHHSE Al2] Mzl F4
S1 CYP 1A12 EMEH
Figure 29} 7Fo] 7 X9} HAMEE TB50 2 w3t
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Figure 2—Changes in cell proliferation (top) and CYP 1Al activity
(bottom) of Hep G2/C3A and L2 cells induced by 2 uM of 3-MC for
24 hr. () single, (M) co-culture system, [1 : HEpG2/C3A and L2 cells
were incubated by itself with 3-MC and without 3-MC, I : HepG2/
C3A was incubated with 1.2 cell with 3-MC and without 3-MC.



opllEch sl 549715 Y7 uCCA-pGl tirjele] 7 267

o] vjal] FAl wsiAS W AlEe] FALe =A Fh GI tract 20| C|X}OI
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7 AR FoPMN 72 Wk oA "ot offE chamber®

CYP 1A12 84L& }_—]Z_(lung liven)] a3l eJg A
o2 AlEH ojX Y FAlIYOIA F7HE CYP 42 Q1 Eorie WiAlE U S5 524 HM S22 A W
Aellr 545 g Agstet] F88 AR T 2 Wi puCCAY THAEFZ AT Y+E E7tE
st 2 —’F Ak ks A3 227k A AES & YARIHUTHFigure 4).
JEA=E| gl thekst 22 Fo] ME RSk 5%
Al QA Al2HE whgst] wiolth pCCA ZEo| Cixtel
743 HE2 o] 207 uCCAE e oM, R¥ =S Figure
CYP 1A12 §E & Caco 2MZ0AS] OFMEOHD|-HI
of 2fst 54

0.5m
Caco 241EE 3MCE A3t] CYP 1A129] BHE 0 " ”f T
Z7I L}, ol Eotulale] B4go] F2 ZholAe] CYP w —
2E1el) oI5 dhate] elal Uehi 0% JelA Rloh & sottom L Tre  [§ 0™
S FAARON AREE DAl 8 A4S oju -osmt |
73} Caco 24Z CYP 14129 9]%F obH =0tz L ”dj“m>- —-
5 o8 2ot OIS Caco 29T 7} il o 8 el

%aré%ea %%er(;%;@ um?dn 1 size no

@ 5 247 Fol AESHS 293 3-MCHEIES

AT BF 20mM o Ech| oz 2447k X st

FoE 1ol 2o glon], F 27 £:91491 3
ol& Holx| gF3kh(Figure 3).

S NCCAF pGl tractS Ao =2 7hat Ashde]

}azkgo] ol nAs 9, st #He dEEgo] 7t

o HX]E= GRS Yol 4 L Ao =E Z|Hc}. Figure 4-Schematic diagram of puGI tract. The pGI tract-device is

made by the CNC machine using polymethylmethacrylate polymer.
Top part (R of picture) and basal part (. of picture) are put together.

125
Inlet QL 0.29uL

/<]f [ Gl ]
1ooj \ 2.84y 0.16uL
e doo——)_|
4 Inlet -
75 ° § iver
Other tissue 1

50 { Outle
4 reservolr
L
25 —J A \—reservoir
reservoir w

0 -— Figure 5-Schematic diagram of pCCA and uGI tract. The mi-
0 4 8 12 16 20 crofabricated device comprises two depths 40 um (depicted in grey)
for the lung and liver chamber and 100 um (depicted in black line)
for the other tissues. The dimension of the chamber are as follows
Figure 3—Proliferation activity of Caco 2 cells with (@) and without  (wxL): Lung (2x2 mm), Liver (3.5x4.6 mm), Other tissue (0.4x
(O) after acetaminophen treatment for 24 hrs. 50.6 mm).

Cell proliferation (%)

Concentration(mM)
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5ol VERIRITE. FAAIE]] mixE #HE%e Y7E B3
HZ Eoj7b 7k gE 2Ao=m 7z} 5.4%[(13.8-9.8)
mL/min}/[74 mL/min), 94.6%[100%-5.4%9| &2 &8 Z9]
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A @A Bk okl chamberss H 9} 7HOE o7t
£ iR reservoirdll A AT/ R Eo] njR|e} EFlol
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uGIek uCCAE Figure 65 7ol AASIATE. pCCA-uGl
o] AZFL &5 FHoxe] oHeel SRS AA 7HollA
dAbsle oFEe] B8 e of Sl vs] Aok
BEZY 545 Wrshet o 4 443 JEE ¢S
U Aok

4

Figure 6-The fabricated LCCA-pGI system for the evaluation of the
toxicity of acetaminophen. The recirculation loop is completed by a
peristaltic pump and syringe pump in conjunction with 0.25 mm in-
side diameter Pharmed tubings.
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