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Abstract: This study presents the development of cell-based microfluidic chips for the performance of acute
eye irritation tests due to chemicals and examined some of their applications. Microfluidic chips were fabricated
by photolithography and soft lithography, and they had three compartments with different areas for cell culture.
Rabbit corneal epithelial cells were used for the eye irritation test. The death of cells cultured inside the chip
was monitored at regular time intervals after treatment with an aqueous solution of chemicals, and the cell
death rate constants were calculated based on the viability curve. The performance of the microfluidic chip
was verified by examining the effects of cell-cell junctions, cell-substrate adhesion, and initial cell numbers
compared to cell death rates. Eye irritation tests were performed at various concentrations of an aqueous solution
of sodium dodecyl sulfate (SDS), a standard substance for the eye irritant test. The cells were exposed to the
SDS aqueous solution for 300 s, and the resulting eye irritation was assessed by cell viability. Finally, the equation
for calculating the toxicity score (7.S) was derived based on the weighting factor for each compartment in the
chip. The cell-based microfluidic chip developed in this study may be used for eye irritation tests from chemicals

used in cosmetics and pharmaceuticals.
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Fig. 1. Designs of microfluidic chips. (a) Design 1

areas. A : chemical solution inlet, B

compartments. (c) Design 3 :
compartments.

chip consisting of three R2 compartments. (d) Design 3 :
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: chip consisting of 3 cell culture compartments R1, R2, R3 of different
: solution outlet, C
area of the cell culture compartment is different from that of design 1. (b) Design 2

: cell injection port. In the other three designs, only the
: chip consisting of three R1
chip consisting of three R3
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500 um

0.4s

Fig. 2. (a) Photograph of the microfluidic chip filled with
trypan blue solution, (b) photograph of the microfluidic
chip mounted on the microscope stage. (c)~(e) Time-
lapse images obtained after injecting an aqueous
chemical solution into the chip fabricated using design 1.
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Table 1. The time taken for the aqueous chemical solution to reach each compartment of the microfluidic chip fabricated using

design 1~4
Design 1 Design 2 Design 3 Design 4
Compartment  Time (s) Compartment  Time (s) Compartment  Time (s) Compartment  Time (s)
R1 1.3+0.1 R1-1 1.3+0.1 R2-1 2.7+0.1 R3-1 3.44+0.2
R2 2.440.3 R1-2 1.3+0.2 R2-2 2.8+0.2 R3-2 3.5+0.2
R3 3.3+0.3 R1-3 1.5+0.1 R2-3 2.6+0.1 R3-3 3.6+0.3

Cell Viability (%)

Time (s)

(@)

100 -

Cell Viability (%)

Time (s)

(b)

Fig. 3. Cell viability over time in R1 of the chip fabricated using design 1. Three experiments were performed in each cell
line and cell viability (mean+SD) was plotted as a function of time. (a) BALB/3T3 fibroblasts. 1061£58 cells were
analyzed in each experiment, (b) SIRC rabbit corneal cells. 1051+34 cells were analyzed in each experiment.
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Table 2. Rate law data on the cell death of two types of cells
cultured inside microfluidic chips. Cells were treated
with SDS aqueous solution at various concentrations

Concentration of Rate Constant (s™')

SDS (mM) BALB/3T3 SIRC
0.30 0.14 0.012
0.50 0.84 0.099
0.80 1.58 0.19

Table 3. Rate constants for the cell death obtained by varying
the initial number of SIRC cells. Cells were treated
with 1.0 mM SDS aqueous solution

Cell Density Relative Cell Rate Constant
(cells/mm?) Density” ™"
170 0.17 3.78
295 0.29 3.61
527 0.52 2.83
784 0.77 1.44
1,012 1.00 0.47

*The value obtained by dividing the initial cell density by 1,012
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Table 4. Rate law data on the cell death of SIRC cells cultured inside different compartments of microfluidic chips. Cells

were treated with 1.0 mM SDS aqueous solution

Compartment Rate Constant (s™') Compartment Average Rate Constant (s
Design 1 R1 0.47 Design 2 R1 (-1, -2, -3) 0.48+0.01
Design 1 R2 0.38 Design 3 R2 (-1, -2, -3) 0.33+0.02
Design 1 R3 0.26 Design 4 R3 (-1, -2, -3) 0.28+0.02
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Table 5. Cell viability and 7S values at different SDS concentrations

Cell viability (%)

Compartment
0.1 mM 0.2 mM 0.5 mM 0.8 mM 1.0 mM 3.0 mM
R1 100 332 0.00 0.00 0.00 0.00
R2 100 49.5 5.59 0.00 0.00 0.00
R3 100 53.9 11.3 0.00 0.00 0.00
TS 0.00 8.97 15.59 17.00 17.00 17.00
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Fig. 4. TS and IS values at different SDS concentrations.

l

W el Yolike st

ofell wkal mAlfrAl 3 FF A

LY (o]
Ao s §} e e RS wte g
ol o % 5 W dort= RF=Fe] Hzo] 7t
Stttk webd HET-CAME T Al 3 718k v Al-f-A)
HolM o & ‘:‘JZ}E% Zh= A9E 4 S dn

|FMET, e FYTMETE A
G AHE ] AUl Az g=

N

==
17
=
1)

it
¢

1A ) oA A ol gstel Qb
F2 2290 ANSAA spS A
stelth. sDsel o9k AEe] AbEe 13}
upE, A e sk g g, AEA
S, AE7)% A 5 Fo] AE ApEe
A AR WAk aA 30020 W
EEEYE AT F 7 7Yl Ax

QL 2o

o
)
& i

% g T d
o oz o
d o
o

o3
offt o
0, 5
H
HN

I

o
I, I
oo
I
l—rl
ox
A
Ul
N
)
H
ey
=2
)
of
N
T

F e AN
93, HET-CAMS] IS9} ¥ ahe] 2 ol ro] A
Zaleih 2 Aol A oS
oA A W s B e
A NG BE oA APHoE B

It

ol
e
i)
31

X
N o

i o o p
WP N gy

ob > > NN Mt o > o2 KO >
(¢

@ LT

o Pl NI
o
N
N
s 2
Q ke
=
8§
et
e
mlo

2
fllo

]

References

1. H. R. Ferdowsian and N. Beck, PLoS ONE, 6(9),
€24059 (2011).
2AEFENAA, SIEY AT, SFEY (48 A
142643, 2016. 5. 29. A13)), 2016.

3. M. P. Vinardell and M. Mitjans, J. Pharm. Sci., 97(1),
46-59 (2008).

4. M. Lee, J.-H. Hwang and K.-M. Lim, Toxicol. Res.,
33(3), 191-203 (2017).

Analytical Science & Technology



Fabrication and application of cell-based microfluidic chip for eye-irritation test of chemicals

5. K. R. Wilhelmus, Surv. Ophthalmol., 45(6), 493-515

(2001).

6. M. K. Prinsen, C. F. M. Hendriksen, C. A. M. Krul and

10.

11.

12.

13.

R. A. Woutersen, Regul. Toxicol. Pharmacol., 85, 132-
149 (2017).

. A. Schrage, S. N. Kolle, M. C. R. Moreno, K. Nor-

man, H. Raabe, R. Curren, B. van Ravenzwaay and R.
Landsiedel, Altern. Lab. Anim., 39(1), 37-53 (2011).

. J. Scheel, M. Kleber, J. Kreutz, E. Lehringer, A. Meh-

ling, K. Reisinger and W. Steiling, Regul. Toxicol.
Pharmacol., 59, 471-492 (2011).

. Y. Takahashi, M. Koike, H. Honda, Y. Ito, H. Sakagu-

chi, H. Suzuki and N. Nishiyama, Toxicol. In Vitro,
22(3), 760-770 (2008).

K.-M. Jung, S.-H. Lee, Y.-H. Ryu, W.-H. Jang, H.-S.
Jung, J.-H. Han, S.-H. Seok, J.-H. Park, Y. Son, Y.-H.
Park and K.-M. Lim, Toxicol. In Vitro, 25(1), 403-410
(2011).

S. J. Shukla, R. Huang, C. P. Austin and M. Xia, Drug
Discov. Today, 15(23-24), 997-1007 (2010).

R. Parboosing, G. Mzobe, L. Chonco and 1. Moodley,
Med. Chem., 13(1), 13-21 (2016).

S. C. McCormick, F. H. Kriel, A. Ivask, Z. Tong, E.
Lombi, N. H. Voelcker and C. Priest, Micromachines,

Authors' Position

Sujin Cho
Seog Woo Rhee

: Graduate Student
: Professor

Vol. 34, No. 6, 2021

17.

18.

20.
21.

22.

23.

283

8(4), 124 (2017).

. Q. Wy, J. Liu, X. Wang, L. Feng, J. Wu, X. Zhu, W.

Wen and X. Gong, BioMed. Eng. OnLine, 19(1), 9 (2020).

. Y. Cong, X. Han, Y. Wang, Z. Chen, Y. Lu, T. Liu, Z. Wu,

Y. Jin, Y. Luo and X. Zhang, Micromachines, 11(4), 381
(2020).

. P. Cui and S. Wang, J. Pharm. Anal., 9(4), 238-247

(2019).

S. Syama and P. V. Mohanan, Trends Food Sci. Tech-
nol., 110, 711-728 (2021).

M. A. Garcia, W. J. Nelson and N. Chavez, Cold Spring
Harb. Perspect. Biol., 10(4), a029181 (2018).

. Y. Shi, R. Li, J. Yang and X. Li, Int. J. Physiol. Patho-

physiol. Pharmacol., 12(2), 70-78 (2020).

S. Reichl, J. Pharm. Pharmacol., 60(3), 299-307 (2008).
S. Orrenius, P. Nicotera and B. Zhivotovsky, Toxicol.
Sci., 119(1), 3-19 (2011).

D. V. Krysko, T. V. Berghe, E. Parthoens, K. D'Herde
and P. Vandenabeele, Methods Enzymol., 442, 307-341
(2008).

G. C. Forcina, M. Conlon, A. Wells, J. Yinuo Cao and
S. J. Dixon, Cell Syst., 4(6), 600-610 (2017).

. T. Tian, S. Cho and S. W. Rhee, BioChip J., 13(2),

142-150 (2019).



