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Abstract: Drug screening against Candida albicans has become more urgent due to the increasing incidence
of infection and the development of drug-resistant strains. The microfluidic chip technique has shown great
potential for high-throughput drug screening. In this study we developed a concentration gradient microfluidic chip
platform for drug screening against Candida albicans. The generated concentration gradient on this platform was
investigated qualitatively by monitoring the distribution of the fluorescent tracer fluorescein sodium and quantita-
tively by following the distribution of the model drug fluconazole as analyzed by HPLC; the effect of different
flow conditions on the concentration gradient were determined. The ratio of the two aqueous phase flow rates was
determined in the subsequent drug screening studies. Alamar Blue, an indicator of cell viability, was used in the
susceptibility test for amphotericin B, fluconazole, itraconazole, voriconazole, posaconazole, terbinafine, 5-fluoro-
cytosine and caspofungin as carried out on the established chip platform. The MIC range of the drugs, which was
consistent with the MIC values of the CLSI-recommended standard, were obtained quickly and efficiently through

e H 91: 2019-09-23; & [H1 H 11: 2019-11-23.

BEWH: B AR E S T H (81872829, 81373376).
RSP e (i

*JEIE# E-mail: hongzhy001@163.com

DOI: 10.16438/j.0513-4870.2019-0770



© 324 - Zy%% %R Acta Pharmaceutica Sinica 2020, 55(2): 323 -329

the use of this platform, indicating that this new platform can quickly screen a series of antibacterial drugs in one
run. In addition, the strain of Candida albicans we used showed resistance to terbinafine in our platform assay,
consistent with the results of a 96-well plate assay, indicating that the platform can also be used for rapid screening

of resistant strains.
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Figure 1 Design of the concentration gradient microfluidic chip
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Figure 2  Fluorescence diagram of concentration gradient forma-
tion under different flow rates. A, E, I, M (Channel 1): NaFL; B, F,
J, N (Channel 2): NaFL + Amaranth; C, G, K, O (Channel 3):
Amaranth + NaFL; D, H, L, P (Channel 4): Amaranth; Water phase
flow rate: Amaranth 100 pL-h*, NaFL 80 pL-h* (A-D); Amaranth
100 pL-h*, NaFL 100 pL-h* (E-H); Amaranth 100 pL-h*, NaFL
120 pL-h* (1-L); Amaranth 100 uL-h*, NaFL 180 pL-h* (M-P)

Table 1 Concentration gradient distribution of fluconazole solu-
tion obtained under three flow rate conditions

Concentration of fluconazole solution/pg-mL™*

Flow ratio Channel 1 Channel 2 Channel 3 Channel 4
1:2 100.00 38.52 4.09 0.00
1:1 100.00 41.48 12.40 0.00
2:1 100.00 37.65 2.05 0.00
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Figure 3 The generation of droplets
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Figure 4 Droplets observed under a fluorescent microscope

6, R W S BRTE BTS2 B A, Tk AL
ARG HR R A AR O
4.0 pg-mL 7 14 25 2 B S a0 25 R L IE 6, A~

D 43| I 13808 23818 3 ETE 4 1 1AW W
W E 2 h G4 R o ML SRR IR P 6 2 B SRR 45
RAEF, I 6A~D W 155 2 B 737l 4 4.0.1.6.0.5 Al
0 pg-mL*te A7 X IRA, Too e, D AIER
AKX, P K E SR . K 6B Eiﬂﬁﬁ/?ﬂj‘é“%iﬁ
W5 B O A PRV A P 0, 0 Hh e B
JefF TR, RUDZIRE AW EER BTU?@AU‘LD
il BRI A, PIPERE R BIRE LN 1.6 pg-mLY
6C AT LU B0 A7 1E B S5 6 B IS [X 51, 3R B R
0,5 1) 1 2 B B R R AT AR T P 1 R R B UK
217490.50 pg-mLt, Ptk ] AAS P M 2R B 19 MICE
7£0.50~1.60 pg-mL1 P, 5 CLSI BT il i wii: & % B
XF A& ER B B MICSL ng-mLU M — 3. 45 5 3% AR
O T PRI A S R 42508 o 6 AT DA T B )
FUE B AL A Y EI MIC, Sl — RS2 3R A3 L&)
1) MIC Ju [ (% 2).

Figure 5 Drug screening test results of 16 ug-mL™ amphotericin B against Candida albicans. A: Channel 1 (16.0 ug-mL*amphotericin B);

B: Channel 2 (6.6 ug-mL™amphotericin B+Candida albicans); C: Channel 3 (2.0 ug-mL *amphotericin B+Candida albicans); D: Channel 4

--

Figure 6 Drug screening test results of 4 ug-mL* amphotericin B against Candida albicans. A: Channel 1 (4.0 ug-mL* amphotericin B);

(Candida albicans)

B: Channel 2 (1.6 pg-mL™* amphotericin B + Candida albicans); C: Channel 3 (0.5 ug-mL* amphotericin B + Candida albicans); D: Channel

4 (Candida albicans)
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Table 2 MIC values of eight drugs against Candida albicans SC5314

MIC against SC5314/ug-mL*

Determined Conc.

Drug - — Coincidence/%
Microfluidic chip method 96-Well plate method /ug-mL*
Amphotericin B 0.50-1.60 1.0 0.031-16 100
Fluconazole 0.25-0.80 0.5 0.13-64 100
Itraconazole 0.25-0.80 0.5 0.063-32 100
\oriconazole 0.031-0.10 0.063 0.063-32 100
Posaconazole 0.25-0.80 0.5 0.063-32 100
Terbinafine - - 0.063-32 100
5-Fluorine cytosine 0.063-0.20 0.13 0.13-64 100
Caspofungin 0.063-0.20 0.13 0.015-8 100

--

Figure 7 Drug screening test results of 16 pg-mL™* terbinafine against Candida albicans. A: Channel 1 (16.0 pg-mL?* terbinafine);
B: Channel 2 (6.6 pug-mL* terbinafine + Candida albicans); C: Channel 3 (2.0 ug-mL™* terbinafine + Candida albicans); D: Channel 4

(Candida albicans)
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