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Abstract: Photodynamic therapy (PDT), as a new type of phototherapy technology, has the advantages of non-inva-
sive and low toxic side effects, and has important application prospects in clinical medicine. Currently, PDT research
is mainly based on statically cultured tumor cells, which significantly differ from the actual tumor microenvironment and
often lead to poor clinical efficacy of PDT. This paper designs and develops a microfluidic biochip for tumor PDT, and
prepares a fluorescent nanosensor (A, =410 nm, A,, = 460 nm) to fluorescently sense the production of singlet oxygen
during the PDT process, analyzing the main factors affecting the inactivation of tumor cells by PDT. The results show
that reducing the pH of the culture medium from 7. 4 to 6. 8 (environmental acidification) and increasing the injection
flow rate from 5 wL/h to 20 wL/h (increased shear stress) both reduce the phagocytic efficiency of tumor cells towards
nano photosensitizers. In the early stage of PDT, the oxygen content is sufficient (<30 s), and the differences in photo-
sensitizer dosage, microacidification, and mechanical microenvironment have little effect on the yield of singlet oxy-
gen. The cell phototoxicity is similar. In the late stage of PDT (30-180 s), the oxygen content decreases, the yield of
singlet oxygen decreases, and different tumor microenvironment parameters result in different cellular phototoxicity.
This work explores the production of singlet oxygen during PDT in a simulated tumor microenvironment through fluores-

cence sensing, providing useful references for promoting the clinical development of tumor PDT.
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Fig.1 Microfluidic biochip: (a)mask design diagram,

(b) structural diagram, (c¢) physical photos of micro-
fluidic chips, (d) function verification image. Inject
red and blue ink into the left and right channels

respectively (with a flow rate of 100 pnL/s) , the mid-

dle channel is not processed
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Fig.2 ZnPc NPs: (a)UV-Vis absorption spectrum with the inset of TEM image; (b)absorption spectra of DPBF mixed solution

(660 nm light irradiation, 0-20 min) , the variation of 410 nm absorption rate with radiation time (illustration). DPBF

NPs: (c¢)UV-Vis absorption spectrum and fluorescence emission spectrum (A, = 410 nm) ; (d) fluorescence emission

spectra of mixed solution with ZnPc NPs(660 nm light irradiation, 0-20 min) , the variation of fluorescence intensity at

460 nm with radiation time (illustration)
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Fig.3 Bright field photos of Hela cells in the microfluidic
chip culture chamber without phagocytosis (a) and
phagocytosis of ZnPc NPs (b). (¢) Superposition of

bright field and confocal fluorescence images (A, =

638 nm, A, = 665-705 nm) of phagocytosis of ZnPc
nanosensitizer Hela cells. Confocal fluorescence imag-
es of Hela cells simultaneously engulfing two types of
nanoparticles: (d) ZnPec NPs (A, = 638 nm, A, =
665-705 nm) ; (e) DPB NPs (A, = 405 nm, A,, =
440-500 nm) ; (f)image overlay
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Fig.4 The effect of different injection flow rates (upper) and
pH values (lower) on the therapeutic effect of Hela
cell PDT. Green fluorescence: A, = 488 nm, collection
scope 500-550 nm. Red fluorescence: A, = 525 nm,

collection scope 581-654 nm
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Fig.5

(a) Fluorescence imaging of Hela cells loaded with DPBF NPs under PDT treatment ( Different irradiation time nodes,

from left to right, are 0, 1, 2, 3, 4 min) : (Above) Control group, without ZnPc nano photosensitizer; (Below) PDT

experimental group. A, = 405 nm, collection scope 440-500 nm. (b)The fluorescence decay curve of DPBF NPs in Hela

cells over time. Fluorescence attenuation curves of DPBF NPs in Hela cells at different pH values(¢) and injection flow

rates(d). As indicated by the arrow, at t=120 s, the 660 nm laser commences irradiation
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