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Supplementary Figures:

Fig. S1 Characterization of porous microneedles (MNs) made of PES (a1 ~ a5), PLGA (b1 ~ b5), PLA (c1 ~ c5), and PVDF (d1 ~ d5), 
respectively. Optical microscopy images of the MN arrays (a1 ~ d1). Surface (a2 ~ d2 and a3 ~ d3) and cross-sectional (a4 ~ d4 
and a5 ~ d5) SEM images of PES, PLGA, PLA and PVDF MNs with different magnifications. The optical microscopy images show 
that MNs with good tapered structure and sharp needles could be prepared. Surface and cross-sectional scanning electron 
microscope (SEM) images of single needle demonstrated that porous structure with interconnected pores is obtained.
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Fig. S2 Cross-sectional SEM images of CA MNs made of 35 wt % CA solution at different position of the MNs. Inset in (a) shows 
the schematic illustration of the cross-sectional position of the MNs in (b-d). It can be observed that the microstructures 
throughout the needles are consistent.
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Fig. S3 Characterization of porous MNs made of CA (a1 ~ a4), PES (b1 ~ b4), PLGA (c1 ~ c4), PLA (d1 ~ d4), PVDF (e1 ~ e4), and PSF 
(f1 ~ f4), respectively. Surface (a1 ~ f1 and a2 ~ f2) and cross-sectional (a3 ~ f3 and a4 ~ f4) SEM images of the base of CA, PES, 
PLGA, PLA, PVDF and PSF MNs with different magnifications.
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Fig. S4 Optical microscopy image of CA MN after 1 year. The morphology of CA MN remained unchanged, indicating the good 
stability of the CA MN.
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Fig. S5 Cross-sectional SEM images with varying magnifications of porous CA MNs made of different initial concentrations: 10 
wt % (a1 ~ a3), 15 wt % (b1 ~ b3), 20 wt % (c1 ~ c3), 25 wt % (d1 ~ d3), 30 wt % (e1 ~ e3), 35 wt % (f1 ~ f3), respectively.
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Fig. S6 The water contact angle of a smooth CA film obtained by spin-coating.
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Fig. S7 Snapshots shows the water spreading process on the porous CA MN over time. Water droplet with the size of 2 μL 
spread over the surface within 65 s, indicating that water can be absorbed by porous CA rapidly.



S-1

Fig. S8 Confocal laser scanning microscopy (CLSM) images of porcine cadaver skin after administration of sodium fluorescein-
loaded CA MN made of 35 wt % CA solution for 10 min. The scale bars can be applied to the other images. The CLSM images 
show that CA MN could penetrate the stratum corneum and reach the dermis.
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Fig. S9 The cytotoxicity study of the MNs made of different polymer materials. The MNs were incubated with NIH-3T3 
fibroblasts for 24 h.
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Fig. S10 The ISF extraction amount of CA MNs over time in mice. The increase of mass indicates the diffusion of ISF from the 
skin to MNs.


