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The dissolution of LidH MNs was observed in vitro test including piercing the fresh porcine skin. As shown in Fig. S2, the tips of the LidH MNs are completely dissolved within 5 min, indicating that as-fabricated LidH MNs can be dissolved quickly which offers the possibility of rapidly release of LidH during application.
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Fig. S1 Picture of microneedle solubility.

To determine the drug standard curve of lidocaine hydrochloride (LidH), the PBS (pH=7.4) was chosen to prepare the standard solutions of LidH. The absorbance of LidH is measured at 262 nm by UV-visible absorption spectrometer (UV-vis) and there is a linear relationship between absorbance and concentration from 25 μg/mL to 600 μg/mL. The corresponding regression equation is y=0.00123x+0.03339 (R2=0.99957) (Fig. S2 B). The drug loading in the MNs can therefore be obtained by this equation.
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Fig. S2 (A) Ultraviolet absorption spectrum of LidH. (B) The standard curve of LidH.

The LidH loading in the LidH MNs was quantified by UV-vis at 262 nm. The drug content in the MNs obtained from the LidH standard curve is shown in Table S1

Table S1 Drug load in MN (mg)

	group
	A
	B
	C
	mean
	SD

	LidH MN 

(Ⅰ)
	7.70718
	7.53488
	7.53596
	7.59267
	0.09917

	LidH MN (Ⅱ)
	157.675
	157.97
	157.702
	157.782
	0.16337
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Fig. S3 Schematic diagram of Franz diffusion cell
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Fig. S4 (A) and (B) Animal administration and modeling, (C) formalin induced pain modelling, (D) mechanical pain threshold test by Von Frey Fiber Filaments.
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Fig. S5 (A) hematoxylin-eosin (H&E) and (B) toluidine blue (TB) staining images of skin tissue.
