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Figure S1. UV–Vis spectroscopy of RB for different concentrations in μg/mL.
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Figure S2. Schematic illustrations of RB-loaded microneedle fabrication process.
Table S1. Effect of different administration methods on the number of head scratches in rats (X±S)
	[bookmark: _Hlk137302189]group
	n
	0-30min
	30-60min
	60-90min
	90-120min
	120-180min
	180-240min

	Blank
	4
	30±2.83**
	36.5±2.12**
	32±5.66**
	32.5±7.78**
	32.5±2.11**
	29.5±0.71**

	S.C.
	4
	119.5±2.12**
	97.5±3.54**
	82.5±3.53**
	76±2.82**
	49±5.67**
	39±1.41**

	MNs
	4
	121±4.25**
	106.5±2.12**
	83±4.24**
	66±2.83**
	49±2.83**
	38.5±2.12**

	Oral
	4
	129±1.41**
	119.5±2.33**
	103.5±2.42**
	90±5.65**
	83±1.41**
	66.5±2.02**

	Control
	4
	145.5±3.54
	130±2.84
	121±1.43
	109±1.41
	96.5±2.12
	92±2.85


Results are presented as the mean±S.E. of at least four experiments. **p<0.001, compared with the control group.
Table S2.  Effect of different administration methods on the number of head scratches in rats (X±S)
	group
	n
	0-30min
	30-60min
	60-90min
	90-120min
	120-180min
	180-240min

	Blank
	4
	3.5±2.24**
	2±1.71**
	3.5±0.71**
	3.5±1.41**
	4.5±0.32**
	2.5±0.77**

	S.C.
	4
	15±1.24**
	12.5±1.12**
	9.5±1.43**
	8.5±2.11**
	6±1.11**
	3.5±0.43**

	MNs
	4
	16.5±1.71**
	12±1.52**
	10.5±1.22**
	9.5±0.53**
	6.5±0.74**
	4.5±0.86**

	Oral
	4
	19±1.66**
	17.5±1.77**
	14.5±2.78**
	12.5±2.24**
	13.5±1.65**
	11±1.33**

	Control
	4
	27.5±2.76
	28±2.98
	26±3.22
	31±3.12
	25.5±2.07
	23±2.08


Results are presented as the mean±S.E. of at least four experiments. **p<0.001, compared with the control group.

Table S3. Pharmacokinetic parameters of RB after application via different delivery routes in rats (n = 5).
	[bookmark: OLE_LINK10]Groups
	Dose（mg/kg）
	Cmax（ng/mL）
	Tmax（min）
	[bookmark: _Hlk129552151]AUC0-4h（ng/mL·min）

	S.C.
	0.5
	69.23±4.93
	60
	5515.53±819.88

	MNs
	0.5
	65.38±1.17
	90
	6114.31±207.82

	Oral
	0.5
	6.27±0.19
	90
	571.63±10.74



[bookmark: OLE_LINK12]Table S4. 5-HT levels in plasma at different time points in each group of rats (ng/mL, X±S)
	group
	n
	5-HT(2h)
	5-HT(4h)

	Blank
	4
	[bookmark: _Hlk129033462]198.75±1.80
	199.08±2.75

	Control
	4
	163.52±5.10##
	173.85±3.57##

	S.C.
	4
	182.22±2.99**
	[bookmark: _Hlk129034203]191.22±2.64**

	Oral
	4
	172.00±5.95*
	180.33±3.90*

	MNs
	4
	182.26±2.05**
	[bookmark: _Hlk129034224]187.26±4.63**


[bookmark: OLE_LINK1]Results are presented as the mean±S.E. of at least four experiments.  ##p<0.001, compared with blank administration. **p<0.001, compared with the control group. *p<0.05, compared with the control group.

Table S5. CGRP levels in plasma at different time points in each group of rats (pg/mL, X±S)
	group
	n
	CGRP(2h)
	CGRP(4h)

	Blank
	4
	[bookmark: _Hlk129033570]38.18±2.40
	37.21±2.44

	Control
	4
	[bookmark: _Hlk129033609]84.83±2.24##
	[bookmark: _Hlk129033794]76.92±3.42##

	S.C.
	4
	[bookmark: _Hlk129034093]51.44±2.70**
	[bookmark: _Hlk129034137]45.88±1.29**

	Oral
	4
	[bookmark: _Hlk129033838]64.95±3.14**
	61.26±3.10**

	MNs
	4
	[bookmark: _Hlk129034106]54.57±3.65**
	[bookmark: _Hlk129034154]48.07±3.09**


Results are presented as the mean±S.E. of at least four experiments. ##p<0.001, compared with blank administration. **p<0.001, compared with the control group.


Table S6. SP levels in plasma at different time points in each group of rats (pg/mL, X±S)
	group
	n
	SP (2h)
	SP (4h)

	Blank
	4
	[bookmark: _Hlk129034287]6.97±0.46
	6.42±0.36

	Control
	4
	[bookmark: _Hlk129034313]18.36±1.15##
	[bookmark: _Hlk129034328]16.79±0.61##

	S.C.
	4
	[bookmark: _Hlk129034400]10.32±0.40**
	[bookmark: _Hlk129034424]9.32±0.37**

	Oral
	4
	[bookmark: _Hlk129034372]14.84±0.40**
	12.78±0.29**

	MNs
	4
	[bookmark: _Hlk129034410]10.64±0.99**
	[bookmark: _Hlk129034435]8.62±0.83**


Results are presented as the mean±S.E. of at least four experiments.  ##p<0.001, compared with blank administration. **p<0.001, compared with the control group.


Table S7 Comparison of c-fos positive cells in brain stem of rats in each group(X±S)
	[bookmark: OLE_LINK9]group
	n
	Number of positive cells

	Blank
	4
	4.87±1.36*

	Control
	4
	24.24±4.32

	Oral
	4
	16.77±2.84*

	S.C.
	4
	9.43±4.29*

	MNs
	4
	12.11±3.66*


Results are presented as the mean±S.E. of at least four experiments. *p<0.05, compared with the control group.
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