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SI: Theoretical model of flowing state within printing needle
The extrusion process of GO ink in the coaxial syringe is simplified as the steady laminar flow of non-Newtonian fluid in the concentric tube, and its momentum equation is:
	
	

	(1)


where ρ, g, J, r, and τ are the density of GO ink, gravitational acceleration, water surface slope or gradient, the radius of a point in the concentric tube, and shear stress of GO ink, respectively. By integrating the above equation, we can get:
	
	

	(2)



Take the constitutive equation of non-Newtonian fluid () into the above equation:
	
	

	(3)


[bookmark: _GoBack]Where K, n, and v are the consistency index, flow index, and flow velocity of non-Newtonian fluid, respectively. Considering that the shear rate at the point with maximum flow velocity in the flow process is 0, we can get:
	
	

	(4)


Therefore, the momentum equation can be rewritten as:
	
	

	(5)


There are two different shear rate regions when non-Newtonian fluid flows in a concentric tube. The shear rate of the region between the inner wall and the maximum velocity point is positive, and the shear rate of the region between the maximum velocity point and the outer wall is negative. For the flow region with a positive shear rate (1.5 ≤ r ≤ 1.75), the momentum equation is:
	
	

	(6)


Take n=0.2 into the above equation and integrate, we can get:
	
	

	(7)


The velocity of the outer wall is 0, the integral constant C1 therefore can be obtained:
	
	

	(8)


Similarly, for the flow region with a negative shear rate (1.75 ≤ r ≤ 2.0), the momentum equation is:
	
	

	(9)


Take n=0.2 into the above equation and integrate, we can get:
	
	

	(10)


The velocity of the outer wall is 0, so the integral constant C2 can be obtained:
	
	

	(11)


where r1, r2, and r0 are the radius of the inner wall, outer wall, and the point with maximum flow velocity of the concentric tube, respectively. Take r1=1mm, r2=1.5mm, and r0=1.25mm into the above equation to get:


The flow through the concentric tube is Q:
	
	

	(12)



Take the initial flow Q0 into the above equation to get, so the velocity distribution curve can also be obtained.
S2: In vivo sciatic nerve defect model
The anesthesia protocol used during the experiment is described in detail. The rats were induced with 3% isoflurane and maintained with 1.5% using a small animal anesthesia machine iA7 (HWAYON Biotech Ltd., Shenzhen, China). The surgical site was prepared by removing fur and disinfecting the area with povidone-iodine and alcohol. A longitudinal incision of approximately ~20 mm was made along the femoral line to expose the left sciatic nerve, and surrounding tissues were gently removed to reveal the 15-mm-long sciatic nerve. A 15-mm sciatic nerve defect was created and the prepared conduits were implanted to connect the nerve ends by suturing with 3 perineural 10/0 prolene sutures at both the proximal and distal stumps. The autograft group underwent sciatic nerve amputation and re-suturing at 180°. After carefully suturing the wound layer by layer, the rats were returned to their cages.
S3: Evaluation of cellular biocompatibility in vitro
For the CCK-8 assay, Schwann cells were seeded onto culture plates and rGO/PCL and rGO/PCL/Mel conduits, respectively. Thereafter, 100 μL of the cell suspension was dispensed into a 96-well plate, and a 10 μL aliquot of the CCK-8 solution was added to each well, followed by a 4-hour incubation. The absorbance at 450 nm was determined using a microplate reader to collect data. In addition, a live/dead assay was performed to assess the viability and proliferation of Schwann cells cultured with the conduits. Specifically, live cells were labeled with a green fluorescent dye (Live-Dye), while dead cells were labeled with a red fluorescent dye (propidium iodide). Schwann cells were seeded on culture plates and rGO/PCL and rGO/PCL/Mel conduits, respectively. At 12, 24, and 48 hours post-incubation, a fresh serum-free culture medium containing a mixture solution of 5 mM Live-Dye and 5 mM propidium iodide was added. After incubation for 2 hours at 37 ℃ and 5% CO2, the cells were washed thrice with sterile PBS to remove unbound dye. The live/dead images were captured using a fluorescence microscope to determine the number and percentage of viable cells.
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Fig. S1│a, Optical microscope image of GO sheet. b, AFM image of GO sheet. c. TEM image of GO sheet. d, TEM image displaying the thickness of the GO sheet. 
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Fig. S2│Schematic illustration depicting the preparation process of GO ink. A minute amount of EDA is carefully added to the GO solution, which leads to the formation of GO ink that possesses superior rheological properties. 
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Fig. S3│a, Variations in viscosity as a function of shear rate. b, G′ and G″ as the functions of shear stress. c, Cyclic shear strain of the non-Newtonian SA ink. d, Variations in shear stress as a function of shear rate. 
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Fig. S4│a, Schematic illustration of the assembly of the co-axial printing apparatus and co-axial nozzle. b, Digital photograph of the co-axial printing apparatus and co-axial nozzle.
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Fig. S5│a, Numerical simulations depict the volume fraction of the GO ink in the unimproved co-axial needle and outlet. b, A digital image of the rGO conduit with a fissure is shown. c, Numerical simulations depict the volume fraction of the GO ink in the improved co-axial needle. 
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Fig. S6│Numerical simulations illustrating the velocity distribution of the GO ink in the outlet of the co-axial needle at a temperature of 25 °C and injection flow rates of a, 1 mL/min; b, 2.5 mL/min; c, 5 mL/min. Numerical simulations illustrating the velocity distribution of the GO ink in the outlet of the co-axial needle at a temperature of 25 °C and injection flow rates of d, 1 mL/min; e, 2.5 mL/min; f, 5 mL/min. SEM images of the inner surface of the rGO tube are depicted at a temperature of 25 °C and injection flow rates of g, 1 mL/min; h, 2.5 mL/min; i, 5 mL/min.
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Fig. S7│a, Schematic depiction of the assembly process induced by EDA. b, XPS survey spectra for C 1s, N 1s and O 1s. c, XPS spectrum for C 1s of GO. d, XPS spectrum for C 1s of rGO. 
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[bookmark: OLE_LINK1]Fig. S8│Inner surface morphology of the rGO conduit. a-c, Freeze at -10 ℃. d-f, Freeze at -60 ℃. g-i, Freeze at -196 ℃. 
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Fig. S9│Porosity and density of rGO/PCL/Mel conduit.
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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Fig. S10│a, Schematic diagram and a digital image of voltammetry used to rGO/PCL/Mel conduit. b, I-V curves obtained for the rGO/PCL/Mel conduit.
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Fig. S11│In vitro release profile of melatonin from the rGO/PCL/Mel conduit.
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Fig. S12│SEM of PCL shell of rGO/PCL conduit fabricated using varying concentrations of PCL precursor solution, namely: a, 70 mg/mL, b, 100 mg/mL, c, 120 mg/mL. d, The thickness of the PCL shell of rGO/PCL conduit, fabricated using varying concentrations of PCL precursor solution. 
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[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Fig. S13│The Young’s modulus of rGO/PCL conduit fabricated using varying concentrations of PCL precursor solution (70 mg/mL, 100 mg/mL, and 120 mg/mL). 
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[bookmark: OLE_LINK4]Fig. S14│Various dimensions and configurations of intermediate and peripheral runners in co-axial needles. a, Schematic depiction of distinct co-axial needles. b, Photographic depiction of distinct co-axial needles. c, Photographic depiction of the outlets of distinct co-axial needles. d, Photographic depiction of rGO conduits with distinct inner diameters, wall thicknesses, and shapes. e, Photographic depiction of rGO conduits with distinct shapes and lengths.
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