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VitroINK®  RGD Datasheet 
VitroINK®  RGD ready-to-use bioink system modified with RGD cell adhesive peptide, promoting 

the cell attachment and cell-matrix interactions. This RGD modified bioink can enhance cell 
adhesion, proliferation, motility/migration and differentiation in different applications. 

VitroINK® ®  is a family of the ready-to-use, xeno-free tunable bioink system that requires no 

UV,  no temperature/pH curing, or chemical cross-linking. The system is ready-to-use at room 
temperature, neutral pH, transparent, and has excellent visibility after printing and cell culture. 

Due to the unique shear-thinning and rapid recovery mechanical property, VitroINK®  can well 

maintain the printed structure without UV or other special curing methods. Simply adding the cell 
culture medium after printing can further stabilize the printed structure and support cell growth. 

Cells can pre-mix with VitroINK®  by using our VitroINK®  mixing kit to get different mixing ratios 

(3:1 or 10:1). Multiple biological functional ligands are incorporated for different versions of 

VitroINK® , which promote cell attachment, cell-matrix interactions, cell proliferation, 

motility/migration and differentiation for many different applications.  

In this datasheet, we evaluate the rheological properties of VitroINK®  RGD, including the time 
sweep, viscosity, temperature ramp, and repeated amplitude sweep (shear-thinning and recovery) 

tests. The printability properties of VitroINK®  were also tested by using two bioprinters 

respectively (Cellink INKCREDIBLE and Allevi II). The line width and parameter optimization index 

(POI) value of the bioink after extrusion from different sizes of nozzles were measured at different 

printing pressures and speeds. The adjusted printing parameters after mixing VitroINK®  with cell 
culture media at different ratios were also evaluated. This datasheet aims to provide a guideline 

to understand the biophysical properties of VitroINK®  RGD and help customers to set up the 

optimal printing conditions for different applications.  

 

Material and method 

Rheological properties Test 

Time sweep, viscosity, temperature ramp, and repeated amplitude sweep (shear-thinning and 
recovery) tests were performed by using a dynamic rheometer. The mixing samples were 

prepared by using VitroINK®  mixing kit to mix VitroINK®  and cell culture medium at 3:1 or 10:1 

ratios. The time sweep testing was performed at 1 Hz, 0.1% shear strain for 30 min. The Viscosity 
was tested at shear strain from 0.1 to 100 %. The temperature ramp was tested from 20 to 40 °C 

with 2 °C /min temperature increase rate and 1Hz, 0.1% shear strain. The shear-thinning the 

recovery property of the hydrogel was tested on a repeated time sweep and amplitude sweep 
testing program: the sample was loaded and tested with time sweep for 10 min, then shearing by 

using the amplitude sweep with 0.1 to 500% shear strain for 4 min. After the first amplitude sweep, 
the sample was immediately tested with the second time sweep test for 10 min and follow with 

the second amplitude sweep test. For final hydrogel strength, samples were prepared in a 35 mm 

petri dish then covered mwith cell culture medium. The samples were incubated in a CO2  
incubator for 24 hours before the time sweep testing. 
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Printability test 

The printablity of VitroINK®  RGD was determined by the line test. This test was carried out by 

the two bioprinters: INKREDIBLE+ (Cellink, USA) and ALLEVI2 (Allevi, USA), in order to determine 

the best printing parameters (nozzle size, print pressure, and print speed) for VitroINK®  RGD. On 
INKREDIBLE+, VitroINK®  RGD was printed under different pressures (25kpa-60kpa, increment of 

5kpa), different printing speed (1mm/s-20mm/s, increment of 2mm/s) and with different nozzle 

sizes (22G,25G,27G). On ALLEVI2, VitroINK®  3D was printed under the pressure range from 6psi 
(41.47kpa) to 13psi (89.63kpa), which was increased by 1psi (6.895kpa) each time. The range of 

print speed and nozzle sizes were the same as the tests done by INKREDIBLE+. The width of each 
printed lines were measured under a microscopy, and each line width recorded was taken by the 

average of 3 to 9 lines. The POI values were calculated for each different printing conditions, by 

using the following formula: POI =
1

𝑊𝑙𝑖𝑛𝑒∗𝑁𝐺∗𝑃
 , in which Wline stands for the width of each line, NG is 

the nozzle size, and P is for print pressure. The optimized printing parameter for VitroINK®  RGD 

was determined by the highest POI value in each printing condition.  

The printability of VitroINK®  RGD mixed with different cell culture media (DMEM, DMEM/F-12, 

and RPMI) was tested by INKREDIBLE+ using the method of line test above. The printing 

parameters of highest POI at unmixed sample were selected as a reference, and then printing 

parameters were adjusted to get the optimized printing parameters for VitroINK® /medium 

mixture.  
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Rheological Properties 

 

 

Figure 1. Rheological properties of VitroINK®  RGD under the time sweep and temperature 

sweep tests. A) The time sweep test of VitroINK®  RGD without or with 3:1 and 10:1 (v/v) mixing 

with DMEM medium. The elastic modulus was tested at room temperature and showed a feasible 

range for extrusion printing before incubation with cell culture medium. B) the elastic modulus 
and viscosity properties of VitroINK®  RGD under the temperature sweep testing (20 to 40°C). 

The elastic modulus and viscosity are relatively stable at 20 to 35°C. When temperature higher 

than 36, the elastic modulus and viscosity decrease. The data indicate the VitroINK®  has a wide 

range of working temperature and can be easily used at room temperature or physiological 

temperature.  
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Figure 2. Shear-thinning and rapid recovery property of VitroINK®  RGD. A) The shear-thinning 
property of VitroINK®  under the shear rate from 0.1 to 100 HZ. B) the amplitude sweep test show 

the shear thinning and rapid recovery property of VitroINK®  under the shear strain change from 

0.1 to 500% in two circles. With this unique shear-thinning and rapid recovery mechanical property, 
VitroINK®  can well maintain the printed structure after extrusion. 
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Figure 3. Gel strength of VitroINK®  after adding cell culture medium and overnight incubation. 

The VitroINK®  RGD was mixed with the cell culture medium in different ratio and submerged in 

the medium for overnight incubating.  
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Printability test 

VitroINK®  RGD with INKREDIBLE+ 

 

Figure 4. Printed line width of VitroINK®  RGD with 22G, 25G, 27G nozzle at different pressures 

and print speeds. The line width decreases as the print speed increases. At lower printing 
pressures, lines can only be printed continuously under low print speed. 
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Figure 5. POI value of VitroINK®  RGD with 22G, 25G, 27G nozzle at different pressures and print 

speeds. The printing conditions give the highest POI value of different nozzles are 30 kpa at 3 

mm/s for 22G and 25G and 35 kpa at 7 mm/s for 27G. Under a fixed pressure, the faster print 
speed gives a higher POI value.  
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Adjusted printing conditions after mixing VitroINK®  with Cell culture medium  

 

 

Figure 6. Adjusted printing conditions after mixing VitroINK®  with Cell culture medium. Mixing 

at 3:1 (A) or 10:1 (B) ratios by using VitroINK®  mixing kit. The line width increases after mixing. 
Adjust the printing speed from 3 to 7 or 5 mm/s can bring the line width down.  
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VitroINK®  3D with ALLEVI2  

  

 

 

 

 

 

 

 

 

Figure 7. Printed line width of VitroINK®  3D with 22G, 25G, 27G nozzle at different pressures 

and print speeds. The line width remains relatively stable as the print speed increases.  
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Figure 8. POI value of VitroINK®  3D with 22G, 25G, 27G nozzle at different pressures and print 

speeds. For all three nozzle sides, print speed at 1 or 3 mm/s give the highest POI value at low 

pressure.  
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