
Bioink of Multi-Biomaterials with Tyrosine Reinforcement for 
3D Bioprinting of Skin Constructs 

Ke YANG1,Yong SHI1, Hong-bo ZHANG1,a,*, Rui-xue YIN, Shih-mo 
YANG and Wen-jun ZHANG2 

1Complex and intelligent research center, East China University of Science and 
Technology, Shanghai, P. R. China, 200237 

2Department of Mechanical Engineering, University of Saskatchewan, Canada 

ahbzhang@ecust.edu.cn 

*Corresponding author 

Keywords: Bioink, 3D bioprinting, Tyrosine, Skin scaffolds. 

Abstract. In this paper, a bioink composed of multiple native materials with tyrosine 

micro-particle reinforcement for 3D bioprinting of skin scaffolds was developed. The 

rheological property of the developed bioink was optimized for 3D Bioprinting 

process. The results showed that Tyrosine micro-particle reinforcement strongly 

enhanced the mechanical strength. Keratinocyte cell culture showed that the 3D 

bioprinted skin substitutes made of multi-materials bioink is promising in skin repair.

Introduction 

Tissue-engineered skin substitutes are 3D structures made of biomaterials that 

support cell attachment and growth, at the meantime degrade while cells grow [1]. 

The substitutes then gradually become incorporated in the wound site. More recent 

advances in tissue engineered skin substitutes involve scaffolds with pre-population of 

living cells of autologous or allogeneic origin, usually keratinocytes or fibroblasts 

[2-4]. 

3D bioprinting has shown great success in skin tissue engineering[5, 6, 7]. In 3D 

printing process bioinks are used to deliver cells and support cell growth, also to 

provide structural integrity for cells and ability to access essentials while differentiate 

and proliferate. 

Hydrogels are commonly used bioinks, however hydrogels are weak in nature and 

bioprinting of 3D constructs with complex and intricate micro-architectures still 

remains a huge challenge[8]. The common approach to address this issue involves the 

use of highly concentrated polymer solutions, which imposes severe restrictions to the 

cell mobility within the polymer network and might ultimately lead to poor cell 

adhesion, and even cell death [9].Thus, further improvement of bioinks for 3D 

bioprinting is urgently needed. There are several methods have been utilized to 

achieve better stiffness, such as combination of different materials, incorporation with 

inorganic particles, fibers, multiple cross linking methods, or with supporting 

(reinforcement) structures[10-13]. However, none of these bioinks were designed 

with specific requirement for skin substitutes. Tyrosine is an essential element in 

melanogenesis, which regulates the microenvironment in skin repair and it is also 

used as drug delivering vehicles to enhance skin permeability [14, 15].   
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In this paper, bioinks made of Chitosan, Collagen and Hyaluronic with Tyrosine 

particles reinforcement were developed. Tyrosine particle reinforcement combined 

with multi-natural biomaterials are two strategies to enhance the mechanical strength 

and biocompatibility of the bioinks. 

Materials and Methods 

Chitosan (Chs, D.D=80%-90%) and Type I collagen (Col) were purchased from 

Zhejiang Golden Shell Pharmaceutical Co. Ltd. and Sigma C-9879, respectively. 

Hyaluronic acid (HA, Mw=10000) was supplied by Bloomage Freda Biopharm Co. 

Ltd. Tyrosine(Mw=181.9)was purchased from Baomanbio. Sodium Tripolyphosphate 

(STPP, Mw=367.86) was purchased from Shanghai Macklin Biochemical Co. Ltd.  

Different compositions of Chs\HA mixtures were prepared by dissolving ethanol 

sterilized Chs and HA in deionized water. Type I collagen into deionized water at 

room temperature until completely dissolved. Chs\HA mixtures were blended with 

Col solution at different weight ratios to form a bioink, which has a suitable viscosity 

to ensure 3D bioprinting. To improve the mechanical strength of tissue engineered 

scaffolds, Tyrosineparticle was dispersed in the polymer solution. The boinks 

composed of Chs/Col/HA, and different amount of Tyrosine were labeled as shown in 

Table1. 

Table1. Compositions of bioinks 

 

 

 

 

3D tissue engineered skin substitutes were fabricated using a computer aided 3D 

bioplotter (EnvisionTEC, Germany). The schematic of the 3D bioprinting process is 

shown in Figure 1a. The dimension of 3D printed structure was 10 mm x 10 mm x 1.2 

mm made of 6 layers as shown in Figure 1b. Each layer was deposited at an angle of 

90° to the underlying layer as shown in Figure 1c. Meantime, 10wt % STPP solution 

was sprayed onto the struts for 15 min after printing each layer. Printing speed was 

adjusted according to the viscosity of the bioinks. The cross-linked skin substitutes 

then were immersed into PBS overnight before cell culture. 

The tensile properties of the skin substitutes made of bioinks were evaluated using 

a universal testing machine (HY-0230, China) at the speed of 5 mm/min. The skin 

substitute samples were printed following the standard test specimen and the tensile 

stress-strain curve was obtained.In vitro degradation of tissue engineered skin 

substitutes was evaluated for 28 days with the addition of lysozyme(Sigma, powder, 

70000U/mg) from chicken egg white. The percentage weight loss of the tissue 

engineered skin substitutes was determined by the formula (1): 

S Composition 

1 8% Chs-0.5% HA-10% Col 

2 8% Chs-0.5% HA-10%Col-3% Tyrosine 

3 8% Chs-0.5% HA-10%Col-6% Tyrosine 

4 8% Chs-0.5% HA-10% Col-9% Tyrosine 

141

Advances in Biological Sciences Research (ABSR), volume 4



W=(Wi-Wt)/Wi.                                                 (1) 

Where Wi is the initial dry weight of the scaffolds and Wt is the final weight after 0, 

1, 4, 7, 14 and 28 days of incubation. The degradable ratio was determined for each 

scaffolds. The experiments was performed in triplicates. 

 

(a)                                (b)                  (c)  

Figure 1. 3D bioprinting process (a) fabrication process (b) layout of skin substitutes (c) cross-section 

of the skin substitutes 

HaCat keratinocytes (P4, purchased from ScienCell Research Laboratories, China) 

were maintained in a humidified 5% CO2-containing atmosphere(37°C). Cell 

viability test of the skin substitutes at days 1, 4, 7 was conducted using a live/dead kit 

(LIVE/DEAD® Viability/Cytotoxicity Kit, Invtrogen, USA). The skin substitutes 

were pre-sterilized and were immersed in DMEM for two hours before cell seeding. 

Cellsof5×104were seeded on each skin substitutes. Then, skin substitutes were 

incubated for 24h in a humidified 5% CO2-containing atmosphere(37°C).  

Results and Discussion 

Both skin substitutes made of sample 1 and sample 3 exhibited human skin features in 

terms of color and elasticity as shown in Figure 2(a) and (b). It can be seenthat the 

surfaces of skin substitutes made of Sample 1 and Sample 3 has no significant 

difference. The micro-particles of Tyrosine can be clearly seen in Figure2(d). The 

layered structure by 3D printing can be seen in Figure 2(e) and (f). It also shows that 

the bioinks developed in this paper is suitable for fabrication stratified skin 

substitutes.  

Mechanical properties such as tensile stress and elongation at break of different 

skin substitutes were measured and presented in Figure 3. Tensile strength of Sample 

1 and Sample 3 were recorded as 29.9 and 39.1kPa, respectively. The tensile stress 

was close to the human skin ranged from 2.16 to 107 kPa[16]. Elongation at break of 

Sample 1 and Sample 3 were recorded as 63.5% and 52.2%, respectively as shown in 

Figure 3(a).  

The degradation degrees of sample 1 and 3 in 14 days were 39% and 31%, 

respectively, as shown in Figure 3(b). It indicated that Tyrosine could speed up the 

degradation rate of skin substitutes. 
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(a)                   (b) 

 

(c)                    (d) 

 

(e)                    (f) 

Figure 2. Morphologies of the skin substitutes (a) (c) (e) SEM photos of Sample 1; (b) (d) (e) SEM 

photos of Sample 3 (Arrows indicate the Tyrosine particles)  

 

Figure 3. Physical characteristics. (a) Tensile stress-strain curve; (b) Degradation test 

 

Figure 4. The Cam/PI staining of HaCat cells on different skin substitutes after 3 days: (a) Sample 1; (b) 

Sample 2; (c) Sample 3; (d) Sample 4; (e) Control group 
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Cell morphology of HaCat cells was shown in Figure 4, which indicated that 

Sample 1 and 3 skin substitutes were maintained high viability and no significant 

changes in cell viability were observed in sample 1, sample 2, sample 3 and sample 4 

after culturing 3 days. Moreover, as shown in the Figure 5, no significance was fund 

in cell viability in the skin substitutes compared to the control group, which indicated 

that the Tyrosine particles didn't effect cell viability. 

 

Figure. 5. Hacat cells growth on different materials (The P > 0.05 ) 

Conclusion 

A novel design of bioinks by combining multi-natural biomaterials with Tyrosine 

particle reinforcement was developed. Skin scaffolds were fabricated by 3D printing 

using the designed bioinks. The morphology, mechanical, thermal and degradation 

tests showed that the skin substitutes made of the bioinks were mechanically strong 

and able to form predefined structure. Bioinks developed in this paper are suitable for 

fabrication of cell-laden skin substitutes. 
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