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Abstract 
3D Bioprinting plays an irreplaceable role in bone tissue engineering. Shellac 
and curcumin are two natural compounds that are widely used in the food 
and pharmaceutical sectors. In this study, a new composite scaffold with good 
biocompatibility and antibacterial ability was manufactured by adding shellac 
and curcumin into the traditional bone scaffold through low-temperature 
three-dimensional printing (LT-3DP), and its impact on the osteoimmune 
microenvironment was evaluated. 
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1. Introduction 

3D printing technology is developing rapidly in the medical field. LT-3DP plays 
a unique role in the manufacture of bone scaffolds due to its characteristics of 
maintaining the biological activity and wide compatibility of materials [1] [2] [3]. 
β-Tricalcium phosphate (β-TCP) and nano-hydroxyapatite (nHA) are bioce-
ramics commonly used for bone scaffolds due to their similar properties to nat-
ural bone and good biocompatibility [4] [5]. However, such scaffolds are still lack 
of antibacterial function, which is crucial in bone implants [6] [7]. 

In this paper, to obtain a bone scaffold with both antibacterial and osteogenic 
properties, natural compounds of shellac and curcumin were added to the tradi-
tional 3D bio-printed bone scaffolds. The antimicrobial results indicate that the 
new scaffolds are better antimicrobial agents as compared to other groups, while 
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its biocompatibility was not significantly reduced. Furthermore, increased secre-
tion of pro-inflammatory factors was not observed when the scaffold was cocul-
tured with THP-1 cells. The composite scaffolds have broad applications. 

2. Materials and Methods 
2.1. Material Scaffold Fabrication 

The basic components of bone scaffolds include β-TCP (DK Nano, China), HA 
(MACKLIN, China), and poly(ε-caprolactone) (PCL) (molecular weight = 65 
kg/mol; Daigang, China). 0.6 g of PCL were dissolved in 5 mL of dichlorome-
thane at 21˚C  ± 1˚C. Then 1.8 g β-TCP and 0.6 g HA were added to the solu-
tion, together with 1.8 mL of absolute ethanol to control the viscosity of slurry. 30 
mg shellac (Acid value 40 - 70 mg KOH/g; Rhawn, China) and 3 mg curcumin 
(MACKLIN, China) were dissolved in ethanol and added to slurry for printing. 

The composite scaffold was manufactured using a 3D printer (3D Bioplotter; 
EnvisionTec, German). The diameter of the printing nozzle is 410 μm, and the 
printing speed is 4 - 6 mm/s. The printing speed and pressure were adjusted to 
continuously extrude lines with uniform thickness. The spacing of parallel lines is 
set to 0.8 mm, and the ambient temperature is 21˚C ± 1˚C. The scaffolds were 
printed on the slide and stored at −20˚C away from light after removal. The blank 
scaffolds contain PCL, β-TCP and HA, as group A. The scaffolds were named 
group B when mixed with shellac, and group C with shellac and curcumin. The 
manufacturing process and the morphology of the scaffolds are shown in Figure 1. 

2.2. Characterization 
2.2.1. Scanning Electron Microscope 
The morphology of scaffold was observed by scanning electron microscope (SEM) 
(S-3400N; Hitachi Ltd., Japan). After freeze-drying for 24 hours, the sample was 
placed on the copper table and plated with a layer of gold (3 nm). 

2.2.2. Fourier Transform Infrared Spectroscopy 
The infrared spectra (FTIR) of scaffolds and materials were obtained using an  

 

 
Figure 1. (a) Schematic diagram of scaffold preparation. (b) Morphology of different scaf-
folds. 
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FTIR spectrometer (6700; thermo Nicolet Corporation) and in attended total 
reflection (ATR) mode. 

2.3. Antibacterial Properties Test 

Staphylococcus aureus (S. aureus) was used to evaluate the antibacterial activity 
of the materials. 30% absolute ethanol and 70% saline were used as bacterial di-
luent. In order to dissolve lac and curcumin, the final concentration of shellac 
was 21 mg/mL, and that of curcumin was 2.1 mg/mL. After incubation at 37˚C 
for 24 h, the colony area was calculated by ImageJ. Three parallel experiments 
were carried out. 

2.4. Biocompatibility Test 

Different concentrations of shellac were dissolved in DMEM medium (containing 
10% fetal bovine serum and 1% penicillin-streptomycin) at the concentration of 2 
μg/mL, 1 μg/mL, 0.5 μg/mL, 0.25 μg/mL, 0.1 μg/mL and 0 μg/mL, respectively. 
Shellac was dissolved using dimethyl sulfoxide, the final concentration of which is 
1%. C2C12 cells were cultured in 48 well plates with DMEM medium containing 
shellac at the concentration of 3 × 103 cells per well. The blank group used an or-
dinary medium. The Cell counting kit-8 (CCK-8) assay was performed using a 
CCK8 kit (kingmorn, China) following the manufacturers’ protocol. 

The absorbance of shellac solution was measured at the wavelength of 200 nm, 
the concentration standard curve of lac in the culture medium was fitted. The 
sample extract was prepared according to GBT 16,886.12. The absorbance value 
of shellac scaffold extract was measured, and the concentration was calculated 
according to the standard curve. 

C2C12 cells in logarithmic growth phase were inoculated into 48 well plates at 
the concentration of 3 × 103 cells per well, and cultured with the extract of three 
groups of scaffolds respectively. The blank group was added with an ordinary 
medium. The live and dead staining images were obtained using Calcein-AM 
(CAM) and propidium iodide (PI) (Dojindo, China). 

2.5. Cytokine Assay 

THP-1 cells were used to test the immunomodulatory effect of the composite 
scaffold. After treated with PMA at the concentration of 100 ng/mL for 48 h, 
Thp-1 cells were added to a scaffold (10 × 10 × 1 mm3) placed in a 24 well plate 
with the amount of 5 × 104 cells per well. The cell culture medium was collected 
and centrifuge at the speed of 2000 r/min for 20 min after 48 h. The supernatant 
was taken and the contents of TNF-α, IL-6 and L-10 were determined by ELISA 
kit (Mlbio, China). Three parallel experiments were carried out. 

3. Results and Discussion 
3.1. Characterization 

SEM results of the scaffolds are shown in Figure 2(a). The smooth part of the  
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Figure 2. (a) SEM results of scaffolds. (b) FTIR spectra of shellac, curcumin and scaffolds 
of three groups. 

 
surface is PCL, and the rough and irregular blocks are TCP and HA. The particle 
sizes of β-TCP and HA are less than 500 nm, while some of the particles are 
larger than 1 μm, because particles tend to aggregate to reduce surface energy. 
Shellac, as an adhesive, aggregates particles into larger particles after being add-
ed to the scaffold, thus showing less PCL in SEM images. FTIR spectra of the 
three scaffolds showed no significant difference. The addition amount of shellac 
and curcumin was small and did not significantly affect the curve of the scaffold. 
It also indicated that the addition of the two natural materials had no effect on 
the effective inorganic composition of osteogenesis in the blank scaffold. 

3.2. Antibacterial Properties 

The antibacterial properties of shellac mixed with curcumin are shown in Figure 3. 
There was no significant difference in colony area after 24 h compared with the 
blank group when curcumin was co-cultured with staphylococcus aureus. But 
with the addition of shellac, the antibacterial ability of the material was signifi-
cantly improved. The average colony area calculated by ImageJ decreased from 
36.2 cm2 in the blank group to 19.7 cm2, and the area decreased by 45.6%, while 
this proportion was only 15.2% in the control group. It can be seen that the 
combination of shellac and curcumin can significantly improve the antibacterial 
activity of curcumin. 

3.3. Biocompatibility Test 

Studies have shown that low concentrations of shellac (10 µM/mL) did not affect 
cell viability, but an increased concentration in shellac from 10 µM to 100 µM 
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resulted in an increased cell mortality from 8.5% to 30.5% [8]. This trend is also 
found in the CCK-8 results shown in Figure 4(b). At the concentration of 2 
μg/mL, the absorbance value of CCK-8 was only 12.9% of that of the blank 
group. However, 0.1 μg/mL shellac had no significant effect on cell proliferation. 
Through the concentration standard curve, the shellac concentration in the scaf-
fold extract of group B was calculated to be 0.116 μg/mL. The results of cell living 
and death staining on the third day showed that shellac and shellac/curcumin 
scaffolds maintained good cell survival rates compared with blank scaffolds. As 

 

 
Figure 3. (a) Antibacterial properties of shellac and curcumin. (b) Comparison of colony 
area (**: significant difference, P < 0.01). 

 

 
Figure 4. (a) Live/dead staining results of C2C12 cells cultured in extract. (b) CCK-8 results of 
C2C12 cells co-cultured with shellac. (c) Standard curve for shellac concentration. (d) Survival rate 
results of three days (ns: no significant difference, P > 0.05). 
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Figure 5. The concentrations of (a) TNF-α (b) IL-6 (c) IL-10 in culture medium were measured by ELISA kit after co-culture of 
scaffolds in groups A, B and C with THP-1 cells (ns: no significant difference, P < 0.01; *: significant difference, P < 0.05; **: sig-
nificant difference, P < 0.01). 
 

shown in Figure 4(d), the cell survival rate remained at a high level for three 
days. No significant differences were found between the three groups, indicating 
that the addition of 1% (wt/wt) shellac and 1‰ (wt/wt) curcumin had no nega-
tive effect on cell survival. 

3.4. Cytokine Assay 

TNF-α and IL-6 were pro-inflammatory cytokines, while IL-10 was anti-inflam- 
matory cytokines. There was no significant difference in IL-6 secretion level of 
THP-1 macrophages under the influence of the three scaffolds (Figure 5(b)). 
The level of TNF-α induced by group B was slightly higher than that in other 
groups, but returned to a normal level with the addition of curcumin. The IL-10 
secretion levels of the three groups were significantly higher than that of the 
blank group, indicating that HA or hydroxyapatite and other inorganic compo-
nents in the scaffold had a positive effect, while shellac and curcumin had no 
significant effect on it. 

4. Conclusion 

In this study, bone scaffolds of 80% inorganic composition incorporated with 
natural antibacterial compounds Shellac and curcumin were fabricated by LT- 
3DP. The results show that Shellac and curcumin significantly improved the 
antibacterial ability of the scaffolds, while maintaining good biocompatibility in 
vitro by controlling the incorporation ratio of shellac. At the same time, the 
scaffolds reported in this study did not cause an obvious inflammatory response, 
and were beneficial to increase the secretion level of IL-10 in the osteogenic 
microenvironment. Therefore, the multifunctional bone scaffold has great po-
tential in implant application. 
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