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Chondrogenic and ameliorated inflammatory effects of
chitosan-based biomimetic scaffold loaded with icariin

LI Huijuan, WANG Xianliu, SHEN Yanbing, TANG Han, TANG Xiaohan,
ZHANG Yanzhong

College of Chemistry, Chemical Engineering and Biotechnology, Donghua University, Shanghai 201620, China

Abstract: Icariin (ICA) is a small molecule drug capable of promoting cartilage repair and ameliorating
inflammation. Loading ICA into a biomaterial scaffold for cartilage tissue engineering will thus potentially
enhance the biological functionality of the engineered scaffold. In this study, short fibers processed from
electrospun poly(L-lactide-co-caprolactone) (PLCL) fibers which were prior coated with polydopamine
(PDA), were mixed with citric acid doped chitosan solution (CC) for preparing short fibers reinforced
chitosan hydrogel (PDA@PLCL/CC) by a freeze-thawing combined freeze-drying method. Thereafter,
ICA was loaded into the PDA@PLCL/CC scaffold through physical adsorption to generate a newly
engineered biomimetic cartilage scaffold (ICA-PDA@PLCL/CC). Finally, ICA-mediated chondrogenic
and ameliorated inflammatory effects of the ICA-PDA@PLCL/CC scaffold were examined in vitro using
rabbit chondrocytes. The results showed that the ICA-free PDA@PLCL/CC scaffold possessed appropriate
pore size and porosity (>80%), high water absorbance capacity and improved mechanical performance,
and also promoted chondrocyte proliferation and adhesion. The ICA-laden ICA-PDA@PLCL/CC scaffold
was evidenced to maintain cytomorphology, upregulate the expression of chondrogenic gene (sox-9),
glycosaminoglycan gene (gag), and type II collagen gene (col II) as well as the synthesis of the cartilage
matrix. In the presence of a simulated inflammation, the ICA-PDA@PLCL/CC scaffold was found to
reduce chondrocyte fibrosis, effectively downregulate the expression of proinflammatory factors
interleukin-6 (i/-6), interleukin-1 (i/-7), and inducible nitric oxide synthase (inos) in chondrocytes. It can
also reduce matrix metalloproteinase-3 (mmp-3) expression and promote the synthesis of the extracellular
matrix glycosaminoglycan (GAG) and type II II). The newly developed
ICA-PDA@PLCL/CC scaffold may find applications in the regeneration and repair of cartilage defects.

collagen (Col
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Schematic of engineering a chitosan-based biomimetic scaffold loaded with ICA for promoting

chondrogenesis and ameliorating inflammation related to cartilage regeneration.
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Table 1  Primers used for qRT-PCR

Genes Forward primer sequences (5'—3") Reverse primer sequences (5'—3")
GAPDH CACCCACTCCTCCACCTT TCCACCACCCTGTTGCT
s0x-9 GAGGACGCATTTGGTAAGC AAGGCAGGAGGAATCGC
gag CTGCATCTGGCCTGGAG CTGCTTCCCATCCTGTCTG
col Il CCACGCTCAAGTCCCTCA TCACCGCTCTTCCACTCG
col I TGCCATCAAGGTCTTCTGC AGCCATCGGTCATGCTCT
il-1p CCCAAGGCCACAGGTAT GGCACGTATGAGCTGAAAG
il-6 GTGGTGGCTACCGCTTTC AGTGCCTCCTTTCTGTTCAT
inos AAGAGCCCAGCGAACAGC CTGTAGTCATCCCAGGTGT
mmp3 ATGGAGCCTCAAGGGATG AAGCCAAGGAACTTCTGC
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Figure 2 Preparation of the PDA@PLCL/CC scaffold for loading of ICA for controlled release. (A) SEM
images of the different scaffolds (insets showing the macroscopic photos). (B) Pore size. (C) Porosity. (D)
Water absorption kinetics. (E) Compressive stress-strain curves. (F) Young’s modulus. (G) Drug loading

percentages. (H) Drug release kinetics. **: P<0.01.
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Figure 3 Effects of the ICA-PDA@PLCL/CC scaffold on chondrocyte behavior and function. (A)
Proliferation of chondrocytes on different scaffolds after 1, 4 and 7 days of culture. (B) Live/dead staining of
chondrocytes (live cells in green and dead cells in red) cultured on different scaffolds for 48 h, scale bar=
100 um. (C) SEM images of chondrocytes on different scaffolds after 4 days of culture, scale bar=20 pum.
(D) Expression of chondrocytes related genes (sox-9, col Il, gag, col I, col Il/col I) after 4 days of culture.

(E-F) expression of GAG and Col II assayed by ELISA on different scaffolds after 7 days of culture. *:
P<0.05, **: P<0.01.
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Figure 4 Effects of presence of ICA on the functional expression of inflammatory chondrocytes. (A)
DAPI-phalloidin staining of chondrocytes cultured in conditioned medium for 24 h, cytoskeleton (red) and
nucleus (blue), scale bar=100 um. (B) Quantitative analysis of cell elongation. (C) Pro-inflammatory gene
expression of chondrocytes after 24 h of culture in conditioned medium. (D) Functional gene expression of
the chondrocytes after 4 days of culture in conditioned medium. (E) Toluidine blue staining of chondrocytes
after 4 and 7 days of culture in conditioned medium, scale bar=100 pm. (F) Col II immunofluorescence
staining of chondrocytes after 24 h of culture in conditioned medium, Col II (green) and nucleus (blue), scale
bar=100 um. (G) Immunofluorescence intensity analysis. **: P<0.01.
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