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ABSTRACT

Hyaluronic acid and human-like collagen, both wiglvorable biocompatibility and biodegradability, ieedesigned
as biomaterials with excellent property in tissuggi@eering. We report an injectable hydrogel pddibased on
hyaluronic acid and human-like collagen. They wenesslinked with divinyl sulfone to form a threémdnsional
network. The divinyl sulfone was removed by dialgsid the content was determined by gas chromapbgrarhe
in vitro degradation proved an admirable ability afitienzyme. The cytotoxicity analysis showeddhetdbxicity to
the cell growth. The hydrogel is promised to beligopnto medical field.
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INTRODUCTION

Hydrogel is a kind of biomaterials with three-dirsemal networks which could absorb and retain gelamount of
water [1]. Moreover, hydrogels have a high permiéggtfior nutrients and water-soluble metabolitebowing cell
survival and supporting cellular growth. Hydrogelshgot a lot of public attention as soft tissuéefillt is a
hydrophobic network polymer which contains abundasmater in it. Natural hydrogels derived from cetlisg
derivatives, xyloglucan, chitosan and glycerophasphare widely used in drug delivery, cell encapsmh and
tissue repair[2]. The macromolecules were crosstinbby chemical or physical methods to enhance their
physicochemical and biological performance.

Hyaluronic acid (HA) is a naturally non-sulfatedygbdsaminoglycan that is widely distributed throughohe
extracellular matrix (ECM) of all connective tissu@ human and other animals [3,4], result in claention to its
application in cosmetics and pharmaceutical inguBut due to fast biodegradation and low bioa\aiity,

HA-based material should be modified to provide tiesired functional properties [5]. Recently mamydes
showed that HA could be crosslinked by divinyl sué (DVS) which would react with hydroxyl to create
intramolecular and intermolecular combination (Ertates Patent, 4636524).

Collagen contributes to the stability and strudtofaissues and organs via its characteristic mdbe structure, and
has been used extensively as a scaffold in skinbam# tissue engineering [6,7]. Human-like collageihC),
produced by gene engineering, is a giant recombmatecule bio-protein with great performance ipioving cell
growth and cell adhesion. The previous study detnatesl that HLC has several unique characteristitieh are
significantly different from animal collagen, suab chemically defined structure, virus-free, biopatibility, water
solubility, little immunogenic reaction, and so [@10] .
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Human-like collagen could crosslink with hyaluroracid through ether linkage by divinyl sulfone. Tihthe
hydrogel should be washed several times with phatephuffer in order to remove the redundant diveuffone and
adjust pH of the product. Therefore, in this papen objective was to study the preparation anduata the
properties of the HA/HLC composite hydrogel. Theules showed that the novel HA/HLC hydrogel woukl b
suitable for soft tissue filling.

EXPERIMENTAL SECTION

Materials

Hyaluronic acid sodium was purchased from Shandeega biopharm co.,ltd. Human-like collagen (HLQir@&
patent number: ZL01106757.8, Mr=97,000) was sudplig our laboratory. Divinyl sulfone was purchadgean
Sigma—Aldrich. All the other chemical regents usethis work were all analytical pure grade.

Synthesis of hyaluronic acid/human-like collagedrbgels

Hyaluronic acid/human-like collagen hydrogel wasgared by the method as previous description [Rdigfly,

HA and HLC (total amount 0.1 g), in a mass raticddf, were dissolved into 4 mL 0.2 M NaOH solutfon an
hour. Divinyl sulfone was added to the solutiorttes concentration of 1%, after immediately mixinghaa vortex
mixer, the mixture was incubated at 45 °C for owerrh After the crosslinking reactions, the resgtigel was
purified by dialysis. Dialysis was performed agaifsl M PBS during 48 h, after which the gel wasesyed
through a sieve with pore diameter of 408 twice. The hydrogel particles were finally pregzhr

Hydrogels prepared with different concentrationdfS, HA and different reaction temperature will bsed to
search for the best reaction condition. The contdntHA in the final hydrogels were detected withrlzzole
spectrophotometric method.
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Residual quantity of DVS
The content of divinyl sulfone in hydrogels wasatatined by gas chromatography [12], with a FID diete HP-5
(Agilent 7890A: 30 mx32@mx0.25um), nitrogen as the carrier gas, and multiply caoluemperature program.

DVS was diluted with absolute ethyl alcohol int& @g/mL, 1 ug/mL, 2 ug/mL, 4 pg/mL, 6 ug/mL, 8 ng/mL and
10 ug/mL, and lulL sample was injected to get a standard curve thigtconcentration as X-coordinate and the peak
area as Y-axis.

The hydrogel particles were weighed and soakedaiunonidase solution. The mixture was incubate87atC for
24 h, followed by centrifuging. The supernate witered through a membrane with pore size of QuB2 The
filtrate was analyzed by gas chromatography. Wédcget the amount of DVS based on the peak area.

In vitro degradation

Degradation of hydrogel was performed in vitro hiyahidase (100 U/mL). The lyophilizated samples ever
weighed (W) and sterilized, then immersed in 5 mL enzymetsmiu The tubes were kept static at 37.0 + 0.5rfC i
an incubator. After soaking for 1, 2, 4, 6, 8, X®4 hours, the samples were then washed witHlddtvater three
times. After lyophilization, the dry weights wereeasured (W. The rate of weight loss (MY was calculated
according as

WL:W]_/WO X100%
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Cell culture and cytotoxicity analysis

The hydrogel was weighed and sterilized, then place 24-well plate to which fresh culture mediwms added at
0.1 g/mL. The cells were cultured at a density @10 cells/mL on 96-well plates (100L/well) in a CQ (5%)
incubator at 37 °C. After incubation for 24 h, #wracts were added to 96-well plates (100well) in a CG, (5%)
incubator at 37 °C. After incubation for 1 d, 3dj, and 7 d. 1QL of cck-8 was added to each well, after which the
cultures were incubated at 37 °C for an additignhl Absorbency of the solution was measured atbQising an
enzyme-linked immunosorbent assay (ELISA) Readedd[ML550, Bio-Rad, USA). The relative cell growth)(%
was calculated as:

Relative cell growth=[OD}s{[OD] contro100%
RESULTSAND DISCUSSION

Analysis of reaction condition

The HA/HLC hydrogel would be an ideal products u$edplastic and reconstructive surgery of sofsuis. The
degradation rate of hydrogels is a key factorg@dmmercial use, the relationship between theadiagion rate and
concentration of HA (0.5%-3%), DVS (0.25%-2.5%) arghction temperature (25°C-55°C) was studied. The
concentration of HA is very important to the gadliof hydrogels. The figure shows that with the dewof the
concentration of HA, the property of antienzymd&désoming strong, but when the concentration isdrighan 2%,
the degradation rate has dropped. That may bebatd to the lack of DVS, there was no enough DW¥S t
crosslinked with HA and HLC so that the structuwéooser to resist enzyme.
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(A) Effectsof HA concentration on the degradation rate
(B) Effectsof DV'S concentration on the degradation rate
(C) Effects of reaction temperature on the degradation rate

Under a certain concentration of HA, the degradatimte determined by DVS is mainly factor influerare the

performance of HA/HLC hydrogel. The data shown ig.R2(c) from experiments demonstrated that thenhdiig
concentration of DVS, the slower degradation rditeydrogels. However, the higher concentration 3leading

to the serious cytotoxicity to hydrogels, it wapaged that DVS have serious cytotoxicity and caubd promote
any cell proliferation. Therefore, the certain cemcation of HA (2%), DVS (1.5%) and certain cortcation of

HLC were used to prepare the hydrogels.

At temperatures lower than 45 °C, the degradatide were shortened with increasing temperaturejrakrd5 °C,
the degradation rate were minimum, while at temjpees higher than 45 °C, the degradation rate az@é
gradually with increasing temperature. Becausdefreaction condition with high temperature, HA evdamaged
in the crosslinking process, which made that thérdgels were with faster degradation rate. So, wdied the
functional performance of the HA/HLC hydrogel crigdsed by DVS between 40 °C and 45 °C.
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Residual quantity of DVS

Divinyl sulfone, with high toxicity, is harmful tour body. Also it is the main reason of initiatiadverse reaction
while the hydrogel being injected, so we have tsued that the content of DVS in the particles ia atlatively low
level. The results show that the residual quantityDVS is 1.67pg/g, which is lower than that provided by
industrial standard. The hydrogel could be a kihbHaymless biomaterial.

In vitro hydrolysis degradation behavior

The resistance to degradation of the hydrogelssiatiedin vitro by examining weight loss with time in 10% (w/v)
hyaluronidase at 37 °C (Fig. 4). The weight loss @eeatest in six hours, followed by that, the Hteveight loss
was reduced slowly. The hyaluronidase is specidlipehyaluronic acid, which made the speed of hjoa@ation
faster in earlier stage.

Hyaluronidase, commonly found in human bodies, alae to degrade the matrix to D-glucuronic acid Bracetyl

glucosamine residues. Overall, the rate of weighs increased with time after degradation by hyaligiase. HLC
chains can effectively prevent hyaluronidase frampletely destroying the original structure, argbatan slow the
degradation of the hyaluronic acid chain. The tssadicated that the HA/HLC hydrogel would be detgd slowly
with time, indicating its suitability as a bodyléi.
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CCK-8 Assay

The ideal biomedical material should not releasdct@roducts or produce adverse reactions, which fca

evaluated throughn vitro cytotoxic tests. The cck-8 assay is a routine otktfor detecting the toxicity of
tissue-filling materials. The study indicated ttiz# hydrogel had a little influence on the BHK [fielation after 1,

3, 5 and 7 days. According to ISO standards (ISO302-2005), the toxicity of this hydrogel was cléied as

gradel, therefore, the HA/HLC hydrogel will not restraine proliferation of BHK, indicating its potentiak a

biomaterial for some specific uses such as safidsaugmentation.

CONCLUSION

The HA/HLC hydrogel were successfully prepared hbgsslinking with DVS and the hydrogels showed low
residual of crosslinker. In vitro degradation iratied that the materials showed excellent propdrigntienzyme.
The cytotoxicity analysis in vitro demonstratedsthiydrogel particles were without cytotoxicity. Thds a great
potential for this hydrogel to be used as biomatsifior tissue engineering.

Acknowledgments

This study was financially supported by the Natlddatural Science Foundation of China (21276210,08112,
201106111, 21176200, 21106114, 31000019 and 213p6tt& Shaanxi Provincial Scientific TechnologysBarch
and Development Program (2011JE003, 2012JQ20193KAXIX-28, 2011JQ4026 and 2011JQ4026); the
Scientific Research Program of Shaanxi Provincieap&tment of Education, China (13JS106, 13JS105 1M,
2013JK0696, 12JS099, 12JS0100, and 12JS0101) aah8Biochemical Engineering Key Discipline Pragra
China.

REFERENCES

[1] WE Hennink; CF van Nostrundv. Drug Deliver. Rey2002, 54, 13-36.
[2] E Ruel-Gariépy; JC Lerougur. J. Pharm. Biopharm2004, 58(2), 409-426.

729



Daidi Fan et al J. Chem. Pharm. Res,, 2014, 6(1): 726-730

[3] KL Goa; P BenfieldDrugs 1994, 47, 536-66.

[4] BP Toole,Curr. Opin. Cell Biol, 1990, 2, 839-844.

[5] S Ekici; P Llgin; S Butun; N SahineGarbohyd. Polym2011, 84(4), 1306-1313.

[6] AM Ferreira; P Gentile; V Chiono; G Ciardelicta Biomater.2012, 8(9), 3191-3200.

[7] H Zhao; G Wang; S Hu; J Cui; N Ren; D Liu; CaGa Wang; Z WangTJissue Eng. Part A2010, 17(5-6),
765-776.

[8] XJ Yang; CY Liang; YL Cai; K Hu; Q Wei; ZD CuMat. Sci. Eng. C-mater2009, 29(1), 25- 28.

[9] CH Zhu; DD Fan; XX Ma; WJ Xue; ZG Duan; YY YU, Bioact. Compat. Pqgl2009, 24(6), 560-576.
[10] Y Wang; FZ Cui; Y Zhai; XM Wang; XD KongJlat. Sci. Eng. C-mater2006, 26(4), 635- 638.

[11] PC Mi; BC Wang; W Feng; HJ Du; B Warighinese J. Tissue Eng. Re08, 12(14), 2675- 2678.
[12] B Zhu; CL Ge; QS GuWBiomed. Eng. Prog2008, 29(1), 26-28.

730



