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Preparation and characterization of HA-CaCO, nano composite hydrogel
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Abstract: Hyaluronic acid ( HA) hydrogel is an ideal biomedical material due to its biocompatibility,
biodegradability , biological activity and no immunogenicity. However , the application of HA hydrogel has been limited due
to its weak mechanical strength.Herein, 1,4-butanediol diglycidyl ether (BDDE) is employed as a crosslinking agent for
HA to prepare HA hydrogel. While it is cross linking, CaCOj; is composited into HA hydrogel through soaking method for
the purpose of fabricating HA-CaCO; composite hydrogel with excellent mechanical properties. The properties of HA
hydrogel and HA-CaCO; nanocomposite hydrogel are characterized by scanning electron microscope, infrared
spectrometer , thermo gravimetric analyzer and X ray diffractometer to investigate the influence of CaCO, on HA hydrogel.
The results indicate that the elongation at break of composite hydrogel reaches 401% ,2.73 times that of HA hydrogel.
The mass fraction of CaCO, in composite hydrogel is 27. 3% ,CaCO, exhibits calcite crystal form with sizes between 30—

80 nm.Hence,by means its excellent mechanical properties, HA-CaCO, composite hydrogel is expected to further extend
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the application scope of HA hydrogel.

Key words: hyaluronic acid; CaCO;; hydrogel; mechanical strength; calcite

IKBEIE BA FEIR = 4E AR Z5 48, & A R K 4y
AR, J12A R 5V B2 T A iR 41,
AR AR W e S U 12 JUHSE DART R fif 4K
1T R A BRI, A S A0 B IR YT Y AR B
HAFA R TEF AR R A AT BE
H, o HAr R ERNESRZ—, &0 5kRK
(hyaluronic acid, HA) | {Z A4 TAHEMRA L, B
B R ORI AR R TR 0 98 0 B N 55 )
A, HLICH & M e S, ZEAE A AR N I (s R
R AL AR AR e . i HA Jl i A2
SEHR ML U HA K BERE BA R4 0 A A A 1
A AT g | A O R TG S R SRR A

AH EE oA 5 53 5 /K B, 2 B BRAR A AR W B2 AR
SRMTE T HA &8 e i HUAR R B2 35 55 , 1 0 32 )
— BRI S — Ty i, JCHLURL 52 A
TRARRE EAR T ORI AT BRI
LSRR VR R A AR BN FR] , LA
JERE R EERES T L b LR IEHLIURE 5
FRAGARANT™ A0 JEEE O I R O
Ff S 12 M TCHLIERH

BEXt L3RR FH R HA BRI PEREAS I, 28
VA A BRI R JEURE 1, 4 T e 45 K H i
(1,4-butanediol diglycidyl ether, BDDE) & 32 B F| ,
XF HA AT 56 A HA BEIR S B8, I AE 32 Bk 1Y )

s HEA.2018-04-25; 18 E HHA.2018-11-18

YEE B ARk (1993-) , 55 WL WHIT A 5T 05 0] R AR W B AL L, Isschxb @ qq. com; 43 (1978 , %, -4, 3042, W58 Uy 0] g 2= A4 kLK

TR il HEE R A ,liancen@ ecust.edu.cn,



- 124 - FAX AL L

Pt S A IR 1A B 45 R RS ( CaCO, ) , MNTITTE
FT M RE L 5 HA—CaCO, 5 &6 , 6% Lt
THREAHT X SRR HERE R S B B
WSS S LT AN SR

1 KBEHMBERE

L1 E5iRHA

75 W B2 41 ( Sodium Hyaluronate , HA) |, 43— it
T 1x10°~ 1. 8x10° Da, LI HiH ik A ) s 25 45 B
AR AT, 4T R K H g (1, 4 -
Butanediol diglycidyl ether, BDDE ), 3 [E Sigma
Aldrich 22 ®) A2 77 Jo 7K SAALAES AL B, T 7K Bk TR
B EEAREN, A, BT v WA AL A R A BR A
A7 KB FK, FIGEMZBR LR E KRS,

HY-U350 J7 BEH7 J AL, b i 358G A0 A BR
ZFEFE S STA 6000 [6] 22 #4534 8, PerkinElmer 23
FJAE ;D8 advance X H128 2 AT ST Y, Bruker AXS
INEIHE P Frontier FT-IR é’l&lﬁlﬁﬁgﬁ(, Perkin Elmer
N PR s Nova Nano SEM450 537 & 8+ 41 4 B 5%
FEL AR
1.2 HA BEHF &

HCHA By R T B B0 1% 1) 2 AL IR
BRSSOk 10% HA B, BEFES s
A BDDE SZHGH, (R B Ktz il 0 0. 5%, K Lk
REWT 40°C N5 h J5 78 4°CF T4, BB Fii
Pl ST RSB Y 209% oSSR OV 58 ), K BRI
BT EETKPEK, R 6 h ik 1 YUK, EEZIK
AR 25 HAB SR B8 W) T, ARAR I BEE T 4°C TARAT .
1.3 HA-CaCO, E5EHKHHI&

HCHA BrAR T 1% 0 S8 AL BT BE ) ot

(&% 122 1)
(9] MR B, A3, 45 HG/T 2527—2011. [Lolk S H [ S ].
Jmt A2 Tl ikt 2011.

[10] Wang Xiuli, Deng Xiaofang. Investigation on the influence-factor of
preparation of ethyl cellulose ethoce matrix sustained-release tablets
for water-soluble drug [ J]. Journal of Pharmaceutical Practice,
2014,32(2) :114-117.

[11] Omran M F,Suwayeh S A, Helw A M.Taste masking of diclofenac
sodium using microencapsulation[ J].Journal of Microencapsulation,
2002,19(1) :45-52.

[12] True L Rogers, Dave Wallick. Reviewing the use of ethylcellulose,
methylcellulose and hypromellose in microencapsulation [ J ]. Drug
Development and Industrial Pharmacy,2012,38(2) ;129-157.

[13] Z=40 1 B SGE , 225 M, 55 SR R IR R VC T2 SH

E395F1 8

TN 109% HA W, B0 BC ) 48 6 sk R M i
V0, (RS R B0 i 43 B0 0. 02% , i FEa B A
BDDE ZZHR  ARF B2 610 0. 5%, F iR IEA
PIE T 40°C N 5 h J5 , 78 4°CF T, 15 20 0T &2
RN R BIRY 20% , ACHE N 58 4 S, R S
F 100 mL Bt 20 B4 A 2% i &AL 5 Fn AL iR
BRI 6 h, A KR E T LB oK
K, BB 6 h 4 1 oK, R 2R DI KA GR B )
T, RAR R BERET 4°C T IRAE
1.4 S5 AE
1.4.1 fa%bi

L Nova NanoSEM450 % 37 & & 41 4 1 52
(Scanning electron microscope , SEM ) YW %% #E % 1) Wt
TGS, 7L 22 A % B e 2E 47 AL B, FF HA
BEREA HA-CaCO, & A BRI AW A 17 3R
DIORFREE I 1) — 2 #4 BY 15 78 R 78 4 J 6 L Wt
DLARASBE #1857 Z0K LB T 2 R R R R T
PEALT YR R T4 36 h, T8 58 BUS F B SR 7E S
LB b R AT WY 4 A B Gl SEM W £ K8 i T T
TEH
1.4.2 HUMMRE

P HA BRI A HA-CaCO, B & B E T A K
50 mm g 14 mm KA, wBUEEIE R, H
— )2 VR P I PRI A 0 2 A v i P e L [ 5 e
BB B H o 25 mm, X B0 AR AE 2 R
HA-CACO, & & EBEIE i e i H 3R w6, b 1 B
1B 5 A S B 2k R v pl R A g kN e B U
WA, WM B 2 mm/min, I 2
10 mm/min B FRTE B T 47T, W R oK
FHEERE W G R AL 592 BLRE % H A9 HU(E,

Lo LT B DR S [ ]. 8 B 5], 2005, 26 (5) : 143 -
148.

[14] VPIFEL TRIGENG 3457 IR R AL B R B S [ M ] e s
P2 ol i A, 2006 :65-70.

[15] Jucelio Kilinski Tavares, Antonio Augusto Ulson de Souza, José
Vladimir de Oliveira, et al.Modeling of the controlled release of be-
tacarotene into anhydrous ethanol from microcapsules [ J ]. Opaen
Nano,2016,5(1) :25-35.

[16] Hadi Mohammadi, Walter Herzog. A novel model for diffusion based
release kinetics using an inverse numerical method[ J].Medical En-
gineering & Physics,2011,33(8) :893-899.

[17] Paulo Costa,Jose Manuel Sousa Lobo.Modeling and comparison of
dissolution profiles [ J ]. EuropeanJournal of Pharmaceutical

Sciences,2001,13(2) :123-133.1



2019F 1 8B

HEBRESE : HA-CaCO, K E S EREVEIE R IERERAE - 125 -

B AL/H 3LHGRIE N F/S,F J32 8K T1,S h
AN Gl AT A
1.4.3 4shkig

Xt HA BERE AN HA-CaCO, B B BT R T
FRAbHR A TR R . FIHZLAMDEEAL (Fourier
Transform infrared spectroscopy, FT-IR) H Hr [ % I
4] 5 ( Attenuated Total Reflection, ATR) FfH4F #E47
LLANI, TS 4 000~ 650 em ™
1.4.4 X HEAHTH

TEVEAT X AT 5T (X —ray diffraction, XRD ) ]
AT, TN HA BEBR HA-CaCO, 545 BERE
TRy RRAb B, X ALK B8 Ry | SR 5 AT V8 TR
T4, 7€ D8 advance X 2k 22 S AT AL b B 4700
o XRD MR AL T4 05 =0, i 10~
80°, 2L Ky 0.02°, 2B HERS [A] 2 0. 12 s, 10 5L B
45
1.4.5 REH5H

FHE BN HA B HA-CaCO, 5 BEM
PEATRYRRAL BE, SR J5 EAT V9 VR T 1R 3R A5 B IR A
BRFRIL S ~ 10 mg MRE AL, A HIR Y 173,78
20. 0 mL/min AT JH STA 6000 [F) 25 #4473 #r
ACKTRE S A T A B ( Thermogravimetric Analysis ,
TGA), 9 55 i JE o 40 ~ 800°C, T I ¥ % Wy
20°C /min,

2 LWHEREITE

2.1 HA EEF HA-CaCO, £ 8BRS
HA &EE I HA-CaCO, B A BEK 1Y SEM FlfE
TERANE 1 s, mE L(h) FME 1(c) TLLFEH,
BEWE D ALBREE 8 K ik FLARBEKR i PEAT, fLRE
T DAL B AN o> AR Ok, B2 AE 30 ~ 80 nm
Z (8], JE T AR A FIURLH) 5 T A 1 25 T L B o
I FLAR/IN B PR, FLEE T A K o 25 4 43 A 1
R, HARTE 100 nm Zi47 . B Y HA BERC A G
A RIS AC AR G U R W S B - AP SR T
Ti) S I PR A 35 | TE A~ b R v B I P ) i PR AR
TS5BS T RN AR R CaCO, . B4R BEE I 41 36 1
SR R BE R, 2B B CaCO, B2, CaCO, 1Y A
RO G ™, HA B 7 1 Ab SR A T Ay = 4
fLBA#E CaCO, 7857, M 1(c) MK 1(d) W LLE
th HA BERHFLAR L G BRI K, [ FLRE AL 2 T
W, hE (e) MAEIEEIPTLIE, EETRE T Ca,
0.C,WIHAESEE 1(c) Iy EARBURN CaCOy,

(¢)HA-CaCO, & A BB O (d)HA BEZ 0

Ca

R

0

C C
Na Cl a

0 1 & 5

5%

RER/keV

(e) eI

B 1 HA % HA-CaCO, & & % R 1y
SEM [ #n g 1% [A]

2.2 HA B HA-CaCO, £ & BB IERE

HA ¢ Al HA-CaCO, &2 A5k A4 21 00 1] 4 4]
2R, M 2 o LLE H, HA B RS Oh 5 W [ 1A
HA-CaCO, & BHEBH F (1 W A, HA BER
T 2L A (149£48) %, T HA-CaCO, &5 5t
JBZ 1) DB R4 B hn 3] (401 +23) %, S HA BEIR 1Y
2. 73 fi5(p<0.01) , XJEH K HA-CaCO, & A HEIK

(a) HA ¥

(b) HA-CaCO, #E

B2 RERESAE



- 126 - A AL T

SRR RN S HA TR G5 fER A& BT
ARV TRCI , YRSV 34050 43 A 1) 85 5[] 1o o8 fe v
AT T H, I e — @ R AR T 98 Kok
B 38 5] o A, B B SR TG M RE M Ca¥ 5
—COO #4224 ffi HA 43 75 i 45 58 95 hn &2 2,
A1 RE 115, R HA-CACO, B A BER
18 T 2L AR B
2.3 HA ERF HA-CaCO, E 5 KK FT-IR
EE

HA BE A HA-CaCO, Z AT FT-IR 1% &
mE 3 s, MWE 3 ] DUE H, HA-CaCO, B &
BEBE 869 em™ F1 711 em ™ AL By 2 A W Wi 04 X5t
CaCO, J5 A7 S B )RR AIE 06 250 U8 B A2 45 8 e
AT BRIRES , HLES TS D5 ffA1 . 1 606 em™ AR
MR HA 4> F bR 3 X RR IR 3h 51 R,
1 020 em™" AW Wi e 2 B 4B L B i i IR Bl 5 i, SR
BrBEIE K 2 Ab (A R AR DR B B HA SIS i sl
55, 13X 2R —CO0 ™ Fl Ca® FZE A 15 1,

2

4000 3500 3000 2500 2000 1500 1000
/em™!

1—HA BEJEE ;2—HA/CaCO, B A B

K 3 HA-CaCO, & A%t R 21 sh it
2.4 HA BB # HA-CaCO, £ & %K H XRD
EE

FIH XRD #5752 G B I v 4 K i 22 855 1) s
25K, XRD (& E WA 4 fros, i E 4 gk 2 TR
F 6 20=20 24 1 AT S0, Ui HA #E
WETC AR ZE R, R ToE B3 ; f A 4 rhikdk 1 Rk
3ATLLE , HA-CaCO, B & EEH 1T 5116 5 77 fif

BREF/a.u.

1 ok .l“ﬂ | NI

D

| JCPDS: #05-0586
3 T T

10 20 30 40 50 60 70 80
20/(°)

1—HA-CaCO, B A HEI ;2—HA BEIE ;3— 7 fifA

K4 HA-CaCO, & &%ty X St & 474 H

E395F1 8

AT AT S 06 5 4 — B, AT DL A2 e v e TR 5 1Y)
BN J7 A1, 5 FT- IR 304 M4% ., Xiao 2177 Fn
Pouget %{281 RS0 2t R HASTE 100 nm UL
R TR 5 AT AE 7 A A S AR 25 44, AR A%
GEN G R IR ——A AR S5 R (0 B R 5 B A
3 A TR DR
2.5 HA BB F HA-CaCO, £ 4 H K TGA
EE

HA BEIE Al HA - CaCO, & A& BEIL 1) TGA % &
WE S Fias, BES5(a) mTLLAE H HA BEEH) TGA
e e 1 B BE R 150°C 2 Rl A 8EI B 7K 5 565 2 B
BER 230°C ZE A TR HE 1 HA 5%, ] 4143 Sl S 85 1%
i ERERERR RSO 610°C 25 R N 543
ST, B E T o B APk Y ., X5
Elella %™ 25645 K —30, HE S(b) TTIEH,
It HA BEEZ T CaCO, M43 fif B Be, NEl 5 rha]
P51 K 43 CHA 1 CaCO, 1 5 £ 20 85043 9 0
6.7% .66% 27.3% . 2 FhEENTE 230°C LL T #BfE
FEPARRE M B DR A 7 1 PR e TR TR Y T AT

o~ 1.0
KAk TTUUKGHRE T
%0.8- %0.8
Kol &
@"'6 @0‘6 HAMA
o4 AR T P a0, ca0+co,
02— 400 600 800 02300 400 600 800
BEE/C TREE/C
(a) HA BEI 4T 12 (b) HA-CaCO; A e
S 2k
K5 HA/CaCO, B4R NE th 4
3 it

HA BERCHEA R E W Re, & s HAE LD
= AL, SR T AL AR 1 A 1 R i L 3 3k
TE HA SEIE I il & i B v A2 il CaCO,, 5 35 M 32
T HA BERIHLMMERE . HA-CaCO, & A BEIE 1T
ZUHK RN 401% , o HA BERCHY 2. 73 f5, H FT-
IR I XRD 43 #7445 A 7] 45, HA - CaCO, & & BEE
CaCO, [ R 5 A1 s TGA 25 R, HA-CaCoO,
HABER T CaCO, MY BT 5340k 27. 3% ; SEM 43 #7
W, HA-CaCO, & & HE 2 —Fh HAT = 4E PR 25
Fa R I, HANR T He O AbFLAR /N FLBR AR, &2
HERE DAL CaCO, YR SHAE 30 ~80 nm Z [A], ik
BT 9K,

S 3k

[1] Knudson C B,Knudson W.Hyaluronan-binding proteins in develop-



209 F 1 8

2

[a

[3

—

[4]

(s

[

(6]

[7

[

[8

[

[9

[

[11

[

[12

[

[13]

[14]

[15]

ment , tissue homeostasis, and disease [ J ]. The FASEB Journal,
1993,7(13) :1233-1241.

Valles-lluch A ,Poveda-Reyes S, Amoros P, et al. Hyaluronic acid-
silica nanohybrid gels [ J ]. Biomacromolecules, 2013, 14 ( 12) ;
4217-4225.

Bhattacharyya S, Guillot S, Dabboue H, et al.Carbon nanotubes as
structural nanofibers for hyaluronic acid hydrogel scaffolds[ J].Bio-
macromolecules , 2008 ,9(2) :505-509.

Domingues R M A, Silva M, Gershovich P et al.Development of in-
jectable hyaluronic acid/cellulose nanocrystals bionanocomposite
hydrogels for tissue engineering applications [ J ]. Bioconjugate
Chemistry,2015,26(8) :1571-1581.

Haraguchi K, Takehisa T.Nanocomposite hydrogels: A unique or-
ganic-inorganic network structure with extraordinary mechanical,
optical, and swelling/de-swelling properties [ J ]. Advanced
Materials,2002,14(16) :1120.

TA, BT Jhms b, 45 B N IEHR/ Laponite 4K & 57K
BERE A B LR MR RE [T AR B TR 24 ( A AR B2
Mi) ,2016,42(3) :297-300.

Sharma N, Tiwari A.Nano-ZnO-loaded poly ( acrylamide-co-itaconic
acid) hydrogel as adsorbent for effective removal of iron from con-
taminated water [ J |. Desalination and Water Treatment, 2016, 57
(14) :6463-6476.

Sudheesh Kumar P T, Lakshmanan V K, Anilkumar T Vet al.Flex-
ible and microporous chitosan hydrogel/nano zno composite
bandages for wound dressing: In vitro and in vivo evaluation[ J].
ACS Applied Materials & Interfaces,2012,4(5) :2618-2629.
Kumar P T S, Lakshmanan V K, Biswas R, et al.Synthesis and bio-
logical evaluation of chitin hydrogel/nano zno composite bandage as
antibacterial wound dressing[ J].Journal of Biomedical Nanotechn-
ology,2012,8(6) :891-900.

Jiang Y Y,Zhu Y J,LI H, et al.Preparation and enhanced mechani-
cal properties of hybrid hydrogels comprising ultralong
hydroxyapatite nanowires and sodium alginate[ J].Journal of Colloid
and Interface Science,2017,497 .266-275.

Jiang X, Wu H, Zheng L, et al. Effect of synthesized nano-
hydroxyapatite/collagen composite hydrogel on osteoblasts growth
[J].Journal of Biomaterials and Tissue Engineering,2015,5(7) :
523-531.

Huang Y,Zhang X, Wu A, et al.An injectable nano-hydroxyapatite
( n-HA )/glycol chitosan ( G-CS )/hyaluronic acid ( HyA )
composite hydrogel for bone tissue engineering [ J ]. RSC Adv,
2016,6(40) :33529-33536.

Sa Y,Wang M, Deng H et al.Beneficial effects of biomimetic nano-
sized hydroxyapatite/antibiotic gentamicin enriched chitosan-glyc-
erophosphate hydrogel on the performance of injectable polymethyl-
methacrylate[ J].RSC Adv,2015,5(110) :91082-91092.

Wu W ,Zhang X,Chen ], et al.Synthesis of nano-CaCO; composite
particles and their application[ J ].Journal of University of Science
and Technology Beijing, Mineral, Metallurgy, Material, 2008, 15
(1):67-73.

Zhang H,Chen J F,Zhou H K, et al.Preparation of nano-sized pre-

FEBRIREF : HA-CaCO, YK E B ERIRAVHI & R I RERAE

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

- 127 -

cipitated calcium carbonate for PVC plastisol rheology modification
[J].Journal of Materials Science Letters,2012,21(16) :1305—
1306.

Guo T,Wang L, Zhang A, et al.Effects of nano calcium carbonate
modified by a lanthanum compound on the properties of polypropyl-
ene[ J].Journal of Applied Polymer Science,2005,97(3) : 1154~
1160.

Jin F L,Pang Q Q,Zhang T Y et al.Synergistic reinforcing of poly
(lactic acid)-based systems by polybutylene succinate and nano-
calcium carbonate[ J].Journal of Industrial and Engineering Chem-
istry,2015,32.77-84.

Yuan S,Xu H, Gu H.Fractal analysis of polypropylene composite
filled with nano-calcium carbonate[ J].Journal of Applied Polymer
Science,2008,110(4) :1955-1960.

Wu D Y, Svazas A.Micro- and nano-sized calcium carbonate tough-
ened polystyrene[ J].Journal of Nanoscience and Nanotechnology,
2006,6(12) :3919-3922.

Maurya S D, Purushothaman M, Krishnan P S G, et al. Effect of
nano-calcium carbonate content on the properties of poly ( urethane
methacrylate) nanocomposites [ J ]. Journal of Thermoplastic Com-
posite Materials,2014,27(12) :1711-1727.

Jiang J,Liu J,Liu C,et al.Roles of oleic acid during micropore dis-
persing preparation of nano-calcium carbonate particles[ J].Applied
Surface Science,2011,257(16) ;7047-7053.

Fang Q,Song B,Tee T T, et al.Investigation of dynamic characteris-
tics of nano-size calcium carbonate added in natural rubber vulcani-
zate[ J ].Composites Part B:Engineering,2014,60:561-567.

Sun S,Mao L B, Lei Z, et al. Hydrogels from amorphous calcium
carbonate and polyacrylic acid ; Bio-inspired materials for “mineral
plastics” [ J]. Angewandte Chemie International Edition, 2016, 55
(39):11765-11769.

Li A, Jia Y, Sun S, et al. Mineral-enhanced polyacrylic acid
hydrogel as an oyster-inspired organic —inorganic hybrid adhesive
[J].ACS Applied Materials & Interfaces,2018,10(12) :10471-
10479.

Gebauer D, Gunawidjaja P N,Ko J Y P et al.Proto-calcite and pro-
to-vaterite in amorphous calcium carbonates [ J ]. Angewandte
Chemie International Edition,2010,49(47) .8889-8891.
Anirudhan T S, Vasantha C S, Sasidharan A V. Layer-by-layer
assembly of hyaluronic acid/carboxymethylchitosan polyelectrolytes
on the surface of aminated mesoporous silica for the oral delivery of
S-fluorouracil [ J ]. European Polymer Journal, 2017, 93. 572 -
589.

Xiao J, Yang S. Bio-inspired synthesis: Understanding and
exploitation of the crystallization process from amorphous precursors
[ J].Nanoscale,2012,4(1) :54-65.

Pouget E M,Bomans P H H,Goos ] A C M, et al.The initial stages
of template-controlled CaCO; formation revealed by cryo-TEM[J].
Science,2009,323(5920) : 1455-1458.

Abu Elella M H, Mohamed R R, Sabaa M W. Synthesis of novel
grafted hyaluronic acid with antitumor activity [ J ]. Carbohydrate
Polymers,2018,189.:107-114.1



