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Abstract

In this work, nano-hydroxyapatite (nHAP) particles, with uniform particle size and approximate
spherical shape, were prepared by hydrothermal method using magnesium ion as nucleation in-
ducer. nHAP was characterized by FTIR, SEM and TEM etc. The effects of insulin loading, such as
loading time, loading temperature, pH of the solution for loading, and so on, were discussed. Insu-
lin loaded nano-hydroxyapatite (INS-nHAP) was prepared. At the same time, release properties of
INS-nHAP were evaluated. The results showed that the effective content of INS-nHAP was 3.98%wt,
and the encapsulation efficiency was 92.66%wt when the concentration of insulin was used in 1
mg/mL, with pH = 3, 30°C of the adsorption system temperature and 3 hours of the adsorption
time. The cumulative release rate of INS-nHAP was 72.71%wt during the first six hours, which was
about 55.58 units of INS, and was closed to the rate of insulin secretion under normal physiologi-
cal conditions. The gel based on alginate polysaccharide and INS-HAP has obvious promotion ef-
fect on diabetic wound healing.
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1. B

FRILBE K AT (Cayo(PO,)(OH),, HAP)E ANMIZNY) BB A B E LTy, BALE. fl. k&
G E M. AEUEBUR R AERAR . ABUE ML AR AL R . 90Kk HAP ) 2 i FikiE
H2—M R MSREAE[1] [2] [3] [4] [5]: PMESE[2]LAE B 2 FLERTE BRIBRES itk S 219 kE
FEIE]. AP ERRAT. EREAUN 16.07 m7g M2 FLACKHERIR HAP, X T KK R BA KA1 5kt fe
FGZREAE s SRHREE[3 1R F AL 2 3L TUE v 45 P34 RST 8 183 nm AR IR BB A, I DARH 25 2 AR
Yyt LA TR RE, AR KPR R 11.75%wt;  f1 S [4R FHUTEE & i 2 9L HAP ik, 1M
BRERAEX R, bR bR WP R R R . pH H S SRR 2R T EAR R R A %
(3-2%wt) P AL E 2(92%wt) o

B PRI N AT3 ) A5 G182 W PRI ) — o IR ACRE[S]-[ 1] A5 AL THFE ) S IRAS, b e 4k
(M EVRA AR 4EH DN A AR B, NI AR A5t e AR AR, H AT IR BT XT
BEPRIE NG VA 20X — 108, T VEA A B AE# 2 L 45 b A s R Qe S5 5 T, HLseR R
HEATZHBTTE6] [7] (8] MREBERRIGRIGITHERMEIN—425Y), HAeEG N REhRERZ/EH
[51[6] [7]: #4355 PI3K/Akt fl MAPK/ERK 5 KB @ &8 B0 DR R RE S S, '
A R AR IR IO A A R AR 2R A S R A R SR . R R IE T LA
T I VA A S B A7 PR, S M S B ) AR R O R B B TR 2R DL L DNA ()5 Ak 45

][l
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B3, JFet R R AE 5 Db SRS . 5 RS BB B O VR IR A R BEIANE AR )R SR A i IR
AT fEAE AT AR TN ]

AT T IR T i s SR AR il 46 Y RURESS) 2] IO BRI 9K IR S A IR FE IR 3R
NRERRZG, IR TUN HAP SRR S R (NS) L Z R, L& INS-HAP fUREZGPERE, 2% 20X N il 771
TR BB BIROR, RE R G O 6 1n) R fk — o (R it e SR %

2. SCIOERSy
2.1. (UEEFE&E

2.1.1. EEUE

FEH T RAEL(TEM), H-7650, HAHSAR; HEHAHIIMEIE(FTIR), Affinity, HAL
AT AN HOEEE T (UV), RF-5301, RE(PTENRIEGEEGRAR; pHit, PB-10, ZEZ Rk}
FAEIRAT: =B O, TW-2017H, LB SRS AT IR A s SR BN Hil i b 28,
DF-101S, WX THAEAHR AR By, S-101, JRBHTREH) 4.

2.1.2. FEHH

FERIGH A BERE . BIIRA TN SULEE. IR, ral, REETRORA )
Hife . #hER, srbral, EZERERARAIRA A B 280, obral, FIHiTs FRREE, A
H(=>27 wmg), BE/RALZEF .

2.2. HEElE

2.2.1. BRSAAKREEBMKAMHAP)HE K

WERECH . FREL 1.321 g [I(NH,),HPO, 3T 100 mL & & 77K+, BlE R 0.1 mol/L (KB A IS
W, bRty AW FIFERREL 12 g BAVAE T 100 mL 2585 F 7K, 60°C N R 3 35 1V AR TRC A 12% BH e V5
Fric A B W FREX 3.542 g Ca(NOs),-4H,0 1 2.691 g MgCl-6H,0 V5T 150 mL 255 77Kk 1, Bt Bk C .

JEBAERIE ) nHAP [ % : =H 10 mL A B T 50 mL IR LM W4T, fEBEESFE R BRE N 50
115 mL B, ff AWS BWIRAIIA)E, B F&MA 16.7 mL C . REHEE, H 2 mol/L HIHH
B KA AR R pH = 5.1, HNEFRNZE, ESiyHLL 1°C/min FIEE TS 180°C, fREFIE
FEMERE, [N 10 h J5 HARBEIR .

nHAP J54bFE: 643 1P~ PI7E 4000 r/min FEO0E, 25k FER, B TNEE TREA T, W
JIFEFEIAT, IN/KE 150 mL, B50%FR FiEWR. BEE FREAE 6 Ik, B G FEmE, 7EMKT 60 CHt
FAR TSR RO AR PR R E TE W HE Ny (R 5 F 560°CHEbE 3 h (1°C/min - F), RA&ME
ITAUERIEZ ) nHAP.

2.2.2. #Z5 nHAP(INS-nHAP)R#I&

SEEOAH . BUB S 1) nHAP 78700 ES s 43 AR [l &= nHAP, M 10 mL B [R]85 00 H O6f B2
5N A)s JER I x mL pH =3 MIERRIATR, ATTRARN pH{H, SB35 H 10 mins J5 7 A 2508
I 3 mL 0.86 mg/mL [ 2 (NS)EW, KX 3 3B 2 B CE /EAS R BI/K I8 4R R4 T
/NI, RIS R EER 3, BISEEE INS BB B S 7EFE 3 9 6000 t/min T 50 15 min, B B3 F
JE 274 nm AWROGEE, AR R E AR TTIE S0 5 2 1 9K 2 B 5 KA (INS-nHAP),  H4f R4 54 Byo
% nHAP &N 70 mg I, ABFFERGUEIRDT 7RISR &R, KR pH A 5REER R T
INS-nHAP #8024 & KA B A 500 . 8 A 14 /2, nHAP W& 0 mg, HAt P IRER LIS 20 AH [F] .
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2.2.3. INS-nHAP BEZ5435M43 4

SEEGAH . IR 2.2.2 FrAR B 7E 30°C BT RAE T TS, /i BUE R E T EO0E T, A 14 mL
pH = 6.8 HIJ#2 % 3 PBS W IR SR G2 W o 55 08 70 ol TECELAE 30°C /K A i ORaR:, () ORASERE 09
[Ff% 1 hy 2h. 3h. 4h. 5h. 6 hJF, LAFEH N 6000 r/min 2.0 15 min, B E{E 2 mL, 5E 274 nm
WOV FERE o 15 S 2R ) £ 7V R SR G4

2.3. HEmliR SR

K B AR 4 AN E(FTIR) . F3 7 BB (SEM). iB 5 LT AL (TEM)ZS v, e B i
FIZMIRIESR . 0 R 12845 BU(FTIR A TS 450~4000 cm™'; SEM FE 56 R A E T, A4 I 5
£ 200 kV 5444 T UEE; TEM F 5 5ok TR IR A% b, 78 200 kV 264 T UER). SRS - o Wa et
WUV)EHEE, 8 HAP 25, B25PEEEUV MRTE E 190~500 nm, A KA 274 nm).

2.4. A EREIL
RS0 L

FREX 25 mg JESE T 25 mL (A BT, H 0.01 mol/mL (I EhBRIAWGEAT E 2, THIE 1 mg/mL )
i B BV . 20 ) B SRR BT AR B BRI 0.5 1,04 1.5. 2,04 2.5, 3.5, 4.0mL T 5 mL FIA BT &
7, BEKEEAN 0.1, 024 0.3, 0.4, 0.5, 0.7. 0.8, 1.0 mg/mL IS R KN 274 nm 4L &E
IR RE R IR o DAJRR B BIR BB AR KR, ROGEE NN ALKR, ZelbrdEfh & LK 1, %
Bhek 7R y=0.93032x +0.03184, R*=0.99942,

INS 1E 8 A BALE 274 nm 7oA AN, X R R AN O EEE AT IR B 3= & BRI € &
o I AT EG O J5 IR AR IR EE, T AR R B i S R A B, PR R R R 3R 1 B R ek
Fe i R R R o R AR R B [ 12] [13] [14] [15], @ FAAR T EAE RS EMEE K,

TR = (2591 5 B — B 2 I B ) [ 20 ) B R % 100%
RS = (20 SR — R B 29 i) /nHAP BT i +100%

= INS
2.5 —  HAP 1.0 Linear Fit of INS
— INS y=0.93032x + 0.03184
1 R-Square=0.99942
2.0
—_ 0.8
5 ey
< =
S 154 <
2] 5 0.6 4
= 54
2 g
2 1.0 s
S = 0.4
172} Q o
2 2
< 05 =
0.2
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AN DL | rrrrrrr-r-rr~rr-r -1 r1 T LI 1 0.0 T T T T T T T T
190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 0.0 0.2 0.4 0.6 0.8 1.0
Wavelength(nm) Concentration of INS(mg/ml)

Figure 1. Ultraviolet absorption spectrum and standard curve of insulin

& 1. INS F0 nHAP BYELSMNRULSEIE B ¥R E L%

2.5. INS-nHAP EBERM{ER QM A=
RBAEEIENL[16]: K5 SPF 2% SD KR 40 RAEFRAESZIG =IEM 3 K, TEMET 12 h 228 . 3 Bk,
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I JU AR AR AR B, SEASEIY LB BT 1) 1) 29wt SEARVE 1 3R (STZ) AT R M /K 7 8(0.10 mol/L), pH = 4.5
TREME IS, 38 7 R IE MR T 11.0 mmol/L %, J& B SRS . 4 ek B M BENL 73
P, YRR, ZiH. KR 2%wt [RE L ZANIE RS RIS, 1 EHIE 4 x 4 om®, R EHUR
WRNERE REBAEE, HTEARN 1.5 em RFLAE T L, T RBTUT B AT 28T R Bk, TR A
R, i fE S EIL, HEBYOKRIRE. 3 d S OIEA R, Bmii s & ma.

RO A ALK : INS-nHAP FEHEHE 2R (B H), SRR HPR LB e A /R IR R R R
PBS Sttt 3 7 h /RN B G A BORH () o A5 ALK BRI B T 7 st AL O SORE, R
o, BRI 1 IR BEHZ 7d. WEIFLRE D BEER.

3. XWERSE
3.1. BERBRA(HAP)RIRIE

3.1.1. HREHTH

P 2(a) 9 560 CHB B2 I nHAP £ 5 (1 FTIR 1% B . Ho 560 em ™', 602 cm™ X B PO~ 1925 B4R 314 (v4);
1200~1000 cm ' 4bJ& PO~ FURFAE R I, XF. PO, HIAEXS FRABM4EHR B (v3)s 963 cm ™ Kb fiy W AL Ue o Jo
PO} (X AR AR B (v 1) US4 5 3570 em ™ T 632 em™ A RIVR LU 43 Sl % 7 36 35 (—OH) R A 45 1R B¢ (vp)
FHEZN RN (vE) o IXLERFIEVE A AENE SE HAP BAARGRIIIE, & M HEBRRE 2 (nE A . 2k
FREIEAMR[17] [18] [19]»

3.1.2. HAESRTH

HH ] 2 AR A AT 2 MK RAEIE i S KR IR KR FE B A (nHAP) W] 2(b)s & ilidA
RPINER TENBIZEFR, A TRIES BT BRG] 2(c); HLSBERS TR
I, AT S £ USRS A A3 ] 2(d), SRR R IE SR B AT, FEPERIAR /N T 50 nm A1 2(e).

1004

501

Transmittance(%)

'+
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Figure 2. FTIR spectrum(a) and SEM(b,c,d), TEM(e) images of nHAP
[ 2. nHAP BY FTIR i&(a). SEM(b,c,d)#1 TEM(e)BB &

3.2. nHAP HHFEZ WA R

3.2.1. nHAP FAEXN AR
A 3(a), TR T MR PGB SR T A Y nHAP FHE N 70 mg B 208 S AL S 20k B A

DOI: 10.12677/nat.2019.91004 36 PRHEAR


https://doi.org/10.12677/nat.2019.91004

W 5%

IFEEC, BN R 76.92%wt, A REEL 3.30%wt; 24 nHAP Fl&E N 50 mg i, BA %S &M,
(HAEERIE, 2 INS #RHR P 24 nHAP HEN 100 mg I, AR EE 92.20%wt, (HE 2= W
K, SFEERAMFFIEIGE I, XA 4R, INS R A% 5 &

3.2.2. WRpIEE 3T E 25 A0S
F P 3(b)rl %N BEAE NI Ta] 3 I B dst RN S g i, HAE 3h A4 h I A RS & B R
FEA—F, WO YRS A R 3 h i nHAP X INS W S ik BEANRE .

3.2.3. IRMEREX AR RN

H 1] 3(c) Al 1: A 20°C F1 30°C 30 Bl A A 20k B R4t 2R B UL R B TH T K, (R MR AS AR A 0
M IA ) 35 CHRA 2 A B SR LT %, X AT B2 TR TR 3 35 Cuf i A — & IR
FI, AR R BE. DRk, SRR i 30°CHE A IR R .

3.2.4. WA R pH MEAHF I

F 3(d)Eam: N INS B, /R ZR ) pH X INS B3 2 LA 2 INS & &EA BE 2. % pH Mt Ef
MEBEMOEZE TR pH=62 NAMSEMUHER, pH=3 NAUEGEMOHERG. R HAP
(VR PRATLEE P REMRRE A« A AR R T I PR 5 2R 401119 5 F T OHL (AW [|) 25 R 7= AR 1Y, T pH fE
T, EESTIRET R, OH 7B Sk E H b2 J8b, DRI PR sl 8 H b, 808 B 25 WP &

2.8 4
2.5 —INS=0.86mg/ml 2.6 | ——1h
—— HAP=50mg 2.4 —2h
—— HAP=70mg 2.2 —3h
2.0 —— HAP=100mg 20] ——4h

18] —— 0.86mg/ml INS
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2.8 4 75 —m— Cumulative drug release rate
2.6 8 N 7271)
24 ——50% ethanol solution L 70 /
.4 ) ]
22] —— 0.01mol/l HCL - M~ 68.05)
—— INS=0.86mg/ml ~
2.0 o 65+
,-.\ 172}
5 1.8 S w6104
S 16 ~ 60 :
S 14 oy
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Figure 3. Analysis of influencing factors of INS loading and drug release performance of INS-nHAP
3. INS MREFME R4, INS-nHAP Bt gE

W51 [6][7]. pH =2 I 1A & BAVEE R E pH =3 I/, JER pH = 2 IR X #2380 26 A7 (AR 55
pH =3 I K.

3.2.5. BRERBEFNHRLHEHFM

H1 3(e) AT : A A SRR 26 AF T 0.01 mo/l SR ik & 2 7RI R 5 3R IR B R BE 50%wt L REAF 9l
5 ZIR (R 5 BB PR K AR B (0 LRI LA DB B 3R B0 (ER E T LBt B F SR AT
—ERE R BIAMERI[15], SORIEEERS LRE IR DR B 2R VA 7).

3.3. INS-nHAP BB M EEVEMY

KA BRI SR INEL INS, FTfS INS-nHAP 30 E 8N 3.97%wt, BE N 92.66%wt, HXT K
BRI 3(DFT7R, 1 /B Y INS-nHAP BEBEREIH 42.10%wt FIIR S 2%, 2908 32 BRALI INS. 1 /)
WG, 29908 N R BCR B EIRN,  DLRE/ N2 7% IR B, RN 5.4 AT INS. 6 /N R
TR R IE S 72.71%wt, 214 55.58 DAL INS. FEFRERIRS T, ABE/NRFZ120 i 0.5~1.0 S
%, BEEHESESWTE 5~10 5, ANESHE INS W EL408 50 #BA67[17]. NMATRRBEAN, £/
VAR RO R BRI B 2, E ISR, 725 I DL I8 M S B U B R, B 4 R i~ A )
YER, 7T 0L INS-nHAP B A BT BB R RESUR, (E 2RO Fl 1R N AR AR 3,

3.4. INS-nHAP EEE {2 8] O RS BRITM

SEIS A T MR 0 R 7 RETA R ICRAS, Wl 4 o MR RRAN S, L
Bk INS 1925 A2 R0 O A — e RN, 3 BIAHT 58 Bt I 2 B IR U 2 AT — e 10 D2
RE7)s BAU C G RdE — PR E, IR 2 RIS INS-nHAP X1 @& B A U FAE
., BARIE LA R R — P IRAR .
4. &g

1. DI T AL TR, AT & Bl IERE 9K B2 B KA

2. nHAP BRI E N 560°C, &N 70 mg, FREZRIKEHN 0.86 mg/mL, WFHESEI 3 /NF, IR
PRGN 30°C, R F pH = 3 I, nHAP X i & 2 B A B A IA 2805 5(3.98%wi) Fl AL %(92.66%wt) »
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B (7d)

Figure 4. Promoting effect of gel wound healing experiment for 7 days (A model control group, B blank group, C drug
loading group)
4. BN 7 RARE OMEIER(A REUXTHR4E, B=AH, CEHZA)

3. HMGYIREISE IR R B, INS-nHAP 7E 1 /N IR 32 SRAZIY INS: Ub)E, RF/DEBPRRZ) 5.4
AL INS; 6 /N REVRECRIAF] 72.71%wt, 14 55.58 ANFAALH) INS, SR BUF AR N IEH AR B4
TR R O R

4, FET INS-nHAP [ 2 g, 7 RWRILH B0 0 &SR ER .

E&WMAE
I RARHGTHRIBTH (2016A010103039); ) MBS X A THRITH (2017-WS-016).
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