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Preparation and characterization of hyaluronic acid-modified dexamethasone

core-shell liponanoparticles
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Abstract The aim of this study was to prepare hyaluronic acid-modified dexamethasone-loaded core-shell
liponanoparticles and to investigate their physicochemical properties as well as in wvitro drug release behavior.
Chitosan nanoparticles ( CS-NPs) were prepared by ionic gelation, and then the freshly prepared CS-NPs suspen-
sion was used to hydrate the dry lipid film to form core-shell liponanoparticles ( LCS-NPs) . Hyaluronic acid ( HA)
was conjugated with 1, 2-dioleoyl-sn-glycero-3-phosphor-ethanolamine ( DOPE) to form HA-DOPE, which was
then incubated with LCS-NPs to get HA-modified LCS-NPs ( HA-LCS-NPs) . The particle size, Zeta potential,
morphology, and composition of HA-LCS-NPs were evaluated. In vitro drug release of HA-LCS-NPs was investigated
using dexamethasone as the model drug. Encapsulation efficiency and drug loading capacity of dexamethasone-
loaded HA-LCS-NPs were detected via ultracentrifugation. HA-LCS-NPs exhibited clear core-shell structure as
can be seen in the TEM images, average size distribution of which was (189 +10.3) nm. The encapsulation
efficiency and drug loading capacity of dexamethasone-loaded HA-LCS-NPs were 27. 4% and 5. 9%, respectively.
The cumulative release of dexamethasone from HA-LCS-NPs was less than 40% at 72 h. The core-shell liponano-
particles could be successfully prepared by hydrating dry lipid film with suspension of chitosan nanoparticles,
followed by modification with HA-DOPE. Dexamethasone could be successfully encapsulated in the HA-LCS-NPs

and exhibited sustained release behavior.
Key words hyaluronic acid; core-shell liponanoparticles; dexamethasone; sustained release; preparation;

characterization
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1% B 5 1% ( hyaluronic acid, HA) J&2 i1 N-Z Bt &
SLATHHAN B-D-H BRI R — M 2.0 A8 B 422 10 B 1Y)
ARIRYEFE ZHE . CD44 4y F1F B B i R 1 =
BEZARZ — TR MR AL B A A 4 4B 4 D 5K T
Wy geat BE AT L HA B4 () A AT LA S Bl HE pi
CDA4 72335 1 2 2 8 40 B, i A 30 4 Ok B 1)
DIREEAR MBS G Z " IR IR G KR
%) (liponanoparticles ) J& K 44 Kok A0 2 78 5 5t {4
HTT ) £ I — Bl AR R Z T Bk 2 M kT
FERME(CS) i T H RAF A= YA, 0 FEIR
FRZR 2 BAARRE L SR, B2l e SO 9 oK
RAFTEZ R B R M2 S5 ", e B
WA ARLAE R 4% 85 A0 B2 TE R 5T X2 JBE I A%
FEYN KL, BE A% BI 5 70 SR 98 KR 14 245 ) 28 R A
AR N TR E

AWFGE B TEBCTH—FiE B SRR A i 1 A% 52 40
KAL(HA-LCS-NPs ) , DL CS AE R AR RAZ S, P2
FENRRAUZ )G , #E— R A HA BEAT M, LLSE
RIS N 2218 % 245 71 58 0E 2H 21 1) 2 3 3 1) 1
ABFFERS HA-LCS-NPs 1 il 8 J7 i  BUARIE 25
Rite A B R R ARSMRE AT N SR AT B 5, S e
BT ZERAN B TSR T ) 25 2 2R 52 B kAl

1 # #

L1 &

B WA R (HA AR 23§ Bt 1300 kD, 1i2R
A di i R W R 2547 IR A 5 1, 2- il -sn- - 3il-
3-WEBRTE LR (DOPE, Fif 3 35 ¢ % 25 B A B
AT s e R ORI 70 i 200 kD, i 2 BERE K
T 90% , Wil re WA R /) s S e Ik
Jig(PCO8T, HA [ kst ) s BURIR YO R
(FITC, 3¢ [&] Sigma 24w ) 5 Hoax 1050 34 2 i1 45 73

Bréadi,
1.2 B %F

BP211D A f1 K (f# [E Sartorious 2\ 7] ) ;
Nano ZS 35t 44 K kL B 5 AL (9¢ [F Malvern 23
A]) s RVI0 % BY Jig % 28 A ()7 N TKA A7 BR 2
Al) s RO R M5 (200 nm, % [ Whatman A #] ) ;
CM200 55 55 H 5 (7722 Philips 23 7) s FV1000 #05%
FRMILRE R (HA Olympus 2AH]) .

2 F ik

2.1 HA-DOPE #4546 &"

PRI HA 26 mg, %218 K (pH HiSEM % 4.0)
10 mL Hr, K& 3 3 fef 2 58 70 1 I A Ao A
1-(3-HE SN ) -3-& 5 ik — W ik $h 12 b
(EDC) 12 mg Fll N-3 He 7 A 5% HAME IV i ( NHSS)
6.8 mg, A 1 mol/L FRFERIET pH £ 4. 0,37 C/KIE
TIEAE 2 h, #EA DOPE By CEHAM (1 mg/mL)
360 wL A %] HA %3, LL 0. 1 mol/L WifR£h 2%
W AT pH £ 8. 6,37 CRIB M o S 4%
TREIS 43 2L Y0 28 e 3 A ey (BB AR 1 o
50 kD) 2 52 8.0 TR i, 23 BR 2 A% SO W AN )
P, SR AT (JEITH]: - EE-K , 651 25:
4, WZE S ) B Uk i Hh el 5 DOPE {77
I, K SN Ve R T4, BT HA-DOPE , k27 2514
2:'H NMR B 0F 4 CIVA74 o
2.2 uRAEDRAL(CS-NPs) 6 4] &

R B TR AIE 45 CS 4PKbL, 4 CS
VTS 1% VKESERIE K 2. 0 mg/mL CS ¥k, 75
MBI FE ST, 8 1.0 mg/mL 2 B BE R 4
(TPP) ¥ W & i A 2 CS ¥ W b, 18 2 1
30 minfifi CS 5 TPP #543-3¢ B¢, 13 000 r/min 20>
30 min, 3£ % BV, A8 7K 2 &, 13 CS-NPs
TR
2.2.1 CS REREt CS-NPs ¥ 42 Fo W, 15 69 % vy

B CSEW(1.0,1.5,2.0,2.5 mg/mL) 4351 5
1.0 mg/mL TPP ¥ S I, [ 7€ PR & 1) Joit £ LG A
501,452, 27 WUT J7 kil A& A KL, 3 01 0 5 A
SR
2.2.2 CS 5 TPP #§ Jy &b &} CS-NPs #3112 F= 1, {5
#¥ee i 2.0 mg/mL CS F#, 1.0 mg/mL
TPP 59, R W& B b4l 3:1,4: 1,5 11
6: 1,25 A il & AN AL, 73 I 7 A S AL
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2.3 M KA (LCS-NPs) 64 4] &

#4 PC-98T JIH [ ¥ ( Chol ) #1 DOPE 4% Jit f& [
15:4: 1 Tl B S0, 16 37 °C KB I JE & 14
ERE AR % bR R WL RDE R . =R
FNET 58 B8 K R A WK A G TR
B RE BUAR QKRS A Wik 200 nm £LAR (14 Bk 12 g
JEE, RPARRLARTE 200 nm A2 A5 AL S oK RL, 243k
JE 4 12 mg/mL,

2.3.1 Eifs5 4k h 3k at LCS-NPs w4569
o T EEIREIE R K A A B, M A Koh:
ot Z 00, W RE AN RER I DI ST A s . R
B S AOKRL BT syl 121,35 1,50 1,7 1
9: 1, Ml & AZFE AR . AR AL T B R AR 1 Ha A3
WU PR 3 Y BT

2.3.2  FHRMARITHEAZ L LCS-NPs 4528 %, S
SCER(13 ] 05k, k@26 i FITC FRic CS. ]
1.5 mg/mL CS BWIRFIALO mg/mL FITC FH LR
W, P BIARTREE R 300 1. SR RGN 3 h, 7%
PERE A 200 r/ming JZ W 45K )5, L 1 mol/L
NaOH & F7 % & pH = 8.0, & .0 (8 000 r/min,
15 min) YLIER Y, 37 BB W, 258 F K I 2 k%
UUVE , BT FITC-CS JOGHRE

P42, 27 T F )5 1 il FITC-CS #1% CS-NPs, £
FH o e8I TR, ) B 10 SO v i i A
R S ECR 1% WA e, 0 A5 T bR 2
AP FTE A6 R0 ig BT, FITC $Rric iy CS-
NPs 7K k1 ot 5 i 25 9 S AUFR 2 ) LCS-NPs, B
TSRO I 2B b, TIRE RO
R N SR H BB A
2.4 HA-LCS-NPs #9%] &

BT 1) HA-DOPE b )% F 18 it 4l K
H 8 0. 1 ¢/mL HA-DOPE 7K 1 %, 4351 L) i &t
5% ,10% ,20% F HA-DOPE /K% N 2 AN A
TRFY LCS-NPs 7K IR B 1,60 C 4544 F $i
1 h,f#f HA-DOPE 1§ A 2| 8% JIg W7+ 2, T 1
HA B A e AR KL
2.5 HA-LCS-NPs 244 Ji % 5%

Hii& B CS-NPs, LCS-NPs fil HA-LCS-NPs #; {4k
IR, A B TR 2 585505 , R A0
R E AT A 3 45 AR b I REAR LA . Zeta HLRVE

K% ST 45 (TEM) M%¢ HA-LCS-NPs [
T, P AT A2V 33195 T 2 e B0 s 114 0] )

b PN 2% RS IR R A BT S G, TR R A
SR, T Sl B WL I R
2.6 #.24 HA-LCS-NPs #) %) & Z A

K Ml ZERAR B PR RV R 2 mL N 2 e R
W (2.0 mg/mL) 10 mL A7, #5242, 27 300 | J7 ikl 4%
M TER AN -FC RAFAOK R, S I 2.37F0 “2.47
TR J7 9%, o3 1) il 45 2 25 LCS-NPs H1 % 24 HA-
LCS-NPs,
2.6.1 @3tFfeR BTN RAMEEE 0L
FH A B R 2 4 25 HA-LCS-NPs 2 mL,
16 000 r/min B5.0> 30 min Ji5 , E.O _FISWGE =,
PR RE € 2, HPLC YA b 37 R v T 25 25 W vk
£, HPLC {4 3% 4% . XDB-Cg 4 3% 4 (4.6 mm x
250 mm,5 pm) ;LN L MiE-7K (28272 ) 5 Kl 5
1 :240 nm; JEiH 1 mL/ming FEAEAFR 20 L KL -
FHilto AEPRL I A5 R
(%) = (St - TiFRg 2 i)/ B2yt x 1003 4025
(%) = a2yt - iR 2yt ) /9 KRLIT i X 1005 44
KL R B
2.6. 1.1 AHER AR KA @3 R R B F 0%
w6y Gyl R RE | Tt 0 PN R i 3 i b K Y
Jra e oy 1 mg/mL, (REFEGPIIF RS CS I
PRBREEN 125, 542,27 WUT J5 25 il 4 #8024 CS-
NPs, 73 570 5 f1d B F RN 2
2.6.1.2 Hap/CS rEsf e Rt F0
B GWUSLENE , N CS W b A AL
TN ST 20% ¥ Hb ZE RN TR IR AE N
A, 23 AT B R O 1,2,2.5,4 mg/mL #
VR, PR L ZE R AR VA TR S CS TR IR FR EE
125, 4%2. 3" WUT J5 ¥ il # 224 CS-NPs, 4351l
SERLE MBS, B IR S CS i T
GyiR 1510155, 1 450 2: SE, 43 5 3R 402 171
AR PR 5 18 AR AR AL J7 2% A% o
2.6.2 IRSMEBAMRE R KRB REEE
3 W& BRI RSP R R R 23 ) A 24 Cs-
NPs, LCS-NPs, #1 HA-LCS-NPs 2 mL & T 5 ff 4%
o, Wi 2R L A PBS 50 mL B HEIE
TEfE IR H 9746 (37 °C, 100 v/min) iRy, T
TSk B W & B Rl 5 0.5,1,2,4,8,12,24 .48,
72 h BGEHTI 1 mL ] TG0, 22 )5 P b e 45
SEURL AT PBS .l AR 2T 25 W RPURE
JECHE AR A 24 ) 2R FRURE T SR8 0T R 24 I ) Y it £k
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Z TV N B R o0 F R MR 2544 ,6 76 2. 1 4b
HH B ST B0 SR p 38 BH SRR 40 1R N- IR S il
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0

Figure 1 'H NMR of hyaluronic acid (HA) (A) and HA conjugated
with 1, 2-dioleoyl-sn-glycero-3-phosphor-ethanolamine ( HA-DOPE )
(B) in D,0
3.2 47 B &% CS-NPs & LCS-NPs 22 4t i 64
e
3.2.1 CS JREHREST CS-NPs 4242 5 W, 4564 % v&
HiZ 1 ]Il , CS-NPs {4042 55 Zeta AR CS
YR BN T R 4R e . B S 22 fdE T CS-NPs
IKARNG 5 ) 4 LCS-NPs B, CS-NPs Hi A2 KA
AT Hr 4k L, CS-NPs Ht A o AR A H T g IR 1)
W B CS A T B W T 2. 0 mg/mL.

Table 1 Effect of the concentration of chitosan ( CS) solution on the
size and Zeta potential of chitosan-nanoparticles (CS-NPs) (x +s,n=5)
¢/ (mg/mL) Size/nm Zeta potential/mV
1.0 123.4 £5.1 30.9 +4.7
1.5 136.6 £3.9 32.5+4.6
2.0 156.2 +8.9 37.1+3.6
2.5 188.4 +6.3 41.0 4.4

3.2.2 CS 5 TPP ¢4 /% & ks CS-NPs 42425 w43
#%m K2R BN A CS 5 TPP it L

A, CS-NPs fRLAR 52 BLR B 3, 7 Zeta HR,
iz Th i R PR, B CS 55 TPP it
o 501, Tl CS-NPs KJRZemtse.

Table 2 Effect of the mass ratio of CS to sodium tripolyphosphate
(TPP) on the size and Zeta potential of CS-NPs (x +s,n=5)

m(CS)/m(TPP) Size/nm Zeta potential/mV
3:1 229.8 £9.2 25.8+6.4
4:1 235.1+6.7 29.6+7.3
5:1 190.2 +4.8 34.6 £5.0
6:1 177.4 £7. 1 45.5+3.4
3.2.3  Efis 5 w4k k69 i bk LCS-NPs w45 6%

#v LCS-NPs K] Zeta HLAZ #9722 46 AT LA 45 7R
CS-NPs e Jis B f B o I 2 T L
YRS CS-NPs fJsiie FE3g in 2 S¢ 1}, LCS-
NPs f9 L7 AN P 20 ] A, 156 1] 22 %5 CS-NPs
RIMPNR LA Dy 7R B i, A ST ik
PEWig S CS-NPs Ay Loy 50 1,

Zeta potential/mV

1I:1 3‘:1 5;1 7I21 9:1
m(lipid)/m(CS-NPs)
Figure 2  Effect of the mass ratio of lipid to CS-NPs on the size and
Zeta potential of core-shell liponanoparticles (LCS-NPs) (x +s,n=3)
3.3 LCS-NPs 49 4 # 53k
T B8 UE LCS-NPs % 58 25 ¥ I A7, >R FH B
PRIC g B, FITC AR C 7¢ 5 4 4 KOkL, 73 %l LA
A, =488 nm, A, =525 nm Fl A =358 nm, A, =
461 nm WELGPRML A LAY 226, I 3 al L
ZeEI LR SATYIN S IS W DR N R I
HEMHAIOLT , 2R SRS ECES, B
NSRS X —BRUESE T RS e i
FIZELE CS-NPs K1 , T AL S BUANAKRE
3.4 HA-LCS-NPs 32 1b0 Ji & AE

3.4.1 EA5wl 4 RS BRI kAR S
LAV (I R, 3 I B T AT B v il 5 1K) CS-NPs

RIAR AT 5] S RAR R (158. 4 £7.7) nm, 4558
B b # H] 15 i LCS-NPs - ¥k 72 76 (185. 6 +
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10.2)nm, LCS-NPs 5 HA-DOPE L J5 | ki 42 bifi
HA-DOPE & &3S K , 240 8 R A A AR
ok AR fa i, BAZERY) CS-NPs 174G 1E LM , Zeta HY,
7 4(36.9 £3.2)mV, L5 AL )5, CS-NPs
(1) 1F FL {7 9% 5 i , LCS-NPs 14 Zeta HL i Ky — (6.0
+1.8)mV, HFBEBHMR S FHAERENA
TR faf R FR 3, TR I, HA-LCS-NPs [y Zeta Hi {37 K
TEITBEE HA-DOPE & &3 finiiii ~ %

10 um

10 um 10 um

Figure 3 Confocal laser scanning microscope ( CLSM) images of the
LCS-NPs observed at two emission wavelengths: (A) at 488 nm to de-
tect the FITC labeled CS-NPs, (B) at 358 nm to examine the pyrene la-
beled lipid membrane ,and (C) co-localization of FITC labeled CS-NPs

and pyrene labeled lipid membrane

250, - 60
200}
el ol 10 >
£ & [ z
B L &
: N 0 3
S 100t ~~— 3
g N g
i 1-30 N
50 \}\\
0 \% -60

CS-NPs LCS-NPs 5% HA 10% HA 20% HA

[ Particle size —m—Zeta potential

Figure 4 Particle sizes and Zeta potentials of CS-NPs, LCS-NPs and
HA-LCS-NPs (x +s,n=3)

3.4.2 HA-LCS-NPs % &4 % 5 TEM 4558 (
5) AT L, HA-LCS-NPs St W2 i % 72 254, S e Ja
SERBEANARL N IRAATRI s ERIE BORL , 17175 B 5
R W ) i o B s e R €2

343 a#FLAB T CKHIFORANECHUT B
Ji40.1,0.25,0.5,1.0,2.5,5.0 pg/mL ) R 51#5
HETR, 152, 6. 17 T0U T BT ik (3 A5 PR b A, AU

Figure 5 TEM images of HA-LCS-NPs

TR (A) X254 T e B (o) #EATR MmN, A =
44.342¢ -0.148,r=0.999 8, 7£ 0.1 ~5.0 pg/mL
VR BV P, e G R R AT, Sl B
I HA-LCS-NPs Xif 1 FE KA 1) 4 B 5 A1 48 24 & 53
Bk 27. 4% F1 5. 9% . H T HFE KA Ry KOV P
254, BRI T AR K MRS AR R B 2R
1, A Ml JE K b-7E 58 A 4 K R ) 45 10 2% 25 HA-
LCS-NPs {03 5mE A
3.4.3.1 AAAEAA LSO FFE B0
¥ 259 00 BT RN 3R 24 B I 45 5, 259 1) L1
VUM Z CS R G , 299 W AT o o8 PR
VE R 2500 7RI, 28 24 8 A R 4 v - HF i 77
(£23) . BOEEENEIVE R 250

Table 3 Effect of organic solvent type on the encapsulation efficiency

(EE) and loading capacity (x £s,n=3)

Organic solvent EE/% Loading capacity/ %

Methanol 29.4+1.5 3.1+£0.7

Ethanol - -

Acetone 35.8+1.8 4.3+0.4
3.4.3.2 $y5 CS et adit R

Hre 4 UL, 25 CS B LR i,
RULE R, AR A IS ZREHIE, R
Y155 CS ikt 104 VR & 2 3R il 25 254

Table 4 Effect of the mass ratio of dexamethasone/CS on the EE and

loading capacity

m( dexamethasone ) / Loading capacity/

(CS) EE/% "

1: 10 34.5+2. 1 4.1+0.6
1:5 28.2+1.7 4.8+0.5
1:4 27.4+1.4 5.9+0.7
2:5 18.9+3.0 6.4+0.7

3.5 HA-LCS-NPs ¢4k sME 2547 4
H1 259 R BURE iCR-I ) 26 (18 6) "I LR
th: DF 2 CS-NPs 41, H FEARANAER]T 12 h 1B
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Figure 6 In vitro cumulative release curves of dexamethasone-loaded

nanoparticles (x £s,n=3)
4 \_¢ \/b\

HA Y DOPE S i /) JF B2 HA JpF-Hr (il iRk
2t EDC 1§ fb)5 5 DOPE 43 (W S JEAE M 45 1
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BRI H A3 W4 5], Syt s kb R & n DA
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A FE PR A B B o 3 Ao 5 R VR B T 4 oK
R o BRI SE 45 R R, CS-NPs sk
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o«
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