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[ ABSTRACT] Aim  To study the effect of stable concentration and physicochemical parameters of chitosan ( CS)
and hyaluronic acid (HA) polyelectrolyte complex ( PEC) nanoparticles in physiological saline on the adsorption of targe-
ting antibody CD47 and the target of synthesized nanocarriers in vitro and in vivo. Methods Chitosan was used as a
polycation and hyaluronic acid as a polyanion to charge neutralize, and chitosan and hyaluronic acid polyelectrolyte complex
nanoparticles were synthesized. A model antibody, atherosclerosis targeting antibody CD47, was adsorbed on the surface
of CS-HA nanoparticles after 4 h of action with nanoparticles in water or PBS.  The synthesized nanocarriers interact with
vascular endothelial cells and atherosclerotic plaques in vitro and in vivo to study their targeting effects. Results The
complexation process and the physicochemical properties of the colloid were affected by external factors such as charge mix-
ing ratio and polymer concentration.  Non-stoichiometric CS-HA nanocolloids were synthesized by the above principles and
remained stable in water or PBS (pH 7.4) solution for more than one month.  Scanning electron microscopy was used to

detect the morphology.  The average particle size of CS-HA/CD47 antibody nanoparticles was between 375 and 620 nm,
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and the zeta potential was positive.

face of vascular endothelial cell lines and atherosclerotic plaques.

were successfully synthesized in this experiment.

vascular endothelial cells and atherosclerotic plaques in vitro and in vivo.

prospects for targeted administration of atherosclerosis.
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The nanocarriers targeted by the CD47 antibody can be efficiently adsorbed to the sur-

Conclusions CS-HA/CDA47 antibody nanoparticles

The targeted nanocarriers can effectively adsorb to the surface of

It is an effective nanocarrier with application
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Figure 1. Schematic diagram of polyelectrolyte complexation

reaction between chitosan and hyaluronic acid'"

—&— DAZE5%HICS(100 x 10° g/mol)

101 g DAZ48%HICS(200 x 10° g/mol)
0.8
_ o6}
o
0.4}
0.2}
0-0 1 1 1 1 1 J
0 50 100 200 300 400 500
HAEE/RIRE( x 10° g/mol)
1600, “A-DAES%HICS(100 x 10° gimol)
—m- DAZ48%HICS(200 x 10° g/mol)
__1200f
£
£ soof
[a)
a00f

00 50 100 200 300 400 500
HAEE /R lRE( x 10° g/mol)
B 2. REERREMNEZERREN S RESWHRNETE
EiEdaaA )
Figure 2. The effect of hyaluronic acid with different molar

weight on the size and dispersion index (PI) of PEC
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Figure 3. The effect of chitosan with different molar weight

on the size and dispersion index (PI) of PEC
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mol ) 7E 7K FP i, PBS H, 43l AL faf L (N*/N7) Ry
0.5.1.5.2.5 F13.5,7E/KF0 PBS H45 21| 5 L fiff Jix
BEWAARLF

M R(N'/N)=0.5, i WAL B IR AV ZL%E 24 h
Jo ST A AN AT R 2 R R ) R L A )
Gk INTIPUIE S| NERTES T S ul - A L A< Eiilll
JRFRZ IR, {45 b F0 R BEE BT 40 A, DT TR AR
AAEMS A, MeEartbiEiE 1, mTHEmEe
R A RT3 3 0. BT R Y R R
B VA v P, R SR 1KV YO A B 2 B A B T AT

x1. FERFLL T AR PEC KR F5E

SRR LA TIVE , S FEN 1 G I, bz A2 ik
ANz b AR e R i iR ) | NI i
Rk, M R(N/N )N 1.5 2| 3.5 0f, SR AL it
B AWK A TEK T EH AR FE 230 ~320 nm Z
6], 76 PBS "1 B 424341 8 330 ~ 590 nm, & MR H
AP Zeta AN IE Y, 5 B AR 52
FHERIE N, W a7 LUREZ 380, Zeta FELAV 4% T 1T
R 3 (F 1) . HHRSE SEM K T CS-HA 44
KR ERIEIE S, 76 R=1. 5 BRI BT B i
W RS R TR (T 4)

Table 1. Physicochemical characteristics of colloidal PEC after synthesis at different charge ratios

CS-HA BB L (N/NT) AR (% ) /N (nm) PI Zeta HLA7 (mV) S

7K 0.5 1050 1 ULvE
1.5 320 0.1 25.00+1.63 Hh AR
2.5 260 0.1 31.00+0.23 AU
3.5 230 0.1 43.00+0. 17 AR B

PBS 0.5 1180 1 LY
1.5 590 0.1 32.00+0.13 AU
2.5 392 0.1 42.00+0.27 AR
3.5 330 0.1 45.00=0. 31 AR

E4. BEFRARBREBEER=RE-ZENRBEERRES
MBI
Figure 4. Scanning electron microscopy showed the ultra-

structure of chitosan hyaluronic acid polyelectric complex
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R T WG AR ) A e M KA ] 5 2 A 40 oK A
B AE KA pH=7.4 &) PBS Hifil R AW,
AN HAJE TSR, PSR GO I & T ok i) 7
PIRifR, KR RZBAHEREDRE 1A
Ao B R=1.5 FEPMELHIE 30 K, - HdE 50 (PT)
EH I (K2 K 3),

5 R iR I A2 W 1) TR SR A K v R R AR L
TE PBS W RIARZ N, N T PEC AR H R
ERI, T EKAVE L, 70 SROME N0 %) 4 2% 4 %
FEIKIHME DX, TR 1R A R R4, T PBS

WA SRR T R LR L BT L PEC R &Y
e E I REABAE K IR A R, Pk T HA
REPEREAR, W3R 3 B, PR EARR AL,
FRATAT LI E YA I 25 005 1 20— B LA L
OB 1B VAR SN DINE R 25! S0 N P 4 on 2 2 A1V ESB
AL LA B FUAEDR: 22 /0, R A ELAR AR 23 B2 I 1]
SN e/ X m] RE SR T e e v oRE 1 25 A
ME A FEEY, T, el Ak 1 A,
TIRARIAR AR P AR K I, R WPRLT (473 B ]
/AN

2. B BREFLEITKFEH CS-HA FKM FRAARIZE M
spAl|
Table 2. Effect of time and charge ratio on colloidal stability
of CS-HA nanoparticle in water solution
HLAT LE HL AT LG HLAT LG

CS-HATE (N*/N")=1.5 (N/N)=2.5 (N*/N)=3.5
7K HR ]

(%) KA Ry Ry
(nm) (nm) (nm)

0 320 0.1 280 0.1 260 0.1

7 300 0.1 242 0.1 253 0.1

14 250 0.2 223 0.1 203 0.1

30 152 0.3 200 0.2 121 0.2
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R 3. BHE ., FEETEXY PBS A H CS-HA HXK R F KT
E MR

Table 3. Effect of time and charge ratio on colloidal stability
of CS-HA nanoparticle in PBS solution

CS-HA 7F +%ﬁtlﬁ +EE7;ﬁH: +¢Hﬁﬂt
(N*/N)=1.5 (N*/N)=2.5 (N"/N)=3.5
PES i i
N /N VAN N
FfA] () PI P1 PI
nm (nm) (nm)
0 603 0.1 404 0.2 398 0.1
591 0.1 381 0.2 365 0.1
14 553 0.1 372 0.2 320 0.1
30 306 0.3 225 0.2 216 0.2

2.4 CDA47 Hufi g bt

TEZKHN PBS PN W, BT CD47 B9 WL 30 )
SEOEARRI . PBS FK I S5 KO B 2025 1 43 by
0.5 g/LH10.6 g/L(F4), 1EANITHIEHBKE
T PN, SBT3 B A B ARLURN BE 460 m) 35 10t , )
BRI VAR B R v O T 1 25 A Y CD4T ik
WZ, B2, XEEERERUIA B CS-HA-PEC 44K
AR X CDAT7 iR &5 25 F g 76 Bt A i i )
PEC 2ZJ5 38 8500 bR 25 R 45 6 1Y 2 1 B PRk
IFHITVE , 55 IR B O BAUE R RN 1% MG
E AT, 38 CDAT HiiAksm ZiHh 5 e A 25 7
ROESS A .

XoF T RS  0. 1% B9 P0RL, ZE IR AR FE T,
MAOKBLF W CDAT PUiR G , 40 K Uk K /NG in
F| 415 ~650 nm , H7EF I T EZ PR P AR E 3
J& . B CDAT Hi )G CS-HA 99K BRI Zeta HLAT
TEAK T+ 20 mV _EFFE]+ 25 mV, 7E PBS A +12
mV _FFHEI+18 mV, RARHE KN Zeta BN FH 55 2R ]
U 434 B A0 KR T 25 # v | 3 0 B AR AR
FAIE B2 H 2 R 45

5. L FITC #r1289 CD47 Hifk#Em CS-HA-PEC S/ MEFRIME N R Ak EEER

2.5 AMBY CD47 HLik-CS-HA-PEC X I & H B 48
P g 42 S S8 150 IR i

4 CDAT PUIRGUKER AR LA FITC 506 Ptk 47
Fric B I P B 40 Rk HE P T 24 FLARN MBS 374
55 CDA7 HURGORALE RN ILREFE 24 b J5 , H PBS #E47
PR, A VR, 53 2 B T A T B Y 4 K R AR 1
Bk, [FELL DAPL & YL 40 %, 28 0 B T 0
SR A0 WL R B R L (] 5) . DAPT e fn
87 T A BRI AE PN A0 L ) A A, FITC %85 b
RNk S S A TN 4 Sl R Y O o]
CD47 B ] 40 K Uk, 5296 45 3 &% B, CD47 1t
FARHEL 1) 99 K 2R T A A% o A O A PN B A i 1
THT , A 3R 2 90% 2247 (A A fE R = St 7
JEBH ¥ 40 M BU/DAPT W (4 ¢ O BH M 40 i %L
x100% ) .

& 4. /K PBS A1 PEC # KR KX A E 48R E
CD47 Uik BB 2E (% )

Table 4. Adsorption rate of CD47 antibody with different
intial concentrations by PEC nanocolloidial in water or PBS

solution( % )

e PBS b CD47 Bk A 7K CDAT7 Pk iy A

() 0.1 03 05 0.2 0.4 0.6
oL gL gL o/L oL L

2 95 91 90 93 91 85
4 97 98 95 95 93 90
6 100 99 97 99 99 95
16 100 100 100 100 100 100
24 100 100 100 100 100 100

WA AT R 1.5, CS-HA ik i €S B /R i ik 200% 10°
o/mol, DA N 48% ,HA FE/RFiH N 50x10° g/mol,

7e 4 DAPI Y 7R BT 1Y) i 8

PN B2 A A A LA, A5 FITC 5 i s T b W B 2 0785 P9 B 4 A ) C D47 B M4 o) 4 oK 8k ( S (656
Figure 5. The interaction of FITC-labeled CD47 antibody targeting hyaluronic acid-chitosan nanoelectrocoincident with cul-

tured vascular endothelial cell lines in vitro
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2.6 HHHE CD47
Ak 33T e 41 150 R
ApoE /INEHEAT w5 1 e IH T B AR £, /0 BBt B
YR 4,8 S JE AT sh i R S v L K R
SRSy, WA R BN, S5 A A, POk AR D
CDA47 HiM-CS-HA-PEC TE 1 P4 3 Jik ok £ B B J&] ]
I3AT T ICHUASE AR /N B ( CS-HA-PEC) # 4

ik -CS-HA-PEC Xt 3h Bk B £ 78

HA-PEC,

-.
N\
A

A B C

& 6. CD47 $i{&-CS-HA-PEC X 3h Bk 33 4 78 11, B L 48 1o I Bt

R T, BAIh T CyS. 5 Y RHA bR iC Y X
MR D RN A R (B 6) . RS
Je ARECE g kO & VT R, A A RS kU A
DAPI 5 YL 40 MA% J5 A 7200 10 fU B LS | i b
BETFUES: CD4T HiiK-CS-HA-PEC 7E4K P XF T 30 ik
SRR PE (/L 6)

A N Cy5.5-CD47 Hii#k-CS-HA-PEC, B g Cy5. 5 YRl , C N CS-

Figure 6. Targeted adsorption of CD47 antibody chitosan-hyaluronic acid nanocomposite on atherosclerotic plaque
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