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In vivo imaging in tumor-bearing animals and tissue distribution of nanostructured
lipid carrier modified by hyaluronic acid loaded with three components in Panax
ginseng
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Abstract: Objective Human hepatoma SMMC-7721 cells were transplanted into nude mice to study the tissue distribution of
nanostructured lipid carrier modified by hyaluronic acid (HA-OUR-NLC) loaded with three components in Panax ginseng (oleanolic
acid, ursolic acid, and ginsenosider Rgs, OUR). Methods FITC and DiR were used as fluorescent probes to dynamically monitor the
HA-OUR-NLC targeted behavior of various tissues and organs through fluorescence endoscopic confocal imaging and in vivo imaging
studies. Results RUE values of oleanolic acid, ursolic acid, and ginsenosider Rgs in tumors were significantly increased in
HA-OUR-NLC group, reaching 2.51 £+ 1.23,2.27 £ 1.43, and 2.77 £ 0.25, respectively, which indicated that nanoparticles modified by
hyaluronic acid could enhance drug uptake in tumors. The DiR accumulation in tumors of DiR-HA-OUR-NLC was higher than that of
DiR-OUR-NLC by the visualized fluorescence of in vivo imaging. Conclusion It indicated that nanoparticles modified by hyaluronic
acid loaded with three components in P. ginseng can be enriched in the tumor site of liver cancer, which is in line with the expectation
and can significantly improve the tumor targeting of the drug delivery system.
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2R oy R W R ERIR S, I8IT
WA, WFEAMEAE A BRI BEEA R AL
XF U PR R AT SR B RIEE . 5 Sk S AR BB fih 2
RGERAFMNSE; H— 28 808 i
(5 EARR . ASBHS)., FEWE (0T &
T e IHE A o AR FH BEAR AN 22 4 1 7 THI ) i)
R LA 2 HH 24 22 B I AR I FH 199 DX i) -2
U] A X — [ R, R 9 I 2 v 245346 24 SR G0 K e
M, V)R ERHHIE A T 24 2 R I
REG ARG, T REIRITER . heigKkih
RGN IR TG Zmet, KRG
VIR e SRR B AR B A
SRGERRSEAHY, T R AR T -

BRI FARAE P R 25 HUAR R T A D Th 4
5, (R 22 o TE N K 2 R GE, JoREH I
5 T 0, A RIS AR TS ) 1] R E X R R R 2
ROy HoA ZREE e i, LA BRI o A
il AP AE 2 R B Bl 4K IS 2] R LI K
U BB MGEN, R rp 24 22 5oy il BN KRE, B
WA/ SRR 250N TR A BkL, Tl
T PR [ PN AR DR 2, S N2 i A e 1k
WRRIT R WD TR RS, BRI A2t
FINUA & AR LV TE AR AT H AR, K
M BE S i 2 e A IR R, AT
R A2 i YR 97 L

UK AR Z AR (nanostructured lipid carriers,
NLC) & 20 22 90 AR fi e >k 1 — Fhon 2 1y [
WEIRGUKIL DT R G, 2 A T JoT A A g o e
T s Rt AR ] A T o g MV PR 25 W) R0 28 1) NLC
Hh B e AR R A B —MEAS S 9T 07 1)
NLC A DL S48 my i /K 1 24 4 A 1 R 25 245 1 A% s
Rew . CHARRBAEMRP EAA RS Mt
YIAE NG 5t B 73 v 2RI R BV R s e R I s
R R BRI AEMM SN, WAEYIREMRAR, N
(ISP HIPZE /b = G

NS RNEMEHEMI NS Panax ginseng C. A.
Mey. HJTEAR, Hh&FEZMBrEmASEH .
ANZZhE. EaiE. K BamHIPU RT3
T TR R (oleanolic acid, OA). RERMR
(ursolic acid, UA). A Z 1 Rgs (ginsenosider Rg3,
Rgs) Kigthz, VPR, MRz, R
il 7 2R AR, A LG RS FH 52 31 PR A0, i A
W CRA NLC B ASH 3 MfEiaia 2oy

OA. UA. Rg &Y UKIEHEA (OUR-NLC) M,
AW TR FZEH TR (hyaluronic acid, HA) 1EA
e R, 20 R s B R AT 2 1 AR 3
HA-OUR-NLC, f H AT N H R 53 A0 AN i
BRI T, DAHIRZR 2500505 %5 2 43 1 3 [ 12k 5

Fy o B O R E S R (fluorescence
in vivo endomicroscopy, FIVE) #£i:f HA-OUR-NLC
REA A M) T MR gt iy, SOl 1 E S R AR B A
RS0S4 P4 2H 2R 40 B 0 E AT 7E AR UG I B i, S BN
TR P S IS AR B R S AT, AR BO 2 A
KPR 2 HA-OUR-NLC HI#E 4T N .

1 MRI5LEE

Mt BALB/C-nu 2 2B, 4~6 K, 4R
® 18~22 g, Jb4EiERIEA AR, AIKIES
1100111711015241 . SZIEYIEFATIES SCXK ()
2012-0001, SEEGFTEFEIILE SPF 254 T I )=
B EAT, ZhW E ER R IOK B AL S I KR bR

AN SMMC-7721 4 B o o - 1
A, HEA 10%064- iGN 1%$0H RPMI 1640
BiFRdk, 1537 C. 5% COy M ABAEE &M R RE
I, B AR A B Al M AT S5

TR OA (JRE /3 E0=98%, #IL'5 130826).
UA (JRESH=98%, it 131107). Rgy (&S
$=98%, #ILT 131029), RASHEH AMHRAF;
R, O Eakal, AR5y st

ACQUITY UPLC I-Class # = % 0M €4 3% .\BEH
Cis fifk: (50 mmX2.1 mm, 1.7 pm). HLB %
SPE #f, %[ Waters A 7]; FA2004 737 £ RF
(i RPAXESRA R AT NS IRIE R R
(#[E Burker A #); TGL-16C BB LML (b2 5
BHEACER) ) Autotune 1=y 5[5 75 Y 41 I A AR A
(ZE[H Sonics A 7] ).

2
2.1 OUR. OUR-NLC #1 HA-OUR-NLC BJ#l#&

FE# AL OAL UA. Rgs % 0.65 mg, DMSO ¥#
fit, MZAPKERZE 5 mL, HEFEREAN 0.39
mg/mL [#] OUR &4 F .

OUR-NLC #1 HA-OUR-NLC #4712 8
wko7 AN, Hod OUR 95 &2 053 7 0.075%-
0.038%.

22 HELASHIE
221 R MKF OA. UA R 205
nm; VI NEEE-K (92 1 8); AFIGE 1.0
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mL/min; i 30 C; #HEE 20 pL. M+ Rgs
Rl A 203 nm; GBI OHE-/K (55 045)5 4k
YL 1.0 mL/min; #335 30 ‘C; #EAERE 20 uL.
2.2.2 X R VA TRAC A

(1) OA XIS 45 FEEEFREL OA XF
M5 5.04 mg, BT 25 mL &t FEEE, B
F] 199.20 pg/mL [P HE S A 25090, 0 il kG 25 & UK
RS ER TREEY, WPEAREZEZE, i
B OA &R E 251N 5.04. 20.16+ 50.40. 100.08.
130.10 pg/mL ) F 510 B S a e H

(2) UA XJHE SIS 45 RSB FREL UA XT
fE 5 5.03 mg, BT 25 mL &id, HEEREL
J&, £33 201.20 pg/mL (X} B 5 A 490, 20 i kG 2%
HEIPOG IR g OE R TR, IR R
JE, B UA JREHREE 7 5.030 20.124 50.30,
100.60~ 130.78 pg/mL 1) Z 515t FE VA & H

(3) Rgs XFHE AT £ R FRE Rgs X

fE54.01 mg, BT 25 mL 8T, HEEREEL
B, £33 200.40 png/mL 0 RS g, 43 TG 2
RO IR g S OE R TR, I ERREEZ
FE, PR Rgs B4 519 4.01. 16.04. 40.10.
80.20. 150.30 pg/mL [ &R FXE HE S A &%
223 AR S55ZY BOGECEKY SMMC-7721
4ifi, #EFT BALB/C-nu 46 241 54 08 BF 5
B FUNRERR 1X 107 M0, BMRFt 0.2 mL.
PRI AR S, A rT A 52 3] B I e 2215 I R g A
3 (3~6 ).

W /N 30 R, BENL N 3 4H, OUR.

OUR-NLC #1 HA-OUR-NLC 4. 525 Rishzs A
K120 )5, B iv s, 4255E N 10 mg/kg (LA
OUR ).
224 FEmAEHE %4255, T 10min & 050 1. 2.
3 h AR AL T AR FE /N B, SBH A O T  FFAEE
FRRE S MR CEAEF MR R, F AR UK &
PR R, T A KT, SRR
JRE, 1 mL AERER K, PR 5] AR ) 2 B ST KR
HUZHZAI9E 200 L, INZHEWH 3 mL, WHERA 1
min, 250 (10 000 t/min) 5 min. 3T 40 C/KIEBF
FAMT AN 300 uL HEEVA#, WRBE 1 min, 0.22
um FLIERESER, #E4T HPLC 4347, BEFER 20 uL,
SRR, I AT ER A LUE (Ce) 1,
FIXHERER (RUE) BIFIAENEE A (RTE) 14,

Ce= Cmax(NLC)/ Cmax(iﬁi&)

RUE=AUCNLc/AUC g#w

RTE=[AUC 45 ~Lcy AUC & (L) —AUC it @/ AUC 1 g )/
[AUC as s/ AUC & ()]
Conax(NLCYH Crnax(sngy 53 BB 51 KR R 24540 5 Y e 5
WIE; AUCKLe F1 AUC s 43 B R 209 KA RN 25 0
FIFIESE A B 2GS R R A AUC wndeors F— 71
FERR S B 25N 2k TR AUC o367 A — i FI7E Bt 40
AU [ 250 il 2% R T AT A
225 HikEHEER

(D LJaEte: 3R /N B B 2R L&
O FE B i BRVRAH LS A CRIMA
X R SRV, Aot R (A SR % A R S SR (=
H I 525 A5 N OA. UA 5 Rgs X HE A
KR iv A2y e 3 5% HARE M, %8 “2.2.47 T
TOTEBEAT AR, HERE 20 uL, HPLC 70#7. 75 iR
BT, AT REL, B &S,
Ab 3 7 IRIAR AR WRE A IR N IR A A R T
OA. UA. Rgs 3 Mo I, & A AW 5t AEY)
FEM 237

(2) briEh4e: FEWEL OA. UA 5 Regs R4
XA 200 L, BT 4 mL B0, 2H0k
N B BES Bl BRI 2 (A
W A 100 pL, IWHER A 1 min J5, 442.2.4”7
TR AT . HERE 20 pL, O EIEE. 250
OA. UA 5 Rg; WA AR (Y), L% H BRI
HIRE C (pg/mL) AfEAAER (XD, HIIASN
FeF AT R FNHIZ ., SRIFARAERT R 2, W3R
1, OA 7E 5.04~130.10 pg/mL. UA £ 5.03~130.78
pg/mL. Rgs £ 4.01~150.30 pg/mL Jif &K FE 5 i
Y 2RI RZMER R

(3) K5 BURR A H MK 100 uL, Z350 00
NIEE P OA. UA 5 Rgs X R miE M, Bl pl OA
% i 3 AN E R (5.04.20.16.100.08 pg/mL),
UA % " 3 ANBEWREE (5.030 20.12. 100.60
ng/mL) 5 Rgs ik H &1 3 Ml IRE (4.01.16.04,
80.20 pg/mL) HIFEMIER, IWIERAJE 12 000X g
FEE B, EEWCKE A HPLC JI5E OA. UA 5 Rgs
Mo, 1d EESEIE S Ik, ESE 3d. iH5
Hi. HIERE®EE. 475 xR, OA k. . & 3
AR B R BERE i 1) H A2 BE RSD 43R 3.27%
4.26%- 3.64%, HIAFEHEE RSD 438 3.93%.
4.90%. 3.86%; UA MHWHEE RSD 7 ilN
4.02%- 2.39%- 2.86%, HIEIEZE RSD 43 5A
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Table 1 Standard curve in different rat tissue homogenates

B A bk 7 e LM/ (pgmL™) I

OA O Y=2826.1 X+1.7X10° 5.04~130.10 0.996 4
i Y=5038.6 X+1.0X10° 0.997 8
B Y=3646.2 X+1.5X10° 0.996 1
it JUiE Y=2859.2 X+1.2X10° 0.999 0
=g Y=3819.6 X+2.1X10° 0.998 7
I Y=2019.3 X+1.0X10° 0.996 8
ik Y=4806.0 X+2.2X10° 0.998 5

UA O Y=3142.0 X+1.2X10° 5.03~130.78 0.998 9
T Y=5937.0 X+1.6X10° 0.998 2
Jil:24: e Y=4936.0 X+1.3X10° 0.994 9
fili JiE Y=3984.2 X+1.2X10° 0.996 7
B Y=2019.8 X+1.4X10° 0.994 1
Jiii Y=2671.5 X+2.5X10° 0.993 6
ik Y=3284.6 X+2.2X10° 0.997 9

Rgs O Y=3735.0 X+2.2X10° 4.01~150.30 0.994 9
T Y=1880.0 X+1.0X10° 0.998 1
il Y=4446.0 X+1.1X10° 0.993 6
fiti JE Y=6859.2 X+1.2X10° 0.999 3
B Y=1832.8 X+1.4X10° 0.999 7
I Y=1574.0 X+2.5X10° 0.998 4
ik Y=3459.0 X+2.2X10° 0.998 2

4.83%- 3.01%- 3.28%; Rg; i1 H WAEZE RSD 4
AN 3.29%. 4.30%- 2.37%, HIAKE%E RSD 43 )
N 427% 4.88%- 3.02%, FFEAEMIRES IR
e EK .

(4) FasEtk: B EidE. by B 3ANRE
WREEIIRE SR, HRAEEIRTE 6 h, 4 CAMK
PEIUE 24 h, —20 CUKFEHRE 24 h, HUBAE=ER
N EARRE, RS FCE T 10 CH&A4 T
EFET OAL UA 5 Rgs &=, 1P AREZL R
FasE it o TEAR E ME SR8 R A [F) 2% 4 A i VA
OA.UA 5 Rg; & &1 RSD /N T 10%, 7~ OA.
UA 5 Regs MEAE IERAE ZIINE 6 hy 4 "CHAR
24 h FIARICAR S T B RIF AR E M.

(5) In#e . BUKR A B M3 100 pL, 53
FINAIE &= OAL UA 5 Res X HESAWR, ol pl
OA ik, . 1 3 M EMEE (5.04. 20.16. 100.08
pg/mL), UA K. . & 3 AN E KR (5.03.20.12,
100.60 pg/mL) 5 Rgsfi. . & 3 MiEKE
(4.01. 16.04. 80.20 pg/mL) HIFEMIET, TRt
TBA)JE 12 000 X g i B0y, B EIEW 20 pL #EFF
Rl s AR, AR bRt Hh 2207 R VTSR L )

T, JRE S o B RS R T IR FE AT L
B WEITEREE.. IREERRK. L &3 A
WEE OA. UA Fl Rgs X HE SR VR ELBZERE , 10 3¢

KR W TR RS 3 St R 9 R P 0 T AR
HATHORS, TPEAREEI S . S5 SR, St
i OA LA N 89.67% 92.23%- 94.32%,
RSD 7354 4.46% 4.32%. 2.97%; UA J7i% Rk
N 89.45%- 93.63%- 92.19%, RSD 73714 4.98%.
3.26%- 2.79%; Rgs JTiLEE A 97.94% 92.18%.
89.97%, RSD 75N 4.32%. 3.82%. 4.93%, RSD
BINT 5%

OA FREUAISE N 87.31%. 90.25%. 86.72%,
RSD 7354 4.34%. 4.21%. 3.96%; UA $ZE[A]k
FH 90.02%- 87.74%- 89.27%, RSD 43N 4.17%-
4.33%- 4.18%; Rgs FEI By 88.06% 89.95%.
90.28%, RSD 435I 4.40%. 3.28%. 4.09%, RSD
BUNT 10%. 76 EPRE o S AT AR G LK
23 HAHBEIR

#£ OUR-NLC Fl HA-NUR-NLC 1 hn A5 Y648
£ FITC, ##73%] FITC-OUR-NLC. FITC-HA-
OUR-NLC Kk, firsg /MR 18 R, Bl N 3 4,
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R} B8 4H (FITC ¥~ FITC-OUR-NLC 4Lf FITC-
HA-OUR-NLC H. AAFI/NREEEAZEK 12 h, ip
2% R 24 (0.1 mL/20 g) FREERREE, 45 FREY i,
B iv 42y, AZ55EN 10 mgkg (DL OUR ).
FE/N R IEEB AL T A, W IR A BRsE
REF B T s SR AL, #5238 2H17E 60 90, 120,
150, 180. 240 min SZHF A,
24 GEAERIREIE
7 OUR-NLC #1 HA-NUR-NLC Sl A 6
% DiR, #i4575%] DiR-OUR-NLC. DiR-HA-OUR-
NLC gKki. iR/l 18 K, BbLarA 3 41, B

%F B8 2H (DiR ¥ W ) - DiR-OUR-NLC 4H A0
207 . i 10 O
 ——

OA/(ug'mL™)

0 40 80 120 160 200 0
t/min t/min
12 i B HE
10
T_ao 8 :\: T?D
ijl? \‘?‘\,_7\7-1‘7-7 g
I 4T S 2
3 . S
2 .

"40 80 120 160 200

0 40 80 120 160 200 0 40 80

t/min t/min

120 160 200

DiR-HA-OUR-NLC . 45 Zj i /N REEEAZEIK 12 h
J&, ip 2%J%ELEE 24 (0.1 mL/20 g), fRMREEE,

FBiveady, B TIERBUEAC, % SL582H7E 10 min
F2 0.5, 1. 2. 3. 12 h SERFAIE . FA8 988
B, WORPEK 760 nm, K FHEK 700 nm, Bt

RN 7 so
3 #£R

3.1 HA-OUR-NLC % OA.UA #1 Rgs ZEfIE /R
ZRLAH 3 HHIF T

OUR. OUR-NLC I HA-OUR-NLC %% %
] N RIS L Oy FF B Bl B DL R R
OA. UA 1 Rgs /KA b 25 5 WLl 1~3. 25 5 ml A1,

Jiigila 10 Ji
20 N g
~ 1611 ~ 1
‘cu i n 6
o0 121\ TN o
% 8 \I T c:e 4
= — <
o 4 T o 2
0+ e 0 — —
0 40 80 120 160 200 0 40 80 120 160 200
t/min t/min
24 32 —=— OUR
20 —— OUR-NLC
= e \ -+~ HA-OUR-NLC
“?0 N
zn I
2 8 T — T
o g N Bt
0 T
0 40 80 120 160 200
t/min

1 OUR. OUR-NLC #1 HA-OUR-NLC 4%5/5 OA S/ RINEFZALH 2 (X +5,n=10)
Fig. 1 OA distribution in plasma and tissues of mice injected with OUR, OUR-NLC, and HA-OUR-NLC (X *s, n =10)

20 e 10, O 20 JFFE IR HE
. 8
£ 16184 ~ 8 \
: T S ~
212 o e o O \
&0 ES ~ 80 e,
2 8 ; 1 ~ =4 RN
= § =
. —y < N
g 4 = T 52 \
.
04 - 04
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200
t/min t/min t/min t/min
104 1 i
] Jiti ik 101 % B
8l EERN - OUR
= 1N ~ ~ — OUR-NLC
Zg 6], * . o0 6 o
I e & 5 —~ HA-OUR-NLC
g ¢ ]
2 > 2 =]
L o : ‘
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200
t/min t/min t/min

2 OUR. OUR-NLC #1 HA-OUR-NLC #7455 UA 7EEHE/)RILEFMELAN D (X 5, n=10)
Fig. 2 UA distribution in plasma and tissues of mice injected with OUR, OUR-NLC, and HA-OUR-NLC (X s, n =10)
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200 Mm% 10, 20 10, R
—~ N3 1 N
= 16 N\ ~ 8 ~ 16 ~ 8 \
'é 12 N\ o 6l o0 12 b 6
gﬁ \:\ % i o & "“-Q:‘:‘\_i: —
7 8 ~— N, = 4 = 8 ~2 =4 4 -
EN S ¢ — 3, N
04 (}j 04 0t " e .
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200
t/min t/min t/min t/min
104 1
1 lOi 1 —=- OUR
fop 8 —~ 8 —— OUR-NLC
@ 6 w6 e ~+ HA-OUR-NLC
3 e &0
ES S 4 S
o S %
2 2. M
0 J — T i 0 y ; 0
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200

t/min t/min

t/min

3 OUR. OUR-NLC #1 HA-OUR-NLC %4755 Rgs 7Ef8 /R IR ANLB LM 575 (X £5, n=10)
Fig.3 Rgs distribution in plasma and tissues of mice injected with OUR, OUR-NLC, and HA-OUR-NLC (X *s, n=10)

HA-OUR-NLC #H/) i\ OA. UA Al Rg; Jii 50 $7E
Jifged b e, FLUONRERE, O B K. OUR-NLC
PN SR OA UA T Rgs i8Rk 45T OUR
H, HE@e A ELK. 5 OURNLC i,

HA-OUR-NLC [Wfivgst e o2, HAF. BH&
ZHEIEA 5. HA-OUR-NLC %4245 &b
AT R AT, 07 IR At 2 4 A 43 A A

HA "Re 5 M EMMIRINZ A CD44 Frrthdi &, /v
SYEIE A, TN T 29 R R I E R

# 2~4 455K, HA-OUR-NLC Z41/M i OA. UA
Al Rgs FERMEE ' Ce 435178 2.9940.85. 3.1140.50-

3.124+0.32. RUE 435lis%] 2.514+1.23. 2274143
12774025, FIHGE HA BURIGKRLA] G 55 24
YA R I H X . RTE 29 ik 21 (5.60 £1.62) %.

/Lo HA-OUR-NLC AIAEMRE 23 E RGN, HEWT

(5.2440.32) %M (5.07+1.43) %.

#%2 OUR. OUR-NLC 1 HA-OUR-NLC %5/ OA ERE/NRARPHELENE (X £5,n=10)
Table 2 Targeting of OA in tissues of mice injected with OUR, OUR-NLC, and HA-OUR-NLC (X *s, n=10)

i HBA AUC/(h-ugmL™)  Cmax/(ngmL™) RUE RTE/% Ce
OUR Lo fIE 1.21£0.54 0.49+0.54 — — —
JFIE 11.79%+1.16 9.01+£1.25 — — —
JI i 1.574+0.27 3.02+1.82 — — —
finilia 1.08+1.02 0.661+0.92 — — —
=gl 3.01+0.87 2.86+0.75 — — —
i 10.13+1.90 4.18+0.24 — — —
OUR-NLC oI 0.8240.38 0.38+1.05 0.68+1.95 -0.32+0.21 0.784+0.23
FF 30.1340.81 15.32+1.34 2.5540.64 7.53+1.23 1.70+0.86
JU i 2.55+0.12 4.52+0.74 1.62+0.83 3.02+1.43 1.50+1.25
finilia 1.63+0.61 0.83+1.57 1.514+0.57 1.78+0.85 1.26+1.35
(=i 1.03+0.28 1.5440.82 0.34+1.53 -0.1540.93 0.5440.23
Jiy&E 11.39+0.72 5.92+1.56 1.12+0.27 3.26%0.96 1.42+1.11
HA-OUR-NLC oI 0.63+1.76 0.21+1.49 0.5240.86 -0.71+0.64 0.434+0.21
FF 22204+1.07 15.51+0.38 2.14%1.27 4384174 1.72+1.18
JU i 2.08+0.43 3.8940.48 1.32+0.85 3.22+1.44 1.29+0.32
finilia 1.25+0.64 0.70+0.32 1.16+0.23 2.09+1.57 1.06+0.98
(=i 1.1240.22 1.06+1.27 0.37+0.89 —-0.2610.94 0.37+1.92
Jiy&E 25.39+0.54 12.48+1.33 2.51+1.23 5.60+1.62 2.99+0.85
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#*3 OUR. OUR-NLC 71 HA-OUR-NLC 475 UA 78/ NRAR R EMYE (X £5,n=10)
Table 3 Targeting of UA in tissues of mice injected with OUR, OUR-NLC, and HA-OUR-NLC (X %5, n =10)

ZH ] HRAL AUC/(h-ugmL™)  Crad/(ug'mL™") RUE RTE/% Ce
OUR ol 1.06+0.43 0.26+0.89 — — —
JH i 11.41+1.23 8.37+1.23 — — —
JHER 2.06+0.45 2.914+0.43 — — —
iniilie 1.37+£0.94 0.49+1.92 — — —
(=i 2.91+0.52 2.28+1.62 — — —
Jiseg 12.11+1.96 4.45+0.84 — — —
OUR-NLC ol 0.79+0.33 0.36+0.90 0.75+1.30 -0.54+1.34 1.38+0.03
isgilia 32.02+1.17 15.29+0.59 2.80+0.61 8.04+0.21 1.83+0.84
JHER 2.95+1.01 3.974+0.78 1.434+0.69 3.15+0.68 1.36+0.44
iniilie 1.80+0.29 0.78+0.22 1.31+0.43 2.31+0.84 1.59+0.60
B E 1.12+0.33 1.60+0.17 0.38+0.44 -0.54+1.53 0.70+0.32
i ygg 11.18+1.87 5.81+1.09 0.924+0.52 3.93+1.68 1.314+0.87
HA-OUR-NLC ol 0.56+0.12 0.234+0.03 0.53+1.21 0.69+0.33 0.88+0.48
isgilia 22.79+0.52 16.82+1.83 2.26+0.45 4.79+0.53 2.01%+0.97
JHER 2.68+1.27 3.5940.78 1.30+0.55 3.78+0.89 1.23+1.59
finiilie 1.14+0.92 0.69+0.34 0.8340.44 2.12+0.22 1.41+0.78
B 0.94+1.14 1.26+0.33 0.3241.20 -0.18+0.92 0.55+0.18
Jiygg 27.53+0.62 13.84+0.91 2.27+1.43 5.24+0.32 3.11%0.50

%4 OUR. OUR-NLC #1 HA-OUR-NLC 4%/ Rg: FE R/ NRAB LA FREEME (X £5,n=10)
Table 4 Targeting of Rgs in tissues of mice injected with OUR, OUR-NLC, and HA-OUR-NLC (X =*s, n =10)

2H 3] AL AUC/(h-ug-mL™) Crmax/(ug'mL ™) RUE RTE/% Ce
OUR ol 1.83£0.52 0.520.47 — — —
Jiagilia 12.63+0.45 9.36+0.35 — — —
JL 1.09+0.52 2.71+0.44 — — —
Jii 1.21+0.24 0.78+0.58 — — —
B 2.98+0.83 2.61+0.48 — — —
iy 9.53+0.80 4.10+0.04 — — —
OUR-NLC o flFE 0.9140.77 0.4510.94 0.50%+1.24 -0.13+0.22 0.8710.45
JF R 33.43+1.27 13.17+0.73 2.6471.09 6.38+0.93 1.41%+1.77
JER I 2.8840.18 3.10%£0.61 2.641.03 3.2240.39 1.14+1.98
it e 1.35+0.61 0.92+1.96 1.124+0.98 2.09+0.94 1.18£0.25
B E 0.9240.39 1.36+0.67 0.3140.33 -0.26+0.53 0.5240.58
i ygq 10.75+1.80 5.01+0.42 1.13+0.83 3.29+0.61 1224091
HA-OUR-NLC w3 0.62+0.77 0.33+1.93 0.34+0.94 -0.82+1.02 0.63+1.63
Jixgila 22.4340.42 13.06+0.09 2.01+0.43 4.94+1.04 1.4040.54
JL I 2264021 3.5040.79 2.0740.93 2.8640.70 1.2940.84
it 0.91+1.23 0.89+0.07 0.75+0.08 1.4740.44 1.14+0.83
(=ilia 1.03+0.35 1.21+1.06 0.35+0.48 -0.07+1.53 0.460.93
JiyE 26.39+0.42 12.78+0.79 2.77+0.25 5.07+1.43 3.1240.32
32 BOEHRESW JEMT, B, HERR TR FITC XHE 4.
P 4 AT51, %525 60 min J5 FITC HRALEH HE 5 1A, 4524 60 min B FITC-HA-OUR-

B, A UL IE gH e UL PSR B ES R, FITC-OUR-  NLC = ZE 4R AE4HHE, 90 min I 1) P 2 20 21 41 i
NLC. FITC-HA-OUR-NLC ZHAJ FIFFAE4np4ese FENM), 44525 120 min F), FITC-HA-OUR-NLC
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s HENE T AH N BT A KR AR, £E 240 min /5,
FITC-HA-OUR-NLC 7EZH il A R &7 #i, AR EF AR
FHUL AL, FITC-HA-OUR-NLC A] PLis 25 T4
Lj FITC-OUR-NLC #tt, FITC-HA-OUR-NLC Bt
IR RES,  FEIR AL I TR TR, KR
SR H MBI NI ER N, HoE TR ST, 1
YKL N AR P R S ) S IEAE DO . SRR
B, 2 HA &1fif5, HA-OUR-NLC fg 5 it \fh
AR, AT T 3 32 A v TR A e A
3.3 JEMARIR LI

AN ) sz 56 41 & ) 18] s A8 B 6 i, DiR-
HA-OUR-NLC 20 7] LA 55 i 75 fifJg X 300 % 314
SRR IGE S, 3 h EMREMALMERER K, 1M
DiR-OUR-NLC H R MR 22 HE S, ME
FUDESEER
4 %7560 min f§ FITC.FITC-OUR-NLC #1 FITC-HA- 4 Wik N
OURNLC 75480/ I\ B AR i 45 75 HA BA SR st ee 5k, BT 249
Fig. 4 Distribution of FITC. FITC-OUR-NLC and FITC- BURRCITE DLR B B AR N 2B 5 T T A R
HA-OUR-NLC in tumor and liver of tumor-bearing nude R AR ERIAR) CD44 & HA S ZH 24k
mice after 60 min Z—, CD44 RIXER SR ILE X HA E e

FITC-OUR-NLC

60 min

90 min

120 min

150 min

180 min

240 min

T e

FITC-HA-OUR-NLC FITC-OUR-NLC

5 A [EATiE & FITC-OUR-NLC #1 FITC-HA-OUR-NLC 77778 /)N 2 B yEE R0 T B 69 43 75
Fig. 5 Distribution of FITC-OUR-NLC and FITC-HA-OUR-NLC in tumor and liver of tumor-bearing nude mice at different

time points
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Xt iR

DiR-OUR-NLC

DiR-HA-OUR-NLC

10 min 0.5h 1h

;

2

7
4

2h 3h 12h

El6 &HLARTE/RMEIAIEXRE

Fig. 6 In vivo near-infrared fluorescence imaging of tumor

AT R o TR 20T I 2 THD RFXS 1 4 i BE 22 1 55
15 CD44 7 F, il CD44 /-SRI N E1ER,
AT 5 e 23 44 i R % B 22 A S 8 E 4 oK Jott 28k
o HA 1ENEE A IR 2530k, FEKREE 214
N SRINBBNAFVER,  SEILLE bR M AL 2540
WREERE N, SRR va s . AR AR N St
) Je g A 7 R ME T 1 RO UAL OAL
Rgs, ¥ 3 DM ABAEGOKIR R AF, Mmis
FERKAEIANSE] . R AYIER N A 4R A 254K
MPEACEIER M B KA HA fE R, &
FL 77 IR B O K I BT AR AT B I A A, S
B e iR ) E

TERHAT B N A ST FEIN, 8% 75 2244 3)
VAT IE AR ARV O, TEIERHE AR AT KN (8]
PER RIS Gk, WEAR AR R O R HR
(optical in vivo imaging, OIVI) FJH BIFFX—
SR T IRIF R, DIiR J&—FhoE IR T 21 78 9%
JCHLRE, BT ] T S IR S A A4 Y I A A 3 A
ZHT LRSI LLAMR GGk, BN TN N
V5T S S T I E (40 DIR B30T N 6,

FE iv 4524, BEEHI R I

AT T LN YD TEAR AR A %2 T HA-OUR-
NLC % farJ8d /N BB osg B ) PR 5R . SR B, 5
DiR-OUR-NLC #tt, DiR-HA-OUR-NLC 4[]
TR/ N R MR R AL, HAEA )G 3 h I EIE K
B, H—BRIUES HA B IAKIR R A B
R IFH IR L ) R, A& TIUH B4R,
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