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Abstract: Objective To prepare the lipid nanoparticles of shikonin (Shi-LNPs) and study its charaterization and the osmotic
dynamics of in vitro skin. Methods Shikonin lipid nanoparticles were prepared by high-speed stirring sonication and modified with
chitosan (CS) by electrostatic adsorption to obtain CS@Shi-LNPs. Characterization tools including appearance and morphology,
particle size, polydispersity index (PDI), { potential measurement, differential scanning calorimetry (DSC) and X-ray diffraction (XRD)
studies were used to evaluate the quality of the resulting formulations. Dynamic dialysis and biomimetic membrane were used to

investigate the in vitro drug release behavior of CS@Shi-LNPs. The Franz diffusion pool method was used to investigate the
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transdermal permeability and dermal retention properties of CS@Shi-LNPs. Results The CS@Shi-LNPs encapsulation rate was of
(99.22 + 0.09)% and drug loading of (1.65 + 0.12)%. The nanoparticles are homogeneous liquid with Tyndall effect, rounded shape
and uniform dispersion under transmission electron microscope (TEM), with an average particle size of (184.7 + 4.6) nm and PDI of
0.255 +0.023. The average { potential was (—=33.15 £ 0.59) mV before chitosan modification, and the average { potential was positively
charged to (5.22 £ 0.08) mV after modification, indicating successful modification of chitosan onto Shi-LNPs particles. DSC and XRD
results showed that shikonin was encapsulated in the lipid to form LNPs in an amorphous state. CS@Shi-LNPs was successfully
prepared. The in vitro drug release experiments showed that CS@Shi-LNPs possessed the characteristics of slow and controlled release,
with the cumulative release rates of (62.39 + 9.08)% and (56.92 + 1.97)% for 30 h, respectively. The in vitro permeation experiments
showed that the cumulative permeation amount of shikonin in CS@Shi-LNPs at 30 h was (14.27 = 1.58) ug/cm?, both of which were

increased compared to Shi-LNPs. Conclusion The Shi-LNPs prescription process is reasonable and has good transdermal properties

and dermal retention properties.
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KB, & FEEE 25.0 mg K7 0@ AR
T 10 mL 1%% 11 ALHE-80 /K& W, A/KAH, [F
FET 75 CAKIBINH. £ 1 000 r/min R 135 EE AT
T, BRI AR I KA, T nse s
J&, FRERBEEE 30 mine BiFEEE NG, KITBRYIAE
TS AU EL A, SRR ARk (200 W,
A 3s, ARG 2s) HEA 10 min HEEKE, BEEERE
it 0.45 pm FFLIEME, BI45 Shi-LNPs &K . T
4 CUKFEFIRAFS . BRI E TR FRIZG4b,
5] 3R 5 i %% 25 A BRI 40K AL (blank-LNPs, B-
LNPs).
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ik I A FELIR PR ) 2% CS@Shi-LNPs o K % FREX
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W, T 500 r/min ff 1B HE S AF T HEFE 30 min, 1352
FHEE . RFF 500 r/min B RS AE, LA 2 (/s
{103 FEE [ 5 SR D VR P 2242 5 0 Shi-LNPs VR 27
TR 552 R FE R AR 1 1, Wnsese s
FFEERE 30 min, BEJG{EAHEEARSL (200 W,
A 3s, [AIRE 2s) A 5 min HEEERAE, 1T 045
um LIRS , 15 CS@Shi-LNPs V& £ - CS@Shi-
LNPs il & i fE 0L 1.

1 CS@Shi-LNPs #|& 712
Fig. 1 Preparation flow of CS@Shi-LNPs

23 KEZRETENE

2.3.1 XTHRSIERIIHIR RS RR R B R
10.0 mg BT 10 mL &+, IMHEEHEZZE,
3 1.00 mg/mL %8503 0F HE VA

232 A SIAER B S RSB 1.0 mL Shi-
LNPs /&R E T 25 mL &)+, MAFEE 10 mL,

F 60 C/KBHEA 10 min, A EFIRE, HAsh
PHERZBZIE . FENZRBI 1 mL, 0.45 pm 1L
JEREIERL, MRS . L4 B-LNPs it
RAVAA CS@Shi-LNPs S 5 iAW .

233 i (i Ecosil Cis A (250 mm X
4.6 mm, 5 um); WBIAHN 0.2%FRKIER-LNIF
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(30 :70), ZFFEBEML: AFAE 1.0 mL/min; Al
WK 275 nm; A 30 C; #EFEE 10 pL.

234 LJEMEEE 4RI 2.3.270 R # B-LNPs.
Shi-LNPs. CS@Shi-LNPs il il & “2.3.17 il
THEEZRRSER, 1 045 pm TALIERE, %
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0 5 10 15
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2 KEENE& (A Shi-LNPs (B). CS@Shi-LNPs
(C) #1 B-LNPs (D) HJ HPLC
Fig. 2 HPLC of shikonin reference substance (A), Shi-
LNPs (B), CS@Shi-LNPs (C) and B-LNPs (D)

235 LMXRRFEE FHERPUEE “23.17 BiF
TRV T 10 mL 2R, N EE, AR RE
4 400.00. 200.00. 40.00. 8.00. 1.60. 0.32 pg/mL
(R0 HE A . B EIRVEE 0.45 um FUFLIERE,
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ARBR (AD, 58 ZN IR A W 0T B A P D A A R
(O, 4elbrrEm 2, BATLMERIE, BLMRIATT
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SE B ZAE 0.32~400.00 pg/mL 56 7 R .
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ug/mL) 3 NFEWRE, 1dNEEIHFE3 R, i+
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FHI45)5 04 3. 6. 12, 18, 24 h BERENE, 0%

FEREREEIETAN, HT BT A RSD H. 1F
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TEL GEL¥ERAE 12.5ecm) 30min, YEIER.
FEYERT JEMRERERE AT, MERERSE, iF
SRR [
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FEPE R FIRCR H R AL FIEIR, My 10 000 ALK 1)
FEPEE N E s P R 3 R R IR R O A
T4 [R50 5l (87.594£0.57) %-. (93.94+
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ME 5 RN, H45 1 3 fit Shi-LNPs 5 &
fL B (99.78+0.07) %, #HZiE N (3.48+
0.17) %, CS@Shi-LNPs H 502 (1) Gl R uE A5 [%
i%, 24 (99.2240.09) %, #HZE N (1.65+0.12) %.
2.4 YRR REFRAE
241 BRI EE B £ 47 B-LNPs. Shi-
LNPs 5 CS@Shi-LNPs &, T HAREHE I 224k
MIFRAT IO . B 3 R AR S I AT A, TeEk
241 B-LNPs, A & Az B O F GRS, B
R, NAYASTIEIE, Shi-LNPs 2L
. AR TEME, BTRERAS K
S F%PE, H Shi-LNPs 552 b ER AR EL A
111, PR R B AR v .

- p| _,: -_—;; ':__;1‘—'d
) T G

3 B-LNPs (a), Shi-LNPs (b)s CS@Shi-LNPs (¢) BJZE
ARSI
Fig. 3 Overall appearance of B-LNPs (a), Shi-LNPs (b),
CS@Shi-LNPs (c)

242 TIE/RMNMEE ¥ B-LNPs. Shi-LNPs.
CS@Shi-LNPs V& H 2K MR 2 1E 5k 5
RO ERR ST, WSS T I T ik R3O
SERT WKW r e % (B 4), R
FRIAZLE 1~100 nm.

4 7K (a)s B-LNPs(b)~ Shi-LNPs (¢)» CS@Shi-LNPs
(d) BT AR
Fig. 4 Tyndall effects of water (a), B-LNPs (b), Shi-LNPs
(¢), CS@Shi-LNPs (d)

243 FOWIESINEE HUEEWHEIRAY) KRR
JE L2455 SR R A 4D Shi-LNPs. CS@Shi-LNPs
TR, AWK EEHIRE. TR S MFE
i T _E, AR AR TS, T 2% RS IR A
W% 3 min, RTEET TEM FMERELSIHHA
f. TEM g5 ER, 24077 HRASRER & ELEEK .
- R EEA 10 4 BF, #9319 Shi-LNPs /£ TEM
TR RER/NEORE, TR (& 5-a), 1M
ME-EAR Ly 4 0 1 I, #1735 Shi-LNPs J2AR 5
B, KRR —, SEIS5TENE (B 5-b),
I, SRS R W R L 4 01 Ak %

5 [E-/&AERREL 1 4 Shi-LNPs (a). [E-j&ASFREL 4 © 1 Shi-LNPs (b). IR A4 ()« CS@Shi-LNPs (d) A TEM
Fig.5 TEM images of solid-liquid lipid ratio 1:4 Shi-LNPs (a), solid-liquid lipid ratio 4:1 Shi-LNPs (b), physical mixture (c),
CS@Shi-LNPs (d)

Shi-LNPs. 75, B 5-d 7%, &4 )5 ) CS@Shi-
LNPs, FHFkL 5&M0 5T AH L RS A BT K.

244 KRS CHALNE  SPATHIAS 3 #it Shi-LNPs
HI CS@Shi-LNPs, B ¥ it R 207 FH 28 T K Mol 22
SRR L, 3 PR E LA ASC o S S B PR R AR
Z 0 EREL (polydispersity index, PDI) FI ¢ HEAT,

BCrfE. R ekise s ¢ mAIbE 45 R sk 1 F
Kl 6. 7 ft. Hil13H 3 it Shi-LNPs K P3R5
(75.0£2.0) nm, PDI } 0.275+0.044, /NF 0.3, %
WA R A5, BA RIFIRENE. &5
BHHE S, CS@Shi-LNPs K FHki42Hy (184.7+
4.6) nm, MBEMETARER, HERYE TEM B
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# 1 Shi-LNPs #1 CS@Shi-LNPs fJHi12. PDI 1 § AL
MELER (Xxs,n=3)
Table 1 Particle size, PDI and { potential measurement
results of Shi-LNPs and CS@Shi-LNPs (X + s, n =3)

Fdn Hif%/mm PDI ¢ FAL/mV
Shi-LNPs 75.0+2.0 0.27540.044 —33.15+0.59

CS@Shi-LNPs 184.7+4.6 0.25510.023 5.221+0.08

/ || |||.

- " —

b |
__ 0 |||’ hh

1 10 100 1 000
RifE/mm

6 Shi-LNPs (a) 1 CS@Shi-LNPs (b) BIKI1Z 9%
Fig. 6 Particle size distribution of Shi-LNPs (a) and
CS@Shi-LNPs (b)

.

~200 0 200
¢ Az/mv

& 7 Shi-LNPs (a) 1 CS@Shi-LNPs (b) 4 § B4
Fig. 7 ¢ potential distribution of Shi-LNPs (a) and
CS@Shi-LNPs (b)

— B, AT (B 7) 5 R BN, SERBHEMRT
Shi-LNPs [J°F ¢ H1fiN (=33.15£0.59) mV, &
i Ja ¥ ¢ BN (5.2240.08) mV, AIE L.

T e R A E P2 AR, Bk, ZHfrss R
AR BA 52 TEME R I 1 1) Shi-LNPs ki L, Hkite
WEH, PDIA0.25540.023, /N 0.3, Btk S5k
EVERLT
245 ZHfE (differential scanning calorimetry,
DSC) 5 X BTl (X-ray diffraction, XRD)
Wt FRECER R ERIZG . WER A & B-LNPs.
Shi-LNPs. CS@Shi-LNPs % T-#1 % 5mg, ¥ & llE
BFEEA=RZ 400 C, FHEIHEAN 10 C/min, #E47
DSC 5, f# F Origin Pro ¥4 2019b fiz A2 il DSC
k. FIC AR, BE R 5°~50°, H
HEI# A 5°/min, HEAT XRD J5E

FE SR TR B ) £ SRR 9 BB T TR I T
B (30 mg/mL) 1ENGTIRF], BEEET-20 C
UKFE TR 12 h, B AT B T S AR T4
i, WETIE 240, BIERENETH

DSC 4553 (E] 8) R, SRR FERIZATE 147 C
BT A IS R R #g, 7E 207 CAEAAFAESS
s IS R ECGHE , T B-LNPs. Shi-LNPs 5 CS@Shi-
LNPs 4 THHE 189 CEA 5 227 CHbik R HRR
FEA TR AU o

‘}_,\7 A S

S/;—J\/R
A

R

56 I 150 I 250 ‘ 3é0
7°C
8 ZKERFENZ (a). MIEESEY (b). B-LNPs (o).
Shi-LNPs (d)» CS@Shi-LNPs (¢) ) DSC Z&55%
Fig. 8 DSC results of shikonin API (a), physical mixture
(b), B-LNPs (c), Shi-LNPs (d), CS@Shi-LNPs (e)

gbah, XRD 4558 (F 9) BIR, HERIRIE
WS ZE — A% 4f (260D N 8.226°. 10.047°. 10.932°,
14.730°, 21.131°. 22.275°. 25.345° 26.646° 29.248°
SLATE, MR LNPs J5, SRR i ig 4 i
S5, H#Z4 LNPs 5 B-LNPs 7§15 i

DL EgE R, SRR 2 6 Y A
LNPs, RETEIRE, #Z5 LNPs §il %52
2.5 KRB MERER
251 RAMELAT NFE SR

ARSI AR A&
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i a
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26/(°)
9 KEZRFERZA (2. YERESEY (b). B-LNPs (0).
Shi-LNPs (d)s CS@Shi-LNPs (¢) #J XRD %%
Fig. 9 XRD results of shikonin API (a), physical mixture
(b), B-LNPs (¢), Shi-LNPs (d), CS@Shi-LNPs (e)

WL S AL, 5% Shi-LNPs 1 CS@Shi-LNPs
RINEZIAT N . HRERERIRIEIEZAY), RN
VMRS, DL, e 30% A 38 K B R
(pH 6.73),

(D) FEFENE: BIGEE KEIENTS (%
¥ 44 mm, M, 8000~14000), B 7&K
20 min 54k, & BEMR I 150 mL BET8UT i,
BT 37 CRHH . FEEWLHL 2 mL Shi-LNPs &
B TR PIENT S, PimdlE, AR
JiH, 200 r/min 2544 N EIEBERE, 205 T H0FE S 0.5,
1.0, 2.0, 3.0, 5.0, 7.0~ 12.0. 24.0. 30.0h WZHL 1
mL BERUA R, VEAE LR, (RIS #h 7o AR 55 R i
IR FEMRGT 0.22 um MFLIERR, % “2.3.37 T
NI RAIE R S E. [FENE CS@Shi-
LNPs RSN 25T R, BRAFATIE 3 K.

(2) PiAEMEE: SKIRHTR Logan Permeafilm 1
A CEAR 25 mm) RIGAERE AN i H & 4K 20 min,
e S B, K E T Franz 8ot Blioh
IINBERA BT, 5t i 0.5 mL Shi-LNPs JE&
B, fE (37.0£0.5) C. 200 r/min 251+ T E#E
P, 2RITIRE 0.5. 1.04 2.0. 3.0. 5.0, 7.0.
12.0. 24.0. 30.0 h HL 1 mL BEJBUAW, 1ENFER
W, A b7 [FR S5 SR U i, HPLC EIE FF
MR R SR, [FVEE CS@Shi-LNPs Fifk
INBEZAT N, FACFATIE 3 K.

(3) ThAMRRZGEE R BHFEEYE, HHEEM
BECE (cumulative release rate, Q,) FE2 IR HH
2. f# ] Origin Pro 2019b #%F i 2R3k 47 1 70 41
A R G FRAMMA AL, RARZRE.

n-1
O=(CV+ Y. cviyw

i=1

Co 93 n AN A BT BORE SR P S8 B R TR BRI, G i
Gi=n—1) AN I HTHUORE Sl H 46 B R RR P, v e
A RIERL, Vi NS § TR AR (1 mL), W
IINEE S B 2

Shi-LNPs 5 CS@Shi-LNPs {444k 24 iih 42 W,
P 10, H1IB 24 il 28 7] 1, Shi-LNPs Al CS@Shi-LNPs
BT8R, HENAIENTIEA Permeafilm 1/ 4 5
R eE R R, CS@Shi-LNPs (1) 2 AR R
T Shi-LNPs. X B2 &5 kAT FH T — X
J7F2+ Higuchi J7F£#1 Ritger Peppas /7 2L &,
GRIE 2. IRBNTEERIIBRLTRERF,
CS@Shi-LNPs ] 30 h RBIBE M ZE AN (62.39+
9.08) %, Shi-LNPs A (34.1942.76) %, P&z
ITRITEG SR, RRAGE SN — R854
R, HEJITEM Higuchi 7778 BE B &S IE
& (R?>0.95), T K FH A AR B8 SR A R 24T R 4
B E IR, CS@Shi-LNPs ] 30 h EFIRE RN
(56.92+1.97) %, Shi-LNPs 4 (34.51+0.35) %,
HRAMA SEHITEMEERG, 5 H7HEM
BAEBEMMAE. D EERBRE, Hl&n
CS@Shi-LNPs F AT G245 R IR HCRFE o
2.5.2 ARHNE RS A8 SR s N T SRR
SD K, MEELE, 55, BOLIEHREE, B

807 FEBEHE

60 1
CS@Shi-LNPs

40 1

RBVRIH %

201 Shi-LNPs

0

607 ik
< CS@Shi-LNPs
5 401
b
o
K 204
Bk Shi-LNPs

0 6 12 18 24 30
t/h
10 Shi-LNPs ¥ CS@Shi-LNPs {5MNEz5ph% (X + s,
n=3)

Fig. 10 In vitro drug release curves of Shi-LNPs and
CS@Shi-LNPs (X +s,n=3)
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# 2 Shi-LNPs 1 CS@Shi-LNPs 5N EABLIRBINESER (n=3)
Table 2 Model fitting of in vitro drug release profiles for Shi-LNPs and CS@Shi-LNPs (n = 3)
5 HBFENE
) TR —H Higuchi 75 72 Ritger Peppas /7 2
Shi-LNPs 0=1.14t+2.19, R?=0.9846 0=51.28 (1—¢ %%, R?=0.9993 (Q0=7.251"—6.09, R?=0.9875 (0=2.56757", R*=0.996 6
CS@Shi-LNPs 0=2.08 t+2.18, R?=0.9954 0=138.29 (1—¢ %29, R?=0.9997 Q=13.061"2—12.51, R*=0.9733 0=0.9784 %, R?=0.9989
ER S
5 — — —— : —
eVl — % )i Higuchi 7572 Ritger Peppas /2
Shi-LNPs 0=1.17t—0.60, R*=0.9963 0=-272.88 (1—¢"'), R?=0.9951 0=7.251"—8.63, R?=0.9489 0=0.9799 /%, R?=0.9956

CS@Shi-LNPs 0=1.941—0.93, R*=0.999 | 0=-322.11 (1—e®""Y), R?=0.9984 0=12.01 2—14.19, R*=0.9472 0=1.5812¢%, R?=0.9989

IR S N, BT HIE R ORN, AR
KT BeiFr o FE TR LT I Bz BB 32 T Franz 376K
WA, AR A g, BRSO N 30% 1
A B ER KA BN BT, HERR B Tk SO I
[ T S ARG N 0.5 mL Ff il [455
ROFEHEH O ERRICERZ 10.0 mg #T 10 mL
B, MomERERE. EREZE, 14 1.00 mg/mL
SR 2BV Shi-LNPs 1 CS@Shi-LNPs, 4
MEMERERIMAEYN 0.5 mgl, 7£ (37.0%
0.5) °C. 350 r/min 25 MEESHE 20 Tk E
0.5+ 1.0, 2.0, 4.0, 6.0~ 9.0, 12.0. 24.0. 30.0h M
1 mL Blotidil, MEORE R, RN #b 72 R iR
LRI

W& I TR A BT BORE B 0.22 pm Sl LB,
% “2.337 WK HPLC iE KR A&, 70nlit
oA A R AEE R (cumulative permeation
quantity, Q,) MEEBHEEE (J), L] Ot il
2k, f#H Origin Pro 2019b #fFXt 1% i 283k A7 A= 7Y
PG, W R BRI A B

n-1
On=(CaV+ Y CiV)IA

i=1
Js=dQn/dt

Co NHS n BT IA) SOFTHR SO P 5 R TR E, ol i
AN ) e BT RSO Hh SR 3 R K B, V7 e SO A A
B A5 mL), VioRss i TR A IARR (1 mL), 4 hiz
FERFFETIRL (1,766 cm?), Js 3% Rz i 2R ik [ 5 5 FE AR
253 HEWEE (O BERSEKRERE, R
B R, FAEBR EK e K BRR B 20, JEARIK
TRy, RIEMBZ, B BTG s 2 A2 2 5L
IKAFBE R, B3 SI RN 1 mL HEE, HAE 5
min, 3500 t/min 2.0 (F0¥4E 12.5cm) 10 min,
B EEGE 022 pm fSLIERR, HPLC A7E 55
RAES AR R B &, THEZAW Os.

Os=CsVi/A
Co MBS RER P BB S/, VOB R RE R, 4 A5
FEBERET A (1.766 cm?)
254 MRINERAEF K Qs ME LS R RAME H 5
i K2 Qu-t MIZE I 11, S5 EIR, fEIER
5h J&, Shi-LNPs fl CS@Shi-LNPs 41ft] Q, &35
TR TERER OREEHA; HHH CS@Shi-LNPs (1)
O MEAEIE R 12 h J5i&HT =T Shi-LNPs; 3% 30 h
J& » CS@Shi-LNPs (1] 0, fH 4 (14.2741.58) pg/em?,
FHEL Shi-LNPs #2751 147 0.24 1% . % W14 LNPs
AR SRR NE RBERE, HEd 2R
B i, T 70 BN I B P 5 A (R AR A A5 1
ZiI O, WIRTF IR &7

X Qu-t R HATR G, SRR 3, %4
IR R O 5 Jo WK 4. BREERR OIHER
bb, HREHAMAE LRI SFHTTHE. —%
J7FEA Ritger Peppas 77 1%, ¥JHEAREMMUE R
(R?>0.95), KM EEL F R 1) LNPs RefE k22
18 HIEE R 24

20 1

—o- SR
15 4 -= Shi-LNPs
—4— CS@Shi-LNPs

RRBE R/ (ng-cm )

L) T T 1
0 6 12 18 24 30 36
t/h

B 11 HREZEZERR. Shi-LNPs 1 CS@Shi-LNPs fJ£
ERERBSEEME (X+s,n=3)
Fig. 11 Transdermal cumulative permeation curves of
shikonin ethanol solution, Shi-LNPs and CS@Shi-LNPs
(X+s,n=3)
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#*3 KERZEEAR. Shi-LNPs 1 CS@Shi-LNPs I RIVSESMEIERIE (X+s,n=3)
Table 3 Model fitting of cumulative transdermal permeation curves for Shi ethanol solution, Shi-LNPs and CS@Shi-LNPs
(X+ts,n=3)

2H ) THTTHE —F IR Higuchi 7712 Ritger Peppas J7 ¢

KEROBEEHN  0=0.060 1—0.180, - 0=0.360 ¢'2—0.560, 0=0.006 2 ¢'6,
R2=0.969 9 R2=0.8225 R2=0.945 3

Shi-LNPs 0=0.400 t—0.760, 0=-9.650 (1—¢ 00307, 0=2.470 1'2—3 450, 0=0.149 0 11280,
R2=0.993 2 R2=0.987 5 R2=0.918 3 R2=0.993 2

CS@Shi-LNPs 0=0.500 t—0.960, 0=-11.100 (1—¢ 32101, 0=3.080 1'2—4.310, 0=0.1752 ¢13%,
R2=0.991 4 R2=0.987 7 R2=0.913 2 R2=0.993 3

F4 KERZEER. Shi-LNPs F1 CS@Shi-LNPs fI{F5ME K LI XS
Table 4 Parameters related to in vitro transdermal assay of Shi ethanol solution, Shi-LNPs and CS@Shi-LNPs

A5 Oy/(pgem™) Jo/(ug-h-cm™2) WA TE
HE R LR 1.45+0.16 0.0610.01 0=0.0600 r—0.18, R>*=0.9699
Shi-LNPs 3.08+0.05 0.45+0.03 0=0.149 0 /128, R2=0.9932
CS@Shi-LNPs 2.74%+0.10 0.50+0.02 0=0.1752 139, R2=0.993 3

3 itig

BRI — Pl DL e R B R, T
KIWHZ% . TDDS &AM SHAR K
PRI AT PR . L (R 9K O P RE 2 2 1
JRI S N FH 56 2R P8 B A e R A K 24 T 0 AR X
VE I B A 808 % . B AR I3 — 18 -9 bE
B, R JRAE LRI B 1 G 5205 J5 A P 422 55 11 [ 412 B
T AYMNE R BE. TETIUE, MBS R
T2 R BRIV 18 B B, ALHE 8 AL 24412
BRIBCK S i35 LS kY. Hiks
AFE A RCR A A . WA AR 1R R
TEAMZ NS W8, IR FRANK RGTEIE e 45 2]
I BRI T2 (R 3k B i . G smaE B2
FasE e YDA RSB DA R SESIURE R k) £ FH 031
URARZLHTIA O S il % FHEY R B IR B4 . BUPHIR 5
WG Z PRI MR AR, A R M Bz 5256
e OB TR AR ISR T g R4k R Gife A 3%
ZUREOE R, [FI 52 M4 B g e 704,
MM RELAAT N 533 J eI s R SR, IRk
RLREA AR IR R RIE R 22 1 I, R CS@
Shi-LNPs B &2 RAEMH, H O, &1 Shi-LNPs.

TEASHIE 5 Hh [R5 FH Zh 245 3B A2 R0 A %
BURIMNEEZ4T A Permeafilm & —Fh A=W 075 AE 5,
HE TR NIRRT 4R, ATB A2 Rk
(W BRI FRRIE . RIS, RS 3)
BT R AR 2 AT, 1T ek 75 A s
F R RZ BN, F B Permeafilm H T35

RAGMMREBAT N EA —2SHENE, HaE
FEATE, HEEMWEE. RLKMHH Franz ¥ #0h
IR EARANE R BE 1. 4 I SR LR AR T N
KBLE R TAT N B RE TR —RITFERA K
Ritger Peppas /5 F£(R2>0.95), Shi-LNPs 1 CS@Shi-
LNPs ] O, i ZR40 & F% i @ AR B4 358 Ritger
Peppas /7 1%, R B 25 1E Kk b 09 BCH ¥ ot 72,
56 R IR 4R (1) SRR R TR M

TR RARE T 20, AA AR,
R B A VAR BN 5 nT B AR It SR 1 o R LU BRT
SRR A7 BT AT Cln B AN B D B R
(AR E M, S G RABORE 1) 7005 FH ) 3R TS Vi A
R, Sy T SR AR R KR A FHRBOR, SR
X R AR TR PR, SR S 56 LSR5 B b4
Hk s SR FH i E IR B2 i 753 1) Shi-LNPs #EH47T R &
i, HZHI73H) CS@Shi-LNPs B & ZRAEM, H
O, T TR EL R VRN Shi-LNPs . X /2 K 585
B JE TP S 2L, #1151 CS@Shi-LNPs N
IEEATRLT, TR R @ H T s, Rk, 52
RS T RS R R B B, 25 B 4%
SRR, ARIT R RRSER G, JEE,
TR KA Z @B, AN E K
FEERERE AR S 1) Qn M8 IR N R 24
VI FEASWIRE TG, RAE R K A E RS,

AHIF TR FH i 3 A2 4% T Shi-LNPs,
30 I i R PR LR AT S SR AR 2 1M . Shi-
LNPs [l & ik, gekhisME R, RifRiE
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B BRI AEIS], BRI L K R
Mg BB e, W] DR R S E IS AR . 5
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