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Abstract: Objective To prepare Pueraria polysaccharides-loaded puerarin nanoparticles thermosensitive gel (PN/Pur-NPs-Gel) in
order to improve its bioavailability. Methods  Amino modified Pueraria polysaccharides were synthesised as Pueraria
polysaccharides-NHz (PN) and their structures were verified; Puerarin-loaded nanoparticles (PN/Pur-NPs) were prepared by solvent
volatilisation using PN as a carrier, and PN/Pur-NPs-Gel was prepared by using Porloxacin 407 and Porloxacin 188 as gel matrix, and
the pH values, gelling temperature, rheological properties, and in vitro release were investigated; male rats were selected for
pharmacokinetic studies of PN/Pur-NPs and PN/Pur-NPs-Gel. Results The successful synthesis of PN was confirmed by Fourier
transform infrared spectrometer (FTIR) and 'H nuclear magnetic resonance spectra ('H-NMR); the prepared PN/Pur-NPs had a particle

IHSEHER: 2024-05-04

HEEWR: ExRESAPIRIRIDESIARMTIAE S LI (20182X09721002); YLFEE AF/THE-LFERBFINHE (252591); LA HHE TR
HARHFFIE (GII211239); {LPEA R 2 K% 2% — SRR H (JXSYLXK-ZHYAOO049); VLG4 v P 248 B b 1) 1
H (2020B0366)

TEEENY: BEE, &, WLmsid, NFHAGWHHIHNSEWLAFZERT . E-mail: 1959932737@qq.com

HBEEE: KET, B, LR, #0%, EENFLWHHHLG AWZF ¥ 5. E-mail: yaoxueyuanc212@163.com



PED 2024FE 11 5 5% $ 218 Chinese Traditional and Herbal Drugs 2024 November Vol. 55 No. 21 - 7239 -

size of (140.47 + 0.75) nm, a polydispersity index (PDI) of 0.202 + 0.011, and a { potential of (—12.37 + 0.81) mV, with encapsulation
efficiency and drug loading of (24.34 £ 0.67)% and (15.63 + 0.23)%, respectively, and no significant changes after lyophilisation.
Infrared spectroscopy study confirmed that no new compounds were formed; the pH of PN/Pur-NPs-Gel was 6.50 + 0.02, and the
gelation temperature was (32.17 = 0.32) “C. The results of the rheological investigation showed that the phase transition temperature
of PN/Pur-NPs-Gel was 26 “C, and the gel could be formed rapidly in the nasal environment. The results of in vitro release confirmed
that PN/Pur-NPs-Gel could effectively combine the advantages of nanoparticles and gels, and had a better sustained-release effect; the
results of pharmacokinetic study showed that compared with the puerarin group, the relative bioavailability of PN/Pur-NPs and PN/Pur-
NPs-Gel was increased to 184.64% and 219.53%, respectively, and the MRTo- was 1.47 and 1.80 times higher than that of puerarin
group, respectively. Conclusion  The prepared PN/Pur-NPs-Gel after combining nanotechnology and gel can improve the
bioavailability of puerarin and prolong the residence time of PN/Pur-NPs in the nasal cavity, which provides an experimental basis for
the development of new puerarin formulations.

Key words: puerarin; Pueraria polysaccharide; nasal administration; nanoparticles; thermosensitive gel; pharmacokinetics;

bioavailability; sustained-release effect
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R, FIRFFEEREE 30 min 5, 2280 1 mL
") DETA, &M, RFSERSE, &EHdRT, B
15 PN i i B 25 4 27 48 %3 (Fourier transform
infrared spectrometer, FTIR) FUZHiILIREE ('H
nuclear magnetic resonance spectra, 'H-NMR) %} PN
AT ML . YRR 1 H ) FTIR 3%, Xt PPS.
PN (45 FyHEAT T 43 HT« PN F& T 7E 3380, 2932,
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Fig.1 FTIR of PPS and PN
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0

2 PPS #1 PN #Y '"H-NMR
Fig.2 'H-NMR of PPS and PN

2.2 PN/Pur-NPs B & 53R 1E

2.2.1 PN/Pur-NPs il 4% FETRTEARE A, RAE
FIE R 1554 4% PN/Pur-NPs!'9), F&%5FKEL 10 mg PN,
ic ] 55 R N 2 mg/mL FIZKIAW: R S5 FREL 5
mg HRE, BCHIEREAEE N 2.5 mg/mL ) THF
. KRR PN ¥, BN
200 r/min, FERECIAEEHFEE THF #5842 #
FE i #e 2 8RS O, BL 10 000 r/min 250 (5§
DA% 6.2cm) 10min J5, WHUES WEEM . T
4% PN/Pur-NPs.

222 FAMERT SR SCHKRLEE A E PN/
Pur-NPs fJfife. £ H53a40 (polydispersity index,
PDD) fil § LA, “F4T 3 K. 45 57T I PN/Pur-NPs 43
B51, SFHRIAE N (140.474+0.75) nm (& 3-A),
PDI 4 0.202£0.011, {HAN (=12.37£0.81) mV
(K 3-B).

HRHE SCHR 7 LR, R R A mT WL A e BRI AE
250 nm AW E B EPOCEE, EREIRE 2~12
pg/mL 73 [EJH 75N ¥=0.080 5 X+0.002 3, R?=
0.999 1. %8 LR #2040 Al iH 5 PN/Pur-NPs # 4t
FRRZMEE R L E, 458 0K 1015 PN/Pur-
NPs ¥ it R R 3= 1B 208 (24.34+0.67) %, %
28 (15.63+£0.23) %. T J5 2% ] PN/Pur-NPs
FEMmRIAE. PDL. G FMBAENL 1, HE 1
AR, TSRS PP R4S . PDLL G R A3
&, 50645 1) PN/Pur-NPs TR 2 M HL AL AS K,
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Fig. 3 Particle size distribution (A) and { potential (B) of
PN/Pur-NPs

4 FL R PN/Pur-NPs [{75 e g BT -
ER=W o—W )W g
HUE=W =W /(W =W . +W g)
W NERREE, W oNELE EER T ERE R E,
TME 45 R U1 4 7, B il 46 (1) PN/Pur-NPs
TEATERE. L (B 4-A); RTEIEER PN/
Pur-NPs 1 — & S Min (& 4-B), hEZH T PN
& PPS EMi 5 B, ANTTEA — & BIRFTAE -
223 R AMGEE (Fourier transform infrared
#1 FTHI. /& PN/Pur-NPs U I9KI12. PDI. BE%E
FMEFHE (Xxs,n=3)
Table 1 Average particle size, PDI, encapsulation rate and

drug loading of PN/Pur-NPs before and after lyophilization
(Xxs,n=3)

PN/Pur-NPs 1341 4%/nm PDI AEEY%S  HAE%
i ] 140.47£0.75 0.202£0.011 24.3440.67 15.63£0.23
BT EEE 158.9312.59 0.22610.001 23.35+0.25 15.284+0.45

4 PN/Pur-NPs 5Fa] (A) FMATFEERRE (B) 0
TEM [
Fig. 4 TEM images of PN/Pur-NPs before freeze-drying
(A) and after freeze-drying (B)

spectroscopy, FTIR) 734t FIA FTIR %} PN F1&
RFE A EAE AT/t oe. Bl s w5, Y8
REY CEMREFERZM PN —#HHRIBEHED
FA FREHIZEAN PN FTIR $HFis S in, Hhs
HEEAE 1 530, 1482, 891 cm! AFAEIE A7 B A1
SR FF A KA B AR o (HTE PN/Pur-NPs H1, 4R
T IVRHIEVE R AE T e ELom A BTy, 45 R
PN/Pur-NPs HHE IR Z A PN A% A A BUH 1k &
B, THUEDIY R

PN

W\ﬂ\f‘/\[ﬂr\.
WQ/MMW
BRI

4000 3000 2 000 1000

viem™
E5 YBRERAY. BRERKZ. PN/Pur-NPs #1 PN HY
FTIR
Fig.5 FTIR of physical mixture, puerarin bulk drug,
PN/Pur-NPs and PN

2.3 PN/Pur-NPs-Gel B9 FRIME BIFMN
2.3.1 PN/Pur-NPs-Gel HJfill & R HE 5 K] 25 s2 46
S ST - RUON THT VM 5 1 S R TR Ak T 131y
21.20%P407. 2.30% P188, fili FlA ARG &% &4
PN/Pur-NPs iR 04EE: (PN/Pur-NPs-GeD. /G,
JeJE IMNAL T &K P188 Al P407, HoKs HMNIKFE
A, WK BRI = PN/Pur-
NPs [FRpF e, (b7 E R K 2 BT 7R RN, BNFS PN/
Pur-NPs-Gel.
2.3.2 pH {EHMRELREENE  PN/Pur-NPs-Gel [
GG R pH HAN 6.50+0.02; KHREEE
1245 PN/Pur-NPs-Gel FORCHHREE N (32.17+
0.32) C.
233 AERRE R

(1) BERERPER A B 2R 1k Zh oo X i %
SRIIARS KN AT DA A it B e 465 1) 1) e PR A
e, WAL W 6 fror, MEIYIR) () >
1%, eI s (GO I T, 2 G =8 E (G
B, BERAGMBERIN, Rtk iK. Bk, Fram
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Fig. 6 Linear viscoelastic interval of PN/Pur-NPs-Gel

ARG LA TR y (N 7E 1%L

(2) MASIREE: SRR AR B A
AR AT E, #E 20~50 CLAL 1 °C/min f)3E %
FrmiRfE . SR WE 7 P, ERAREE T IR
K G">G', F W] PN/Pur-NPs-Gel B A ik,
AT LA BN MIREFE 26 C, G'5 GHIRT, A
(A5 R PN/Pur-NPs-Gel M i R BBk -4 A& AE
HASAARIRE . FEERE B R, GIREKRT
G", R — B IR NGRS AR, R
SRR RS MR R R 3220 Cla, G'5
GBI IR T 2%, RO Fhap ki THse, JER
CLER 5 AR O 5 B2 B R AR AIE 1) 2 [ AR RR S

(3) G': G/ 7T LA 2 i W P it P 11— i
BRFR2-20, WRIEE 7 B, TR IR IR
i, GREIH S BRI EFHEH . 24 PN/Pur-NPs-

Gel FESEEEPIRE T, H GMEN 1.2kPa, X—
105 -

104 4

103 4

102 E

G'8 G"/Pa

101 4

100 4

15 I 2I5 I 3I5 I 4I5 I 5I5
IR/ C
7 PN/Pur-NPs-Gel B G'# G"BEIRE Tz
Fig. 7 Plot of PN/Pur-NPs-Gel G’ and G" versus

temperature

S5 RO B R B R .

(4) B 3 R AR T ORI I AR 2R (1) B
BSH 2z —. £ 35 C RNl RBERNE SR
("), 5% WIE 8, PN/Pur-NPs-Gel ] 7*5 311 Pa's.
BEJE BT R Y, AR AR R, KRR
25842kl U PN/Pur-NPs-Gel 7F £ fis Py 3R 855 o
AT DURIE R AR e, S FLRERS S8 A s BE A B R
JB b, B 2 LE B N B3 B I (]

400
300 EH:]-D'D‘U'D-D-D—D-D-D-D-D‘D-D-U-D-D-D~D
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0 fom
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Fig. 8 Plot of composite viscosity (#7")of PN/Pur-NPs-Gel

versus time

2.3.4  ARAMREISE AL

(D) BEHTARTE: R 2mL A4 E SRR
ERFRZER . & ERE R (Pur-Gel,
H 45 I “2.3.17 1), PN/Pur-NPs A K2 PN/Pur-
NPs-Gel, K H o3 il B T 2 (10 = iR 2 B g i@l 1
FEXT T IREA 3500 [PEMTESH . SN T B G
Wi, UL pH 6.5 ) PBS /BN i . W B A HEN
100 r/min. &R (35.0+£0.5) C, 45T 0.25.
0.5+ 1. 2. 3. 4. 6. 8. 10, 12. 24h HUFf 1 mL,
A b 70 S5 B AR BRI i . A5 RN 9 s, B
R ERIZTE 6 h 1 RARE R R 2] 95.52%.
HEREFERZ5M L, Pur-Gel. PN/Pur-NPs il PN/
Pur-NPs-Gel 1441 508 B3 %18 o o SRR IR
HATECER A, 4R %K 2 iR, Pur-Gel.
PN/Pur-NPs FIAI PN/Pur-NPs-Gel KR4 NEE RIS 7
G W/ SRR, BRI RIFERRCR, aTL
B R 2P IR TR 8] o L4, PN/Pur-NPs-Gel 44
G T KR ATEERL 2 R RRE LS, R
Pur-Gel F1 PN/Pur-NPs 47 R0, 1X it —
BIMWAYRILAR G T HES %,

(2) Franz ¥ % 7R B8ORS 58
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9 BRZEFEHRZ. Pur-Gel. PN/Pur-NPs. PN/Pur-
NPs-Gel BB REFIMERHIL (X£5,n=3)
Fig. 9 Invitro release profiles of puerarin bulk drug, Pur-
Gel, PN/Pur-NPs, PN/Pur-NPs-Gel by dialysis bag method
(X*s,n=3)

M2 1], TN B %325 B8 AR 2 AR 43 Tl & 3 500
PENTHE . SNy T B B i 3R 858, DL pH 6.5 1) PBS 1E
KRR, M PBS fEAFUN 10 mL Y
i, A #5% Y 100 r/min. 5E 9 (35.040.5)C.
B/ 1 mL A2 B R 1 iR A ORI

Pue-Gel. PN/Pur-NPs DL &% PN/Pur-NPs-Gel, 43-Hl1
Nt 5T 025, 0.5 1. 2. 3. 4. 6.
8. 10 12, 24 h BUFE | mL, [RIR#h 78258 iR R
AR - G5 10 F1K 3 FoR, H5iEHrasikss

L. EREFERIZTE 4 h W RFURERCR I IA 2]
86.31%. 5 =R F G Z5AH L, Pur-Gel. PN/Pur-NPs
A1 PN/Pur-NPs-Gel 1AM UE FE I L2218, f56—
RN I1FTTRE, RIH RIGFIIZERERCR, nTLLE R
TEKZGWIIRE TR (8] 4k, PN/Pur-NPs-Gel 54

#2 BIRZEFENZ. Pur-Gel. PN/Pur-NPs, PN/Pur-NPs-Gel FUBHTEEHIMERIERMALER (Xts,n=3)
Table 2  In vitro release fitting formulas for puerarin bulk drug, Pur-Gel, PN/Pur-NPs, PN/Pur-NPs-Gel by dialysis bag
method (X £ s,n=3)

FE i AT WE I R?
B k2 FIRREN Mi=2.04 t+50.97 0.323 1
— BT M;i=99.66 (1—e 0401 0.994 9
Higuchi M,=16.92 1'2426.51 0.607 2
Weibull Mi=100 (1—exp{-[-0.41 (x—0.014)]"-13}) 0.998 2
Pur-Gel FHREIN M=4.13 t+31.34 0.605 6
— BRI Mi=102.25 (1—e 0241 0.996 2
Higuchi M=25.06 243.11 0.850 7
Weibull Mi=100 (1—exp{—[0.22 (x—0.33)]126}) 0.993 4
PN/Pur-NPs TR M;=2.26 t+38.80 0.509 8
— BT M=94.37 (1—e"2%7) 0.996 8
Higuchi Mi=17.44 124-25.05 0.778 7
Weibull M:=100 (1—exp{—[0.23 (x—0.105)]%8%}) 0.995 7
PN/Pur-NPs-Gel TR M,=2.73t+21.11 0.755 8
— R M;=100.14 (1—¢®17) 0.999 1
Higuchi M;=19.35 112—3.18 0.940 0
Weibull M;=100 (1—exp{—[0.11 (x—0.22)]"11}) 0.998 9

T KRR 2 Fhi ) R B R
Pur-Gel Fll PN/Pur-NPs 5 47 (R 22 B350

2.4 TAEFEMR

241 SEIGHE ¥ 24 HAEERE SD KRB/ 55
HEZ B2 . Pur-Gel. PN/Pur-NPs. PN/Pur-NPs-Gel
SfRihzh 4, BAFIEXNERE 10 mgkg. 1E
KEREESE, F 100 pL G SRR 28 50 & FL2A 24,
A F45%5 0.10. 0.25. 0.50. 1.00. 2.00. 3.00.

4.00. 6.00. 8.00. 10.00. 12.00h &, HRHEHH: KL ML
03 mL, BT EHAMNRMIPUEE T, Kt

AN O, BB FEEN 4000 r/min B0 (B0
£ 62cm) 10 min, 7B ML, AIEGELE.
242 IMEFEMALEE X 100 uL M3, I 200 uL
T Al F AT 100 pL AR (& =AM 100 ng/mL)
TR IRIEIRAIJE, 12000 /min 250 (BS02E4% 6.2
cm) 10min, HUAHES FIEHEM . A 100 L H
O EVE, WWHE, 12 000 r/min B0 (B0FAE 6.2
cm) 10 min, HU_FiEWHREEAT LC-MS 4347
243 LC-MS/MS %1

(1) A fF: Ak Agilent Poroshell 120
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Fig. 10 In vitro release plots of puerarin bulk drug, Pur-
Gel, PN/Pur-NPs, PN/Pur-NPs-Gel by diffusion cell method
(X*s,n=3)

EC-Cis #: (100 mm X 2.1 mm, 5 um); AN 0.1%
IR IKIEIR- I, BRFEBEMAET: 0~2.0min, 10%
ZME; 2.0~2.1min, 10%~60%Z.E; 2.1~4.0 min,
60%ZfiE; 4.0~4.1min, 60%~95%ZfiE; 4.1~6.0
min, 95%~10%ZME; HEFEE 2 pl; AR 30 C.
(2 JRiG s A HIE 55 B 1R IE B i,
It 2 R 7 SGEAT IR . BAR R A A bR
R E B B 05008 m/z 417.1/297.1. 370.1/
251.9; ZERHEIE 103V; fff#GER (CE) 37eV; H
Wi HJE 5500 V; Wi%ES (GS1) 413.685kPa (60
psi); AAA (CUR) 103.421 kPa (15psi); FHBIIN
AR (GS2) 413.685 kPa (60 psi); & TALIRSE
(TEM) 550 C.
244 RVERRFEE HL10. 50. 100. 200. 400.

#=3 BIREERZ. Pur-Gel. PN/Pur-NPs. PN/Pur-NPs-Gel B3 BUHSERIMNERILAE AR (Xts,n=3)
Table 3  In vitro release fitting formulas for puerarin bulk drug, Pur-Gel, PN/Pur-NPs, PN/Pur-NPs-Gel by diffusion cell
method (X £ s,n=3)

F i [ A HHE R?
B k2 TP Mi=3.61 t+44.68 0.383 4
— TR Mi=104.44 (1—e"331) 0.960 7
Higuchi M,=24.32 11241298 0.664 8
Weibull M=100 (1—exp{-[0.32 (x—0.41)]>17}) 0.9979
Pur-Gel FHREIN Mi=4.44 t+19.58 0.736 7
— BRI Mi=113.59 (1—¢%121) 0.969 3
Higuchi Mi=26.28 2—10.64 0.899 2
Weibull M;=100 (1—exp{—[0.09 (x—3.89)]>7¢}) 0.997 0
PN/Pur-NPs TR M=4.15t+21.29 0.7573
— BT M,=103.26 (1—e00147) 0.992 1
Higuchi Mi=25.05 £2—8.12 0.922 6
Weibull M;=100 (1—exp{—[0.16 (x—0.25)]'°7}) 0.996 8
PN/Pur-NPs-Gel FRREIN M=4.111t+6.07 0.962 5
— R M=150.504 (1—e041) 0.999 1
Higuchi M=82312—3.179 9 0.967 2
Weibull M =100 (1—exp{—[0.08 (x—1.08)]"%}) 0.995 6

800, 1600+ 3200 ng/mL ¥R Z X I A5 10
ul, JONZE] 100 pL 2= A MR F, $588 “2.4.27 TR
TIEACERE S IR ERE A, AR RIS TR S N AR
W TR FR EL N AR FR (), B BRI BT Ak
b (X0, BT, FRIZ RN
Y=0.007 X+0.121, R2=0.9978, it 1~320
ng/mL.

245 TEMEESR A MERES. &AL
KEEG . SERENMEESS . & AR AERER
MRS, B AT, S5 11, 2% A ol

ELRTETI, LT EERL .

2.4.6 FEEEHEL HEEREK 5. 20, 80 ng/mL
() IR0 BB SV, 40 T H ERE 5 2k, AR H
P KE#5FE RSD 20510 2.54%. 2.40%. 1.93%, Kt
H RS2 R AT 43 BIESRIE 5 d, &K [H i E
HEFE 1k, AR H RS EE RSD 205108 2.05%.
4.22%. 5.71%.

247 REMFESR REEMRE 5. 20, 80 ng/mL
00 I 2R 0T BV, A i) P % R AR R I 2R
=20 CAHIRAE, FRAMEIS 3 K, SRl 2EFE &
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Fig. 11 HPLC of blank plasma (A), puerarin + blank

plasma (B), internal standard + blank plasma (C), puerarin +

internal standard + blank plasma (D)

WIRERNE 6 h, FEFENEH RSD N 2.61%, &
ARG I R .

248 [HFEELR WEEREK 5. 20, 80 ng/mL
() ISR R S VA, EREDIE , e RN (D
HU2s (3% 100 pL, % “2.4.27 TR k),
TN 58 AR 2 X6 TRt A A ) ol o 2R P PRI o
HERENE, ICSEWETEAN (B), A/B B ANRIE, [
2R RSD 435114 2.54%- 2.43%. 1.96%, £Wi% 7
EHERA L R 4T

249 B RAIR KRG 2 )5 B 2 - i 2k
WK 12 s, K F DAS 2.0 AT 525555,
ZERWER 4 PR,

350 1

::1 250 - —0— HRAEERZ
i —— Pur-Gel

{;Ez 150 —#— PN/Pur-NPs

%{fﬁ\ ~#— PN/Pur-NPs-Gel
g

50 1

o — |
8

E 12 BRZEFERZG. Pur-Gel. PN/Pur-NPs. PN/Pur-
NPs-Gel Z5-BJ#H%Zk (Xt s,n=6)
Fig. 12 Drug-time curves of puerarin bulk drug, Pur-Gel,
PN/Pur-NPs, PN/Pur-NPs-Gel (X £ s, n = 6)

#z4 BIREERZ. Pur-Gel. PN/Pur-NPs. PN/Pur-NPs-Gel FIZAEIF S8 (Xts,n=6)
Table 4 Pharmacokinetic parameters of puerarin bulk drug, Pur-Gel, PN/Pur-NPs, PN/Pur-NPs-Gel (X £ S, n = 6)

ZH XA BRI R 2 Pur-Gel PN/Pur-NPs PN/Pur-NPs-Gel
AUCo pgh-L! 192.187445917  224314+38.412%  354.847+21.97" 421.906460.863"#
AUCo o pgh-L! 193.9194+46.116  228.395+41.375%  356.799+£21.569*  425.532+62.167"#
MRTo- h 0.91940.112 1.54240.255* 1.35540.209** 1.650+0.227*#
MRTo- h 0.973+0.122 1.65940.302" 1.420+0.212* 1.7074£0.234"#
FEH () h 0.683+0.176 1.262+0.353" 1.336+0.542"* 1.320+0.193*
IRVERT H] Cfmax) h 0.200+0.077 0.150+0.077 0.333+0.129 0.375+0.137
Cnax pgL! 183.7264-30.083 194.844435293%  264.150£15279"  301.324+£18.29™#

HEMFRERZ R "P<0.05 "P<0.01; 5 PN/Pur-NPs lLEL: #P<<0.05 #P<0.01.
*P<0.05 *"P<0.01 vs puerarin bulk drug; P < 0.05 *P <0.01 vs PN/Pur-NPs.

PN/Pur-NPs 4112} th4 R (AUCy-, F
AUCo-—w)+ “FH57 BT (8] (MRTo—, F1 MRTo-w0) 5
KIMZFKRE (Coax) 7302 HIR R R 25 1.85.
1.84. 1.47. 1.46. 1.44 1%, FXTAYIFIHER S
JERIZ4 ) 184.64%; PN/Pur-NPs-Gel 41f#) AUCo-i
AUCq-or MRTo-» MRTo-con Crnax 73l 2 E AR Z A
f]2.20. 2.19. 1.80. 1.75. 1.64 5, AEXHEYHFIH

FEIREF] 219.53%, F W] PN/Pur-NPs 1] A 23 &
FRE R AR

F4k, PN/Pur-NPs-Gel ] AUCo—» AUCq-on
Cinax B PN/Pur-NPs i Thim (P<<0.05), FWIHER
AT DAREK B8 AR 2R 7 S i v R v B N TR), 3 In B9 AR
KINTE E, 111 PN/Pur-NPs LLEWCIRGSTEAE, W4
1E B i o B 2 B R B A B
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3 it

AHFFLLL PN AR, 8 VE A KL T
RIAZ /NG PN/Pur-NPs, #2587 B & B,
EGE T HAEI . SR, TEAVACIRAS It B s h 24
(R FEH, PN/Pur-NPs 25 5 it RAEFR o IR BRI
VBN JEAE 5 fiee v — e ) 2R 358 e 7 B 5 )
R, HAEBRSME N BA LR LA, &b il
YER—FhRBORR L, TR, Zathm. &
R TR AR, HOgH 2 AR R M
A4 (PEO) BREBURD 1 ANERKIER RS
(PPO) KB . IR BT =iy, P407 (70% PEO
A1 30% PPO) IEH ) PPO MK, KA:EEEALRS,
NN P188 (%) 84% PEO Al 16% PPO) £B#{k PPO
e, FECTIEEEREE T, T SR
IR, ALE AT P407 Al P188 ) LA il el )
JREEIR P o R AR F e T TR Vb A g P
A4 T PN/Pur-NPs-Gel, H: pH {[HEfF &
B, WEHRE N (32.1740.32) C, =R
TR LT A 2 m s AR Es, S
T2 BRI R AR AL, TR GRS, AT DLk
B 5 AR B ARG B, AT 391 PN/Pur-NPs-
Gel 7F & iz v (37 B B 1]

FENTISVEA Franz 97 Bty AR SR e ss 1)
&7, PN/Pur-NPs 1 PN/Pur-NPs-Gel 1[5 R 2 R
RABRIERETR, H PN/Pur-NPs-Gel 454 1 4K ki
AR 2 Pl FIRRE B S, RILHEL Pur-Gel
PN/ Pur-NPs S 4F [ R, SCH T B 3R SR
EH .

o) RS R FK W, PN/Pur-NPs A1 PN/Pur-
NPs-Gel FUAHX A=) RO AR 3R IR 24 40 1l 2
& 1 184.64%. 219.53%, #4b, PN/Pur-NPs-Gel )
AUCo—» AUCo—ooHll Crnax ¢ PN/Pur-NPs 315 FiFt &5
(P<0.05), 8 PN/Pur-NPs fll PN/Pur-NPs-Gel #]
TEREBEREWEDFIHE, H PN/Pur-NPs-Gel
Al PN/Pur-NPs 7 Sl H il S 20 B A0 S 30
k%o 54b, PN/Pur-NPs-Gel f] MRTo—~ MRTo—won f12
# Pur-Gel A T#EK, HILEEMEZE .

4B SR Yy IE rT PRI, 258 s R
7R, PN/Pur-NPs-Gel 1] tmax 3% Pur-Gel A FTZEK,
ERREEZES, TReERN 2 HERRM 2K
FELET I R R EE bR ok, ARBFRAETT R
HL A I TSI A B, PN/Pur-NPs-Gel 7Efi2H
Hh ER KRS EMA Pur-Gel B, WHREARA

PN/Pur-NPs-Gel F B IR ZAENMLJG,  FL AT S PRt it

NI R B %, X 7] §E /2 PN/Pur-NPs-Gel 1)

MRTo-1+ MRTo- t12 8 Pur-Gel I FTER, (HG

BEMEZE R TR
B AR R AN SRl Ak B R ) 3= 07 A 2 b

— AR AR SR, R AR R R

SR JE @I MK BE % (blood brain barrier, BBB) E|ik

KWs Fy— R iEd g, = XA AL A 2

[ ) e J B A )38 R 1290 ) o i 25 24 W] LA SR i

BBB. b, AUKKLAE W HE W 25 W LE 1A NI Tl {52

B, HEARGHAEMMENE, HFRwzEda%

JRGOT, R, ST BLEATSE, 5 RIS PN/Pur-NPs

A PN/Pur-NPs-Gel U253 i 3 #E v 1 2

Sl b Rz geid BBB AT BENL I BEAT IR AT IT o
HBEAR PAEEHFARELEF YR

SE R
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