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Preparation of pterostilbene PLGA nanoparticles with bovine serum albumin as
stabilizer and oral pharmacokinetics study
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Abstract: Objective To optimize the formulation of bovine serum albumin-modified pterostilbene PLGA nanoparticles (BSA-Pte-
PLGA-NPs), and carry out in vitro and in vivo evaluation. Methods Nanoprecipitation method was used to prepare BSA-Pte-PLGA-
NPs. Envelopment efficiency, drug loading and particle size were used as evaluation index, single factor investigation method combined
with Box-Behnken response surface design method was employed to investigate the optimal prescriptions of BSA-Pte-PLGA-NPs.
BSA-Pte-PLGA-NPs were prepared into lyophilized powder using lactose as freeze-dried protector, and the optimal formulation was
characterized. SD rats were divided into pterostilbene suspension group, physical mixture group and BSA-Pte-PLGA-NPs group, blood
samples were collected after gastric administration at a dose of 40 mg/kg (pterostilbene). The plasma concentrations were determined,
main pharmacokinetic parameters and relative bioavailability were also calculated. Results Optimal formulation of BSA-Pte-PLGA-

NPs: BSA mass concentration was 19.0 mg/mL, carriers to drug ratio was 8.8:1, and volume ratio of water phase to organic phase
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was 8:1. Envelopment efficiency, drug loading and particle size of BSA-Pte-PLGA-NPs were (86.69 + 1.81)%, (9.02 + 0.37)% and
(176.10 + 8.12) nm, respectively. Pterostilbene was existed as an amorphous form in lyophilized powder of BSA-Pte-PLGA-NPs. In
vitro release of BSA-Pte-PLGA-NPs showed best conformed to Weibull model in pH 1.2 and pH 7.4 phosphate buffers.
Pharmacokinetic results showed that fmax of BSA-Pte-PLGA-NPs was delayed to (2.11 + 0.60) h, #12 was prolonged to (4.82 + 0.89) h
and relative oral bioavailability was enhanced to 3.24 times. Conclusion BSA-Pte-PLGA-NPs can significantly promote the oral

absorption of pterostilbene, which was worthy of further study.

Key words: pterostilbene; bovine serum albumin; PLGA nanoparticles; nanoprecipitation method; Box-Behnken design-response
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F“2.2.17 BUT 38 25 PRI E 25 o3 2R B (1) e T A
DL B T R B O AR (X0, WGV A AL bR
(Y, HATEMERIE, [EPERIATEA Y=16.3584
X—0.4129, r=0.9998, Z5RKHPLKEELE 0.05~
10.00 pg/mL Z&PEK R R i
225 TEMHEHEZ B2 BSA-PLGA-NPs fiHif
AV R SR RN R VA BSA-Pte-PLGA-NPs
BER ARG, SR IE 1, FHEATIEEE
ik, RS,
22,6 EEM#% Hl BSA-Pte-PLGA-NPs JE &
W, %R 2227 TR FATHI & 6 47 BSA-Pte-
PLGA-NPs {5y, e 5 B /R S s i &
WL RSD A 1.16%, R56% W 5 B i,
227 FasEME#EE EL BSA-Pte-PLGA-NPs AR i
W, THI%JE 04 3.0 64 9. 12, 24h e, 455R
N B THAR 1) RSD A 1.04%, 3R B,
W E /DA 24 h FasEVE AT
2.2.8 FEEEEL  HUREIKEN 0.05.2.50.10.00

. 4483 «
A
E Y-k
B
E YA
C
0 4 8 12 16 20

t/min
1 Z=EHG A)ZERXERMR (B) 1 BSA-Pte-PLGA-
NPs #& (C) #J HPLC
Fig. 1 HPLC spectrum of blank sample (A), pterostilbene
reference substance (B) and BSA-Pte-PLGA-NPs sample (C)
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2.4 BSA-Pte-PLGA-NPs B EZE%

24.1 BSA H\EKREMER KHEERAEN 30
mg, AN 8 11, KMEEANAMEHIL NS 1,
B IIE N 250 W, BN 12 min, %% BSA
JF B X BSA-Pte-PLGA-NPs A%, #2458 .
K CHALIISm, 250K 1. BE%E BSA iE
WL, BSA-Pte-PLGA-NPs 3} R 25 &
Se NG TR, AT REAS H TS 2 IR BSA B
T AR, B AEGURRLR Y A T 8RR
PZ, BHIE TSR EE . {2 BSA i I K
TEGVVE R N SRR BN KA, DR T PR T
K # 2t RiAZ A BSA BRI EE I3 N 230K %
JE N, ATRER T BSA TR IR BN AL R
AN, TR ECR, {H BSA Ji SR I KA ik
Wz, w7 AR, FE BSA-Pte-PLGA-NPs
FARAE K ¢ AL ZaXTEBEAE BSA BT S L3S
BHINEERREI. RIEERER, 4% BSA g
WAL TE A 15.0~25.0 mg/mL.

®1 BSAREKREMERE (Xxs,n=3)
Table 1 Investigation of mass concentration of BSA(x £ s,

n=3)

BSA ik E/
S sy, sz

Bifd/mm  HBA/mV

(mgmL ™)

5.0 56.87%+1.36 6.02£0.17 418.43£37.65 -24.62+£1.33
10.0 64.4111.58 7.03£0.18 302.68+24.42 —26.17%£0.96
15.0 67.90+1.12 7.59£0.20 220.50+7.79 -29.60%1.08
20.0 75.631£0.99 8.25£0.17 172.17£8.02 -30.26£1.19
25.0 71.45+1.63 7.68£0.14 186.23£9.06 -31.02+£1.45
30.0 66.62+1.97 7.39£0.16 194.66+10.24 —30.78+1.10

242 WALLMFEL HKEERAEN 30 mg,

BSA FiEWKE AN 20.0 mg/mL, /KA 5H AR
N8, HAEINE N 250 W, HIFER A 12 min,

K523 245 HL b BSA-Pte-PLGA-NPs fil 3 % # 248 |
Kife ¢ AL, S5 2. Bl 2 L3y
T BSA-Pte-PLGA-NPs R 5 i ja#a 54,

HELZGE I R 1 BSA-Pte-PLGA-NPs [
Rifs RIBWIE S, TR K S8k R
(% IR, Had 2 1 BSA B35 76 90 K0 2 1 M 1T
SEHUE R GURRRARR R . ¢ FALZEXHE B 3
ZiLsE I 2 AR . RIS RSN, &

®2 HALLWER (Xx£s5,n=3)
Table 2 Investigation of carriers to drug ratio (x £ s,n=3)
WA GHEY%  WAE%
1 46.71+1.53 6.08+£0.17 169.44+5.86 —27.55+1.73
1 68.24+1.86 7.96+£0.25 171.18£6.54 —29.92+1.06
811 7546+2.01 8.24+0.23 172.93+6.91 —30.12+1.28
1
1

FifEmm HEA/mV

74.96+1.42 6.75+0.19 183.75+7.68 —31.54+0.97

12:1 75.71+1.80 5.88%0.18 201.38%£7.90 —30.04 £ 1.64

B ATEE N 6 1 1~10 ¢ 1.

243 KMASHEHAAERLLE SR KEERSGEN
30mg, 24k N8 1 1, BSA Jii & ik & v 20.0 mg/mL,
AR N 250 W, HAERTEN 12 min, #5825
X+ BSA-Pte-PLGA-NPs il %, # &, Fifk.
CHLAZFISER, S5 IR 3. BEAE KAARRLAHE N,
BSA-Pte-PLGA-NPs 35 28 Fl %k 24 &= S 3 K )5 ik
N, ATRE SR KA AR BN B AL R, AF T
PLGA .2y (H/KAAFUL KE/E BSA $EEA T
SR ECHE KA, ATtk KAEE5EN
FARFAEL KT 8 0 1 J5 BSA-Pte-PLGA-NPs i/
T 200 nm, ¢ HAAEREKRT 30 mV. ZREFHE,
KM S EVMAFRE 6 0 1~10 & 1 #4704k
2.4.4 EERTE PR BB ERAER 30 mg,
A 8 1 1, BSA FiEWKEN 20.0 mg/mL, 7K
M SHNAATI N 8 ¢ 1, EAIIE RN 250W, 4>
2% B4 7S I H) % BSA-Pte-PLGA-NPs (1540, 45
RWFE 4. vReH THACHE A B AT BSA-Pte-
PLGA-NPs HlIAER, A AT 12 min B4
BRI BT BEIEOL, PR IEAE K,
C R AENHE LT BRI L. 258558, IR R I
/]9 10 min, JtA BSA-Pte-PLGA-NPs 3 %k T
80%, Fiff/NF 200nm, AL KT 30mV.
245 EAEDIFEREN  EEERAEN 30 mg,

#*3 KESENBEFRLEER (x+5,n=3)
Table 3 Investigation of volume ratio of water phase to
organic phase (xts,n=3)
ﬁﬁ;ﬁ? BER% HHE/%
4:1  56.711+1.26 6.97+0.25 281.43+26.45 —26.911+0.99
6:1  69.85+2.07 7.71£0.18 226.50+20.71 —28.94+1.11
8:1  7598+1.84 8.544+0.26 179.114+10.46 —31.10+1.22
10:1  67.63+2.12 7.46+0.20 170.244+8.26 —32.03+1.64
12:1  6038+1.74 6.691+0.23 166.40+7.88 —31.65+1.37

$if%/mm ¢ HA/mV
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F4 BENEMEE (Xts,n=3) 2.5 Box-Behnken Mg B A LA
Table 4 Effects of ultrasonic time (x = s, n=3) 2.5.1 BSA-Pte-PLGA-NPs fifb F % BAK ZS2

7 I
[&]/min
5 7834%+1.508.74%0.18 281.94£12.73 —=29.62£1.10
8 79.00+1.08 8.85£0.14 206.33£9.14 —30.76E1.34
10 80.86%2.01 8.8240.25 177.91%£8.12 —31.9440.96
12 76.16%1.36 8.464+0.22 181.504+9.07 —30.85%1.07
15 72.56%2.14 8.11%£0.17 226.46+11.32 —27.43+1.28

WEFRY% BAE/%  RA/nm ¢ HAL/mV

AR 8 1 1, BSA FiEKEN 20.0 mg/mL, 7K
I SHHUATIE N8 - 1, 8 A Th I 7] 24 10 min,
I3 9 82 T % BSA-Pte-PLGA-NPs {1541,
SRR 5. A DR SN 20 BSA-Pte-PLGA-
NPs MR, A8 LhiE, mael T RKME
PRGOS, SRt EE, i R E
R, AFIE R gRR T IR TH H HRg T K%
M5 KAERE. s, SBRATAR, H B
ot N, T A DIZEN 200 W B BSA-Pte-
PLGA-NPs HA X = B R A8, Kift
FEXTEUN B ¢ HATLEHE R T 30 mV, R & &8
FE)E N 200 W

RS BEDENFME (Xxts,n=3)

Table 5 Effects of ultrasonic power (x = s, n=3)
HE Ih
HIW
150
200
250
300
350

BEF% WAGE/%  RifEmm  BEA/mMV

81.90+1.67 9.20£0.26 256.03£11.99 —26.131t1.42
83.861£2.07 9.28+0.19 184.44+£8.06 —30.92x1.06
80.13+1.74 8.76£0.22 180.03£7.64 —32.68*1.84
75.76+£1.96 8.31£0.18 216.56+9.27 —-30.22x1.07
64.52+1.33 3.39£0.19 206.79£10.23 —27.17£0.98

ZEREIR, BSA FUEIKE. HZLAUKMHSEHUHE
AR LS BSA-Pte-PLGA-NPs 3} %, 425 B fki
BRI . Wk BSA =R S LLAUKAH S
AHAEFRLL 0 E A B R X1\ Xy X, BLEE,
B EARAL KN AWE A RAE Yiv Yoy Yie K
F Box-Behnken i . [f] i %} BSA-Pte-PLGA-NPs 4t
Jr AT, AERIE AR AE R, HRAEK
Fi12 ) BSA-Pte-PLGA-NPs 4t 75 T.Z5, KX 3 ME
PEIR— AL R4S S PEIH —{H Coverall desirability,
OD). OD fHITF I AOKAE (d) B NEEF diin=
(Mumax— M)/ (Mumax— Mumin); B 2 (dy) T3 255 (d3)
KLY, dinax = (Mi— Muin)/ (Mmax— Mmin)s A0
Moax F1 Muin 53 5 RIS e RAE AN ME, M,
FZIRI A SEPRE . @& FabsIA—E R E LFAF
Y, 15 OD=(didr--dp)"*, k NFaHs%L 3. Box-
Behnken R4 K F /KT SLI6GBETH Je 45 3 L3 6.
252 BAHE. i ST {5 Design Expert
V8.0.6 M TR HdEA, 5 OD X Z JulHlH
TN OD=0.890—9.095 X 1073 .X;40.037 X>+0.042
X5 —0.028 Xi.X2 —0.079 Xi.X;+0.095 XoX5 —0.264
X12—0.028 X22—0.422 X32. 1R E P AH=0.000 4<<
0.01, UiBARALEAT BEME S R P=0.0794>
0.05, PRI AREH 2B TP N MR
R?=0.9595, R.?=0.9074, WiFE¥KT 0.9, AL
K FH A R0 BSA-Pte-PLGA-NPs 4b 75 55 FL
A B e A E AR TR L.

FERGERINE 7, 70 X, XX, X2 X2
A X2 EESNEEZESR (P<0.05. 0.01), [EHE
BSA JiEWEE (X)) #H (X)) MK S AN

%< 6 Box-Behnken I EFE/KFE. LIRITRLER

Table 6 Box-Behnken experimental factor level, experimental design and results

75 Xi/(mg'mL™) X2 X3 /% Y2/% Yinm OD |75 Xi/(mgmL™) X2 X3 Yi/% Y2/% Ys/nm OD
1 250(+1)  8:1(0) 6:1(-1)7227 7.93 238820235 10 250  6:1 8:170.01 9.48 173.19 0.589
2 20.0(0) 6:1(-1) 6:1 70.41 8.89 241.75 0.220| 11 15.0 8 6:177.72 8.55 246.23 0.000
3 200 811 8:1(0) 83.64 8.63 175.09 0.849| 12 15.0 10 : 8:179.65 9.03 209.04 0.673
4 20.0 10 2 1(+1) 10 2 1(+1) 79.18 7.12 177.14 0.367| 13 25.0 8§:110:167.05 8.03 168.76 0.272
5 250 1021 8.1 77.58 6.93 169.36 0.000| 14 20.0 8 8 11 83.80 9.29 176.43 0.944
6 20.0 8.1 8.1 83.26 9.26 170.84 0.955| 15 20.0 8 81 80.63 8.99 181.86 0.822
7 15.0(-1) 8.1 1001 69.06 8.34 206.64 0.358| 16 20.0 10 : 616657 9.21 205.92 0.207
8§ 15.0 6:1 8.1 72.18 7.01 225.83 0.141| 17 20.0 6:110:1 6624 9.42 183.73 0.000
9 20.0 8.1 8.1 81.26 9.17 182.08 0.856
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xT1 RENH
Table 7 Analysis of variance
WERE CEFAEM HAmE By FE PHE | BRERE CFAM HBE Syl F1H P1H
LAY 1.860 9 0210 1841 0.0004 | X2 0.281 1 0.281 2507  0.0016
Xi 0.058 1 0.058  5.13 0.0392 | X2 0.321 1 0.321 28.65 0.001 1
X 0.011 1 0.011  1.00 0.3507 | X3? 0.710 1 0.710 63.13  <<0.000 1
X3 0.014 1 0.014 125 03002 | %= 0.079 7 0.011
XXz 0.320 1 0.320 28.15 0.0011 | JFLLIA 0.064 3 0.021 5.92 0.059 4
XX 0.026 1 0.026 229 0.1742 | 4axti%2z  0.014 4 3.614X1073
Xo X 0.036 1 0.036 321 0.1162 | &/ 1.940 16

AR (X MHEEARE, % KES OD 1
=Y A, 2R WA 2. e %153 BSA-Pte-PLGA-
NPs s fEAL TN BSA JRER AN 19.2 mg/mL. 3
2t 8.86 1 1. AKAHEHNUAHAERILL Y 8.02 1 1,
TR BSA-Pte-PLGA-NPs fud | #2258 Mkife
3N 84.83%. 8.90%A1 172.76 nm.

2.6 LTZWHE

# BSA-Pte-PLGA-NPs Fef: b g/ 5, H

N

& 2

EERRSMNEN=4E

i BSA FEIKEE AN 19.0 mg/mL. #H2hLLiRE
88 L 1. AKAMHEGENAEILL A 8 - 1. 4 3 4k
BSA-Pte-PLGA-NPs, 437l & fdf 2 324 Bk
1, THESENME S TRNE e 22 [ 22 = (SERRE —
TRINAE )/ FRIME 1o 25 R WAR 8, SLhrE 5 TRE AH
X225 /NT £ 5%, UE L ECF AR AT BSA-
Pte-PLGA-NPs 4b77 T 58 B A K 4 il i . 5

753 BSA-Pte-PLGA-NPs 451 ¢ AN

Fig.2 Three-dimensional plot of independent factors and response values

=8 WAFWIELER (x+5,n=3)
Table 8 Comparison of predictive value and actual value
(xts,n=3)

Witels AR % BB Y Hif%/mm
SEFRMA 86.69+1.81  9.02£0.37  176.10+8.12
TRME 84.83 8.90 172.76
TR Z/% 2.19 1.34 1.93

(—33.43+1.82) mV, Hifds A EIA ¢ B4z B 40 51
Kl 3.
2.7 SEM M % BSA-Pte-PLGA-NPs M7

H BSA-Pte-PLGA-NPs /R & ViiE &, ZZI8/KH
B 50 £, VRE, WTHIRE (ELETELD, BTR
IR 30 min EiET, B4 30s 5B T SEM |, JUk
% 15000 {41 %2 BSA-Pte-PLGA-NPs #MNREAS, T
4.BSA-Pte-PLGA-NPs 7ML A N ERE BERTE
Wiy, JokhiE.

1.0
|
|
a o.
8 0.5 xL
\/
0%
> L Tl T >
23 9.0 ~~_ 90
1.8 Xi/(mgmL™) X 079 B
A
1 10 100 1000 10 000
% /mm
A
M
B J\
[\
-150 —100 =50 0 50 100
¢ HA/mvV

[El3 BSA-Pte-PLGA-NPs BIRIZ 70 (A) # HAL (B)
Fig. 3 Particle size distribution (A) and { potential (B) of
BSA-Pte-PLGA-NPs

2.8 BSA-Pte-PLGA-NPs GFF#avH& RiaE M

ER
2.8.1 AbJifiE U BSA-Pte-PLGA-NPs V&N
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NGFRAH, WIEEm, SR EmmmS GRm
FEZA Lem), T-55 CUKFETA 1d. SLRIE T4
B N-55 CHIETEN, B2 GT 2d B2 E
10 Pa (0.1 mbar) ] EPfSAN[F &4k 77 () BSA-Pte-PLGA-
NPs T A o 43 BN ZE K Z %, 1 0.45 um 1
FLUEME, MR as, SRILE 9. RAH
F& T ) 151 BSA-Pte-PLGA-NPs 4 T-H5, H %5 kL
AT, (A E N A ROR, NG E1E
NPT FLBERIR IR TR SRR L, 7EAH ]
WEE N B AR N FRLAR R e e i L 2R,
AT T L0 58 LA o 4 FL0E FH &k 1%05 BSA-Pte-
PLGA-NPs TR E ¥ G AR &N, HAE %
%29 TREGETFRIPFITREMEHRNENE (X+5,n=23)

Table 9 Effects of different freeze-drying protectant on particle size and entrapment efficiency (x = s, n =3)

* 500 nm

4 BSA-Pte-PLGA-NPs 1 SEM
Fig. 4 SEM of BSA-Pte-PLGA-NPs

BT ORI YRR m BE Y%
FI/% H e FLAE JRE H e FLAE JRE
0 363.36+28.31  457.15+43.68  508.05+£60.47  5626%£1.26  58.78+£0.98  57.08%1.03
0.5 302.14+29.67  404.84+36.75  447.62+52.18  63.18£1.65  73.12+1.12  65.64%1.28
1.0 22426+22.68  24634+26.92  356.38+40.28  68.69+1.72  82.85+£1.08  7243%+1.05
L5 231.87£24.10  253.61£23.18  336.27+27.64  7145+1.58  80.64+£1.36  73.38+0.97
2.0 247.39+19.73  255.79£25.54  303.60£25.85  63.60+1.10  7627£1.75  74.55+1.68

AEXTE 157 5 s/ 4Rk &, ok e FLBE 8 1%
BSA-Pte-PLGA-NPs Ji& &% .BSA-Pte-PLGA-NPs E
BHT CRINET1R4771)) . BSA-Pte-PLGA-NPs %
Tk K ZE MK JE AN LI 5

2.8.2 BSA-Pte-PLGA-NPs A T¥faEthtsg B
BSA-Pte-PLGA-NPs JREH & THEIEERE S (&
F30 C, 1R 60%), MEZ 5d IR AR
Al LIDTE, Ui E R ZE . B BSA-Pte-PLGA-

A-BSA-Pte-PLGA-NPs {R & B-BSA-Pte-PLGA-NPs %13 (5
IMFLE)  C-BSA-Pte-PLGA-NPs ¥4 T-¥f D-ZEIH/KE R
A-BSA-Pte-PLGA-NPs suspension B-lyophilized powder of BSA-
Pte-PLGA-NPs (not add lactose) C-lyophilized powder of BSA-Pte-
PLGA-NPs D-redissolved by distilled water

5 I
Fig.5 Appearance of samples

NPs ¥ B TAHE A, 200 00 5. 100 15,
30, 45. 60 75. 90 d HUFE, ZRTE/KE G e ki
BAGER, R EE 10, WE 90d J5FkiE N
(247.86+22.93) nm, BEFEN (77.86+0.99) %,
A] WK BSA-Pte-PLGA-NPs Ji 230 i) £ itk T4 J5
ot TR E .
29 @mEIS

AT At HUEA 40 kV, Cu-Ko #, 20
N 3°~45°, FREEE 8°/min. BV R RIZE . 4

10 REMRE (¥x+s5,n=3)
Table 10 Stability experiments (x = s, n =3)

HURE R A /d L3 5/% P RiA% nm
0 78.1241.70 231.15+26.10

5 78.514+1.27 226.94+21.57

10 79.0441.00 230.86+25.98

15 78.87+1.53 236.15+22.56

30 78.63+1.72 235.08+24.87

45 78.08+1.85 240.53+20.96

60 77.5440.96 234.90422.87

75 77.06+1.14 244.17419.46

90 77.86+0.99 247.86+22.93
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EAR NI EE, HAR4E L] [F BSA-Pte-
PLGA-NPs % T8 #1HR & ¥ F1 BSA-Pte-PLGA-
NPs T8 B T IR g iy, 3% P8 7
5 P L] 60 S5 SR 24 7E 11.8°017.8°11 26.6°
AR F R B VAR G 50, IR SUARE S RN A BB A
Y1 XRPD K {in] W23 . £ BSA-Pte-PLGA-
NPs - T-¥3 XRPD ik, REAE 11.8°4 5237 H
kL XRPD dp T4, {HAE 17.8°F1 26.6° 4L HRF
TIE A B35 T AN DL, pR AT I T SR 7 BSA-
Pte-PLGA-NPs % 18y LAJC & BUIRASAFE

BSA-PTE-PLGA-NPs % T#3
Men
YIFR AW \

| "

“ A P TN

PR

| I

ol L

10 20 30
200°)

6 XRPD %R
Fig. 6 XRPD results

2.10 BSA-Pte-PLGA-NPs AT #MEINEZHIT R
REERE

S BE R R E KRG MRS (R
T 54kl L /] BSA-Pte-PLGA-NPs 4 T-#3) Al
BSA-Pte-PLGA-NPs %7 (£ 20 mg 5D,
BN S mL ¥ pH 1.2 BEFR £ 22 113 (F5 1.0% 11 SDS ),
B TEBENT R R AN 4> T i &9 8000~
120000, FLE. BN 900 mL ) pH 1.2 R
TR (1.0%01) SDS), HH# A58 100

80

40 50

RRUBIEY%

t/min A1 37 °C, 57T 0. 0.5, 1. 1.5, 2, 2.5, 3.
4. 5. 6. 8. 12, 18h 73 AIHUFE 3mL, FEArRIRMIN
3mL % AR . i 0.45 pm TFL IR S I 4
T8 B i IR - BSA-Pte-PLGA-NPs % 143 F pH 7.4
WEIR Eh 22 PR (& 1.0%I1) SDS) Hh (18 24 175 100 ) v
R, SRWE 7. SEE R AR S YE
ANRIREZ A T P B2 5 L X 3 BEAS K, BSA-Pte-
PLGA-NPs 7t pH 1.2 R Eh 2 (% 1.0%11 SDS)
SRR T pH 7.4 BERE 0 (& 1.0%
ff) SDS), 18 h W EBVBEINZ 57N 73.06%A
63.15%. %} BSA-Pte-PLGA-NPs 1SN ML 4T
WA, FEHRIE 11, BSA-Pte-PLGA-NPs 7F pH 1.2
o pH 7.4 BEERELZR M (& 1.0%I1) SDS) Hi A4k
PR 2451 5 Weibull BRI A B e

2.11 ORBHHEMRR

2111 45245 JMRFE Al AT AR T HCEAE I Uk 2G|
VIEIREY) CEME K S5 H [ BSA-Pte-PLGA-
NPs 18, U 7R A ) il BSA-Pte-PLGA-NPs
HETHER, 250N 0.5%F) CMC-Na /KiEHAd
I R R B AR 120 1 SD K RBENL K 3 4,
6 X, ig MR KB E T 40 mg/kg. T 0.105
0.25. 0.50. 1.00. 2.00. 3.00. 4.00. 6.00. 8.00.
10.00 12.00 h ARHE 5k AR 12y 250 pL, BT
A OE R, IRiE 5 s 1B, 4000 t/min 550
(B0 8.6 cm) 2 min, B FEEIMFEEHE O
i, EEHERTRIRAT

2112 IMZEAE AL EE I FEO L B ) R
20 mg & 50 mg =EH, MMAFERBERZIE, I
FH B AR B AT SR B 1,000 pg/mL, 15 A9 P BRI
W MK E T EIME, BEI 100ul BT 5

—4— BSA-Pte-PLGA-NPs (pH 7.4)
—=— BSA-Pte-PLGA-NPs (pH 1.2)
—h— YR EY) (pH7.4)
= P)ERAEY) (pH 1.2)

—w— EHEERZ (pH7.4)

—o— HHEERZ (pH1.2)

t/h

18

BE7 RIMERHIZ (X£s5,n=6)

Fig. 7 Release profile in vitro (x £ s, n=3)
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Table 11 Fitting release model and correlation coefficient of BSA-Pte-PLGA-NPs
LA I Y EDNEWiN R?
pH 1.2 TR Mi/M=0.042 6 t+0.174 3 0.7716
— PR In(1 —M/M)=-0.075 2 t—0.171 4 0.855 1
Higuchi F%! MJ/Ms=0.203 5 t2—0.001 29 0.922 4
Weibull £ 7 Inln[1/(1—MJ/M-)]=0.827 0 Inr—1.814 4 0.965 7
pH 7.4 TR Mi/M»=0.033 6 t+0.119 2 0.843 2
Y In(1—M/Mx)=—0.053 4 t—0.108 3 0.917 4
Higuchi F7 MJ/M.=0.164 8 12—0.028 6 0.946 6
Weibull /7 Inln[1/(1—M/M-)]=0.848 5 Int—2.218 5 0.974 1
M. gooltt BARBEIEE: ¢ JIHIAL M, A ¢ IR BAVBR IS . MM.A o o IA) AR 1 4
M., is accumulative drug-release at time oo, ¢ is stand for time, A/, is accumulative drug-release at time z, M/M.. is accumulative release rate at time ¢
OEH, I 50 pL A ZE I AARVE RN 1.5mL & A
i, EHJEIRIE 2min, FEAIA 1mL EERR LB, 4k
22V JiE 2 min f5VR 2. 6500 r/min &0 (FO2fqE
8.6 cm) 5min, /NOBELEEAE VIR 2T HE G
B, BT 40 CARBREMRART. IIA 100 pL
HREmie R, RS,
2103 I R O0] I U VR T ) R B O R B
SR FH RO ) B9 B 2 2800+ 1400, 600 280 i
140+ 46.67 ng/mL [2H AT R S, 4% R IR i
FESFAIEL 100 pL EEOEH, BT 40 CHRIBHEA SR
AT, BN 100 uL 25 A3, Wi, 15
2800, 1400. 600. 280. 140. 46.67 ng/mL [ 448
M IR S 4% “2.11.27 TR 7vkAab s, % c
“22.17 WUN RS SR AFHERE 10 uL, W 5E & o IR b
IR A S S L P RE R T AR . AR
W5 AR A bR TR LN AR (YD, 54 -
TR RS (XD, 12EIHFFE Y=0.004 7
X—0.0209, r=0.994 6, B WL LR EE ML HE A 0 4 8 12 16 20
t/min

WA 46.67~2800 ng/mL £& 1155 £ K i .

2114 LEMEES B A RS2
XTI B AR, SR 8, IR IR
JRATH N PRI B g, L ErERim .
2115 FEMEEE BULKFEMST 0. 3. 6. 9.
12, 24 h 8, e EEES AR fEm, o
BAS T I AR LU RSD A 7.12%, % B I RE
Z/DAE 24 h WHREME R

2.11.6 FEEEHEE O 46.67 ng/mL (K&K
FE). 600 ng/mL (BT EIKSE) Al 2800 ng/mL (/&
JREWRE) MIRN R SEW, [F 1 d o mliEskit
FE, il B E S NSRRI AR, THEE LUE

B 8 =HME (A MRHEmE B). MRMBRAER (C)
# HPLC
Fig. 8 HPLC spectrum of blank plasma (A), plasma sample

(B) and plasma reference solution (C)

RSD 735175 10.53%- 6.16%- 8.56%, B H A%
FE R S REREIESNE 6d, I REBESN
PRI, THEAS W L RSD 43 14 7.69%+9.10%
F16.68%, B H [WKE % E R I .

2117 [ECERFER FLH R RS N
46.67. 600 2800 ng/mL MLIEFEN, % “2.11.27 1
AR E , i R S AR ARG T AR,
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HNEHTTFE Y=0.004 7 X—0.020 9 1502548 1
3R, 55 SEBR SRR AR LT SRR AR AR
gE BRI [FR N 94.75%, RSD A 7.30%, 3
A VR A 1 o
2.11.8 Zigheai i KR IR R YRS
A1 BSA-Pte-PLGA-NPs ¥ 25N [B] A L 2459
FE SR T, Z5h 5t LB 9. %450
IR 2455228005 FH DAS 2.0 8E3E B 2 R k4T 43
Mo G5R WK 12, WEIRA VAN traxs t12+ Crnaxs
AUC-, 4 8)% 85 5 M K 5B 2 b g T2
X (P>0.05), UBLHIALTT F AR SR 2 3
=12

238
—— BRI

= YHIEEY

—8— BSA-Pte-PLGA-NPs 4T}

g
o
.

1245 FE/(ug-mL™")
o

=3
N
L

9 ZH-RfHZ (X*s,n=06)

Fig.9 Drug concentration-time curves (X £ s, n=26)

FENMFESH (Xx+s5,n=6)

Table 12 Main pharmacokinetic parameters (x + s, n =6)

ZH AL B R R MERAY) BSA-Pte-PLGA-NPs % T-#}
fanx h 0.51£0.16 0.56+0.13 2.11£0.60"#
tn h 2.6840.53 2.80%0.58 4.8240.89"#
Conax ng'mL™! 861.53+£114.08 987.03£137.55 2 096.43 £302.91*#
AUCo- ng-h-mL™! 3226.25+£392.58 3892.07+401.75 10 459.21 41 368.99"#
AUCo- ng-h-mL™! 3317.60£421.79 4012.54+446.81 10 984.87 1 429.70*#
HEMEL: *P<0.01; SYHIBEWLE: #P<0.01

*P <0.01 vs pterostilbene; #P < 0.01 vs physical mixture

AN R, HEREEESR. KRBT
BSA-Pte-PLGA-NPs JE ig 452455 fmax~ 12+ Ciaxs
AUCo-, S5 2j3)) ¢ 240 5 SR J5URH 245 A0 LU 35 A i)
EMER (P<001), HH fna EfGFE (2.11%
0.60) h, t1p IEKZ (4.8240.89) h, Crax $e1E 2 2.43
&, A CIRCERI R SR  22 3.24 £%, W 0L BSA-
Pte-PLGA-NPs H K20 | 50 AR N 25847 A,
A AR T 23R
3 g

PLGA 7 T RABEABRMEARE, Ik
ol R T B CE NR 259 R R TR iRtk
2 U8l BUEFET Sy 75 1 25 kil BSA-Pte-
PLGA-NPs. FiSZIGEG 7 9Kt i i3 80 s TR 2 o
12:414% BSA-Pte-PLGA-NPs, {H %30 & 5 34 Ji )
73] BSA-Pte-PLGA-NPs 124> 4 50~120 nm Al
150~450 nm 2 #4r, FIAER T s R T E
HEPA T A, WMEECT BSA GUKRLF10, i
AW TR 2R FH AR DTIE 125K 1] % BSA-Pte-PLGA-
NPs. BSA FEKRLINLSHI =20k 3 25, RIIR
Bt - HE- M2, 7E SRR B I FE R BSA 7T 45
SHEAKARH T, AHHTAX 7 F R EEORIE A
W PR P B KRB (CAnEE ) TENE 4N

KRR TR I R A EHE, SR SR 1 E 2
Z MAZ R G S AT B S . )R BSA FLALRE A
5, H T EOR R AL BHA A4 FE T 9Kk &R
()RS E 1200

HAT, 5 WA E 71K 22 2 3 1 P 7 Bl 40
FTERAEY, Wisw. KA. X OmeEE,
A LU 2k 242 #1176 500 nm LR, (HFFEES
HlIX AR e A, 5 00T B = AR i i 5 B EAE
FHR324 AR5 R T 2 AR i BSA 1R s
7, #4% 7 BSA-Pte-PLGA-NPs, “F¥J¥i1E N
(178.29+7.65) nm, ¥ K BSA TEGKHIF IR
FHTE R AL 1 {5 4025261, 7F BSA-Pte-PLGA-NPs 4t
77 BSA B TAEABIFRE RIS, A B ik n] DAE A TR
TLRAFI0S-10, A TS IR Fe e R BoR, fEA
NF AR 7], B ¥ BSA-Pte-PLGA-NPs HE47 14
T, ISR B R A K5, AMIAR
2227281 W N B IR TR AT IR T . B
RILR TN 1% P FURE 5 R T4 R AN, S
JERARRAARNT B /N o H R BE LR TR AR AR A AH X
BOR, AT ReA H R BEAE R T B R TR R T UK 20300,
%} BSA-Pte-PLGA-NPs j=4E T — 2 I#5i47, FLHETE
RIS RT T SR BB R AS, WKk A B
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UF RS VE L , #OE R 1% 7L /E N BSA-Pte-PLGA-
NPs [T R0 AT 5T %5 ] BSA-Pte-PLGA-
NPs 5HABGKEIFIA L, HARWD T 5k &,
BAHE B X

BSA-Pte-PLGA-NPs £ pH 1.2 8( pH 7.4 B§ g
PR ANE 2535 Weibull AR R4 RS B
Tt B AR 1R 2 3 R SR 1 OURE B ) 2R E 29,
B4 R PR 2 WA RIS R 24 . B R 2B B mT
RE R B AP A K B FaRbER AL Z . K
SRR 2R TS B35 T BSA-Pte-
PLGA-NPs 247 v R4 % Bebs A RERE L
M HIMGE R, X MRELAAT N e 254
(R N 2B AT N R

BSA-Pte-PLGA-NPs [1] tmax S EPEIESF (P<
0.01), XA[RERHT BSA-Pte-PLGA-NPs Fifz#
N, BT REE IHTETR M, T AELE T kN A R
i} 18], %5 4 BSA-Pte-PLGA-NPs A B H A S RAHHIE,
AT 8 SR B 11 finax 2E J5 121 BSA-Pte-PLGA-NPs [f]
tn RAEBFEMEK (P<0.01), A TREEEE
(4] 1L 24 94 B 5F 4k 7 25 %% . BSA-Pte-PLGA-NPs [1]
Cnax FIARXS O IRAEVIFIH EE 73 S i 28 2.43 F5 A0
3.24 i, ARMRUSCVE I B, AT AE 2 5 PR 3 R
s R SR B2 45 B BSA-Pte-PLGA-NPs
JE RN, RIS B i e ki 133,
FIF- 254045 76 70 WUt ; BSA-Pte-PLGA-NPs [ #i14
(1AL FH B T AU 5 R Bl A S SR A e
PEMISZIAE], 80T R KR E/E BSA-Pte-
PLGA-NPs Ty LA B A7 A8, 1o e 2
4L B 2GR IR B R AR A B A
A GV SARMR WA E U628, 25 b, AR AP 58
i 7 BSA-Pte-PLGA-NPs % T-¥3 il % L 2 78 M
IRZ55 240, HA GRS RN, B R R TIT R
RCFREVEY, NZ AR RIS At 5 D AT R R AT

RBAR FAVHEHFEFRARGEA TR
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