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BB LB R (PLGA) H 8 AKM B, £ LA #9F T % % 4 40 BDNF 8 PLGA 41k, (Rt ki 7 fmdl & T 7,
MBENKRW S KN ELIA, TN ERE BEE EA0 AHEURKIBEAERE, @R . RBLFTHEELR
HEINREWEKRE 3.3 mg/ml BFHE K A0s, HEEHXRA., BDNFAXBERAL, KD, FHEAE Y 156.7 nm.
HeEMmAREERE KEE EARPEAHERG.ZRERBER AL EH S LB, HAK 30d, 4 #: R4 &4 BDNF
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Preparation of injectable sustained-release nanoparticles carrying brain-derived neurotrophic factor and evalua-

tion of their drug releasing characteristics

SHI Guo-dong' ,JIA Lian-shun', YUAN Wen',SHI Jian-gang'* , TAN Jun-ming' ,CHU Cang’
1. Department of Orthopedics,Changzheng Hospital, Second Military Medical University, Shanghai 200003, China
2. Department of Pharmacy, School of Pharmacy,Second Military Medical University,Shanghai 200433

[ABSTRACT] Objective: To prepare stable, small-sized injectable sustained-release nanoparticles harboring brain-derived neu-
rotrophic factor (BDNF) and to evaluate its drug releasing process. Methods: The nanoparticles were prepared using poly(D, -
lactic-co-glycolic acid) (PLGA) as the carrier by w/o/w double emulsion-solvent evaporation method. The formula and technique
were optimized; the shape,size and the distribution of the diameters of the particles were observed; and recovery rate, precision,
repeatability, encapsulation efficiency,and drug releasing characteristics were assessed. Results: With the optimized formula, the
drug loading rate was 1% ,the polymer concentration was 3. 3 mg/ml, and the ultrasound time was 40 s; mannitol was used as
the supporting agent. BDNF nanoparticles were round, homogenous in size, with a mean diameter of 156. 7 nm. The prepared par-
ticles had high recovery rate, precision, repeatability, and encapsulation efficiency. The drug release was characterized by slow
corrosion and the process lasted for 30 days. Conclusion: We have successfully prepared slow-release nanoparticles harboring BD-
NF, which are stable and have high encapsulation efficiency.
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1 MBFFE

1.1 %4 % & A  hu-BDNF (Prospec Techno-
Gene, it 5 : 115PBDNF06) ; hu-BDNF ELISA i 7
& ;PLGA(ZE [# Birmingham Polymers A ], LA :
GA=50:50); ROIGEE 1788 (PVA1788, db 5 A #lL
T B EAN (S E>99. 9% , Amerson 77%) ; |
S RD A I F-68 . PEG6000, & F
S oAt 3700 35 kg A3 A

1.2 AREGHE

.21 EHANEANETEHEN KK
BRY 70 hu-BDNF % 1B (25 pe) BT 75 pl 10
mmol/L pH7. 4 R Z vh i, /E RN K M. 5 25
mg PLGA ZFR BRI 0. 75 ml IRE VKB &R
R 40 s(TE 60 W), il 5L T 7L 85 40 3L e
WMEIQ Y%, W/VOPVA KEW 1.5 ml 7KK %
PR FLAE 40 s(TR 60 W), i & 3L, &Z 7 Jn
% 15 ml 0. 3% PVA B H, 37°C 7K ¥ A% 2 4 P 4%
TAHMLER 12 000 X g B L 20 min, BEETLIE, 7
TRZK RV 3 IR UR T & . 25 I KORL I 7K AR
FHZEAEAKACES ,

1.2.2 ExEibthte HFETIHHEECGE DHITH
SRR 24 5 AL 28 014 52 W) L B Ak 40 KR 1 Ak
#TZ, NEMQFBELRY 8 BREYIRE KBS
B[]

Z: X

1 MRNEASNEHENZMER
Tab 1 Factors influencing drug loading and

encapsulation efficiency of nanoparticles

Factors
Levels Drug/ PLGA concentration Sonification
PLGA op/(mg + ml™1) time t/s
1 0.8% 1.7 20
2 1L.0o% 3.3 40
3 1.2% 5.0 60

1.3 AREISPIT S HGRRIR R . 7S
TR R 1. 5% (W / V) B 45 R T g €5, i T 9% I
LB L BT R L B R A B (JEM-1230
AT MEE G KR T B S AR AR Y L, B Malvern
PR 23 B A0 s R AR 43

1.4 MREATROHNEZLRANEF XTI,
TEWE AU #E W 3 Bh S AR R HE AT 0 L AT R T )5 A
KR A0 0L A0 T 4 HOME S 80 BRER SZ 2R, i &
PLGA 44K bR B W, % i 5 4, DL 2 ml
Oy %E IR b W T IR VR TR 15 ho iR 4%

L E S TR Y R TG B W+ G WA P U B i 7
W R PO Y, 0 b B A | A0 BE AR R R AR AL
ARG R R i DL 10 rit. A
PRV bR o T I A ZE K 2 ml, SRR R4 AP
153 5 IR B AW R B AL LA 10 401t

1.5 RkEHHELEEMNE

1.5.1 EdEERFHEEMNE KM ELISA {f&
% BDNF & fE P K 450 nm SBOGH B (D)
{8, LA D R A8 A5, A5 i BDNF ¥ ¢ 847 X5
H&A, 2 hlbrEdZe . Jr i MR o AR —
JE 5t 1Y) BDNF & 185, 23 % 1l PBS(pH7. 4) % W AL
BT IR 3 AR B RV WA 3 O AR IR E Oy AR
TRV WA e B L O 5 R G v B L B R AT Il i
i B I b AR A A L P IR 3 A R R R

fm VEAT H AT H )RS I E L H O, H R B 2
5K,
1.5.2 #HikueENx  MESRRBUE T 99K

$LF 5 mg, MA 0.5 ml @AM, INA 2 m]l TE £
M (pH7. D JEIRFEE hu-BDNF,12 000 X g B0 5
min, B I 8 OKORL T R 25 . B 3 it
FE AL T 20 28 B A KRR AT a0

1.5.3 ZikkastsEne Skt i
A B0 5 O %2 BDNF, #% F R F A%, 4
FHAR(Y) = (PLGA 44 K k. BDNF [yl 15 & &t/
Hil & PLGA 44K %7 b BDNF (9 g 2k 25 1) X
100% . B 3 Hb4e 4k T 20 il 2% 19 98 oK bz afE 47 40
R E

1.6 ZREATFTRBEHFREIFN KT 9K
$i A 50 mmol/L pH7. 4 B R 2% Wl (% 0. 02%
B A0, 02% Tween-80) 1E M B Ak, B T I
KW BE R, 100 WK /min 235 . 37°C B4 T T BR 19 1R H1
BRI RE M 2, A 1 B ) A U AR L 12 000 X g
B0 5 min, WHL LWL 2 BDNF & &,

2 & B

2.1 whRBaR&HEL EXBEI e EERNE
SIRTEE IR (R 2) B 22 e M 45 3R (3R 3) KRBT 3 R A
ESUELE SURTESESIEA DN QYO BN ot E2Th
RAE Wy e > s ), b PO A 2l L
B A B W R0 ok R B, 0 B RO R
[FTPOREE R iIE A R N AT R # 3 e 207 Syl T
A Jr F A B BIR B 10 R AWk
JE R 3.3 mg/ml BAEBE K 40 s,
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Tab 2 Design and results
of Ly (3*) orthogonal test

Drug/ PLGA Sonification Drug
PIr‘l(l}gA concentration time encapsulation
pB/(mg eml 1) t/s efficiency (%)

1 1 1 68. 2

1 2 2 73.2

1 3 3 75.8

2 1 2 64.7

2 2 3 71.2

2 3 1 67.4

3 1 3 52.1

3 2 1 55.5

3 3 2 61.0

1,2,3 were the levels in Tab 1

R3I MEFWER

Tab 3 Analysis of variance of orthogonal test

PLGA Sonification
Levels Drug/PLGA concentration time
on/(mg + ml™ ") t/s
1 72.4 62.5 61.3
2 71.0 68.1 65.4
3 56.8 68.9 65.9
R 16. 3 7.2 2.8

2.2 MABHBAENKLER KTFERE, K/NEY
SJCEN A B A R T R 1A FLIR L Ok 3 590 45 % 1)
T U (B 1C) 5 R0AR 43 A 30 Bl 2%, 52 1 e 25 43 A, e
BERAETE 100~400 nm W, FH K 156. 7 nm.,
Z A B DPL o 0. 170( 2),

B1 BEHRETHRMUARER

Fig 1 Transmission electron microscopy of nanoparticles

A Transmission electron micrograph shows the vacant nanoparticles (original magnification: X 5 000) ; B: Transmission electron micrograph

shows the nanoparticles after loading BDNF (original magnification: X 12 000) ;C; Transmisson electron micrograph shows the nanoparticles af-

ter loading BDNF (original magnification: X 60 000)
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Fig 2 Diameter distribution of nanoparticles

2.3 MikEATREIRAGRE FUBME LR
AW 43 1M LA O L RE R RN H R A S AR )
AL EE 43 M R B AR B DL R iy B AR
I L AR T SR FHH 88 By SRR Rl 690 (3R 1),
2.4 wME MEELOFEMNTLER LILH&
B 4R KR Il S0 (3% 5) FIDRS 25 8 (3% 6) B A
FEARMEZE R0, 012, 254 P E 2y 87. 7%,

2.5 WMRBEATFTRBELFMEIN HKIVEBESA.
WIREBR(Q O R mEENEEREZY (2~14 L5

AR B (16~20 ) FI 5 FE 24 (22~30 d) By PUAH
FRIE . RSN = ARZS ST (20 &) BETSHRL 96. 1%
2G5, ANKORL IR S B 2538 50 8 7 28 18 V4 T RE il Ry
FoERZG R B RE 30 O 3),

x4 FTREIAE BEENHEE
X &0 5K x5 70 FE 43 B A R
Tab 4 Effects of lactose,sucrose and mannitol
on nanopartilces redispersibility and shape

after freezing-dried process

Suggg:tmg W/W(%)  Shape Redispersibiliy 10!

Lactose 2 4 6 10

6 7 8 15

10 8 8 16

Sucrose 2 7 8 15

6 7 8 15

10 8 8 16

Mannitol 2 10 7 17
6 10 9 19

10 10 9 19
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% 5 BDNF Bl ZEE
Tab 5 Recovery rate of BDNF
(n=3)

Added Found 9
pn/(ng - ml—1) ps/(ng » ml—h) Recovery( %)

25 24. 32 98.9842. 30
25 24,53
25 25.39

200 198. 3 99.9040. 87

200 199.4

200 201.7

500 501. 8 99.8140.57
500 498.1

500 499. 3

®6 BUBEHEEINEBEE
Tab 6 Precision of HPLC method

(n=5)
ndex (ﬁg‘fe:ﬂ,l)w/(fg“_“il,l) SD V%)
Intra-day 25 23.94 0.74 3.09
200 202.7 2. 69 1.33
500 499, 3 3.78 0.76
Inter-day 25 24.57 0.89 3.62
200 201. 9 2.93 1.45
500 499. 1 4.36 0.87
L T T p—
o b - ol Csatetivs biabi e -
u .-'...-'..-.l
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Fig 3 Invitro release curve of PLGA nanoparticles
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P2 E R D TR AR HLIR ™ A Y BE 6 4l o 22 240
MEAEE CER MR — R EA RN T, s
DA AN ST LR W A 7 300V i e 22 5 B0 i1 240
JE A A= 5 23 A T EL BE % 4 HE 18 e 22 A0 N Y A
5 A IR TT — S 2 R IR AT P DL KA
M B )5 18 2 BAT R B Y . BDNF
Xt FR R 22 B M 22 0 B s sh Al 4200 T AE B
LA HA B A B TS AE A A B TR T L

FEAE R EE AL AE L SR AR K U TR R AR PR R
G . 5 52 B TR I A 22 b IR 28 0 52 L FE AR DY B
A= 0y T A A 3K 4 gl B ) T G PR L . H AT IE
L O 4G 2 T BRI SR B A SRS RN
TGP ok v e b 3 i 8, 0 5E 2 3 YA T B
FX ML A 28 B A R S B, g Kok S — 2k
R 1~1 000 nm A &K KL, 3222 i 2 0 Ko+
A 3K B K G AT DA A s A 4 SR IT
Y. GUORRLY FH a8 2 — 02 5 > T I B K 2 W
B F| e B g,

ABETER PLGA b 2 A& L, &2 2L Ak 3 7
ET 201 % BDNF 94 K b7, 76 £ F 45 19 3% 24 &2
PR RIEEMRAIERM L, R EH =
1% BAEWUSE 3.3 mg/ml @A B K 40 s B
BEAL J5 il % BDNF 94K ki, %kl £ 9 BDNF 44
KORL L B /N EAY R AR 40 A 10 BB AS b 4
43 A F 100~400 nm, BFFET B R B YKk & H
2 THIAB M ) 5 I AN o AR it i 5 B 1 0 P | R
PE BT 3E I A Oy ebR L L S el A R i R e
BRI A0 6 AN 0 A P R A A s, 45 R
TR N T2 Re e m  E I, & g
KORL IS 2 O 2% B R B R AR . AR SR W
AR R N T A M PLGA, & —FE £ H
FDA it 5 F T i PR 49 44 8, JC %o 2 B % L 7T £ )
Rt o " A AAR P ) B 2 77 W) R 7KOR — AR A i L AR
PIRY 4 4 Pk 4l B 8 M S F X A B T A
ATV R LA PLGA A 30 9 94 Kok, Hoilfs R B
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G KR SR DA AR RORE T =X 4 80T A 5 b R A
NFEEATRERR, 5 R W RBRL, T
il 700 10 R e R DR e R A A L A BIF 5T R 40 ok
BB UR T T2 IR XA VR a0, 5 A v 55
HAL R R BEAT T BN S TR R TR R E
Sy HOME R T RT A UINATE 24 Y 32 48 5 (supporting
agents) # E - HUE FH , B bk F 1) R 45, AW X
FLH R AU #EmE 3 R AR HEAT TR L AR T
fits P A1 UL E 3 1T S T A 48 A L 5 SR % B RE A N
R B A S 2R 50 A0 0 E o HCE R B AR H R 4
O DAH BB e fE . I, AR AR H &
Wk S 48550, FH R 694,
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