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Optimization of freeze-dried nanoparticles of ginkgolide B by central composite
design-response surface methodology and their in vitro release studies

ZHU Lu—jial’ 2, CHEN Li—yingl, ZHENG Shuangl, FAN Lu-hui', LIANG Wei—zongl, YU Jie—jial, XIONG Yangl
1. College of Pharmacy, Zhejiang Chinese Medical University, Hangzhou 311402, China
2. Affiliated Hospital of Shaoxing University, Shaoxing 312000, China

Abstract: Objective In order to solve the problem of ginkgolide B (GB) for preparing the intravenous injection dosage form, such as
it’s low solubility, rapid elimination in vivo and poor stability in long-term storage, a novel biodegradable polysaccharide polymer was
used as a carrier to encapsulate GB into nanoparticles with sustained-release profile, which then was freeze dried for keep its stability.
Methods GB nanoparticles (GB-NP) were prepared by coacervation method with hydrophilicity polymer. The Design-Expert 8.0
software was applied for experimental design. The formulation was finalized by investigating the concentration of GB, the mass ratio of
GB to polymer, and the pH of the polymer solution with size and polydispersity indexas the evaluation parameters. The optimum
formulation and technique were selected by response surface method. Then the nanoparticle suspension was further freeze dried and in
vitro release behavior was tested in PBS containing 30% ethanol. Results The optimum prescription conditions were as follows: the
concentration of GB was 1.5 mg/mL, the ratio of GB mass to polymer mass was 0.1 and the polymer solution pH was set at 5.0. The
entrapment efficiency was (99.64 + 0.45)% with the drug loading ratio of (9.04 + 0.04)%. Average particle size of GB-NP was (192.8 =
2.8) nm with a preferable PDI of 0.18 + 0.03. The freeze-drying conditions were described as follows: using 1% mannitol as freeze-
drying supporting agent, the solution of GB-NP was pre-frozen for 12 hat —80 ‘C and dried for 24 h at —40 °C. The release behavior

of free GB was rapid with the cumulative release rate reaching (64.74 + 3.95)% during the first hour, while the cumulative release rate

kS HHEA: 2019-06-25

EETH: EXRALRRIEEET EHE (81774011); EZRHMARMERESEM LWHE (81202926)

TEBE Y SUERHE (1992—), %, TEEhL, FIZLrh 25, BT b 258 I8 S B4R 2 R4 . Tel: (0571)61768158  E-mail: luke5983@163.com
*BEEE B P (1979, L, BMLAERN, BuR, R Nh 2RI S BS 2 RSt . Tel: (0571)61768158  E-mail: xyxnb@126.com



* 5440 L& X

Chinese Traditional and Herbal Drugs %5 503 5522 3§ 20194 11 A

of GB in nanoparticles was (36.90 = 1.41)% during the first hour. Conclusion The GB-NP using this special biodegradable

polysaccharide polymer can improve GB’s dissolution behavior in water and make GB sustained release in vitro, which is beneficial for

preparing GB’s intravenous injection dosage form.

Key words: ginkgolide B; polysaccharide; polymer; nanoparticles; preparation technology; central composite design-response surface

methodology; in vitro release

WATNEE B (ginkgolide B, GB) JE7 5
W AR IRVE PR BRI B A 8 IR AL
2 Rsspont2, BAAPUARTE. St Hue.
Prd . BRIP4 R G0Nk D B A 4545 45 Th
RB121 % IS GB 3L GB A 3 B 25 R 43 4R
A A SV FERY LTV E G (SXND U3, R
FEUY) ST (GEB) 4151 ALY Py g v 5 77
(GK) Ol 4 AR A — i W ER517), (HJ2 GB JL
AN T K B A 1 o PR T G 5 R0 PR R R R
U8, HAEISE GB MVER A &6 82 RS
FR0N, fef FH 75 50 I N 2K & ) AL
GAGFRIKRGE, I 7 BRI R I 20 i A
R I U 2 30w AT,

YKAL I RG] UL R 5D T,
P A BN S A 7R AR B A i 2 T B P 2,
I BB N2 (I AR 1 B EBSOA B — 8 IR BRI
H AT O A A D ARGE KR A P B 61 2% iR SR N I R
IETEsg KK (PBCA-NP) FIE CLNFig-8 £ — -
RO NBsgkkL (PCL-PEG-PCL NPs) %5, B2
=AW AR SRS FOE A R T Rk A
{5 ER T Bl £ AR R AR e P, A R N
AN KR E R,

ASEIGEN NS GB IR /N, RN R LA H
A A TS IR BREE S, SR — P DL SR 5
JRFFR AT Z WA (Z2Y-010) 1FNE
% GB 99KHL (GB-NP)., ZY-010 j&—FhalZE
IV fg R 2 i T ADRE, A DA AR 7 IRk B8
WA C AR R, 7 A 7R R AR AR dE s o
HAEAGB DT A A2 R R TG MR, AT
TR VE PR O )V g P AT A 2 25 MR TEOR . H
il ZY-010 L4453 E T A R i A 7= 9
RIS o ARSI IR LA ZY-010 A% GB
HEAT K S 157 OB 9T . R AR AT (central
composite design, CCD) FIZL M HILALE (response
surface method, RSM) SEIGIREAAXT /D« K59
fa PRI SR A IO W L PR R 28, AR A e R
] CCD-RSM 14k, GB-NP Hy#il4 L2, Mg AT
T G A R R TR A7 A R AN AR E B, UL idE

— 4% GB-NP il % SgRKiGThil7, HERHR
THIE IR 253 B ER 2L (polydispersity index,
PDD. FaiE M R ARIMREURFIESE, v GB i hkiE ST
FU = S R B8 Hhi

1 XEEHR

Waters 1= S0 A 434 (PDA), Waters /A7) ;
XS105 +Jimr—w TR, Hi AR -HER 2 A
F]; DF-101S SRR AR 1 HEds, AN E
BB TR AT ; SHZ-D (1D 7EH /K Z FHESS
R, WA THREFERAF]; KH-250E 5 50E
veak, BILRGEF AR AR 380ZLS Ot
BN EA, ZEE Nicomp 2A#); pH i, MR-
FEFI Z AU A A PR A 7] ; 5810R Eppendorf & 3 & i#E K
HEEOHL, #E Eppendorf A ; MC-100B 1HE
FEIR, AR Mill-Q #84li/K 2%, Millipore 2 7],

GB RN, FES AN e AR, R
IELL 95.60%1t, L5 110863-201611; GB JFkl 24,
A EBRAMBARAGRAR, HES>H=
95.00%, k5 DST190318-096; ZY-010, #it'5 ZYT-
HZ0251, H3EE ZY Therapeutics Inc. $2ffk, Hik
(1) BN 15 2 W36 [ &R PCT/US18/28900;5 fifi 4 IfiL
i#, Gibico A7]; /K LEENIMEE; HEE. LM
NEGEAL RETKONBAIK; HIEEOE, B
XT3 TR E 3 500, Millipore AF; B, #
B AHXT 431 5 & 3 500, Solarbio A A .

2 HEEHR
2.1 GB-NP BHI& 5%

K SR K TR B I 3 v 46 GB-NP. %477
FEHERIBGE RSN GB MR, BT EET
IKFTEK T . AN — 5 =1 LR TR
W pH (EAEA/KH, 3 0.22 pm HITALIERR, I
REVERARFFAE 60 CF 10 min; PA—E iR
FERT GB LBEERAE NANAE, i 0.22 pm MIfRFL
PR 7R 60 CHEIRZAM T, FANAHZIZENE
KARJE, HEAE B 40 kHz, TH# 250 W) 10 min,
EIf3 GB-NP ¥k, EHT 4 CUKFEA A
2.2 GB {4 HPLC & EME S EREL
221 fEKRERE BOEE GB AR A R
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VifR, R 210~400 nm BTG, 4558
7R, GB7E 225 nm A BRI, TR $E 225 nm
VE R P

222 @M BN Ultimate® XB-Cis A
(250 mm X 4.6 mm, 5 um); s ZME-7K (30 :
70); AFRE 1.0 mL/min; #£i7 35 'C; HirpK
225 nm; FEFEE 20 pL. FASEHELL GB I§iHH
AMET 2 500

2.2.3 PPN RRVEE] & FEEAREL ZY-010 5
EW) 4.93 mg BT 5 mL &, INAi K /IR
BRI, AERFMERT FRIE .

224 XTHESEBIE] S FEEFRIC GB X &
10.02 mg BT 10 mL S, B AR 2
ZIRE, AR i VR, BN 1.002
mg/mL.

225 HEAMEINEE  REBIUZ “2.17 T4
W) GB-NP ¥, EEE O E, HCETER,
I 0.22 pm FRFLIENE, EXERIEMAE AR S -
22.6 IELEMEL S nl B X ISR GB
Xof S ORI VA 20 uL iR i A
1, A WA IEAE GB gLt (£ 12 min) 6
T

227 BMEXRRBIFEL  SHlkEELI GB X5
B WOEE, FHIK 10, 20, 40. 80. 100, 400.
600 1 000 pg/mL HRFNFHE IR, it 0.22 pm
LIRS, 78 “2.2.27 BIEKM T T IE,
TCSRIETAN, DUREIR BN AL R (XD, FHNEHR
BOAAAE (Y, HATERYERIE, JREIAGE Y=
507.89 X—3 406.3,7=0.999 9, £ F £ GB 7E 10~
1 000 pg/mL BA RIFIIZPER R

2.2.8 FEEERI  HL 400 ug/mL § GB X} HE G
W, % “2.227 DU EEZARSHT 1 d BIE 6
W, FEGME 6d (K170, WHEHA. HIAK
WP, s, SR HNK®E RSD A

0.32%, HIAKE2 RSD N 0.55%. PBIHMA. HIiE
FE = Rt

229 HEMRAE 4 aEUE—#IKE) GB-NP it
Wit 6 4, % “2.2.27 T GRS PR I E I
L IR EE T RE AR R GB PP R E IR
N 102.97 pg/mL, H RSD N 1.34%, £HZTEEE
SR,

2.2.10 FREMEIRLS KSR GB-NP i i A il
I mL, #% “2227 WM&, SEBE, T 0.
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Fig. 1 HPLC of GB standard (A), sample (B), and negative
control (C)

2. 4. 6. 8. 10~ 12h pRHIEEFENE, S5 120 K
B GB IR F) RSD A4 1.04%, KA
AAAE 12 h WRRGE -

2211 IFEEIUERIRES  REEIRE 9 I PEXT G
W 0.3 mL, 703 H, FAAA 1104 140,
170 pg/mL GB X & it #% 0.3 mL, & 3 1, IR 2] o
12 000 r/min #HE 0> (4 C) 10 min J5, BEIER
0.5 mL i 0.22 pm fhALIEMEE, EXZEIERIZ “2.2.27
TR ik kb, e gLt GB & &, LA
WA 5 LB E 2 [ B FAE N v SR . 25 13k
B, K. . w3 DNREIREETF I A RN R 4y
BN 101.99%. 96.68%- 98.10%, RSD 1H4r %N
1.37%- 1.33%- 1.18%, utBH# ST GB [ HPLC 47
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UIWIRE R S N % 3 GB REREX GB-NP FiZf PDI MM

23 GB-NPRAHFMUMBEERZRER

MR PRI &5 5, DRGSR (1)~ 5 ki A2 A1 PDI
CEARIE 7 ¥ER “2.6.27 T NIaHs, WKMES
YW pH E . GB 5 &Y it /& L (Wes/ Wzy-010)
GB Ji E 94 FE AR 75 I (A R B R R B 4 R 3R
2.3.1 KAREWHERpHME S [FH ek 7+ GB
JREWE N 1.0 mg/mL. Wop/Wazy.or0 N 0.1, BRI
[H24 10 min, HEKAHPREDIEBRT pH (X
GB-NP “F¥JRi42 A1 PDI (1520, 253 LEE 1. 4558
KW, KHEESWEW pH E X GB-NP [ F-Hki4%
A1 PDI A BCKFEN . pH {E7E 5.0 BFF3Ki42H1 PDI
BIRF G 6 70) 5 SR B R T Bt — A A i R

£ 1 KEBREYAR pH EXT GB-NP FiHi12F1 PDI &Y
=2 (x+s,n=3)

Table 1 Effect of pH value of polymer solution in aqueous
phase on GB-NP size and PDI (x £ s,n=3)

pH1H “F¥RIAE/nm PDI
4.0 131.9+1.3 0.3840.01
5.0 196.0+1.6 0.1610.02
6.0 161.4+1.1 0.3620.01

232 Wos/Wzvoro %%% e 4T+ GB s E
9 1.0 mg/mL. KIHREVE pH {E N 5.0, EA
A4 10 min, 5 Wos/Wazy-o10 XT3 K142 A1 PDI
VRN, SERILER 2. Wos/Wzy-o10 XF GB-NP [1)°F-3)
K2 H PDI A — 520 o B Wos/Wzy-or0 /N, ~F
Wkt 28 EFHER, PDI AFTRIK. HRERIE
HEUSATINAS, Fenl 2 o S b i e
FI TR E, A FANIEEE Wos/Wzy010 9 0.1
2.3.3  GB FREIKRE N GB-NP “F- ¥ k21 PDI {5
M [ 8 AKAH SR A pH AEA 5.07 Was/Wzyono
N 0.1, FEAHTE A 10 min, X GB FREREHHTH
2, GUR AR 3. 45 RERY], GB EIKEX GB-NP
(R~ S5 Ri A2 A PDL A — € 50 . GB i ik 4 K,

£ 2 Woes/Wzxoo 3t GB-NP EiHiZF PDI A% NG
(xxts,n=3)

Table 2 Effect of mass GB-polymer ratio on GB-NP size
and PDI (Xt s,n=3)

Was/Wzy-o10 SEH K 4%/nm PDI
0.125 165.7£1.2 0.23£0.01
0.100 197.2£0.8 0.23£0.02
0.083 202.4%+1.3 0.13£0.02

(xxs,n=3)
Table 3 Effect of concentration of GB on GB-NP size and
PDI(xts,n=3)

GB/(mgmL™") SEYIRAR/mm PDI
0.5 237.6+1.1 0.134+0.02
1.0 196.0+1.6 0.16+0.02
1.5 193.54+2.5 0.184+0.01
2.0 147.8+3.3 0.26+0.02
2.5 102.5+2.0 0.284+0.01

SEEPRIAR IR/, PDIBHIE K. 4 GB UEIKEL
#| 2 mg/mL B, PDI KT 0.22, AF|T 52 i
PRER . WUESE GB BEIREZ N 1.5 mg/mL.

2.3.4 A EX GB-NP ~F-Hkif2 Al PDI {1540
fE GB-NP fil &l ff ZH 20, LAk
K&, gL+ GB FEKEAN 1.0 mg/mL.
KR AR pH N 5.01 Wep/Wzy-o10 N 0.1, X
R I T AT 2, 25K, FEULHIR KT,
8 7 I [A] £E 5~20 min B30 GB-NP ~F-#5 %12 11 PDI
B TER TR N (GR 4). W& ebrtEin, &
PEHE A A] Y 10 min.

* 4 BEFEX GB-NP 250 PDI BN (x £,
n=3)

Table 4 Effect of ultrasonic time on GB-NP size and PDI

(xts,n=3)

i 75 B 8] /min SRS /nm PDI
5 207.7+2.9 0.18£0.01
10 196.5£1.5 0.17+0.03
20 1952+2.3 0.17£0.01

2.4 CCD-RSM ffi{t GB-NP 475

241 RFEAKVHIHE (LR DER STk ) 2Ll
b, PSSR PDLAE AT PR, 1EH GB i
HIRE (A Wos/Wzyoo (B) W pHE (C)
17752, WE HImIE T 4 34 A 0.5~2.5 mg/mL,
B 0.075~0.125, C 4.0~6.0. X Design-Expert 8.0
A AT RIR v, IR AR AR 5.

242 FUEEHEMAE 598 KA Design-Expert
8.0 BAF X} i AT Ab B K A58 THT Kb 5 AR Ak 5 43 ) DA
IR (Y MIPDI (Yo) NIEAEE, LDLA. B.
C AAZEMTHRANEG, SRRHULRNLTESH
e TR AR AR R D) &R, 1
Ay, A E TR 73 0 ¥Y1=189.46—24.80 A—
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#*x5 CCD-RSM REFITELER (n=3)
Table S Design and results of CCD-RSM test (n = 3)

RIS A/(mgmL™") B C “F#¥ifE/mm PDIfRIES A/(mgmL™) B C P4k % /mm PDI
1 101 0.086 (1) 4.8 (-1) 2241  042| 11 1.5(0) 0.075(—1.732) 5.0 173.1  0.28
2 2.0(+1) 0.086 4.8 151.1  035] 12 1.5 0.125 (+1.732) 5.0 1715 036
3 1.0 0.114 (+1) 4.8 2271 022| 13 1.5 0.100 40(-1.732) 1223 038
4 20 0.114 4.8 1477 028 14 1.5 0.100 6.0 (+1.732) 1443 036
5 1.0 0.086 52(+1) 2130 025 15 1.5 0.100 5.0 1979 0.8
6 2.0 0.086 52 1525 043 16 1.5 0.100 5.0 1914 0.17
7 1.0 0.114 52 1802 038 17 1.5 0.100 5.0 1924 0.17
8 20 0.114 52 1642  029] 18 1.5 0.100 5.0 1934 0.18
9 0.5(-1.732) 0.100 (0) 5.0 (0) 237.6  0.13] 19 1.5 0.100 5.0 188.6  0.17

10 2.5(+1.732) 0.100 5.0 1723 0.20] 20 1.5 0.100 5.0 1950  0.15

1.77 B—0.23 C+4.76 AB+9.49 AC—2.59 BC+
8.17 A2—3.37 B*—17.16 C?, »=0881 7; Y,=
0.194+0.014 A—0.051 B+3.125X 107 C—0.016
AB+0.010 AC+0.032 BC+0.011 A%+0.083 C2,
?=0.701 4.

IR L& R, AR b S B 3 AN H 52
KRS IR Z MR R XS ebrdt T 7 270
Br, 25K Y M Yy 2 G R i A
FREZES KA P{EA 0.001 4, PDI A P
fH4 0.037 7, P<0.05), 3T 2 AN 2
CRIAZ AT P {E4 0.069 6, PDI AT P {H N
0.074 0, P>0.05); MR¥E PEFTHI A HI C X Y1 )
SN2, OB L C X Y, BRI S N

125
—0.107

(AL S 7E W 97 17 43 BT ), R Design-Expert 8.0 1511
B, RIS BUAER, Sl S PR FE AR
Xf 2 AERRR M =RV E, A1 ARERE
JifE, SR WK 2. 3.

2.4.3 N AT S Hl S T ZEe O Y
A Y2 520 GB-NP B (B Z R Z, il Fl %A

B IR 20 R B () REBL T B, 7E M ER A X GB-NP
(i & T AT T RTI 43 B A — %8 18I P h
M ERA RS EAEN, RIERA LR, g
A SRS (GB-NP Tk 12 <200 nm,
PDI<<0.2), $RZHE 9K RifH & T2 %48 GB
JREREN 1.5 mg/mL, Wos/Wzvoro N 0.1, ¥
pH 14 5.0,

—5.1

Mgl )1 750 NmgmL 1y 35
B2 FERMFEHIRERIME =4 EE

Fig. 2 Three-dimensional response surface plot showing effects of various factors on average particle size

175 A/fmgmL ")

A/(my -mL’]\
(mg )1‘25

o N

B3 #EREY PDISZIa) = 4E4 N E [

Fig. 3 Three-dimensional response surface plot showing effects of various factors on PDI
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2.5 MRUITZIUESE

NS UE AR TN R HER T, d2 IR E IR LA
4 T2H4 T 3 it GB-NP #Efh, FFxt Hik T 7
BIRIAZ R0 PDI 4047, K5 2 ANVPAF bR ) S 56 SE PR
SRR FRNAE AT AR R 2047 TH P 2 A 2
i 2 = (R B TR — S50 SE PR B )/ B TME . 45
R, SEhRME S TE P R RN, T2
SYELE, BUEASLIS Tl & 1) 2 o0 — U FE e
BT RS RAR RS B AR R G R, RET 2 U
LR, W 6.

6 EEFMESLIRMERILEER (n=3)
Table 6 Comparisons between predicted and observed

values of model (n = 3)

A Tas Fr % /mm PDI
AL T 190.3 0.19
1 196.0 0.17
2 191.0 0.18
3 193.5 0.18
“FE1E 193.5 0.18
WZ/% -1.68 5.26

2.6 GB-NPIEB{LMRER
2.6.1 EHHEBENE GB-NP B BHUbE
GB-NP W&, HAKFMREZE SIRE, MR
b, F 2.0%BE R S g S RS B L A L, 3R
T, BN T BB SRR K NS 340
TR, 45 R LK 4. HIE 4 1T )WL GB-NP £ R EKIE,
KL RK/NE5T, R IWKGER RIS .
2.6.2 GB-NP Hift K HApA. Zeta I HEHE  HY
GB-NP & &, & &2 KR 5, K 380 ZLS
WO FE I 72 AN 3 T30 58 RiAR K Zeta HRAL, 455 0
K 5. GB-NP [Jife A (190.4+2.5) nm, PDI N
0.19+0.01, H Zeta HAI AR 7E—44.7~-36.5 mV.
2.7 GB-NP 8 EXR5HAERINE

FEEBEL 3 ML GB-NP & 3 1, F*H
12 000 r/min #EE L (4 °C) 10 min J&, B EER
i 0.22 pm LR, HUERMEMTE “2.227 TUR A
M RIE GB &, MIEARITTEAHREEH
dig. MELSFEIE T,

WiE=wiw

RAR=WIW
W IR AR GB B, Wi SRR, W AR
KL 5

4 ZY-010 (A) #1 GB-NP (B) HIEB$EI1IHEE
Fig. 4 TEM image of ZY-010 (A) and GB-NP (B)

1 10 100 1 000 10 000
FifE/nm

=150 =50 50
Zeta HA/mV

5 GB-NPR{Z (A) 1 Zeta B (B) 737
Fig. 5 Distribution of average particle size (A) and Zeta
potential (B) of GB-NP

&7 GBNP AREHEMBASNELER (Xx£s5,n=3)
Table 7 Entrapment efficiency and drug loading of GB-NP
solution (x £ 5, n=23)

fit BEAR/% BRI %
1 99.64+0.62 9.0610.06

2 99.82+0.83 9.0740.08
98.9740.79 9.00%0.07

2.8 GB-NP HUfaE 4

2.8.1 GB-NP ¥#iifa@tEscis  F ARSI AL
FITA3 Ak 75 i £ GB-NP &R, AT 72 h I
Fase M52, g5 F 7 VA %11 GB-NP JT/E 72 h
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. 5445+

PR e MUY, THIRI4E AT PDI AE 72 h %A B AR
th, “ERNE 8,

2.8.2 GB-NP I FeE LS GB-NP 7£
37 CH&MTFETFREMME (& 10%5 4 10 i
TRIS &) 5 24 h WIRRLARZEAL WLER 9. AT UL,
GB-NP 121 PDI [ [ 38 hnise A 0 A8 4k, 560
£ 24 h N GB-NP {ERHLIMLIR HBONFRE

#*8 GBNPBEBRT2Zh NI EMER (Xx+s,n=3)

Table 8 Study on stability of GB-NP solutionin 72h (x £ s,
n=3)

t/h SFHIRAR/mm PDI

0 192.8+2.8 0.14+0.03
12 190.9+2.5 0.180.00
24 194.0+3.1 0.17+0.01
48 188.1£3.0 0.180.02
72 189.9+2.4 0.1940.01

#*9 GB-NP EMEFHINEFEIREMER (Xxts5,n=3)
Table 9 Particle size stability of GB-NP in plasma (x * s,
n=3)

t/h FHPRLAZ mm PDI
0 126.1+1.1 0.48+0.01
2 1104+12 0.50+0.01
4 108.1+1.1 0.49+0.01
6 102.740.9 0.46+0.00
8 101.5+2.6 0.46+0.02
10 103.843.9 0.47+0.03
12 105.740.9 0.46+0.05
24 103.440.5 0.47+0.01

2.9 GB HKRBLFTHIFIRORZ

29.1 HETLEMEY h “28.17 Wi MfaEtE®
2455 GB-NP ¥AHAE 72 h WA E YEEE, 1 4
JEE R AT UL EP N B A 45 S, i
F R YURIE IO — D IATR T« AR A R TR
R R A FORIG R, M AR TR T 2 e
il % 1) GB-NP ¥&0E R, MA 1% H B, R
R, M BNTIMIE, B 2 mL, E-80 CI)
FBCIR VKA P 12 h, SRR N A TR
1, #E—40 C. 5kPa (0.05bar) &1 F T4 24 h,
B 5 R e %, BIf3 GB-NP #T-Hll7)

2.9.2 HFHIEMAL  Fel LT R %
17 3 it GB-NP FHi7], PIHRM S Ak,
RN, AR, PRIE AT LI .

BRTHT GB-NP ¥ BOAIR I3 IR 1550,

43 e HokifR . Zeta AL PDI, Z5HILEE 10,
25K, GB-NP T 5 -3k PDI BA K
Zeta HUAT IR C 0 2 5

293 HTHRIRREEELE K GB-NP Tl
164 C IS, 49T 00 3. 7. 15d JdlERifz
A1 PDI, JESERNE 11, 550 ER, £15d W
GB-NP Tl FFs e PR, TR A A7

# 10 FTAEI. /5 GB-NP f9KiZ. PDI F Zeta EE{UAYEL
B (xts,n=3)

Table 10 Comparison of average size and Zeta potential of
GB-NP before and after lyophilization (x £ s, n=3)

T i “FHJRi 42 /mm PDI Zeta HAL/mV
T 190.8 6.0 0.18%£0.01 —41.94£0.9
T E 225.7+3.1 0.22£0.01 —48.7+2.2

F 11 GB-NP ZTFHIF 15d NFREMER (xts5,n=3)
Table 11  Study on stability of GB-NP freeze-dried
preparationin15d (xts,n=3)

t/d SEIIRLAE /nm PDI
0 2122+2.8 0.2240.01
3 217.3£1.1 0.2240.01
7 220.8+0.5 0.2540.04
15 236.8+3.6 0.2740.03

2.10 GB F1 GB-NP HY{RINERLAA ST

ARSI B AT T RSN 2 R AT 5 129300,
WEBHIRE N (37.0+05) C, HE#EEN 100
r/min, 2 30% AR B R KA AR . BUE
T GB-NP il 70 2E 38 5K 73 #f GB i
(LB BORWR, &Y GB-NP M%), K%
WHL 2 mL BETAE N, FLE S BRA RN 30
mL FIS AN, THERRRIRY NI TR
. fERBOTR)E, 74T 0.1. 0.5, 1. 2. 4. 6.
8. 10, 12, 24, 36 h HUFE 1 mL C[A]WS M4 & [F]
BAAND, 20.22 um MALIEMRE, BUSLER
& “2.227 TUREIEFAHRENE, HEZYN R
BURCR, 4RI 6. T, GB JRZATERAN
HRORETBUR TR, 1 h BRUBEIZIA ] (64.74+3.95) %,
% 6 h NAYCEARNTES, REBERERLT
(99.834+0.38) %; GB-NP 7£ 1 h RFUEIE N
(36.90+1.41) %, 4 h B BFBHERAN (67.76+
4.05) %, 36 h [N BRVBETERIL R (87.76 £3.44) %;
BRI RRE
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ERRR %

0 T T T T T 1
0 12 24 36
t/h

6 GB # GB-NP R MERthLE (x+5,n=3)

Fig. 6 Invitro release curves of GB and GB-NP (x + s, n=3)
3 iTie

ARSI MR GB VR IRIEAS, RNHEBRTR. DA
S H AT A S SR A ] R, SR A — R )
ZHEREY) (ZY-010) TERNER. ZREWE—Fh
ARV A S AR, B R A 1 R
Y b ARG, BB 2 A R
EE R 2SR TN E . SHAMAY
IR RBA RG24 RS 259 R ) 2R AL
FREYH, MA@ R IERRY, itk
RS TTC T KSR AT 25

H BT gk (7 R BB LE BT 78 24, HEE
FEHLEAZIE T 5K IE A PR, 55ETK
MR EWIRE S, REMINL LIS 25 b
FEE Bt /N R G AR, P AR 22 SR A AR T BB B3R
RGUKTRL, I 5H T B S B UESE T BT A%
I A KR A BRI -

FEARANETISEES 1, GB-NP RESH 245 MR il
() S H /N o 2R THOR: F PRI W AR R TS (R
B MR R 2 T8 2. GB J5iZ 1 h RAE
ERIL R (64.7413.95) %, 1fii GB-NP 7£ 4 h I 2
FRBEE N (67.76+4.05) %. GB-NP fEHRITIAER
1 h PSR N] R A H T B AR g oK b 38 T Bl S il
UK KL R T () 25 ) B BRAE R i, {H GB-NP
1t 4 h 5 2GS REBOIRES .

ARSI FE H 2K GB il % 8 nT # ke
IgK 7, PDI /N 5] LA s e . 78
EEKA R AV pH (AR, B4R pH 5.0 BF 42K
Fi BRLAR KT pH 4.0 F1 6.0 I AkE4%, 1H pH 5.0 I
YRR PDI f/h, HARZEH/NF 200 nm, AT PALR
WEJE SRR (0.22 pm) P8 FRE T . Bk, &
SEEG | & T2 HiE s T pH 5.0,

K2, GB-NP ReRUFHUfE U GB 7E/KIE R 11
TEIRPEREIEIA B — 2 MR RCR, A il X Fl T
BT VbR 2 B R A GB & & T # kit
4f. HAET GB-NP 7EKRANIZ3)%IEE—
7% o

EE B
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