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i E Z R4 MiE B E B 21 PLGA 9 KAIRH &

FaRR, EBHF, F E, K =
[WARE-EHRAF (LREEFHRFR) HFkK, LE &% 271016]

WE. BY  Hlasih g R4 A E A B R AR ORRILRY) (PLCA) 49Kk, Ak DA miE & AR
AR, FUAL-E R R LGS AORbL, LU TR | RFER ] A AR E PR | PLGA USRS | JH/KAE L
B, MR, KifE, PDI, W HARNITMREIR, BERZ BRI T, 5 5 5 GURRIE &
MR/, BN ELAEIIREAAT R, &R BT A TI% 600 W, #7754 min, 4 M3 A& H S E
20 mg/mL, PLGA Fifti[# 12.5 mg/mL, W/KAHLLE] 2 @ 8, $HE 5 mg, FISHRRRERIEAZ -7 454, SFRifR
4 (98.3+2.34) nm, PDI A 0.149+0.012, fER4 K 90% , 4 °CF 14 d WHRi4E, PDI, A df®R 225w G 548
ik, 24 h WEBRBEL R 80% . &k ke v e, W TR RE R . ERE R A B B2 R A I
H & H &1 PLGA 490K,

KW . RIMR-BRILLTRILTY) (PLGA) HOKbL; M, A MmiEAEN; Hl&; FUL-BRNEREL
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ABSTRACT; AIM To prepare the bovine serum albumin-modified poly (lactic-co-glycolic acid) (PLGA) nan-
oparticles loaded with naringenin. METHODS  With bovine serum albumin as an emusifier, the nanoparticles
were prepared by emulsion-solvent evaporation method. With ultrasonic power, ultrasonic time, bovine serum albu-
min concentration, PLGA concentration, oil-water phase ratio and drug-fed consumption as influencing factors,
particle size, PDI, encapsulation efficiency and drug loading as evaluation indices, the formulaton was optimized by
single factor test. The morphology and size of nanoparticles were observed by transmission electron microscope, and
the in vitro drug release behaviors were determined by dialysis method. RESULTS The optimal formulation was
determined to be 600 W for ultrasonic power, 4 min for ultrasonic time, 20 mg/mL for bovine serum albumin con-
centration, 12.5 mg/mL for PLGA concentration, 2 : 8 for oil-water phase ratio, and 5 mg for drug-fed consump-
tion. The obtained spherical nanoparticles displayed core-shell structure, demonstrating the average particle size of
(98.3%2.34) nm, PDI of 0. 149+0. 012, and encapsulation efficiency of about 90% . No obvious changes in parti-

cle size, encapsulation efficiency and drug loading were noticed within 14 d at 4 °C, along with the accumulative
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release rate of about 80% within 24 h. CONCLUSION This stable and reliable method can be used for the prep-

aration of bovine serum albumin-modified PLGA nanoparticles loaded with naringenin, with high stability and obvi-

ous sustained-release effect.

KEY WORDS: poly (lactic-co-glycolic acid) (PLGA) nanoparticles; naringenin; bovine serum albumin; prep-

aration ; emulsion-solvent evaporation method

M o A HI Gy, BAYE., it
%, PUAAk, Bierdei, bum . bR BORTEESE
ZRPZGEPE S EIZ A R VA TR K R T R
22, I EAEFR G 08 A R RS DA 25 4 iz 2
AU 4% 7, AR 2E | AR B AR A TR R
il FL PR R FH 37 81— 2 BRI gk A 2 R N
AN R AR IR IR (14 465+ T EL AT — 2R 30 Il A
B AT I A [ 28 A ok G R i v P 2 ) A
P, IR RO IRAEDRI B, BEANA AR I B s
RE2GRRPE, HET, CoBhh R RIS YR E
(7 3 2 B AT ARG g ook L R gl
KeFL A,

RIAM-FEORILRY (PLGA) ATk
MR LR Y, WaethmE, AR EY,
PIVHERG 1> 45 R FH 409 K DT TE 32 45 5 B B AR B R 32 Al
DIl 48 T 4L AL 35 PLGA 40Kk, BT HA
B se-AZ 454, 2 A ZRAER, mH
RANEEPE B AEREAL . BT, 4 PLGA 9PKRIRT
BUMAGE RERERI LB Ik A TR, WA RYE
fil (PVP) ., RZMEE (PVA) %, {HXEFaE R
MELAIR IR, i EHX AR A —e e, 4 i
F1 25 2 B BT K PR S R IR i 3 A S /K M L R ik 3
AL, YERZYEME A 22T ok,
VRS PELF AL, TEUR Y B R SRR Y )
PERZE RN, 2R HFLIR I KL 4 PLCGA 44
Kkrid i, AE AR B 32K LS A
L 587K PLGA W44, MR ®] “ SRR
(OFEFT, (RIS FE Gh Ko ) 2 T A B AeAE F R B
SCHREE , A0 ZE AR 9 KA G 3% 1 1 T B — 2 2 A
JEUOT, EANA T B H A S AR S T 5 0 40 K AR
M,

AR S 6 ) £ A B 2R 0 A 1T R B i
PLGA KL, BRI G259 f vk, SRR s
BREEBEVER AR D550 | B2 ), X%
YORBLIEA TR RAE LARRIA LS4, I Je iR o7 HAA
SMREZSAT R, A FR I R FH B H A
1

M ZE (A ® 98% , BRITERMEYI T AA

FRAFD) . RILR-FHHEOTRILRY) (PLGA) (50 :
50, 43F 30 000 Da, e fSEAY TRARA
Al AMEAEA (AL AR R THE
25Hl) . PC-2006 1= SR 35 A (R A4
BrA %8 A BR 2 A ) 5 306 R B Ay B AL (3
Malvern A #)) ; IR Affinity-15 ST AR 2T A1 i
I (HARBHEL T ) TY92-2D #8745 i 40 3 AL
(TR Z AR HERGAERAA),; BIEE
(0.5 mL, 3 kD, ZE[E Millipore /A &) ); 5 Hr 4%
(#R B34y T 8 000~ 14 000 Da) ,

2 Fik

2.1 thREHRE REZVE TR &, K
WHREL 4 mg fill 2 F FIGE & PLGA, % T 2 nmlL
R/ B (40 1) THERIMAR, TEBEHE TR L
P& NS 8 mL 20 mg/mL 2F IiL7E A& HIRRF, 1k
KBRS (600 W) 4 min FLALHE, B 0/
W BIGKFL, =R T E TR kst 4
h, MEAEOFOEEEH N RIARE R,
BB R E DAL E L (18 000xg) 30 min,
EETOKEF B RETE, RIS,

22 a#HF HHEAL

2.2.1 fais&ff Hypersil ODS C]S@ijg*f(250 mm X
4.6 mm, 5 pm); VAN 0. 1% BEFR-Z & (55 -
45) ; PR E 1.0 mL/min; #MJ% K 288 nm; #F
25 °C; #FFEE 20 pL,

2.2.2 JrREEES KSR G, s
Bol s 2. 4. 8, 16, 32, 64 pg/mL, fE “2.2.17
T TS T UEREI S, DAL (V) X
WU (X)) SEATZRPERIE, 00 HORS 25 5 o

FE IR
2.2.3 WMEHFE BWGIKER 6 mg, IIA 2 mL 4

KEW, B0.4 mL & FHIEE T, 3 000xg &L
10 min, HX 100 pL #EIEW N 900 pL H EEEE S
F&, HPLC B:llE Rk PLGA (B 258, s
%JE PLGA GOKKIIR B 100 pL, Ji1 900 wL Z M
Vs i BE IR 9N oK ORI BE 30 s, BB A 5 min,
15 000 r/min = B AR ELC 10 min PLREE T, B E
THW, HPLC BEMEM &R Bgyat, BUS =R B
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AT T, FoEd T, #& T 0taa s
WEFE= [ (my-my) /my] x100% , %24
= [ (my-my) /m ] x100% , HH, m, A9
KPR, my, HEZE, m AYUKRLE
i
2.2.4 kifz, PDL & KIEEME HEHEMN
YORKLFH A KIE YRR, /R SCROGRLEE 3 Y
D HRLAR AN PDI, P HGE ot T 72 80 I L, 2ok i
e, BARWTIE 2% BHRMIA RN Y, HTEE
TBF B (TEM) FUWEYKREIEE KA, If
HATHIIR
2.2.5 FROUEMEEE YORRIVRTRE S Hom A gk
FIWEIREL vk (pH=7.4) ik, IHMBEH &
RS, PKAEVRIE (4 °C) CE 14 d, WEE
HAiAE . PDI, fudRAL
2.2.6 RINEATR BRI GR TR Atk &
LM R OB WRAA N 2 mL (B SR R Y
1 mg) INELLPRLF BT asrh, Mgl %, B H
SEAIR T 37 °C 100 mL RANEECE [ 7 0. 5%
HR-80M W IR Eh 2 vk (pH =7.4) ] itk
(100 r/min), F 0.25. 0.5, 1, 1.5, 2, 3., 4,
5.6,7.8,10, 12, 24 h & HkE 1 mL, FH4b7E
AR T, LIRS g, HPLC Y5 & il B2
Rofw, MR EHBEIE,
3 #£R
3.1 FkFAs MEREIHTRER Y=48.39X+
2.38 (r=0.9993), {E2~64 wg/mL JuH NS i
ZPESC R, T HIZ T IENE % E (RSD<3% ) Fi
SERI AL R EE (97% ~103% , RSD<5% ) ¥4
BAHREK,
3.2 H&EIELHA
3.2.1 MAUPR S EFE 15 mg/ml 4L A
W 8 mL /FEN/KAH, 25 mg PLGA (50 : 50) & T
2 mL &N/ CWE (42 1) HAEJ AR, S I E
4 min, ZEGHA I 400, 500, 600, 700 W, %5
WULF 1, MRATH, BEE R D)3 k42 |
PDI 23/, HARRBE G, Bks: 600 W 1E
R YR
3.2.2 EFSEFE] EERE “3.2.17 TR KA AN
I, A YR 600 W, FZEMARE 3, 4, 5,
6 min, Z5HULFE 2, MFRAH, HAERE 4 min J5
Kife, PDI BEA R, BES 4 min E B
A ]
2568

*F1 BEINERITHEZ, PDIHENE (n=3)

Tab.1 Effects of ultrasonic power on particle size and PDI

(n=3)
R/ W RiAE/nm PDI
400 108. 60 0.231
500 100. 18 0.155
600 99. 56 0.143
700 98. 44 0.143

Fx2 EBEBEXHE, PDIK#E (n=3)
Tab.2 Effects of ultrasonic time on particle size and PDI
(n=3)

7 BF 8] /min A/ nm PDI
3 123. 40 0. 198
4 96. 68 0.159
5 97. 54 0. 145
6 95.90 0. 156

3.3 AFMEHEARERE  EHE <3.2.17
IR IhAR, AKARMRAL 8 mL, #A IR 600 W,
FANFE] 4 min, 254 MU HE A R E 10,
15, 20, 25 mg/mL, ZRUFK 3, hRal M, 41
A E A PR EEXRAE | RERE IR, W e
Je i T AR REIGTER, 7EMK PR FLIL I 25
M 2 K LR B, DT 52 W 8 KR ot R, O
20 mg/mL FE R4 3G LA I BT R B
*3 FMFEEAREREXRE, PDI, 3%, #H#H
ENEM (n=3)
Tab.3 Effects of bovine serum albumin concentration on
particle size, PDI, encapsulation efficiency and

drug loading (n=3)

FMIEAEMA/ (mge-mL™) RAR/nm  PDL /% G E/%
10 121.5  0.209  70.38  10.05
15 105.0 0.174  83.98  11.99
20 95.8 0.145 90.93  12.99
25 93.2  0.160 85.86  12.26

3.2.4 PLGA FimikJE E# “3.2.17 W HK
M, PLCA W TH TN/ OB (42 1) HAERM
L, BRI 600 W, HATEE] 4 min, #%%% PLGA
FERWE 50, 25, 12.5, 6.25 mg/mL, %% L%
4, HFEAH, KRB E (6.25 mg/mL) KL
e, ALE AR N T A B e R R R R
(25, 50 mg/mL) A7 4% B i O F o i & vk
(12.5 mg/mL), {HAE AT WAk, ik
12. 5 mg/mL YE5 PLGA JTH kB

3.2.5 JHAKAHLERE]  #EHE 20 mg/mL A LT &
FERAE K AR, PLGA (50 : 50) T 2 mL 44
i/ (42 1) TAERIMAE, 8753 600 W,
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&4 PLGA REREIHIEZ, PDI, BHE, HAHSHH
Mg (n=3)
Tab.4 Effects of PLGA concentration on particle size,
PDI, encapsulation efficiency and drug loading
(n=3)

PLGA/(mg-ml™") Hiff/nm  PDI /% R/ %
6.25 80.53  0.123 70.35 10. 05
12.5 97.03  0.149 90. 65 12.95
25 113.2  0.167 91.23 13.03
50 119.2  0.195 92.01 13. 14

HEAS ] 3 min, LMK AH ] 2 2 5, 2 - 8,

2001, 214, Z5RWFES, mEAH, HimKHE

Pt 2 « 8 i, RARHT W AZ/N, AL E R A

e fe i, SRR 2 ¢ 8 VE I KAH LB

*£5 HAKHEIEFTRE, PDI, BHE, HAENH I
(n=3)

Tab.5 Effects of oil-water phase ratio on particle size,

PDI, encapsulation efficiency and drug loading

(n=3)

KA LE KR/ nm PDI WEE/%  HAE%
2:5 117.3 0.228 88.38 12.63
2:8 96. 1 0.192 90. 34 12.91
2:11 91.3 0. 149 83.35 11.91
2:14 87.4 0. 165 78.34 11.19

3.2.6 AR REFEESE “3.2.17 TR KARAN
AR, KA 8 1 2, HRA I 600 W, A
AFE] 4 min, HE{ZhE 4, 5, 6, 7 mg, 4R
6, HERMM, HAE 4, 5 mg B, KA/
A1, AEPRE; 6 mg I, WERIE TR, 7 mg
1N 1P S VAR E AL SR TA DR = MY P B Uk T B R TAT
BRI E IR 2 W25 MG iy, Bk 5 mg 1EH
Bz,

*®6 RIGBITHE, PDI, BHE, HHEHHM(n=3)
Tab. 6 Effects of drug-fed consumption on particle size,

PDI, encapsulation efficiency and drug loading

(n=3)
#H/mg  RifE/nm PDI /% B/ %
4 92. 62 0. 184 92.99 13.28
5 93.32 0. 175 88.26 12. 61
6 98. 60 0. 191 76. 31 10. 90
7 100. 4 0.371 62.38 8.91

3.3 K. BE HUORKKARN (98.3+2.34)
nm, PDI A (0.149+0.012), & 1 &, FKk
BEEY, BAW M-, BERE, KN
Y5y, ZIAIJoKs %, KR40 100 nm ZE4q

3.4 AEM KT ER, TiLRELKEZEE
MRERZE iR (pH=7.4) |, 4Kkikife, kK

B. 50 nm

A. 500 nm

1 #K% TEM &

Fig.1 TEM images for nanoparticles

PR KA RAE, RAHEEE R,
RT HRUBEUZRER

Tab.7 Results of stability investigation of nanoparticles

P[]/ d i/ nm PDI MEFE% W%
0 98. 67 0. 151 90. 29 2.08
7 99. 42 0. 157 90. 01 2.06
15 99. 89 0.159 89. 89 2.05

3.5 RINEAATA K2 o, JRURFZGRENUR)
BENTAE, 766 h BIEBESE 4 HORKIRE 291
B T L3 0H ) 25 W P R, TR R TS B
N, TR IR 2%, AE 24 h B BREURRE 2R
80% , I AW,

o 5 10 1‘;1 20 25 30
[/
B2 FEmREIMEL L

Fig.2 In vitro drug release curves for samples

3.6 sl R R AT A
PLGA | 4KA0 5 5 SIRACFIR GBS 5, a4l
SR UL e E R S5 SR LI 3, IR,
YIRKIAE ~1 300 em™ Ab4E T 55 (9 15 AT BE S N-H,
~1 600 em™ AbSE TSR AT IE AT BES C =0, 1 500 ~
1 400 em™ ZbMRISCSR B HL S /NE R IE T RE R C=N;
A L35 FH 2R R AT 0 RN A K FE AR AL ;. PLGA 7E
~2 900 em™ b 2 >R UE AT R FLR P C-H,
~1700 em™ b 1 A5RIEATRESN C=0, ~1 400 cm™
Ab 43 g T BB W-OH; Hh B2 R A g L K £, 1E
1629 em™ ZbHBUBH 1B 420 WOMCoR BE 0, 1T Ag
HAEPREFEIE , ~ 1 600 em™ bR 5RARIE R C=0,
~1 100 em™ &b 1 AW ik W) A5 A WG ok C-0-C,
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3200~3 000 cm ™' Ak i WA R HE T340, i g
TE AT WS BN QKL 55 2 LT 1 R 1 0 06 e e e
KUTERTHINZWME 1 ZAER,

4000 3500 3000 2500 2000 1500 1000 500
BH/em™!

A. Gk

4000 3500 3000 2500 2000 1500 1000 500
BeH/cm™!
B. PLGA

4000 3500 3000 2500 2000 1500 1000 500
WeHt/em™!
C.HMmEAEA

4000 3500 3000 2500 2000 1500 1000 500
B/ em™!
D. M &

B3 HmairriLE
Fig. 3 Infrared spectra for samples

4 WitRER

FUILIE Kk nl o g w2, RSkl LA
wHIFL, ARBEHE T R APLER, Kl A A
JEIERAREL, TR e N RRZ Y B,
ORI R X AORORIE B SREAR | BB AR AR
WAARTR R I R RS N A | S I [E] RN
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AE A S 9/ DA oRRAR AR, L AT RE SR A B — s T
SN E] J5 BRI K AR ) R Tf K 1, =23k
FPAE, RSN, SO TCPR TG

IMEAEEEFEWRE R 10, 15 mg/mL B,
Frn 7 1 d 5 HBE, KUk T i N BE
R GOKRRL AR R VERT; BT W B R 08,
BT EEEGORR R, 5 e B
W BEWE NS, SRR R R E S
K, A ACSCR . B, B A4 s F e
JUE WA 20 mg/mlL,

MKAHRFR R 5 mL B, KRR T 48 h )5
HIUINE, RPDKAEBURGR /N, HFEFE AR
THZKATR & 5 8 7 i R oK (0/W) FLA,
L AKART N, A DA B T N LR A B4
LSS5 €y i L ST = ) 5 5 AR R & R e 1
G RaISE N, BRI LS KR 5 TE S TTE

AR 22N IR R AR S K A AR NG PRI ] 4
o 2 R PR R 24 3% 5 U T B A% S 25 W Ak
AT RS, MR A T AR, AEA-
PLGA YARNIE ARG R R V] SLHUE 2 68, W
(LN R T B o S N v B = 11 S S o
5 HEE B PLGA 91Kk, IR R T
2 BERRAE | IRSMBEIAE, AR 2R
FF 5% 255 LA
B3R
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HE: BW HI&0SE BBIEE SRS HIgREA, Ak BRAELEHEHIEE VS, F-BF sk
Tl LRGN A, LINRBHE BRI LG, #8255 LRI MR R, WEHF NN AR, BRI
AR IT 5% HEEBEH 4R T8y, B HRAR . Zeta WAL, ER HZGE | RAMBRE . KNZI2ET N,
SR AT MR 350 mg, EVRNEITLL S 0 1, $RZ5hE 45 mg, FUALFIEIE 1.0% , HRTHTE, K, Zeta Hi
i, AEF R B, PORSHIERE 24 h N ZEUR S S TR 28 . BRIEE &, X AEw A E
SradeEE] 200.41% | 158.22% , FiE BENRE G WK EEHIRE B R A PR SEH R B AR IR0, 4 e I AR W )
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Preparation of nanostructured lipid carriers for cucurbitacin B
phospholipid complex

HU Rui-rui',  ZHANG Jia-liang",  HAO Hai-jun’
(1. Zhengzhou Shuging Medical College, Zhengzhou 450064, China; 2. Henan Vocational College of Applied Technology, Zhengzhou 450042, China;
3. Technique Center, Shanghai Letyunshang Pharmaceutical Co., Lid., Shanghai 201401, China)

ABSTRACT: AIM  To prepare the nanostructured lipid carriers for cucurbitacin B phospholipid complex.
METHODS  After the preparation of phospholipid complex by solvent evaporation method, the nanostructured
lipid carriers were prepared by emulsion-ultrasonic dispersion method. With lipid consumption, solid-liquid lipid ra-
tio, drug addition and emulsifier concentration as influencing factors, encapsulation efficiency as an evaluation in-
dex, the formulation was optimized by orthogonal test. For the freeze-dried powder prepared by 5% mannitol, the

particle size, Zeta potential, encapsulation efficiency, drug loading, in vitro release rate and in vivo pharmacokinet-
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