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Preparation and evaluaiton of bufalin coated PBCA nanoparticles

CHEN Mei, YU Jiang-nan, XU Xi-ming, XU Ying
College of Pharmacy, Jiangsu University, Zhenjiang 212013, China

Abstract: Objective To prepare poly-n-butylcyanoacrylate (PBCA) nanoparticles entrapped a Chinese medicine monomer of
bufalin. Methods Alcohol polymerization method was adopted to prepare bufalin PBCA nanoparticles and the preparation process
was optimized by single factor experiment and orthogonal test design, while size distribution, morphology, encapsulation efficiency
(EE), drug loading and hemolytic of the prepared nanoparticles were systemly analyzed. Results The obtained nanoparticles were
regular in shape with average particle size of (151.2 £+ 6.1) nm, as well as a poly-dispersity index of 0.133 + 0.024. The Zeta potential
and EE of bufalin PBCA nanoparticles were (—7.09 £ 0.58) mV and (70.812 £ 6.139)%, respectively. Drug loading of PBCA
nanoparticles is (1.990 =+ 0.291)%. Moreover, less hemolysis and improved safety were appeared in the formulation group, comparing
with the bulk drug group. Conclusion Alcohol polymerization method, a method to prepare PBCA nanoparticles which exhibites
good physical and chemical properties, can effectively reduce the exposure time of the Chinese medicine monomer in the acidic media.
It may provide a new idea for the preparation of nanocarrier of easily hydrolyzed monomer.
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o-BCA 1 B b 5 RERFF R R T R A IR AR
W1JE 75 F68 I 44 [ BASF L2t A 7] HAxik
FIFINE B E 2R F 2R AT R AR, RS
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Fig. 1 HPLC of mobile phase (A), blank accessories (B), bufalin sample (C), and mixture of bufalin and accessories (D)
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i 75 RAE 0.5~20 pg/mL 26156 & K.
2.1.5 RS ERNG HX “2.1.27 TSR Gk AW
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Fedh, 4% “2.1.17 UM 5, 4 HPLC %1%
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H10.256% 1.655%F1 1.286%. 1.704%F1 1.846%,
WA 7T T 34 FH PRI 22 7 0k 5 P R AF
2.1.6  FRE kLS HUREIKEEAN 10 pg/mL [1)uE
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HPLC il & W T A, 7155 RSD o % I [1] 25 2454 ) RSD
BINT 2.0%, RWISTE R HREERAT 72 h NESE
PE R U
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W Al s s AR (1L 104 15 pg/mL)
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(95.64240.283) %.
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BiFE S h 5, Kb OB RBHIAZIS 10% F68
F7KAEHT, 30 'C 100 W 7K iR 7 A4 R0 85T 5
ARELREPE 0.5 h JE, T 37 CESHEHEAR KR L LR,
200 W FREEE S 2 $X200 K, i 0.8 um JEMERITAT,
23 BHES5FHEED

AT 5 SR 8 9 10 0 2 V00 S 9 2K 1) 0,
Ko WS AR YRR B, E T 0.5 mL
LA N G AR 23 B4 100 000D, 75 9 000
r/min. 4 CZ%AFEL 6 min, % “2.1.17 Tifhik
S AN 5 PRI N R s R R A,
AL AR R B0 R N . RS 0.4
mL KRR, HPRERS 5 mL, #HA 10
min, 15000 r/min, 4 ‘CE.C» 25 min, HUE3EWH
HEBARATIN S 25 259 . WEHE R PBCA 4K ki1 £
B 5 IR N A AT
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Khife (V) Afabs, CEARRMATE (A
o-BCA & (B). /KA pH fH (C) KHHZE, 4
& Lo(3Y IEARIGBET, b T AT AL . IEATR
Kt SR 1, 7= W& 2.

t 2 v, DALE 3 44 Rbamy, 3 AL
B. C ¥I0GORRLI 5 AT R, 52 )
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Table 1 Design and results of Ly(3*) orthogonal test

RIS A% Bl C

D (i#%) Y/% Y,/nm

1 99@3) 753) 2() (3) 2119 180.0
2 97(1) 50Q) 7(3) (3 6539 l64.2
3 993) 25(1) 7(3) (2 3365 161.0
4 97(1) 75(3) 42 () 5279 2395
5 98(2) 753) 7(3) (1) 6311 2454
6  99(3) 502 42 (1) 6998 1498
7 98(2) 502 2(1) (2 7117 1142
8 98(2) 25(1) 42 (3 6893 1579
9 97(1) 25(1) 2(1) (1) 29.86 1385
K, 14804 13244 12222 162.95
K, 20321 206.54 191.70 157.61
Ky 12482 137.09 162.15 15551
R¢ 7839 7410 6948  7.44
Ji 5422 4574 4327 5337
J, 5175 4282 5472 5147
J; 4908 6649 570.6  502.1
R, 514 2367 1379 316

x2 AESWER

Table 2 Analysis of variance

R N WP orm Al FE BN
A Y 1 080.877 2 110192 0.009
Y, 440.549 2 2,611 0277
B Y 1 148.415 2 117.078  0.008
Y,  11103.976 2 65.820  0.015
C Y 810.564 2 82.635  0.012
Y, 3630.469 2 21.520  0.044
D Y 9.810 2
Y, 168.702 2

CIE I 7oy R EIE2 [ S F AP UAD oy R R =1 s S PN b=y
B ¥t RN R, 4ok 1, KB mfE.
x 1KY, WNECH C B RIghHRME, mh
Cy PR Fabr e, (HRIZE C IR A ZE A0S/
TR ZE, B Cy etk FIEE A Xl RA 5
Wi, SPREARTGR M, WAy e ft. R BTIR, WERER
PBCA 4KKi AL T2 AByCyy BRI TR R
TR HR 98%, a-BCA [N 50 uL, /K41 pH
A 4.0. fEMC T 24T, 3% “2.27 U ikl
ST R PBCA 4KkL, XAy MEATIAE, e
FHEA (70.8124+6.139) % (n=3), FHKifEN
(151.24+6.1) nm, #HZEH (1.9904+0.291) %.
2.6 EFSRPKRNMNERESHH

U EE R PBCA 4KKL 2 mL, F 281K RE
2 4mL, FECCR R AR B AL, KA s A
B 20 S804 B /R R PBCA 44 KRL 1)
YIRifely (151.2+6.1) nm, Z0ELRECN 0.133+
0.024, Zeta FBf7h (=7.0940.58) mV.

HUEEE R PBCA KR i, HZRMM/KFEE 10
f5a, B R AEE A SR IR M b, R
ZJ5, FHUEA 22 A9k, WG E 2%
WGy, RrHRE, G W g1
JEAS, Wkl 3 fron. o LIS IEEE R PBCA 49K
RIS ERUERTE o
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RifE/mm
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Fig. 2 Particle size distribution

B3 #EEFR PBCA HRALEST i TR E %
Fig.3 TEM photographs of BF-PBCA-NPs
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AHWFFTH# S 7 R PBCA AKki (45 2575 X
Hiv Y], VP AL ) e Ak, RSN
%, WisRaE R R Rk 24 4 5 M RE R AR AL IR I
T
270 UMM R B I S A
LRI AR WA FAE T, 2040 PR B
(I HEBOET Y 2L S el 10 mL, AIAFEL
JHF AL FR I B0 N, BB, IR
AT ER K, 4 000 t/min B0 10 min, B B
AREE I EBLER KPPl i, By, TR MUEZ X
HE LERARO0., HAESRACKT MRS
2%, RN E, 4 CHRssH .

PBCA 4K Ki 2l (BT s 73 R T E il BEAR A 4. 8.
12, 16+ 20 pg/mL); 11 55 12 543 G BT
YIS PHMEXT AL, 4238 3 Fral B Inke, K- 4irE
d 37 COKIBARIE, 25T 0.3. 1.04 2.0 3.0, 4.0,
6.0 h WA ML, FATHAE 3 k. IFIRYER 4
7N S VT A bR HERT -2 85 AT VA, S0 25

BW 3, hE3N, 03hiN, JFURIZGH 5 54
EHIFIA 10 58 0T WL RN IS, BT
H 1258 HRAFNING, L& osin
MG . BEHWEEK:, 1.0h I, ERZH4 5 S5
DU IS s 2.0 h i), J5URF 2540 4 545 B
RIS 4.0 h B, JURLZG4L 5 545 I
MG . TR 10 55 IR MR LIS,

272 EIMMEVEOT B 12 SR, ailbs HREERIOW IS . w) IR E s R B AT
T, Hi 1~5 SO R R A (ST R FCEIREAMKIR @ MnE, T R 87E PBCA 4KKE 51X
N4y 8. 12, 164 20 pg/mL); 6~10 SONWETER  fEEEALH IR B IS, 2Pt KR,
%3 BOEXEEZEAMEERLER
Table 3 Hemolytic experimental sample added in each group and results
5 gL T PP el AL o
2K Ri/mL BEEMmML 03 10 20 30 40 60
1 0.1 24 2.5
2 0.2 2.3 2.5
3 0.3 2.2 2.5
4 0.4 2.1 2.5
5 0.5 2.0 2.5
6 0.1 24 2.5
7 0.2 2.3 2.5
8 0.3 2.2 2.5
9 0.4 2.1 2.5
10 0.5 2.0 2.5
11 2.5 2.5 2.5
12 2.5
Fz 4 BAMITHIERAE 3 e
Table 4 Hemolysis criteria ZEWFIL R R IL, o-BCA 7E LB Rm] 4 H
% ﬁ% RENS SRS, 5 THE, TRy, Kok
LA ARS FUL LEBCEOEY LR — TR AL SRR PBCA 99Kh. %A
ﬁﬁﬂﬁﬁﬁﬁﬁ&%MW%%%M@m — JeKs 0-BCA PR INZEIKIE (98%) Pl L & £ 5 A,
WL, IRAT S VPLL AN OO AL BEIMTHE R 27K PR BN KORL o 3 TR0 A L
LG, B D RALAIMAE A e B SREAARRL > B FRAIG, a-BCA HAK R G
VOB WILL G, ASIRTCLALANERE AL - Ik, HAFARRECT, gKRR BRI 2 Kk
HRT A BRI R R G BORGTHE,  ATAMMERER -+ AR AN, WATEI RS 73 o-BCA FRAR ) 3R G 2 I

A JE AN

Bk, RAAECEY, HHERE S AR RIK
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TG %I T KORG8 24540 5 Rk A IO 1) 42 e i 1]
X T R OX AT N ER S I T 2 A, HR T
PRAUF LR E Tk

PR Z RIS R IAE SR R PN F68 1] 2
FOEFIMAER, bR R F68 BN, Wi R
B R e m, (2, 2 F68 AL 20%
B, gRR B R R W BN, Hii a2
RIMIEMERA AT RE 23 g m e, BRI AT 5T it
AT IEAS BRI I [ 5 24K b F68 1 R0 %
H20%. IRV KA F68 FE Mg my, RILK
W F68 it 43 B AR A AL B R I TE W

AW I 1EAZ RIS B v % b AT, K
L FEARFA Y B R 98%. a-BCA A4 H:2h 50 pL.
pH b 4.0 i, Frakiab s T 285, alfee O ¥
5k BCA EEMHAEER, UERPEKER
wr, ARG, (R LA A
AR R CBERETR S BOE B 99%INF, AR FR T
OH =it b, BHREEL | KA MHRILT OH , BCA
A RLSR, 70 [ NI [R) Py 3 LR B ik a-BCA KB EL
4. @ M a-BCA HARHEN 20 uL i, HE
G, BAETERMARRA E LLE S mE 2, 1M
M mI, JERARRRAR N, 28 B0 &
e BRE. @ o-BCA HAALELBAR B HE T
FEARTER PBCA KEEMIE G, (BAE A ZIZK AR &R
J& AT REATI AT 0 o B R A, FRHE KA R IE K
YKkL. pH by 2.0 BF, FRYEIS SR, AFITAK R
i pH A 7.0 I, BCA {EZKMIAZR 7> 5
G R, WAF T SEE KR

TH I v I SIS A IS 75 R PBCA GKRL ) 2
A AR s T R k) 24 R . ATRE S TR
W& LR A A E SR R, WD IL S )
Fefil, RS, PBCA FREAMIE —FPAEWAH 2K
ERPRL, B0 B T 0 o R s Il

AHIFFR FH I P 58 A2 46 b 25 R PBCA 42K
Bis TR R A AEIREE P AT, AR
P S IRYEA ST Al TR], ) 2% 73 28] 1 9 KRR
Y5, BN, A EEIERGER, JafH
RS 75 R VAL E o 2079 R TR E 7E R
AT DK ERRE T, WUORTERR PSRN
R K 24 Bk PBCA AR 1) il s S A — R 1)
SN 725

S 30k

(1]

(2]

[10]

(11]

[12]

[13]

[14]

RN, ZENER, 777, 5. M RE R R il
H1975 40 ) 35 AR5 JE T 25 (R A N SR miE 5T 7. b
I8, 2013, 33(4): 304-308.

%G, BOER, EWZE WETE RN AINEE SKOV-3
M EIGTER LR [T]. AR FHERE, 2014, 24(14):
4662-4665.

JBUR. RGD B i 75 SR 20 L i) KR 1 95 L
FI7 R LS ST (D] bl SR %K,
2012.

Ying L, Hang Z, Lin R D,
characterization and evaluation of bufalin liposomes

et al. Preparation,

coated with citrus pectin [J]. Colloids Surf A:
Physicochem Eng Aspects, 2014, 444: 54-62.
Kiran R C, Mukesh U K, Arehalli S M, et al

Opsonization, biodistribution, cellular uptake and apoptosis
study of PEG ylated PBCA nanoparticle as potential drug
delivery carrier [J]. Pharm Res, 2012, 29(1): 53-68.
Vauthier C, Dubernet C, Fattal E,
(alkylcyanoacrylates) as biodegradable materials for
biomedical applications [J]. Adv Drug Deliv Rev, 2003,
55(4): 519-548.

O ETR R K BRI REIENIEIRIE T
T 40 KORL K ) £ T 20F50 [3]. 2, 2011, 42(3):
474-4717.

Joshi S A, Chachan S S, K K
Rivastigmine-loaded PLGA and PBCA nanoparticles:

preparation, optimization, characterization, in vitro and

et al. Poly

Sawant

pharmacodynamic studies [J]. Eur J Pharm Biopharm,
2010, 76(2): 189-199.

Fei R, Ruda C, Ying W, et al. Paclitaxel-loaded
poly(n-butylcyanoacrylate) nanoparticle delivery system
to overcome multidrug resistance in ovarian cancer [J].
Pharm Res, 2011, 28(4): 897-906.

rr e, AR R, BRGEIE. JEEUIL NIRRT T RGN RL
EYIAE ARG N (9], BB 252505, 2013,
22(11): 1278-1284.

FLLGR, KSFZ, ik O, SE AUOKEE BT TR
WS [J]. AbAR T F B R BE AR, 2010, 27(3):
59-61.

Teresa M, Cinzia A. V, Claudia C, et al. Effects of
loaded W/O
nanocapsules prepared by the interfacial polymerization
method [J]. Eur J Med Chem, 2011, 46(7): 2828-2834.

Pei H Y, Yan W, Yan Y Q, et al. Bufalin-loaded
mPEG-PLGA-PLL-cRGD
cellular uptake, tissue distribution, and anticancer activity
[J]. Int J Nanomed, 2012, 7: 3961-3969.

P UREAE, TR s, AR BRSO i R
B SR IGHT T (1], BIEILEEZY, 2013, 26(4):
605-607.

external phase on D-cycloserine

nanoparticles: preparation,





