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ABSTRACT OBJECTIVE: To prepare Bevacizumab (BEV) multivesicular liposomes (BEV-MVLs) with sustained-effect, and
to study their in vitro release characteristics. METHODS: BEV-MVLs were prepared by double emulsion method. Box-Behnken
design-response surface methodology was used to optimize the prescription with the concentration of glycerol trioleate (TO) in
organic phase, ratio of 1, 2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) -cholesterol (CH) (mol/mol) , the concentration of
L-lysine in external water phase as factors, using encapsulation rate as index. The morphology of BEV-MVLs was observed by
inverted fluorescence microscope and SEM; particle size was determined by laser particle size analyzer; the BEV content was
determined by HPLC and calculate the encapsulation rate and in vitro accumulative release rate. RESULTS: The optimized prescription
was as follows as TO of 2.72 mmol/L in organic phase, DOPC-CH ratio of 0.67 (mol/mol) and L-lysine of 40 mmol/L in external
water phase. The encapsulation rate of BEV-MVLs was (80.65 + 4.42)% (n=3), and relative error of it to predicted value was
2.54% .
structure with average particle size of 16.80 um. 30 d in vitro accumulative release rate was about 92%. CONCLUSIONS: Prepared

The liposomes were spherical in appearance shape and uniform in size, and they were typical non-concentric vesicle

BEV-MVLs show sustained-effect, and their encapsulation rate reaches the expected effect.

KEYWORDS Bevacizumab; Multivesicular liposomes; Double emulsion method; Box-Behnken design-response methodology;

Formulation optimization; in vitro release
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22.1 g% fikfE . Agilent Bio-Monolith Protein
A(4.95 mmx5.2 mm,0.10 mL) ; i s A: PBS(pH 7.4),
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1.5 mL/min; H: i : 25 °C K K - 280 nmy AR« 20
nLo BEREVENIRRF WK 1.
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Tab 1 Gradient elution process
FFHE] , min T A, % A B, %
0.00 100 0
0.50 0 100
3.00 0 100
3.10 100 0
8.00 100 0
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Fig1 HPLC chromatograms
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BRI R R AT
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VSR, 45 30y, 4424 2.2.17 T T S A5 R UERE I 2 , 6] H N
M E 3R, LM E 3 d, BEEH N H DR 455
N, HINRSD 235 1.63% . 1.44% .0.56% (n=3), H
6] RSD 2+ 510 1.51% . 1.82% .0.51% (n=3) , -5 %
2.2.6 WEWREFELL  Sr ik % i BUBEV X BRI
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0.02.0.4.4mL, % 34, BF 10 mL A 2 mL2Zs
F1MVLs, F 10% fh i X-100 AL, B 25, £20.45 pm JE
FES AL 308, ISR 8 YRR AR 2, i SR 0 T AR, 145 BEV 7
T, PIAR I AE X 100 % 3 A AL AR . 45 80K,
mﬁgﬁu#@q&égﬁ%w 99.00% .98.67% .99.03% ,RSD

SR 1.75% (1.55% 0.61% (n=3) , FFE AR
2.2.7 fu R E  BUBEV-MVLs 0.5 mL, JiliZ: #ER 7k
Tk, 600xg 5.0 8 min, B 25 FIEW, UIE M 10 % #h7im
X-100 B FLIG 4% 2.2.17 30 F i SR RE I 2 , 11524
Y EEB  mow, 53 BOM R AR ) BEV-MVLs H.
2 109% fhhrim X-100 % 5L, W€ 51155 BEV & & i
m g, HAAER(% ) =mo/m x100% .
2.3 Box-Behnken i&i1-0u 5z B EL L b 5

FR A RIS 25 5L, 1 2 520 BEV-MVLs fu 3% ) 32
LN E A FE A PLA T TO A9 ¥ BE (X, , mmol/L) . DOPC-
CH B9 H A (X., mol/mol) 1 &b 7K AH H L- 6 22 2 1) e i
(Xz,mmol/L) , LA =F FIH %, % Box-Behnken 1% 31-Mf
o TR TR, B 3R 3K, DAL 3 3 dE b
(Y), % JH Design-Expert 8.0.6 214 1 17 41088 77 &
(R 2% 57K F- 36 2, Box-Behnken %1545 5 0.4¢ 3.,

*x2 BEESKFE
Tab 2 Factors and lerh
'@ A

Xi,mmol/L all 4.00

S PN

067 100
m 2000 4000 60.00
p %3 Box-Behnkeni%it 545 %

Tab 3 Box-Behnken design and results

5 Xi,mmol/L X X;,mmol/L Y, %
1 1.00 1.00 40.00 4755
2 1.00 0.67 60.00 61.10
3 2.50 0.67 40.00 82.60
4 4.00 1.00 40.00 50.58
5 2.50 1.00 20.00 48.30
6 2.50 0.67 40.00 84.42
7 1.00 0.67 20.00 3720
8 2.50 1.00 60.00 68.41
9 2.50 0.67 40.00 80.58

10 2.50 0.33 20.00 61.57

11 4.00 0.33 40.00 59.25

12 2.50 0.67 40.00 76.45

13 4.00 0.67 20.00 67.70

14 4.00 0.67 60.00 71.50

15 2.50 0.67 40.00 7878

16 1.00 0.33 40.00 45.52

17 2.50 0.33 60.00 65.32

2.3.1 ARG FIH Design-Expert 8.0.6 4% {4
X 45 DRI 2R R i AR RS 7 [ )1 434, A5 B HLE R Y=
80.57 +7.21X, + 2.10X; + 6.44X; — 2.68X.X. — 5.03X.X; +
4.09X.X;— 15.68X,*— 14.16X,"—5.51X,*(R*=0.965 0, P<
0.01, RIFP>0.05) . J5 22/ Hidi R WK 4.
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Tab 4 Results of variance analysis

A SRR EYETRR ARE by} F P
fim 3 180.78 7 35342 21.44 0.000 3
X 415.58 1 415.58 2521 0.001 5
X, 3536 1 35.36 215 0.1864
X 332.30 1 33230 20.16 0.002 8
XX, 28.62 | 28.62 174 02291
XX 101.00 1 101.00 613 0.0425
XX, 6691 1 6691 406 0.083 8
)G 1035.61 1 1035.61 62.83 0.000 1
X 844.00 1 844.00 5121 0.000 2
X 127.74 1 127.74 775 0.0271
B 11537 7 16.48

ERI 76.25 3 2542 2.60 0.189 4
i 39.12 4 9.78

HEE 3296.15 16

P26 4 a1, FER P<<0.01, 150 B 3k 2% L 5 2 7k
-, AR I P>0.05, 1568 1% 5 R BEAR 4481 A FL
HFHEELH YRR, HP X X XX XXX YH R
FR (P<0.05) o XHALRIEATHURAL , IR 7 22 2 By
th P>0.05 19 A 2 25 0, P AR 5 Ry #E Ol Y=80.57+
7.21X,—2.10X,+6.44X,—5.03X.X; — 15.68X,"— 14.16 X,"—
5.51 X;*(R*=0.936 0, P<<0.01, 230 P>0.05) , fLfb )G
WA Bt S, A R HLA R .
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Y I RAl XA HE— 25 Ab B 45 RIZR X Y i 1o 1 5]
MR EIILE 2,

o]
-
s 70 60
5560 ' 5 50 3 -
50 AR 40 '
00,20 00.0.9.9.%
ror% "0'::':’0:0:0‘ . '

QL 10,2000

0 B
0,00 00784
QK

26.00 1,60 X;,mmol/L

: 1.60
0.43 LoVl v mmotL ™ 20,007 1.00

2 FBERX YR EEMESLE
Response surface plot and contour map of fac-
torsto Y

W7 T AR T T R A A 7 ) 3R 52 LA
PR T B F e 22 5 FE AR T R A2 HAE A 2
o AR H BT W 7 TR ) e vy A A Lk /DM 1] ) o
LR 3HEXT BEV-MVLs [ Y20 K/ Ry X > X, > X,
57 ZEMT A R — B AR D SR AR R I Y R Y
WA, RO B9 AL J7 A HILAR o TO B B2 A

Fig 2

2GS 20184F55 29 B4 T

2.72 mmol/L . #} K AH H L6 24 & 1 ¥ BE R 40 mmol/L,
DOPC-CH {24 0.67 (mol/mol ) , ZE M S5 R , RS T
HLERN 82.7%
2.3.3  ERA T IRIE A HE— A IR T AR TR S
SER SRR A5 R R TANAE , DU AL e B Ak 128
FREL 1.4 mmol DOPC. 2.95 mmol DPPG. 0.002 72 mmol
TO.2.8 mmol CH ¥ T 1 mL (&5 1 A ML, 18 H:
T INAFAF & 25 mg BEV I NZKAH, #2. 1750 F J7 ki
BRI WL A 4 mL A KR (5 4% HiE B R
4 mmol/L 1) L-#$i 2418 ) , il #& i 10 mL BEV-MVLs i &
T, A7 £ 3t A0 B R (80.65 + 4.42) % (n=
3), ST AR R 22 0 2.54 % , IE 52 T %45 T i 47
B, HAL SRR B A RCR
2.4 BEV-MVLs HJRAE
241 JBE  THEE DM T UL BEV-MVLs JEA, A
LILANREERTE , R4 /NS4 5) IR i 2 S HE
G [ BEHIAR B, T AR, B BE I LI 3.

3P AT LW )

& G

103m

Wl £l e
W@Mf&&sﬁ@ (x400)
“& icrograph of BEV-MVLs (x400)

PR T 5 1 BEV-MVLs [f5E TS HUIE b, 224 4k

B SR A AT R B, ] DL A5 BN [
B, P SR AR [R] oV A R, T4 L B PR DL 4.

4 BEV-MVLs B33 B EE (x262)
Fig 4 Scanning electron micrograph of BEV-MVLs ( x
262)

2.4.2 Rt SRIBOGKLE N E BEV-MVLs 4%,
BRIk . 45 R B8, BEV-MVLs kif2 531 A
11.13~24.96 um, F-HJRi 42 K 16.80 um, KiF2 4345 T
TR, XPRRIE BT, A g4 L ULIEL 5
25 RINERFE

HBUBEV-MVLs 5 mL F 10 mL EP &+, 8.0k 2% |
T, UUYEH N A 2 mL B4 5 (pH 7.4 /Y PBS) FH1K
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Fig 5 Distribution of particle size of BEV-MVLs
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Fig6 Accumulative drug release curves of BEV-MVLs
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