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Preparation and Properties of Montmorillonite-betaxolol Hydrochloride Liposomes
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[ Abstract | Objective; To optimize formulation and preparation technology of montmorillonite-betaxolol
hydrochloride liposomes ( Mi-BH-LP) , and evaluate its in vitro release performance and permeability. Method :
Mt-BH-LP was prepared by ethanol injection combined with ammonium sulfate gradient method. With composite
score of encapsulation efficiency and drug loading as index, Orthogonal test was used to optimize the formulation.
The in vitro release of Mt-BH-LP was detected by dialysis method. With isolated corneas of rabbit as a model, the
in vitro modified Franz diffusion cell method was used to measure the permeability of Mt-BH-LP. The permeability
of Mt-BH-LP was further studied by taking human immortalized corneal epithelial cells (iHCEC ) as model.
' lecithin
quality of 225 mg, lecithin-BH (5:1), lecithin-cholesterol (9:1). Encapsulation efficiency of Mt-BH-LP was
(75.85 £2.15)% , its drug loading, average particle size and Zeta potential were (11.41 £0.29)% , (218 =

Result; Optimum prescription was as following: ammonium sulfate concentration of 0. 15 molL L~
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22.32) nm and (17.03 £0.25) mV, respectively. The cumulative release of Mt-BH-LP was 60.2% in 10 h,
the corneal hydration value of Mt-BH-LP was (76.72 +2. 68) % within the normal range. Conclusion: Mi-BH-LP
prepared by optimized formulation has high encapsulation efficiency and drug loading, which displays good

sustained-release performance, and it has a good development of application prospect.

[ Key words |

betaxolol hydrochloride ; montmorillonite; liposomes; human immortalized corneal epithelial

cells; entrapment efficiency; drug loading; in vitro release; permeability
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WUE 22 955 16 19 % k. 3 R A% A 3% ZK ( betaxolol
hydrochloride , BH) J& —Ff 8, 32 AR BEL ¥ 590, AT 0
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RS2 CHIR B 3R 9% L o0 Bl 3k 2 L R E S Sk R AR
AR BEAR , 25 58 4k 4 o) 0] e 55 o PR, IR b
BRI ST — BT B AR A 500, DA A 24 ) 1Y A B 45
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gy R OF o SR G e k25 W AR P B Y
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TR 4R 5 % (4 3n 1 Z AU # T ), DelsaNano %Y
Zeta L7 K 30667 B I 22 4% ( 35 [E Beckman Coulter
X E8 /N F]) ,BL-220H %1 1/1 J7 B F K [ $8 £ F i
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BETE (1 LR RS A BR A ] ), PHS-3C &Y pH i}
(BT RALES ) ), IY92- 11 2 74 400 i #5 i A ( |
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(BRI R R S AR AH) .
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BE=97% ), % % R -5 5 R % W (€ E Hyclone 2%
A1) B4 I (26 Gbico AR, AL 5 23 e H ik
( HZ Biosharp A= W B H A FR A R ), #2850 (K it
R A 2t 0 T, Nk A fe f B b R 40 i
(iHCEC) H 111 75 4 IR BHAFF 5 Bir $243E , 7K R 2588 1K
B L 2 R i 4l At 3700 38 R 3 4

FO KT 2.2 ~2.5 kg, MERRESE A, ti Ry B2
RS S b BRI S A% UE S SCXK () 2010-
0015, &M FEARAG ) AR 25 F) oK 2% S5 56 3 Wy v o0 8 28
Zz s HE , 9% gdpulac2016051
2 #HEEER
2.1 #ZEEMA (MEBH) B84 K Na-Mt fin
A 5% BRIRE W, T 50 C Rk — g iy a), i g,
K, 80 C LT, Ky w200 H i, B3 IR
24 (acid-Mt) , HBL 3 g']_f1 BH /KK 100 mL
1 acid-Mt 100 mg, & FHEM PR G, H i@ K pH
JEE 4 KR AW ET 50 CARBHRT, EATLH6 h,
W B € B , 250 (3 000 t-min ' ,30 min) , T4, 15
Mt-BH
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2.2 Mt-BH-LP #9453 38 BH g i {A& ( BH-LP)
A A R BT N - R e A R 12 1 A e B A o
2% PR AL 5 1 OF i B I L E OB, i A )
5 mLZBES, T 60 °C ¥ il , %5 il 5¢ 4 5 in A Mt-BH
10 mg, T koK A 10 min B R G % WAE R
A BRER S W KA . 7E 60 CRIB S, -+
JKRH 55 T A UL EE AR IR B AR S mL VS 4% 218 1
ATKAE Y R i P DL K 7 1 W Y £ T4
KEEAgeR AHEER, TAMKTEN4h,
A& & BH B 3E 7 5 0 s B ik, T 50 C#2)
30 min, BJ 15 Mt-BH-LP JB & ¥ . BH-LP 4l %,
BRI Me-BH Z 4, Hof ab 7 K45 4F 22 B8 5 Mi-BH-
LP iy il & —#F .

2.3 BH W& =ME

2.3.1 ML KA Inertsil® ODS-3 & 3% 4%
(4.6 mm x 150 mm,5 wm) , i 301HH 0. 2% = L B&-&4
JIE (70:30,pH 3) , il % £ 275 nm, #3& 30 C, i
20 wL, 3 1.0 mL-min ™",

2.3.2 prdfEfh&nmlE o Do AEER K N TH
W A5 I H TR -5 R 0 B ARG A (fRTAR GBR™ iy
AVEFD B WAL B, Hod A WCH NaCl 1.24 g, KCI
71.6 mg, NaH,PO,.H,0 20.6 mg Fl NaHCO,
490. 8 mg KK IE T 100 mL K . B #& K CaCl, -
2H,0 0.023 g,MgClL,-5H,0 31.8 mg, #jZj}# 0. 18 g
FE AL B A OE H AR 18. 4 mg AR IR T-100 mL iy 7K
b T BT T 0 AT SR SR A AT ) S i
N TG B R A B vk B Y BH I, 4% 2. 3.1 T
TSI 0 s W T AR, DA BT R R A A AR
b, Wt AU AL AR, 45 BH AEA B K N TIH W
A GBR th @y [l 5 D7 B4 5l Y =5.857 6 X +
8.499 6(r=0.999 7),Y =5.436 5X -2.617 4 (r=
0.999 5),Y =5.591 9X +2.617 4(r=0.999 5), =
Ty 2 M IR Yk R 10 ~ 150,10 ~ 150,0.5 ~
15 mg-L™",

2.3.3 KEEBEHE WGE . R BT E E (80,
40,10 mg-L™") i BH %, T 1 d Y AS [R) B i 4% 3
FE6 R, ESE S d(B R T IR) , 4% 2.3.1 T
TGS S, A H R H N ORE % 2 B9 RSD
Y] <2% Ui LA 5 R AT

2.4 @EBAELGEAWE K 7 H Mt-BH-LP
TREW S mL & T4, FL 5 W o, B 37 B 48
TEA B (ERER K ) S0 mL (A 22 O, BT
34 CHERAR 4, BEFEE R 120 romin ™', FFIA
BN R (H R 2595 1 2 4) |, BUB M8 Hh

BT oL, i 0. 22 pm fALIEAR , 28 HPLC I €,
i 2 Y BH-Az B K bR o it 285K 75 3% B i, 3
AR ME G E, R = (RYGE -FES
W) /8255 x100% , 825 & = P 25 i/ g
AR T x 100% .

2.5 Mt-BH-LP gyl 45 T. 2 %%

2.5.1 JeRuiRdl s k%5 BRBAR By 2 O ik
A CTETEAE HEIE SR B0 ¥ 28 R L B
T B B BE VA RN pH BB E 1L 45 . FE T 4 Mt-BH-LP B,
FEET LR 3 Fhorde: O CBEE AL, % PRI
T WA IR EE B, T 60 °C SN HTEK
LTSS, 4 A Mt-BH 10 mg #1 BH i& &,
WY A5 R A T A 5 e RO A R Eh 2% vl (PBS,
pH 4. 8) T HEMAE Jy 7K AR, D FF 55 Il AH AR 5] 1) 3 2
PR A S mL 135 248 222 T A K AR RS R R
RO BT CBEER R LRGN E
i, RBP4 Mt-BH-LP, Q43 #8500k o 4 25 B HUAL Ty
SR BENR IR G KT\ E T, AGE &
P Be v % TEIERE 28 KA EiR 78 &, KR =
AT M TR RE I i A IR 2 . ) B
G & BH Al Mt-BH 10 mg, vK7K ¥ H 75 — Be i ], B
7% Mt-BH-LP, () Z B {H A B R B B B s o il 5 3k
PR 2.2 W F J5vk o DAL I S0 20 i W48 5 5 4%
IR 3 RS AR O AR OB AR R )
O | ST - R i M B 2k B i) Mt-BH-LP 1) 43
A K (35,46 +1.12) % , (36. 16 £1.56) %
(72.84 £2.31) % ,# 255575 7 (2.94 £0.81) % ,
(3.01 £0.97) % F1(6.28 +0.56) % , it ¥ £ £ B3
- R e o R

2.5.2  JKAHARFXS Mt-BH-LP 43 35 5 F1 48 25 & 1Y
o R & BE T OB IR B B VL R £ Mt-BH-
LP, 3 B[ 5 4k J7 = 09 B9 95 A I8 [ B L+ ke, O
[i] 5 At 5% ) PR 3R, 25 8 KA AR BT Mt-BH-LP £
HRMB R, IR 1, 258 % KA KR
X Mt-BH-LP G B R FI# 25 & JLF T m . H T 5
TR G2 R (2.8 g- L") Heik £ K (R BR
i1:2,

2.5.3 EsgikEe  PEHCRT Me-BH-LP i £ 5% ) 45
Y 4 A KR AR B 480 4, R BR W R o A
O w5 A5 -JIE [ L O W I 524 W 0 e 0 R TR B vk
B A ER 3k 3 A KO 1 Ly (3Y) IEg £
Yo 5% B ORE 3 fy, B 4y B Mt-BH-LP 5 mL, DX
B R ENLEG I MR A ES R 0.5,
e HE BRI 2, 7 25T Wk 3,
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F1 KEER Mt-BH-LP G HEEHHBNHM (v £5,n=3)

Table 1 Effect of aqueous phase volume on entrapment efficiency

and drug loading of Mt-BH-LP(x +s,n=3) %
KPR BUL % RH R
1:2 86.00 +2.23 3.78 £1. 12
1:3 87.93 £1.76 3.94 +0.68
1:4 83.47 +£0.29 3.65 +£0.91
1:5 83.33 +£0.34 3.74 £0.38

%2 Mt-BH-LP 4 7 A& M IE LRI S
Table 2 Orthogonal test analysis for optimizing formulation of Mt-

BH-LP

AGIEE  BORBE  CHN
No. fgBuht  fE-IH BEAS-
/mg [ e Est]

DR W & LA
B E R i o3
/mol-L™" /% /% /%

1 75 3:1 5:1 0.15 66.3 13.6 86.8
2 75 6:1 6:1 0.25 79.6 9.7 79.8
3 75 9:1 10:1 0.30 77.6 6.2  65.9
4 150 3:1 6:1 0.30 72.9 8.0 69.9
5 150 6:1 10:1 0.15 90. 1 6.8 75.0
6 150 9:1 5:1 0.25 81.7 12.2  90.2
7 225 3:1 10:1 0.25 87.6 5.9 70.3
8 225 6:1 5:1 0.30 75.3 10.9  81.9
9 225 9:1 6:1 0.15 84.1 10.6 85.6
x3 EHEFINFTENN
Table 3 Variance analysis of composite score
i K ss ¥ P
ACIRZE) 4.70 1. 00
B 37.25 8.00 >0.05
C 379.23 80.99 <0.05
D 160. 36 34.25 <0.05

T Fg05(2,2) =19,F,,(2,2) =99,

H1 B 23 A TR, B2 M-BH-LP 22 5 9F 70 1 4
PMHEHFEH C>D>B>A, ELTHGH
AB,C D, o DI 22 g /N A PR O iR 22 T AT 7
N ERKBNER C,D AW HM 25, MH R
BN E 2R, 8 B8, R DT H A
AB,C, D, BV BB 8 ig-BH (5 2 1), bP #% JI5-J8 [ B
(9:1), B MR & vk £ 0.15 mol - L™, B B g i
225 mg FFALAL J7 il 45 3 It Mt-BH-LP, 25 5 2 2}
A E R0 R (11,41 £0.29)% Fi1(75.85 =
2.15)% (n=3),RSD ¥J <3.0% , £ W izHm L L2
FUEE VY HEE .

2.6 RIARFN Zeta LAY E  HOR RS S A BUR

() Mt-BH-LP J& B % 1l BH-LP IR B 8 &, I 2 Hr

£ Zeta WAL (no=3), 85 R4S 20 5l O (218 =

22.32), (166.4 + 1.89) nm, Zeta L {if K K N

(17.03 £0.25),(19.33 £0.41) mV, £/ 8 & %

(PDI) 43512 0.191 = 0.064,0.155 £0.019, Mt-
. 10 -

BH-LP %7 & 50 A 451 , {2 1 PDI % BH-LP I8
A FTREN, B % & Mi-BH {9 il A 5% T Mi-BH-LP
kR S5IEAS .

2.7 IRAMEEICEHELE RS I BH K ORI Mi-
BH-LP {2 W £ 5 mL ( BH 9 5T & ¥ B ) 5 E R
2.8 g L), il BT BEMAED, Hmd %, 5T
100 mLAg A TIHW H, 76 (34 = 1) °C, 120 r-min "'
VR KB E D, 4 AE 0.25,0.5,1,1.5,2,2.5,
3,3.5,4,5,6,7,8,10 h HUFE S VA W 5 mL, [A] B #h 75
LR BT . BEA 22 0.22 pum F3f L U8 B 8
if, i HPLC W5 , 1158 80T B il 2, 2 il 4 oh B
TR, DL 1. 255 % Bl BH /K i 0 o B O 7
2.5 hN B 52 4, iff Mt-BH-LP 7£ 2.5 h i} 21 B
Jit AN 43. 7% , Mt-BH-LP 7£ 10 h Ny Rt Rl &
60.2% . BH M Mt-BH-LP H B0 B 56 & S B 47,
RGPS RN B, M LT BH KB, M-
BH-LP REf% B & F% Ik BH Y28 B84, H Mi-BH-LP
(2% B MEfR B 0 T BH ZKIA W, U6 B 45 1 M-
BH-LP R % [ 1% 245 Wy 1) T Tkt 8 2, T80 245 ) 1140 T il
PERE . X AT RE R B A Mt B R5AE U5 B -fife 1 B4 5
B2 AE T DA B 25 ) 2 3 B T X4y F )23 e )
[E], DN = A T AR R, JE KT BH (% B8 A ]
ffi Mt-BH-LP t BH /K % H A 358 1 2% BEAEH o

120

100
80

—e— BH /K%
—e— Mt-BH-LP

60
40
20

0 : - - . .

0 2 4 6 8 10
t/h

E 1 BH /K& & Mt-BH-LP {4 5MEE 53 gh £

Fig. 1 In vitro release curves of betaxolol hydrochloride aqueous
solution and Mt-BH-LP

2.8 Mt-BH-LP BB it 16

2.8.1 kA EIK RS kot
Franz 38 )7 30855 BH /K % O Mt-BH-LP (1) £
J% 3% PE . GBR W W vh ¥k 1 B S, 8 L 8 8 A7
Franz 37 #0 H , £ 5 76 4L 25 b 5 422 o =2 T
Forp it o gt 55 RS0 I R 20 M A OB RS RE
0.5 mL FUBT L & () GBR ¥ 5.0 mL 435 i A
S HE 25 b A0 et b FPE B S RIR B 4 0 ok
200 r-min ' f134 C, 4HFE0.5,1,1.5,2,3,4,6 h
RO R, B BCRE 0.5 mL, Jf[R] B M il GBR
VW 0.5 mL B4l b o RS 0,22 pum fEFL B

BB 1%
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fiE, % A1 HPLC I, oF 55 8 i AR 20T 97 i i
(Q.) o IR SEUS , H5 M IEAE 90 CF T4 12 h,
0 SR TR 5 TR Y BT I SE A R R AR Y 24
Pk, MR E B R K (P,,) A K 1L
(HL) &R W3 4,

()":VOC"+V§Ci

_ 40
P _E/(A x C, x60)

app

%4 BHKZAM Mt-BH-LP [ EE TS

HL = (W, - W,)/W,

Rl €, R C, A3 BIAE n iR 0 5 ) 19 25
WP IR 0 259V, A o e
5LV e R, SO 0, R ¢ 0 19

LA RA Y BUE (0.7 em®) , €, S 4A 2501 IR e
JE Wy b i I BT B R, W Ol AR R TR R Y

Jid o

Table 4 Corneal permeability parameters of betaxolol hydrochloride aqueous solution and Mt-BH-LP

FEdh ] =4 Ty r Q¢ 1/ g HL/% Pmp/cm's’1
BH 7K i W Q=1.638-43.98 0. 999 1 545. 68 85.69 +1.45 0.975 x10~°
Mt-BH-LP 0=0.122;-2. 163 0.989 9 41.76 76.72 £2. 68 0.073 x10°°
H 2% 4 7T A, BH KEW T Q, ‘2% % T Mi-BH- el 7 = SR
LP, [t BH 9 HL t 5 T Mt-BH-LP, 314 BH 05 P —— BHAH
R E SR 3G N B S5 SR P9 e IR R R i B WD AE i ”5 0.4 ‘
Mt-BH-LP iy 2454 (19 % 18 B i, A ) T 7% 2 15 80 2 03
. N - S ]
AR A, BE A5 A 20 Hb B A 75 W) 4E . Mi-BH-LP () 02
. e v N 0.1
P, & KT BH K% Wi ; BH K % Wi 1 Mt-BH-LP 0"
T0 50 100 150 200 250

FE FA RS BT TR A 1 25 ) k43 00 R 31,47 ,95.29 g,
BH 7K %5 W& 75 £ 6 N 25 W) 5% ¥ & K 29 4 Mi-BH-LP
() 173, bifi 5 B 0] 4R RS, ff JBE - 5% B 00 25 ) 23 3%
B, 5 b i SR L IE KA ROCR . XThES
Mi-BH-LP 25 %) B AL A7 56, UiF B9 245 4 3k okl 3% 3ot £y
S 1) — 2 1) 24 B T 4R A AR SES B 4 R
i3 g 5T 9 R BH ORI, Me-BH 2 i1 1 #h I
) BH B F0 Mt-BH Py &8 BH B RS I, 3 26 3% 42 1)
JERKF 30T Mu-BH-LP 75 £ 155 P4 5% 719 25 9 1 5 LA
V&L X3

2.8.2 4 EvEIRE e S B A A
RSO /R0 il =8 e =R 3 S E RSN
RS A7 AE BB 22 R 5 3 W B AR A RE T L,
HCEC HA7 S M m )Rl 22 5 5] R i In) ek 20> 25
FE T DL 10% AR A 0.1 g LR (BE
FH5ERE) M DMEM/F-12 M BRI . 7E 5%
CO, 19 7K 16 F1 IR BE, 37 °C 40 i K% 3% 46 b 1 3
iHCEC, 5555 5 ~6 d J5 Bi vl #E47 /64, M4k &
RIZEH o] T 25000 fa B iEm 5T . FE L R
ARG R e, TR RO . R4S T A RE
i 0.5 mL, 4% 4 W A GBR ¥ % 1.5 mL, ¥
Transwell K532 & F 34 CEBRHEIBIRG 4P, 0
S7E 30,60,90,120, 180,240 min B M 32 i 3t v B RE
200 L F A [ AR ) B EEASTHLE W, R H HPLC )
LTI RS, B B L 2,

t/min

& 2 BH /ki® &1 Mt-BH-LP 7£ iHCEC H 815 # &
Fig. 2
solution and Mt-BH-LP in iHCEC

Permeability curves of betaxolol hydrochloride aqueous

Mt-BH-LP B 20 il 32 1% 22 805 251 1% i 0000 h
0.765 x10 " wg-em-s ™' 1 1.32 pg, KT BH /KiEHK
(AN H 5 % R A(1. 214 x 1077 pgrem-s™") 5254
i (181 pg) X Al fEsE T BH K% WO WO,
A LAPRE R 56 42 s M-BH-LP Sy ZE Rl 7], HAT W]
e BT RE , H 25 YR AR 2 A bl i 7 ORI
ok, i M-BH-LP 40 ] % % 5 805 245 433 3 5 AH
XF BH K WA o 240 M 25 325 M 0 1) &4 2R i — 20
FW'T Mt-BH-LP B A 1RUF B ZEREVERE o
3 it

ot TR e M 12 — o Bl R 24 12, ) P A TR
KW R ST AR Y DK AH , 92 s TR SRR AH  TE B
JIR AL A3 J22 W 7 A T 2 B ) Ve FE AR B2 o A K AH vh
10 55 M 24 ) 4 1 8 A i IR XLy 1 2 HE N N K A
JG .5 SO B BUBE R 3, DA i PR 4 0 LA 5 X4y
JZ AN BEREIR 0] A ZKORH T B LR B AR N KA . X
B, AR AKAR T B 55 58 M 43 4 S AN BT b e KA
T 7 25 4 LA AR e 0 A B R Al R O 55
TEALE Y, 73 TAIRS HA IR, 5 T 2 il B g By
THE . PRI , SR ) O N - TR e s B 1% v 5 i R

<11 -
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