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Optimization of formula for a-tocopherol liposomes and their stability analysis
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(1. School of Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. State Key Laboratory of Urban Water Resource and Environment ( Harbin Institute of Technology) , Harbin 150001, China)

Abstract; To protect the activity of a-tocopherol and improve its stability, a-tocopherol liposomes were prepared by
using thin film hydration method with egg yolk lecithin and cholesterol as wall materials and Tween 80 as
emulsifier. The effects of the mass ratio of phospholipids to cholesterol, the mass ratio of phospholipids to
a-tocopherol, and the volume of absolute ethanol on the quality of liposomes were analyzed by single factor
experiments with the entrapment efficiency, particle size, and Zeta potential as indexes. Based on the single factor
experiments, response surface methodology was adopted to optimize the formula of a-tocopherol liposome with the
entrapment efficiency of a-tocopherol as response value, and the influence of different factors on the stability of
a-tocopherol liposomes was investigated. Results show that the optimum parameters for the preparation of
a-tocopherol liposome were as follows: phospholipid, 280. 00 mg; mass ratio of phospholipids to cholesterol,
6.22:1; mass ratio of phospholipids to a-tocopherol, 18. 70: 1; absolute ethanol, 14. 65 mL. Under these
conditions, the entrapment efficiency of a-tocopherol liposomes was 87.39 £1.12% , the average particle size was
181.30 £3.45 nm (PDI =0.201 £0.013), and the Zeta potential value was —38.90 £0.32 mV. The spherical
structure of a-tocopherol liposomes, which has uniform size and good dispersion, was observed by electron
microscope. Stability analysis results suggest that liposomes could be well stabilized at a sucrose concentration of
0.5% or less, but pH, ion concentration, heating temperature and time, as well as storage temperature and time
all significantly affected the stability. The study indicates that liposomes can maintain the activity of a-tocopherol
and improve its bioavailability to effectively expand the range of applications.
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1.1 #E5iH

a-TOC : 3 [ Sigma 7\ w] ; 4 27 BRBE R « 6 24 48
ATk 22 R0 BRIl 5 R P - G s &S R A FR
3l JoK G BE L BEME L NaCl HCL, NaOH ( 3% 2 43 #7
gl ) RET R Ak A iR A BR 2 | 5 ik i 80
KEETCE G A0 TARGERT s PBS 22 vhif - db 50 43K
FERHEARA .
1.2 {UFE5iEE

BSA223S ¥ 43 Bt K - B€ 2 B Wi Bl 22 AU 3%
(dbm0) A BRA 7 UV-2100 540 0] W35t 6 i
JeJe (i) AR BRA 7] TGL-16G 5 2w i 2
UM IR s R A FR A W) s HHS-11-4 g P i
KU < M T AR R ) s BCD-221 vk - Tl R 47
KRR A R A RE 52-05 575 fighs 25 K AX
I RAE AL RS W] pHS-3C ML pH 3t B
HALES T 5 QL-902 i 16 572 357 A%« 1 ] HAR D ZR A
ar il A PR ] s HZS-HA H IR #5% « Wi JR VAR B
TR AR TT &G RN ] ; Zetasiter Nano ZS90 4Kk
J#4Y , Bohlin Gemini Il FE %% 37 28 (X ; ¥ [E Malvern 2%
A 379-3 fE IR W 1 h PR L A SRAES T S3400N
Hi RS H L S AR A F.
1.3 7%
1.3.1 «-TOC BBl 25

38 3 TS K A 2 4 M A2 100 mg K
HOPWEAR 20 mg IH[E EE 10 mg o-TOC 100 mg i
80 AT 5 mL JL/K LA ,55 C/KIBFEFE 15 min Ji5
50 CWiEZE R 1 h. N A pH =74 WBEIR 5% 1Pl

20 mL,40 Clef% 78 % 1 h. ¥ikE 4 “CHEFS 2 min Jf
id0.45 wm JEME, #8513 - TOC # AR AR
AR, 4°C R IR AT
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BE(EA) BB 2 R AR EA T B D 2R S 50 28 i
2 h SR BUATR B AR 4 ClEE 24 h
Ja LML SR RS KN R A Zeta UL N8R 1R %5 %8
PC .a-TOC ,CHOL Hy 5ttt [ K JooK £ BEARFR X g ot
AR A S0
1.3.3  ma iz RS2 s it

TR AR SRR A LA |, LA o-TOC I8 B4 ) 4
355 A R W AFL , 2R FH = PR 2R = 7K ~F- ) Wi 7 1T 552 56 8¢
Tt — R Tr . £ R BORFSERisiit bk 1.
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Tab.1 Factors and levels

K EAfAF/mL  PC: CHOL/(w-w™') PC:a-TOC/(w-w™')

-1 10 5:1 15:1
0 15 6:1 20:1
1 20 7:1 25:1

1.3.4  «-TOC Jg FiiARZFRAE S o Bt
1.3.4.1 JE&2 NA5HIMEE

FHUR T IS B BE BT A s 4x, 7E S3400N 414 H1 B2
T OME 2 104 kV) W AN RIE .
1.3.4.2 o TOC #5ifi th<k 2

Kt B @-TOC 100 mg ¥4 F 1E O %%, 3F F
100 mLEZFF A E 25 AL 6] 1 mg/mL (45 HEAS WL
SR H0.5.1.0.1.5.2.0.2.5 3.0 g pRUEE T
10 mL ZF e 2. DLIEC BES AR, 7
290 nmh il 7 O RE. DL a-TOC ¥R Rl A b, W
JCEE P AR T bR fE T 26, BrAs ml 0 7 R y =
0.003 6x +0.028 7, R* =0.997 7.
1.3.4.3 «-TOC {2 iy

T A AL R AR O I S B B AR A 3 R R
0.4 g o-TOC JEFTARTRZ W T 15 mL B0,
A4 g IECHE(0.685 mg/mL) , i JiE 2 min J5HLIE
¥ 10 min,3 500 r/min B5.0> 10 min, B 75 70 52 W
JCEE. S ER 3 R HOLEERA a-TOC Friff
Mgt A, 3 PO T RR B iR 2.

A% =(C,-C,)/C, x100%.

A oMM «-TOC SRR 4L, pe/mL; C, o
ECEETEES a-TOC A4, wg/mL.
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W4 CHOLAEM 24 h ) «-TOC IRFAA 0. 1 g,
FAZEMRKFGERER 1% (w/w) . i Zetasiter Nano ZS90
PR LS U DN S s B T A FR AR AR T HL A
1.3.4.5 o-TOC {454 % ( conserving rate ) Jl|

i B R JE AR AL BT 5 iR B AR % o-TOC &Y L
H. W E 7 ¥ B oTOC 1 # ZF ( entrapment
efficiency ) I & , BRI AT

RE35% = C /C, x 100% .

K CoAWILARIRAE T ARBUA T «-TOC (AR 434K,
pg/mL; C, k28 5206 55 A AL 31 BB AR T o-TOC 14
UM E, we/mL.
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Fig.1 Comparison of liposome properties of different lecithin/cholesterol ratio

2.1.2 PC Y5 o-TOC [t b X g o (A8 Joi 1 52
il PC 5 CHOL i [t ok 60 1, 207 PC Fil
o-TOC [y it b i 28 B 0 (A I 00 e JFL P I, &5 SR 4
B2 R #5410 AR B i & 2 h J5 R R
RE S P PC 5 o-TOC it L 200 1 B
JEFRAR EF A6, M4 R B, 5 R
(85.1+1.48%).
2.1.3  Jo/K ZFSERFEUGT R o A4 5 114 5 i)
% PC 5 CHOL i ol 6:1,PC 5 o-TOC
A b 20 1, BO3E TG K 2 E (EA) PR 45 BE ot
P i e o, S5 SRR 3 R, B £ 1 45 41

EIDIENIEYSI TS NE Rl st e LTI v 8
JCE 2 h 5, oK CBER NN 2.5 mL (YR SR B
B3 E HALE R AR (42.40 £1.96% ) , G fin &t
15 mL BF A B % (85.20 +1.45% ) f &, Zeta HE
e XA (39. 10 = 1. 11 mV) B &, FHPRLAR 7R
200 nmZ£ 45 (PDI =0.203 £0.014).

2.2 i R TE 43 4 SR 45 R K AR R RAE
2.2.1  mp A L a-TOC I ikt T2

FR A PR Z SR 45 5, L «-TOC Jg {4 iy £
M B AT = R 28 = 7K Y- o o7 TR 0 Afr S 6, 52
g R LR 2.
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Fig.2  Comparison of liposome properties of different lecithin/a-tocopherol ratio
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Fig.3  Comparison of liposome properties of different volumes of absolute ethanol
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0.34X,X, +0.59X, X, -0.05X,X, -
2.92X7 2. 1X; - 1.54X;.
Xof A5 2 81 7 A8 08 (81 U= 550 43 30 A 7 07 2 53 A
DL B> PR R A 44 R B A ) 2 2 P s
SRR 3.
REFITH P = 0. 000 2 <0.01, H 2T P =
0.410 9 >0. 05, F/n AL L. J7 P e RBL R =
0.968 5, K IE & %t R, = 0.928 H 7 F R ¥ =

0.75% , FWIZAE R n] SE AR B2 iy, 140 1k R
ST R A R O R rh YO M X
(1 B A PRI i A P Jo £ 582 i [R] 28 42 A JEE KA
PC 5 CHOL Jii#it Lt > PC 5 -TOC JFift Ht > JoK &
B, XS K PC ORI CHOL (5 2 A4 B I J5i f4¢ fiE
A4 2R, AU e 1 SO AR ) SR e
HASRENE , MJC/K W 0 1 2 il BE B1 O 2
B4 S, T LIS AR B 1A 4 68 23 1 52 ML AR G A /N . AR
R F RIS o-TOC Jg 54 il £ 1 e T2
4 :PC 5 CHOL Jfigr [t oA6.22:1,PC 5 o-TOC Jii &
Feh 18.7: 1, JoK ZBEAFR 14, 65 mL.
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Tab.2 Experiment results of response surface analysis

X, X, X Y
WIS )
ToK LA R/ mL PC.CHOL/(w-w™") PC:a-TOC/(w-w™") W/ %
1 1 0 1 79.85
2 -1 1 0 84.32
3 0 0 0 84.67
4 0 0 0 84.89
5 -1 -1 0 80.92
6 0 -1 -1 82.23
7 0 0 0 85.24
8 0 1 1 84.98
9 1 0 -1 79.69
10 1 -1 0 79.48
11 0 -1 1 81.31
12 0 0 0 84.98
13 -1 0 1 80.23
14 0 0 0 85.70
15 1 1 0 83.44
16 -1 0 -1 81.23
17 0 1 -1 85.78
#3 EERBFTESH
Tab.3  Analysis of variance in regression model
Jul I35 SR H H ¥75 FAH P(Pr>F) N
LY 84.202 830 9 9.355 870 23.924 820 0.000 2 *
X,:EA 1.531 250 1 1.531 250 3.915 711 0.048 3 *
X,: PC: CHOL 7.220 000 1 7.220 000 18.462 980 0.003 6 o
X;: PC: VE 4.620 800 1 4.620 800 11.816 310 0.010 9 #
X, X, 0. 462 400 1 0. 462 400 1.182 449 0.3129 -
X, X3 1.416 100 1 1.416 100 3.621 250 0.048 8 *
XX 1x1073 1 1x1073 0.000 256 0.987 7 -
X2 33.590 740 1 33.590 74 85.898 200 <0.000 1 *
X3 18. 648 090 1 18. 648 09 47.686 870 0.000 2 o x
X2 9.979 201 1 9.979 201 25.518 800 0.001 5 o
R 2.737 370 7 0.391 053
ST 1.308 250 3 0.436 083 1.220 565 0.410 9 -
aliiR2: 1.429 120 4 0.357 280
r IE SE 86. 940 200 16
R?=0.968 5 R}, =0.928 AESERR0.75%

" ZREE(P<0.05); " " ZRMEF(P<0.01).
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Fig.4 Pairwise effects of different formula on entrapment efficiency of a-tocopherol liposomes
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Bl 5 LB o 2, s M, FLOCIZ W
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AR e A AR [A] 1 (E I K Pk ol 6 1) 2 A
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Fig.5 Scanning electron micrograph of lyophilized a-tocopherol liposome
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ANTRI R BE B FEEME XTI BT IR TR A5 2% Zeta HOLAL L
R R E 6 . 5% K UL T WY
TR XS g I A s YRR 1) 28 LT 75 TG I Sl R i, L Y
i A O —  FUCE IR B ICivE ™4, ig Bk
AR R Fa E AE 186. 20 £ 3. 59 nm ~ 210. 37 +
16.05 nm 2 [d], Zeta F3 i fa %2 £ - 36. 17 =+
2.97 mV ~ —38.47 +1.25 mV Z[i], {§ 8 %4 %
Az B 8 O k] R R PR Sk LA RS B AR XU T
JZIVER, o] LR SRR iR 4 A e

2.3.2 HhRErE

ANTRIA B B NaCl A Jig J52 (4 1 S ) 52 e 4 P 7
s BRBUALE 250,300 mM ) NaCl ¥ B2 21 (5 ffi
5, B SR BEDIVE. B NaCl 251U A HE R i it
PRI Zeta FLAv 208 XHELAN £ B A ]2 R I, PRk
B R R T ARE " B NaCl 2B 3R 1 2%
a-TOC JIG AR IS SE 1. 3 Ak BE G 1 BLAY Jit R R 4
L P B BRI AR R 2 & AR Bl f
Na ™ B 19l W2 B 210 i Ji (AR B fok 2 B B R AR A 119
T HL o R ML B Ab, R B L S R AR B A9 AR
TENE.
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Fig. 6 Properties of liposomes at differentsucrose concentrations
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Fig.7 Properties of liposomes at different NaClconcentrations
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ANIA] pH G B A M 5 52 e dn 5] 8 T . i
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PLEEEDIVE , IFEsR R AR, o 2 0 HT Rl T %
Bk oA R R T A RE F pH A T
3 ~ 8B, FE pH T BRI Zeta HL(/
Y S FNOR B R I NS 78 pH =7 B Zeta HLAL
2 S {E IO BA 2258 K (43070 38.73 £0.57 mV Al
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IR o AR 2R AR S R o A s pH IR 2 8 B i
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Fig. 8 Properties of liposomes at different pH
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Fig.9 Properties of liposomes at different heating times
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