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Formulation optimization of antioxidant peptide ultraflexible
nano-liposome preparation
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ABSTRACT The antioxidant peptide ultraflexible nano-liposomes were prepared by using the
thin-film dispersion method. The effects of some factors on the encapsulation efficiency, inclu-
ding the ratio of lecithin to cholesterol, temperature, concentration of the antioxidant peptide, ro-
tation speed, pH, and ultrasonic emulsification time, were studied. The formulation was opti-
mized by Ly (3*) orthogonal design. The ultraflexible nano-liposomes were mostly unilamellar
vesicles and their mean particle size was 255+ 60 nm. The optimum entrapment efficiency was
58.39% 4 0. 34%. The antioxidant peptide liposome was stable at 4°C. Therefore, the antioxi-
dant peptide ultraflexible nano-liposomes posses high encapsulation efficiency,good stability and
reproducibility.
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R-215 [ R ( L EM L AL ) 8 7= P IE v fl SB—52?ODT(??ﬁiﬁ%ﬁz%ﬂﬁﬂﬁfﬁﬁl‘ﬁ/z}ﬂ);
752N AN AP EEE T CEER R s S R GRM KRB T A FRA 7D ; 20PR-52D B #E A B LHL(H &
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1.3.1 HREAERAT A b & 89 444

¥ B HREUL E ALK 0. 05 g, ] 10 mmol/L pH # 7. 8 #) Tris-HCl A ZE 100 ml, 188 0. 5 mg/ml I E
IR W . #E 200~400 nm it Bl W AT 2K EH, 230 nm AR AR EEK. HHAEH 0.025,0.05.0. 1,
0.2.0.3.0.4.0. 5 mg/ml BT & AL BRARHETE W, 6 230 nm b4y B L OD 18 , DLW S BE X Bt G4k BR ¥k BE 47
24 BT 47 .

1.3.2 RFAACK DA K FoM AR SR H %

R BB A BOE S R PEALR UK T A A . K IR BRER R EIRE R R O R - E R
TEEOTOKZES BHEE . SREHNBEARE, G RIRFEEEZERZN EEER KB, B2 THRH
W, W — 2 R PLEIRE T 10 mmol/L pH 3 7. 8 f Tris- HCl W T, #F —E BIMA B TR 8 H
8, T LA, AR I A 287 10 min, BB H S IKGI K HAE RIA,

1.3.3 REILKARERBTRAGCABESFRAEBRIL
1.3.4 a#HEealx

FABEBER AR OHEIMHE 1990 WE G, BUEHEARIRER 20 ml, % 10 ml B .LRTIMA L

SRNHEEREE, HFNEREALRESE; B4 10 ml £ 10 000 r/min B0 30 min B3] FF®R . MAL
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BP R maE, AT e EN A RE ', UDELEMNSABERN L CEFBEBERBRIENSL.E
230 nm b H B BB HTEMARARHEMZR, B EAKHN S SR/ (CHORFE TR Cp) A TRHEM
HEGREHS 2009,
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VA1 30 A B 38 A, B 5T % 5 R R KO g o A 1 2% B 2
1.3.5.1 URBENR L5 HR [ AR A LU A 52

PR S A AR BT O e S HE B R E N 3« TR KRE 8+ 1, EH
BN [R) R B Bb B B R A VA U . T S O ) B B B T R R IR B AR AL R
1.3.5.2 AFE B

TEBR B A S5 AH B R R B S A A AR B LT L IR R 2 R AN KB IR M 20 CHORIE K= 60 C.
W5 AN B R T 2 B B PR L 4,
1.3.5.3 HLEALIRIEE W

16 A S AR A BB BT AR IR AR B AL IR MR B 43 31 R 596 .10%6 .15 %6 .20 %6 .25 %, BE il i AS [l 4 4
ARV BE IR BT 44 . TS R TR T A B vk 5 T il 45 i g Bk i 2
1.3.5.4 R[EI¥% 3 W %

8 H A 5 RS BUIE BT 5 4 VK B3 e I R R U R 43 ) R 50,100, 150,200 r/min, 35 24K [F) % 3 %) g
TEARTE B2 w0 8 O ) % T & 0 IR TR A d R
1.3.5.5 KA pH My

HM SR WEIT AR pH, BT ALK T ARE pH B A B B , 43 3 7E pH 2 4.0,
5.0,6.0.,7.0,8.0.,9.0,10. 0 FlFIRFNR . W ARFEI KM pH il 28 09 ik k@3 3,
1.3.5.6 R[F#E 7S i 6] 5 &2 i

EHAEERERIERT 22 R GHE 3% 10,20,30,40.50 min 5 FEGH R E ., W2
AR AR 75 B 1) R & R iR R,
1.3.6 ERZH MM

MRYE R RSB 45 R, e BRI B B 55 B0 [ BE R B b L 2 BRORE LR A ) 4 AR EAT Ly 3D IER
R D, DEE RN IR AR B H & N BRI GRILHESE 2009),
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Table 1 Factors and levels of the orthogonal design

K5 Number A B C D
H# B AR 55 RH B B T & L F418713) 3 b3 7 1 i)
Factor Ratios of lecithin to Concentration of Rotation speed Ultrasonic emulsification
cholesterol antioxidant peptide( %) (r/min) time{min)
K1 Level 1 3:1 5 50 20
JKF 2 Level 2 51:1 15 100 30
JK¥ 3 Level 3 7:1 25 200 40
2 HFE

2.1 SRR ERRE ]

P KR 230 nm F,HEALKEBELE 0. 025~0. 5 mg/ml JEE P 5WEE OD W& EREIA T # R .0D=
1.713 4C—0.023 3(R*=0.997 9), HAREM L WE 1.
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concentration on the encapsulation efficiency

Influence of the antioxidant peptide

AR AT & NG R B AR 5, MBEF AR EHE N 50 o/ min B, BHRE A, Bl
et 18 BN B T8 BT JRURL A8 e B 2R K U B R TR I SR, i R R F ook M SR A (KT RS

2009,

AR pH S R B MBE R E RINE 6 fin. UGHRNERIEH.NEYN pH X 4.0.5.0,6.0,
7.0.8.0.9.0.10.0, 0 ZA4r 5l 24 37.85% .41.06% .44.05% . 46.19% .47. 1% .49.13% .50.88% . H A&

pH X 10. 0 &, A3t &k,



E A 4 B U R A SR R R A o A RO TR AL B 5T 93

60
60
S50t =
so} o= M T [
£ a0} ; 40
Z,
= 25
o 30 ol 30
® 20l "
@ B 20
10}t Lot
0
50 100 150 200 0
4 5 6 7 8 9 10
% 3 Rotation speed (r/min)
pH
5 A X B SR R 6 pH XffusdRAE
Fig.5 Influence of rotation speed on the encapsulation elficiency Fig. 6 Influence of pH on the encapsulation efficiency

7R [ A 7 i ) T o B R R R 7 B . AR 60

Bt o 5 RS B A IE] X 10,20,30,40,50 min B #f R so} ]
Y 5IK 44.17% 47, 97% (52. 67 48.22% .45.85% . 4 T 40f
FE B ] 7 30 min B, G F R A g 3
E 20
2.3 EXRBRUER “ ol
EASSLIsE RILF 2, hik 2 RESNAT A4 B T 2 30 20 50
*&%j(/l\ﬁlfﬂ?ﬂ A>C>B>D, B gﬂ@éﬂaljjﬂg [& B B s # FEaTE] Ultrasonic time (min)
W B ok, FL VR R G R B AR L Bk ok B AR, AR AR 2K B 7 R R R T

NP AR ABGD, RIS E R a5 1 ,PIL  Fig.7 Influence of ultrasonic emulsification time
SAR AR R BE S 15% , %4 3% 100 r/min, AR A 20 min, on the encapsulation efficiency

F2 L(3ELETWRITELER
Table 2 Ly (3%)Orthogonal design results

% Factor

RIS No. #t# Encapsulation efficiency (%)
A B C D
1 1 1 1 1 43. 24
2 1 2 2 2 53.12
3 1 3 3 3 39. 25
4 2 1 2 3 57. 98
5 2 2 3 1 57.26
6 2 3 1 2 53. 49
7 3 1 3 2 37.23
8 3 2 1 3 50. 08
9 3 3 2 1 48. 36
T1 #{& Average of T1 45. 203 46. 150 48. 937 49. 620 -
T2 ¥J{f Average of T2 56. 243 53. 487 53.153 47. 947
T3 #JH Average of T3 45.223 47.033 44. 580 49.103 -
#% # R Range 11. 040 7.337 8.573 1. 673

XA Ry 2 R EEAT. R NE 3, MEIATN, HEARNLBRRCHBEE WRKDARE,

IR SR B R
B F A,B,Cy Dy RTEE A K25 4 3 41 AT L8, 4 548 @+ R Ky 58. 56 %6.57. 8826.58. 73%, ¥ fH
37 58.39% ., MBI REERFGE ELMIAEER .
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2.4 ﬁﬁﬂiﬁkéﬁ]ﬂéi'& Hg}ﬁwmﬁzﬁiﬁ Table 3 Analysis of variance
PERELER S Source WEFIHFA SSD  HMEDF F I F value B%# Significance
POAR WL 4 B B9 g BUAA M LB, TEULTE A 243. 322 2 55. 238 «
B B0k, S O34T . R R R — S Y B 96.252 2 21. 851 x
580 A JEM-1200EX 7 8 B i, 5 3 45 0 ¢ 110- 263 2 25.031 .
— D . 405 .
B, JK 50 000 F5, WA 8 B, 445 i g 4.40 2 1. 000
%2 Error 4. 41 2

AR o 5 OB W/ B R B, RN A
B KB R AC K 3 2 4 b TR SRR M AT L 8 A OB 1B T BE e L R R R T L TR S AR .

B B R SCHOERLBE X Nano-ZS90 X Bt il fE B AR KL A2 R B A2 A R AT E R BR A IWLE 9, R B
R RAL T B A5 B B AR (4 OR0 42 - 3 4 A R AE 255460 nm A E AL BB HERS TS ERRKHE
ROBHEHMG 2007) . Zeta WAL 1A 24 XE  K 158 W A% o 09 7 A B FRBUE ME R R K R R RG E , Y LB X B X B
30 mV DL B R RMNEE R T A S RE ., Zeta OISR R, 5T ARG B B A, 39 Zeta AL

A—25.9 mV, BREEBHEBEN.
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Fig. 9 Diameter distribution of Antioxidant peptide
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Fig. 10 Relationship between the particle diameter

A 3 BRGHR 7P B B il 45 g TR e R IR PR W v
T RERRER G2 wh il T A BF B 5 5 1 1) B K i I 1 25 AL
VRO HILIE T B0 R PR AR R B 5 A LI N L R B R LU
P AL B AR IR GBS N R A . SR R 0 B R A3 B R DA, b Y RE SR AR AR L O A L R, T 0 B
OB A B 14 T3 P T 6 A OB £ O R S A L T T A RN 43 45 /N UK L BB RS B LI T R (AR
BE 2005) . AT BIAR 47 AY 43 B AIOCR .

and the storage time
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TEAN G B 0 — A B2 S A8 ARt i 0 B 3, T f B R A0 4 IR AN S I 5 W o 45 05 O RE O o S R R S I
EVE, MHE B T AE R BRI BE H i RE MR 25 R 5 I B 7% (T X HE S IR R A A R ks A EE
ER(BEE S 2009), Wi E ROKERL , A SCHE B HFZELR R R IER BRI Ext#m
AE B 25 B B R AT TAAL . 18 30 T il & e B IR i e A 45 14 B OP B s SRR I BE SR B bb oy 5 ¢ 1, B A Ak ik ok
BEHN 15 %, 56538 H 100 r/min, A B A 2F 20 min B, 3 # A1 35 58. 39% . WM& KR R MK R, #1&
BEMR A SRS R, BA R Et.
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