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Abstract: Objective: Cinnamaldehyde was encapsulated in the li-
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posome. Methods: Cinnamaldehyde was selected as the research
object and the cinnamaldehyde liposomes were prepared by
ethanol injection method. The effects of phospholipid concentra-
tion, ratio of phospholipid to cholesterol, ratio of phospholipid to
cinnamaldehyde and injection velocity on the encapsulation effi-
ciency, particle size and polydispersity index (PDI) of cinnamal-
dehyde liposomes were investigated, and the process was opti-
mized by response surface method with the encapsulation
efficiency as the index. Results: The optimum preparation condi-
tions of cinnamaldehyde liposomes were as follows: the phospho-
lipid concentration was 2.69 mg/ml, the ratio of phospholipid to

cinnamaldehyde was 6.73, and the ratio of phospholipid to choles-
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terol was 5.79. Under the control of these conditions, the encap-
sulation efficiency of cinnamaldehyde liposome was 82.37 % , and
the particle size and zeta potential were 113. 89 nm., and
—29.07 mV, respectively. After 4 weeks of storage at 4 ‘C, it
still has a high encapsulation efficiency and good stability. Conclu-
sion: Cinnamaldehyde liposomes with small particle size, high
encapsulation efficiency and stable properties could be prepared
by ethanol injection method.

Keywords: cinnamaldehyde; liposome; encapsulationefficiency;

ethanol injection method

PRI TR — Rl A PR AR v R IR B B P 1AL R A
FERG Y 2 B M PR R
FUA MR 0 BLEMA R B P 2 4 NN TS 19 U0 S [
AR b 19 SR o B L PR R R DR AR S R B
b Fa e M2 R AN b R 2 B . SR O
BEREA U0 AR G4 K LRGN K ORL A5 vk 1A R I
FTHUAL BE L AT DU 25 FEAS RRUR - 3B 6 a2 JFC L 0 Ak
X0 TR i SRR A JBRS B () ISR LA B RS A P A
PEANRRE

I 5 % e v Mg T 2 A A I RO AR B A L) T
JZE BN 0 323 7T LA [s) IR 2 I 9 1 ) o R R U ) R
i A A K T B 43 O B 2R AR A L O LB BT i
AL IR ) B BORAR R CRAR o DRI T
AL B8 5T M R R B T RE I O 4R R L AE I R
L B P R E EY

SRR AT S — FloRE 0 I 9 WO A BUK M B
G INAT B AR o L TG AT Ao o fi) o R T B SE T B D A
1 i AR L SO 3 7 3 o 5 AR 5 v M G L 35 T AR AR
T LA 3 G £ A A Rl = U e R ) L HLAS 2 B
AL S /I o3 WM B A U R RE R A R A 1
AT EBPERFT T Sebaaly 455 L BEE AL A T



&M | Vol.38, No.2

BF 3N 86.6 20 ) T A A A 5T A% B 5T 1A 3% Bt 4 K %
HBRIE B AF IS A G RLAR M (260,01 4.8) nm 340
#](367.0112.9) nm. @ ERRFFAL BA —E T E
P Toniazzo % B S K WL 00 1 £ B TE A B ) 4 10 i
BN A 100 d 5 i B3R R R R A B
1 PRAT I

BT 400 LA PR Oy SO S8 O £ T A0 T PR T
Jig B A 7 5 PR 2R Y R Al b, LA B O R T v
S HE ORI 5 RE I A L L O s S P R I
T L 2 B DR B DDA R R 5 R 114 0 R g o) L R
M) S A 43 A7 325 0 R A R IR MR I R

1 MRS
11 #E5E
L1 AL 57
TR O R R AR 0] 2 A A R A R

5
&l

JIRL R ek 9L 80« 43 BT 4l I 2 48 A Ak 2 3R R A IR
PIRERS . =95 %6, BT RL T3R50 C R i) A IR 7
TR CREIE S RE: b al, KT E FR/ Ak TH
(R /NEIR
1.1.2 REMNHSEE
A HL-2S A, g7 I AL AR ) s
Wi 25 K g RE52CS-1 B, b0 56 A AL X 2% T
NG T UV-1800 AL, |- i 35 3 3k (N 2545 PR
NEIE

4K ki BE Jr zeta HL v Y : Litesizer 500 %I, B b F1] 4¢

5

fmdd)

R .
1.2 Fi&
L2 HERENS R B A R ZBIE ALY, %

— JE JT R EC B IR B O B NS L EE R PR AR L A
10 mL Jo7K LB, 45 CoK ¥ B % 56 405 i . Bl S K A LA
i 3 1 AR A BT 45 CHY 40 mL KA R, B T
Wi gs EoKAL 30 min, B E R INGET KT
BEOKIEREE 45 °C) . Hl# AR AR LE 4 C TR 17,

1.2.2 BERRK /5058 &S0 eE e i E W E A,
2,4,6,8 mg/mlL), & ¥ 00 B s 5 A FE B 9 BT & I
Cngean © Mg 23 1,45 1,6:1,8:1,10¢ 1), 50
W NG 55 1H R G B (mggemmmns © mmms N 2 2 1,401 1,
6:1,8: 1,10 1), Z FEH A #HE (0.033 8,0.071 9,
0.103 0,0.133 0,0.167 0 mL/s)4 4~ P £ XF J§ J5i 14 40, &
R R K £ 5 BEE B (PDD 1520 . & PR 2K [ I i R
R BERE B 2 mg/mL mgummy © mgwm N6 1,

Mg wampg ¢ s A 6 ¢ 1RSI 0.133 0 mL/s,
1.2.3 W 7 T AR B R A B DR 3% 3 0 45 AR 356 B

BEXGE . ZEBENZHEARBERGCHIZMRUL

BWEN A EE AR AL B RN AE R SRR
=K g ) TG A 1R
1.2.4  Wojgfese thikm B H 8 0 0 R R AR B ik B T
FWRA 4 C AT 4 0,7.14,21,28 d, Wl HA
HARM AN,
1.2.5 {38 K gk (10 5

(1) &P R B b ot b 28 2 . o B PR IR R
11.4 mg. A 1 mL mig 80— L BEVE W [mumso * Vom =
1+ 10 (g/mL) MEHE M A 9 mL K, 385, 4 5K
HFREL 10,20,30,35,40 pl T 10 mL KEMT, iR
80— ZBEVA W [muwmso * Ve =1+ 100 (g/mD) IR E
ZVRE BES) T 287 nm AN WOGAA A5 B bR £

(2) U %5 DA R T s E il 2 & . o A PR B Y R
14.9 mg JlA 10 mL Jo/K Z BEVE R 850, 43 ) it B 4,
5,10,20,30 pL F3RVER T 10 mL 2 5, FIJE K Z 2
R Z B 45, T 287 nm 4L & WO AE . 15 2 An Ui
£k .

(3) R ARERE & 500 - B 0.5 mL PAERE G R AA T
10 mL 2 #3f F. m A 1 mL ok |/ 80—2 B ¥ W
[muiso 2 Veg =1+ 10 (g/mL) ] WA IR 30 s J5m %
BN 10 mL, [5]3R5 i pa Ak T AR 25 1 e OO A AR
Ty BT 287 nm AR OGAA

(4) JiF B PR & 0 5 - B 0.5 mL R RERE IR B 14
A 3 mL IE C k6. WE# AR % 2 min, 3 000 r/min £ .0
5 min, B RV A LRSI 2 Ko I RO
AECKEZE 10 mL, 7]k Ph 28 (g B R 1E % B F 287 nm
AP0 WA . A 4 20 (D) L 32O TR R R I

KM,
M, —M
EE - IM[, : X 100% ’ (1)
Le=M M 100, (2
3
A
E}vﬁ‘lﬁbﬁ’i‘”@ﬁ%,%,
L¢ PEEBE R, 205

My — " b PR B mes

M, — 1 85 R 5 o mg s

M, —— ¥ s W AEEEE A I, mg

My —— 7 R R B & i, me.
1.2.6 iR .2 HUIE B (PDD K zeta lUALIGIIE  JHZE
TR A B 10 A% )5 TGS &5 4 i TR o i v o T 48
KKLE Je zeta W ALAL Ty 531 U 1 HORE A2 JPDI K zeta HI 7.
L3 BESWHF

{# A Design-Expert 8.0.6 Fll Excel A4 ¥k 47 £ 45 43
Br oAl Origin 2021 ZAFER .

191



F % Bz DEVELOPMENT &. APPLICATION

2 RS0
2.1 HEBIREHZ

AT A, SRR AR & v =0.192 20 —
0.057 8,R* =10.992 3, £k i Wk JE L [l o 1. 143 ~
4.571 pg/mL., JFE REBEFRMEIZ Sy » =0.185 32 +
0.024 5,R*=10.994 6, £& % Jii & W& B 35 [l 2y 0.059 6~
5.960 0 pg/mL,
2.2 BERRRK
2.2.1 ROV NE S5 N0 [ R T LS AR S
Pl 2 Ca) W] 10 B 2R 2 O Tl i 5 IEL T e O L A 9 O, R AR
T i T AR 1) 40 35 2R R SE I RS WU/ 2 magmmes
Mgy A 60 1B EERKBE A, d1E 2(b) R, B E
G N N Y iR A R N R R WIN S E N
L PDL /N F 0.3 R AR B 5 40 Hi . X & i T 7Ew g
XUZ H JIE [ 43 38 o B 0 R T T R B 04 Bk 5 )0
I e 5 Sk 22 I 1 B AR B AR L IR R E S R 4y b
T ATHER R A BT L Rl TR AR T RIS XUZ
Ay M B SR TR MM R BOR BE  E K A R 4R
1B T 0 SO AR RS A A S L TR MG S XY L R o I

097 g py e, y=0.192 2x-0.057 8
0.8 i B A FERE . y=0.185 3x+0.024 5
0.71
0.6F
M:ﬂo.s,
22
X 041
0.3
0.2+ o SR
0.1L- . o i AR
S B U T I
PR T IO o VR

The mass concentration of cinnamaldehyde/(p g + mL™)

B 1 R ARBAR R W &

Figure 1 Standard curve of cinnamaldehyde
r 711
80 B f R
< 750 . 410
?' \\\\I
R . 1o 2
£ 70 S
bl e
=5 g 65r w 18 :ﬁ
RE &
2 60f 17
5 : =
S 554 6
5 1 1 1 1 1 5
02:1 4:1 6:1 8:1 10:1
A 5 L T 52 5 L
Mass ratio 0[' phospholipid to cholesterol
) AL BRI

BE 2448 | 20228 2 B | RSV

Bt 2 G0 PR T 0 £ s R [ B DR/ AR R R 1 2R R L U
ANT T BTORRRLAR . T 2 I8 ] R R A 22 0 AT BT
J2 IR B 22, o R AT PR R T A A 19 255 1T ) AR ]
&ﬂﬁ#iﬂ’ﬂ—ﬂﬂiﬁ 24 I8 [ L ] 3o SR s B AS A T
JOT A R AT G s 2 38 DK g o A 1 R A2 o I AT PR A T 1Y
@ﬁﬁ’“ B mgwme P ommms 9 6 1B A
HEEQHERSEFERI R RERN KRB E. X5
Yuan %09 [l i 5 45 5 — 5K
2.2.2 EEIBEIE R E AW IR AR B E 3
RN Sk v S I A AR O B B T 3 S B R
FLER TR, & 3Ch) AT A, B 5 AR B IR W BT v B
38 i R0 AR 52 1 Kt #, PDL S 5800/ J5 3 Kt . 5
Jaafar-Maalej 26 U BF o8 45 I — 8, X2t TIESHA R
e A A N e RE R TG L BT UM BT 4R B L A BTG L 2 W IR 2
PV W A B K AR TR i B3 1 5 R T IR LR 3L
2R R Bt (BPFs)” (1 v [a] 25 1), I 05 B Wik 28 19 s BT B
ALK BPFs [k BE s 23 3 s B ok 32 v T B AT i SR g
B IR T RR NG BTG B T R Y R O
JIg U vk B 2 mg/mL W i TR 0 f S R 4 1 0
Fm ok ke K PDIEUIK .
2.2.3 EEOPBENR 5 R REEE DAL LU IR B A s i
FE] A Ca) W] I8 AR TRE 2 S 4 0 0 3 o6 2 SR 0 KU U/
M CHERE LTSS Yuan F TSR — K.
M om gy P omppe A 6 1B A RKIRKE, —
A BSR4 i BT R R PR R T T R AR RE O A B BT DA 2 AR
TV I A AR L R BT AR R 8 1Y) S [R5 9 R . 5
B AL IR AE i, AR SERG 0 P R L 5 e T AR 1Y
o LR R R B 4 Ch) Al AL, 24 P R
B Z AR R AR RLAS AN WS KL AT RE R B TR IR AL A
IAE IR B K P T 43 0 AR B S T R B A =2 TR A A AR
M SBO F R K. &4 %4 F PDI ¥1/hF0.3,
HIEW B, Bt 455 % IR P O 5 Ntk

1801 70.28
[ n
- ﬁﬁ w7026
160
s n 10.24
£
¢ ;1’ 140+ 10.22 =
"2 0.20 =
% I .
& 120 o 1018
H0.16
100 ’—‘
L L L L L 0.14

2:1 4:1 6:1 8:1 10:1
R i -5 ML T e o e L
Mass ratio of phospholipid to cholesterol
(b) RiA2HPDI

B2 #HESEEBERTRSERKOHE RE BEEZL PDIGZW

Figure 2 Effect of mass ratio of phospholipid to cholesterol on liposome encapsulationefficiency,

loading content. particle size and PDI
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