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(# E]1 [AMY &4 8RR VML) , 35 H b 47 B34 . 007k SR A ot 13 I 0 1l i 7%
IVML, & B ORI 5 118 [ 8 B o 1e O 4 T 3R (TVMD 55 BRI i Lb % vhil PBS 19 pH S B J7 82 i X1, 8 75 282 i
Fb 1] 2 % TR VR Rl BICR 45 T2 s B L 8 5 B Lo (3') IE A IR 6 LA b R mi Y AT R e . LA 1) I
FERC T R 20 Rl a5 TVML, )T e 38 O 500 vk 0 8 JHG 40 68 32, 9 0 0 3 Ak 1k 0 R0 AR Pk AT AT M. (4 2R ]
IVML Wil e AE By AT 2y - DR B A S MBI B B ik b2 9 ¢ 1, IVM 508 s B it ol 1+ 10,2 vl PBS 9 pH
HF7.05 B 5 min, 2RI 40 CLERRED 3 K. BTkl 40 IVML B 42 K 86 ~115 nm, ¥k £ K (91, 8+1. 5)
nm, {335 3% K (90. 7140. 8) %6 (n=3) , Xt # a2 X SR FaE . [4510) 28] T Hl & IVML /AR w7 T2 Bl
& T 2RI AT IVML A UL AN G i VR B R % A6 B AR fh M e e .
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Preparation and quality evaluation of ivermectin liposome

ZHU Xiao-juan',LI Yin-qian', HOU Bo',LIU Lei',LIU An-gang',XIONG Yong-jie',
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Abstract: [Objective] The study was to prepare Ivermectin liposome(IVML) and evaluate its quality.
[Method) Modified thin-film dispersion method was adopted to prepare the IVML, which was chosen for
influencing factors of formula such as mass ratio of lecithin to cholesterol, mass ratio of Ivermectin(IVM)
to lecithin,pH of PBS and of preparation technology such as freeze-thawing times, ultrasonic time, evapo-
rated temperature. These influencing factors were selected by orthogonal design L, (3"),of which the opti-
mum factors were adopted to prepare the IVML. High speed freezing centrifugation was used to determine
its encapsulation efficiency and its characteristics and stability were evaluated. [Result] The optimal pre-
scription for preparation of IVML were as follows: m (Lecithin) : m (Cholesterol) =9 : 1,m (IVM) :
m(Lecithin) =1 : 10, pH of PBS 7. 0, conducting ultrasonic toward 5 minutes, evaporating at 40 C,and
freezing and thawing 3 times. Its diameter was distributed mainly in 86 —115 nm and the average grain size
was (91.8+1.5) nm. The encapsulation efficiency of prepared IVML reached (90. 7140. 8) % (n=3) ,and
it was stable for heat,but unstable for light. [Conclusion] The optimal preparation technology of IVML,
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which was simple and feasible, was obtained. The outlook and content of IVML didn't change clearly and its

quality was stable.

Key words: Ivermectin;liposome;prescription and preparation technology;quality evaluation
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25 B VE I 245 W AR A RO K 2 W e AR N
(1 457 B B I 5 0 25 7 A . IR g SRR A O 2K
PN 25 W (0 2 I mT e 245 ) A 1 T e Ao 38 e
AT 245 14 o i B A 5 200 i BB Tl 19 5 R4 T AT 0 2
V6 25 3 35 40 L PN L B e T A

B 4E 5 & (Ivermectin, IVM) 2 3 B Merck 2
"X IVM Bl 9 C22 5 C23 Z[a] ) B % F Wil-
kinson fiEAk . 76 3 AH 14 5 o & 4k 215 A5 3 195 —
ABTAE TR R A A e — R A e AL
W R AAMPUER X 2R SN A A R
ARRKAHE I 5 H AP AT A HU2 I 58 T 25 P .
1B IVM 765 3 1 N T BR R B TESh WA AT A —
SERIFR . AR RE, IVM [ 4 4230 1 L 3K
E,H kg — B i 2~3 mg/kg @A T
MfE R . K TVM & B B ik (TVML) L 0] i

IVM FE7E B A 2 L 4 i Ho7 2. i H A SC T TVML

(¥ 1 25 T 200 AN 58 38 H B R AR T 90067
O A R P B R T B ) A TVMIL R 2
AR HNAIE 15 rp % e J7 A A T Z AT
b, I X 4 9 TVML B4 M 5T K ot 6 i A7 2% 4%
PUI O TVML e 8 B i PR 04 0 T e i 2%

1R

1.1 &

1.1.1 ZheebX A e R (VM) ARAE St

R Gy fE s A R SR A R S
20080923 ; IH [ s, 43 A7 &, [ 245 48 [T Ak 243 5 A B
AT S 69008214 5 8 # IR . W [ Sigma
3] 120090320 5 H A 1 0] 249 5 43 B 4
112 £&ME FEAUGA JEMI1230 BLE G
F BB (H A H LB F /A A . Zetasizer Nano ZS
T3 Sk BE 3 B A (9% [ Malvern Instrument 4%
A]) \RE 52-98 Jig k7% Kk 4% (LW SR A AL T .
1.2 /A &
1.2.1 IVML # &7 ke ifik (1) WA |k,
Fe— e (R 1 10 ¢ 1. D FEREL IVM, 51
P RE [ B AR N4 A OB R 0. 3% T
RS J580 H o A & Tk el G 58 43 VS i Dy ak 5 7E 40 C
I ZRAN T S 5 28 M 22 Lo ¥ 50 W A pH
7.0 1) PBS ¥ 25 mL PERE, B 2 N 4 G RAK
15 1 YRR, B 7R AL PR 5 min, 75 N, HERR 2 ik, 25 5
I B 4 CUkKAE TP RAT .

(2) P [ B 23 s o W T ) % 5 s ) (1D
5 1 BERR S B AR VKR v R AR O T E TR AR
PR S8 A fl A, FE AR . R VR 3 U, R AL 3
5 min, 75 N, % #0E 4 CokH P IRAAE .
1.2.2 EZKBET  ZHCH9-10], 1€ B oP g
Jig 5 0 [ LG TVM 5 59 B i R o L 2% o i
PBS i) pH R miH R, 3R R % L bs %t
Ly 3O IESCIKE 5 (R D ik IVML L J5 s PR
Ak J5 B TEC T P O il O B L 7% kT B RRE 7 R i
G TZ2A&MFHET R (R 2), BAFES 2 K],
BOV-SH{E AT T7 225007

F1 IVMLEBEANZmMEZEREKFE

Table 1 Level and affecting factors of IVML prescription

* A B C
Level B Bl g 55 1 [ e o i L IVM 5 51 8 g o 45k LE £k PBS % pH
’ Mass ratio of lecithin to cholesterol ~ Mass ratio of IVM to lecithin pH of PBS

1 8:1 1:8 6.5

2 9:1 1:9 7.0

3 10+ 1 1:10 7.4

2 IVMLHAIEIZHWEMERREKTE
Table 2 Level and affect technics factors of IVML

* T A’ B’ C'
Level ViRV € e HERE/C 7 B A ] /min
B Freeze-thawing times Evaporated temperature Ultrasonic time

1 2 35 3

2 3 40 5

4 45 7
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1.2.3 IVM A &Re 24 BEHREIVM §x

#Edh 0. 01 g, i A B TC 1 B 100 png/mL ) b5
WA g B 1. 0,2.0,3.0,4.0,5.0,6.0,7.0 mL
IVM FrifE T 25 mL i A B EER B 2 21
JE RS BN XTI, F 245 nm JE KT
B IVM W B, B2 5 W, BULSFE (. MR 40
3B - LA TV JI 3 3 0 IR O B R A7 e vk Il 13
CACVEYN N

1.2.4 IVML #9 @k &% % 5K S% R IVM
10,20,30 mg 43T 1. 0 mL %5 [ AR BT A v, e i i
AR 3 AN AN TR R R R 0 R G TR PR R A
4~28 pg/mL BTk B . DU TVM 45 1 W1 =5
F1 BB J5T AR s B T 0 X R, 1 245 nm KR I 2 WOk
T S ] 8 = 0 BT ok R/ T AR
e B X 100% ,

1.2.5 IVML @& & ezl B IVML &2
PEFRAAR B 4 1. 0 mL T 2.0 F . 20 5l m A |
B 1 mL L, B E 5 min, ZJ5 T 3 000 r/min &>
20 min, B FIE W T 10 mL &, A
L UBOEME AR 0, F 245 nm KT
DC SR AR 12,3 v i R i Il )3 5 A L 5
B B G, J AN EZ: 10 000 r/min &
> 60 min J5 (19 TVML 456 115 A B BEE 2%
Z—EAEE LB O JE 12 IR BRI 0, T 245 nm
b3 RN 3 S AWNI Il E by = B = D R N R 2
BHGEC., BRI AEEKE.

E=(1—%>><1oo%
C,

1.2.6 IVML 224 ey e (DA, R
£¢ TVML (80 L 8¢ FHA T v b 20k 40 2 451
B

(DA . BUIVML i 2855 A L R
2SR T A b Y 5 min, HARIE T 5
SPHBE T IR AR,

(3)kife. FH 0.1 mol/L.pH N 7.4 4§ PBS #&
F B IVML, £ Malvern Zetasizer Nano ZS ¥ &
SEASCT I =k AR K oA
1.2.7 IVML &z ez (DMFaEME, %2
ALK F TVML A 540 50 F 4 CukAf .40 CHE
B ZEI (25 COCE 0.5,10 doxfH AW AR fk & &
PEAT X

()eFaErE. ¥ 2 AR B TVML FE & (Rt
3 U HE A 5 mL I N . 7E O BESR E h (4 500+
500) 1x,2.0~5.0 CHMRIR G A PicE 10 d, T4
0,5 1 10 KEURE 0 HAMRAE Ak & b A7 i

2 HiR50Hr

2.1 IVML #l&FHEKTHIE

FHHE B 0 103 R A0 R 0 B3k 43 o
IVML, 231 55 HoA 35 5643 51 ok 87. 40 %0 F1 90. 71 %
45 5 5 A R T O A B R L B R R
TR 23 HB ) 2 Mg T o L I3k ) 28 11 i AR

F3 IVMLEAMRKLH L GHEZRIWER

Table 3 Optimization for data of L, (3*) of orthogonal experiments of IVML prescription
A B
e Bl 5 M8 e IVM 5 0 B fi ¢ D REE
Number BiE t o )—DEE 24 2% th i PBS ) pH z ?’J Encapsulauon
Mass ratio of lecithin ~ Mass ratio of IVM pH of PBS Nulllist efficiency
to cholesterol to lecithin
1 1(8:1) 1(1:8) 1 (6.5 1 50. 26
2 1(8:1) 2(1:9) 2 (7.0) 2 75.38
3 1(8: 1) 3(1:10) 3 (7.4) 3 69. 26
4 29+ D) 1(1:8) 2 (7.0) 3 80. 56
5 29+ D) 2(1:9) 3(7.4) 1 89. 17
6 29 1) 3(1:10) 1 (6.5 2 84. 77
7 3(10: 1) 1(1:8) 3 (7.4 2 67.18
8 3 (10 1) 2(1:9) 1 (6.5 3 66. 71
9 3 (10 1) 3(1:10) 2 (7.0) 1 87.79
T, 194. 90 198. 00 201.74 227.22 671.08
T 254.50 231. 26 243.73 227.33
T, 221.68 241. 82 225.61 216.53
x1 64.97 66. 00 67.25 75.74
2 84.83 77.09 81.24 75.78
x5 73.89 80. 61 75. 20 72.18
R 19. 86 14. 61 13.39 3. 60
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2.2 IWWMLEFMHAZEIZMNESTIKIEER
2.2.1 IVML fier % 3H D A=A HEHER
(BRI W7 25 IR R A T SE 4, 5 S R W R (618
KF 25 D, 6 45 28 0 8 bR 19 52 i 2 v] S8 A9

ZANHEE,

3 a9 RAE AT 20, & AU B G 55 1H [ B
B Em k. HZE BAVM 500 hs B 1) 5%

F4 IVMLEAEMEZHNFESTER

WL CCE i PBS ) pHD B/ . e
5 v AL IVML R 8 AL B, C, . BN R BAS S5 0
IR H 2 9 ¢ 1. IVM 5 9@ At H oAy 1+ 10,
ZEohi PBS 9 pH N 7.0, Jr 0 Mras R (R O %
WA BEZEW FHEKT Fose %MW EKP<
0.05);B R C HER B BN B (P>>0.05),

Table 4 Variance analysis of affecting factors of IVML prescription

IE3 T g 5 ;
Factor SS df M

N 7 B =8 E=AN

BI85 A ] B A L CA) 594,053 4 2 297.026 7 23.152 2%

Mass ratio of lecithin to cholesterol

IVM 5 B I 5 i 1L (B) ‘

Mass ratio of IVM to lecithin 318.659 3 2 174.329 7 13.588 4

ZZuhii PBS ) pH(O) 0 ac -

pH of PBS 295.696 8 2 147.848 4 11.524 3

% % Error 25.658 7 2 12.829 3

I Total 1264. 068 2 8

1 Foos2. =19, 00545 x FFoRF MR E., TRME.

Note: Fy o5¢2,2) =19. 00; signal * means notable effect. The following table is same.

2.2.2 IVML #l& L&

£S5 D RAEL LA ERT A DL UL A R R R bR 5 e ] 5
R ER BT 45 N2 AT SE P 5 25 R &R Y R

M. Z AATEE,
£S5 IVMLASIZRMUM L GHERTKELER

Table 5 Optimization for data of L, (3*) of orthogonal experiments to technical factors

A’ B’ y ' 5% /0
e 2 VR REWE/C g O 2 pE
Number Freeze-thawing Evaporated C . o
times temperature Ultrasonic time Nulllist efficiency
1 1(2) 1 (35) 1(3) 1 59. 35
2 1(2) 2 (40) 2 (5) 2 84. 44
3 1(2) 3 (45) 3(7) 3 78.68
4 2 (3) 1 (35 2 (5) 3 86. 87
5 2 (3) 2 (40) 3(D) 1 88.90
6 2 (3) 3 (45) 1(3) 2 70. 86
7 3 (4) 1 (35) 3 (1) 2 74.58
8 3 (4) 2 (40) 1(3) 3 78.67
9 3 (D 3 (45) 2 (5) 1 79. 66
T, 222.47 220. 80 208. 88 227.91 702.01
T, 246.63 252.01 250.97 229. 88
T, 232.91 229. 20 242.16 244,22
1 74.16 73.60 69.63 75.97
s 82.21 84.00 83. 66 76. 63
N 77. 64 76. 40 80. 72 81.41
R 8.05 10. 40 14.03 5. 44
#6 IVMLHEIZEWEENAZENWER
Table 6 Variance analysis of affecting factors of IVML preparation technics
K% 5 H B ¥ F
Factor SS df Ms
B 2 ) (A’ Ultrasonic time 97.882 0 2 48.941 0 1.852 5
& RIREE(B') Evaporated temperature 173.880 0 2 86.940 0 3.290 9
R (C') Freeze-thawing times 328.527 0 2 164. 263 5 6.217 8
% 22 Error 52.836 9 2 26.418 4
B Total 653.125 9 8 9
H %5 A9 R AT, N2 C' G 75 2 1a)D 52 WHO W /N LT 27y 2 g TVMI il %

] e K R 3 B (R IR )

IS
7

Mgz, R ARl

M EAE T 200 ALBLC, B R R 3 K, R R IRIE N



28

P AL AR AMRA K222 4R (A SRR 2 MO

5 38 &

40 C,HA M 5 min, Jr2EA M4 R (R 6) iR,
Hil& T3 AMNEmMKEEMRN FAEY/NTF Fooeo %
WL b 3 SRR AR AN i 3 (P>>0.05)

Fie UL b e AR 7 S L T 20 #% 3 4it TVML,
Hif B O35 (90, 7140, 8) %,
2.3 TVM #RiE # L HO 45 I

X IVM #BHE AT 58 A WO 3 mT 0, AR 245
nm Ab A 5 IR IR0 | T 48 S 0 0 B R 1 S T T AR
VA WRAE G Ah TG MR A 0 L R I LA 245 nme Sy G
K.

DAV Ay o HRE T AN TR] 5 o v B T TVML 3
W AE 245 nm PR NN H A 5 R, BUHE
Bl . AR P AR AE L DL TVM B (OO X Mol
JE CA) BEAT R RS L 45 ) [ 03 5 R AN F .

A=—0.017 140.037 6 C,n=7,R*=0.997 5,

5 FW  IVM 7E 4~28 pg/ml Joi ik ik i 75

WM ER R

K1
Fig. 1

IVML 1 i 88 i R- (X 60 000)
Transmission electron micrograph of

IVML (X60 000)

2.7 IVML e
2.7.1 #AAZ M K3 AHLR A IVML EE S

BT 4 CukAfi 40 CHEIRA EIE (25 COtE —B
P B) S5 UL, 45251 (R D R TEAN R 254 R iCE 0,
x®7

2.4 TVML Bl RXEHER
25 R B 0 R AR 3 AN A TR R
IVML % W (1 18] i 3% 4 ) 2 98, 58% ., 93. 77% .,
98.99% , A [l 2 g (97. 49+3.11) %, 28 7 R %L
Sk 0.03 %0 » 1t B 1 7 5 T 45 SR o 0 T
2.5 IVML B ZRHNE

P ALBC 7 T 2 46 1 3 4t TVML AR S,
f B A 51 R 91, 03% ., 90, 97 % F190. 13% . £ B

IVML it 8 R 5 .
2.6 IVML H9IB4k1% &
2.6.1 4 M IVML AN AFE A @4 PR i,

TCE M BUR P2 AR R RS E

2.6.2 % A IVML7E& 5o T 23R . I8
A 51 (L 1)
2.6.3 #& & W& 2 AALIVML B4R 2 8o fi

1E 86~115 nm,FE¥Hii2 Ky (91. 8+1.5) nm, kit
O3 AE RLAR LL A I AT

151

EL /%
Proportion
S

w

1 10
AL /mm

Size

2 IVML [l 72 50 1
Fig. 2 The distribution of IVML

5,10 d,IVML 42 UliER L A4 . A FHE R
FA (8 0, 3 S5 ol i vk R 4 o Ok A B S AR Ak 10 I T
%W IVML #2 e .

IVML WA E &

Table 7 Results of heat stability of IVML

N N N R/ Y IVML Jii & 4
&1t i /d S i @i o T/
L. . - . ncapsulation (mg * mL™1)
Condition Time Demixing Sediment Colour o >,
efficiency Content
i 0 — — A A Milky white 91. 06 10. 55
4 Cy _ _ = . -
Refrigerator 5 FL A 4 Milky white 91.02 10. 32
10 — — A1 Milky white 90. 89 10. 22
40 C 0 — — 3L 8 Milky white 91. 06 10. 55
1 L4 5 — — A At Milky white 89. 35 9.75
Calorstat 10 - - 7L 4 Milky white 85. 69 8.69
R 0 - - FLH 6 Milky white 91. 06 10. 55
Room 5 — — A [ Milky white 90. 09 9.89
temperature 10 — - 7 144 Milky white 88.73 8.79
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2.7.2 kAszEw HmESHEHUFH,3H IVML IE
e HEER FE >R (4 5004500) Ix HEHR 2.0~5.0 CHy
ST AR 0.5 F 10 d, H AR IR ok % A B

Ak HFUIR Y — WA S B T 4 ]
IVML B9 A2 E 3R M & W B B A, B8] TVML

F 8 IVML Wy EM
Table 8 Results of light stability of IVML

ek il /d 412 TR (% SmER/% VML F &%
Batch Time Demixing Sediment Colour hnca‘ps'ulatlon / (m‘g - mL™h
efficiency Content
0 — — At Milky white 91. 06 10. 55
1 5 — - 7 14 Milky white 89. 34 9.42
10 — — [ {5 White 85.13 8. 34
0 — - L1 Milky white 91.06 10. 55
2 5 — — A A Milky white 88. 69 9.56
10 — — [ & White 85. 32 8. 45
0 — — #L H 4 Milky white 91. 06 10. 55
3 5 — — A [ Milky white 88. 27 9.36
10 — — 8 White 85. 33 8.29

3 i i

3.1 IVML g4l &

il 2 A BT AA 1) 5 3 A AR Z2 Fi o BB B 4K i) A 3
FRER S/ T ENFLESE ZmaH R KR
AR 2, A8 d5 3 B2 i T A0 25 25 W) B Pk BT R E 1
R 3 O T B IR PR 25, HoRIAE 2
B, T BUAS AR s BAS IR DA 238 Oy 4 A Utk
il 4 TVML ; [m] i 5% F K i 2088 L i g0 1 48 Sk 08
7 ] X RE S A B 4 JE TS et A i R A R
F2 R ] 00l Ais R0 AE G S 2 A2 AR H b DR ek
HAIE UG B X2 0 7E R RE [ st mT D ek 742 835 i 7
JIg S5 A )22 v 0 HE 2 O B 2l - BT A [ i S5 A
R R

AR AL TVML BE 75 19 1E 2838 56 v & 31
Wi TVM 5 0P85 Bt &t b A3 Jm (1 = 8—1 ¢ 10D,
BURE A TVM & i i R AIG , f 35 S8 B 22 38, i 5 i
NI B BT 45 5 — BT ER TVM & i R
K25 G R 2545 e AN, & ad Ak A 55 15 3]
IVML B e BC 7 Ko il 4 120 Pl B 55 1R[] et
Big by 9+ 1,IVM 5@ ity 1+ 10,28
il PBS 1 pH A 7. 0, #8 75 24 M@ i 7] 24 5 min, 28
RAREE 40 C L ¥Rmh 3 K, il # 19 3 4t IVML 4
FR 134 (90. 71420.8) %,

3.2 IVML ByREEH

KERWERR & A 10 A 2 5 A A v 1 R B
SO IS 2 kA R T AR AR i A A Ak R o 4
A F E G TR R SR s N B AR Ak DT 4R 5 B
Bk rfaE e . BN S I R E E Yl R
E ] BE I 40 i 0K S0 I IR BT A Y 2o S Ak B, A

g A A TR

A3 5 1 A B9 TVML S 20 E 38— B Ak
T35 S BB LR S BR R AR 86 ~ 115 nm, H
IIATYIST AR 4 CUkAR 40 CHEIRAR 2 R E — B
S [6) i o AP UL 5T B e B2 R AR W AR A 5 2200
MR o HL B e SR 5 i e JBE A L WAL IR AR
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