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A Study on the Preparation of Sinomenine Hydrochloride Liposomes
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Abstract: Objective To prepare sinomenine hydrochloride (SIN-HCI) liposomes with high entrapment efficiencies and to illustrate the
relation between the entrapment efficiencies and the factors formulation drug quantity and size of liposomes. Methods Centrifugation
sedimentation combined with centrifugation ultrafiltration was employed to determine drug entrapment efficiencies of the liposomes.
The following three techniques thin film hydration (TFH), reverse phase evaporation (REV) and ether injection (EI) were screened
based on entrapment efficiencies and formability of liposomes. The effects of type, pH value and ion concentration of hydration liquid,
pH gradient active loading drug, lecithin-cholesterol ratio and drug-lipid ratio on entrapment efficiencies of liposomes were
investigated. The relation between entrapment efficiencies and the factors formulation drug quantity and liposome size was probed with
a comprehensive design experiment. The stability of typical finished liposomes was evaluated at 4 “C. Results TFH was the optimal
preparation procedure for SIN-HCI liposomes and citrate buffer solution (CBS) was the best hydration liquid for them. The liposome
entrapment efficiencies increased as a result of increase in the pH value of CBS. When the pH value of CBS was fixed, the entrapment
efficiencies increased as a result of decrease in the ion concentration of CBS. pH gradient active drug loading led to increased
entrapment efficiencies, and to enhance this effect, the preferable hydration liquid for liposomes was CBS with pH value of 2.5. The
optimal raitio of soybean lecithin to cholesterol was 6:1. Increase in ratio of SIN-HCIl to soybean lecithin from 1:6 to 6:6 led to a slight
decrease from 99.37% to 95.29% in entrapment efficiencies of the liposomes without probe sonification. A quantitative relation was
established between the entrapment efficiencies and the factors formulation drug quantity and liposome size. The typical finished
liposomes was stable at 4 ‘C. Conclusion The technique of pH gradient active loading drug is able to prepare SIN-HCI liposomes
with high entrapment efficiencies.
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pH 5.0 BRI (PBS 5.0): ¥ 1/15 mol/L W&
TEAPRWE 1/15 mol/L WM AN IR 99.2 ¢
0.8 ML BIRA T . FIIE A itk ali; HPLC FZKh
WZEIK,  FARARFIIE A 7 prali.
2 FESHR
2.1 BERREHERNE

o AU ZH T RIS S I o T - 0
PEEIHEATI G o W RE R IR N . BRI G R
PR B, FEAT, DU R TR BB ISR,
AL AN 259 45 B o K 2 PRGOS B 8 TR PR
JE TR IR, BT, AORER R A DL
VEo MU B FIEBOIEAT B EYE, 572 50 L YUk
W, WCHRBLUEMR, 40 e BB S B0 i IR i AR
TRABRE S 25k B Crir s B g R A4 A b K AH
I TR D B R DU S — 0 B O IR TR
FE it R A IS TR AT g B A B 22 viie, B Big
W, KEEOEDUE RIS B O E R B TR, o
HARINKAR R, AR (EE). AP
ATWE 3 I, BHPME .

A F=1—EAX Cyy/ C'?
EA IR FAARE S A MK HTR TT /0y Co Ca 22 BN IE
JRAKE -5 AN KRR R 2400 ST A
2.2 BERIAHI& T ZR0FIE

H TR, 44T SIN-HCI10.05 g,
sbPC 0.30 g.CH 0.05 g VE 0.005 g.CBS 5.0 15 mL,
ZELUR 3P LA,
2.2.1 REEGE (TFH)  #f SIN-HCL. sbPC.
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W 15mL, A “22.17 i F TFH L &4 H& 5
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PBS 5.0. 23l & e i g 2, g5 ALk
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MR PUARTR A, KA CBS 11 pH i 23 il 45 il 7
3.0~ 5.0 7.00 WA PR 2R pH {H 3 )
3.0v 500 7.00 ZrllE & A Lt A, 2
WK 1 547, LLEH, B pH H 1)
Fhir, AEERI.
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Table 1 Effects of pH value and relative ion concentration
of hydration liquid CBS on entrapment efficiency
of SIN-HCl liposomes (X *s, n=3)

AHXS BT fEE /%
W CBS 3.0 CBS 5.0 CBS 7.0
1/10 39.94+1.71 42.56+132  51.54+2.05
12 34.06+1.33  37.03+2.15 46.28+1.86
1 13.66+1.66 21.81+1.01  33.16+2.79

2.4 pH#HEEZHZ

241 FAFFGR $&4bJ7 SIN-HCI 0.15 g. sbPC
0.90 g. CHO.15g. VE0.015 g. CBS 3.0 /K1bif 45
mL, KM “22.17 Wi N TFH L 244 FH %5 ik
TR, CBS 3.0 ZKAIRAHRT B e FE 43 ol 4 w1l 11
1. 1710 PIANAKCE, S KA I 28 13 B K
(0B oAV BB R 4 I 4 4y 7.5 mL [OFES, BT
ANEGEM TR W R T, LA 1 mol/L NaOH
WK 4 ARSI pH (I 22 4.01 5.0, 6.0+
7.0, 43 AlE pH ARV HT S SRS Al A,
ELER AR 2, ATLLEH, pH AfJE F8) 352575 mT i
SR FA AR, KBS B Tk
FERCRINT, AHIF] pH BARE N0 4 m ik

2.4.2 KALWTRE  FeAb T SIN-HCI 0.05 g+ sbPC
0.30 g« CH0.05g. VE0.005 g. /K4b® 15 mL, X
A “2.2.17 TR TFH T 245 N8 TR, 530
Pl CBS 2.5. CBS 3.0 & 0.1 mol/L FriB# A /K
i, FEIEAT pH BEE 882, 3 O FE 1) pH



%2 AFpHBETERKHNAMEHE (X £5, n=3)
Table 2 Entrapment efficiency of SIN-HCI liposomes
under different pH gradient (X *s, n=3)

WHEE /%
FEMIRES X BT FHRS B 7ok
WM 1 1710
WHT (pH 3.0) 13.58+1.80 40.14+1.62
pH % 4.0 14.66+1.94 40.87+2.09
pH % 5.0 33.041+1.96 46.441+2.88
pH % 6.0 52.57+1.73 51.96+1.57
pH % 7.0 70.85+2.04 57.21£2.14

B A 7.0, 23 700 € pH B FE 2 2h o B i ) A
SEIRHALE R (99.3740.46) %. (70.85+
2.04) %. (81.194+1.5) % (n=3). A[LIFEH CBS
2.5 KALIIIR R pH BRI L G B R R, ]
CBS 2.5 Ay fpridi /KA
2.5 sbPC-CH Lt#Ifsik

sbPC-CH LU i) 42 5% Mo JIg 5 4 jl 280 5 4 o S 1)
PR F, WD ALK pH B E T3 E 21
SIN-HCI g A A 5 24 1 52 1

fE4b 7 SIN-HC10.05 g+ sbPC 0.30 g. VE 0.005
g, CBS 2.5 15 mL [3&af F, AR CH {f
sbPC-CH LG /3 5k 24 2 3,24 1 4,24 15,24 .
6, % “22.17 Ti K TFH L 2HI4 N8R . F
FITIAS AR S 2 34T pH BB IS £ 5h38 24, pH {HY
WA 7.0, W SAE M E =, g5 R I35
(99.2240.33) %. (99.3740.29) %. (99.05+0.36)
%+ (99.13+0.41) % (n=3). W LLH HHra
(L EE R BT TE 99% LA L, T - JH [ 12 L 491 of i i 4
g N, AR ORI, sbPC-CH Lt
Bk 24 D5 F124 D6 I, TRKACAAME, FERHS
UEAk, SABIIERE A R I, sbPC-CH ELHI Ol 24
4 I, JRFUARIIEA SRR A B W] AR T Ee
24 13 I, W LRI T RE LA N 24 < 4.
2.6 ZHBRLEXEEHEZIMAYEE

fE4ET7 sbPC 0.30 g» CH 0.05 g+ VE 0.005 g,
CBS 2.5 15 mL [fy3Eat L, MAATF & SIN-HCI
(0.05. 0.10. 0.20. 0.30 g) f#iZ4¥) 55 sbPC FJLLH
AL 6.2:6. 4164616, 1% “22.17 WK
TFH L2625 IR ARAE 23l 24T pH B 350
W2, pH YU A 7.00 2375000 2 AN [H) 245 i L ¥ i
AR, g5 R HAE 25004 (99.37+£0.29)
%-(99.3240.24)%.(97.31£0.36)%-(95.29+0.58)

% (n=3). AJLLEHMIEFHELHE N, B ZIEET)
s, MR AR R AR R
27 2ERITEFBRAAHESRETEHENE
EFIEE

#E 4L T7 sbPC 0.30 g CH 0.05 g+ VE 0.005 g
CBS 2.5 15 mL [9Eat b, 4%k 3 W A F Mk Jr
2L, AN A T7 2 5 (0 oA 53 0~ 35053 1 4 iy
A 3 4y, 3 BIAETE 5. 18, 22 W (J74E 4 C)
REF A AL B (REDERENE, FEK S s, THIRE
20s, 3L 6 U0, AR A, CABOGEU
EME kAR, R 3. KT AR R4 )k
17 pH BREE F5h# 25, pH EIIHZE 7.0 2 HIME
SRR AR, RIE 3. nUEEA
A2y 1, fds 2 I B AE IR TR AR IR0/ N 1T 9 /)
M RORIN,  IX M /ME B ] 23K, L UROS
BAE GRFHZRERETHED W3R 3 s ez 8
B34, LL SIN-HCI )4k 77 &8 5 iR iR 4 A
TR X X, BEFANNLRE Y, PEsIRED
[ 9452 41 R [EH 5 S Y=63.629 3—0.164 6 X+
0.155 2 X,—0.000 1 X;*—0.000 1 X,°+0.000 2 X,.X>,
r=0.9767, 0=445.6926, F=579158, & F K
I Im FE LT Fooi(5, 14)=4.70, 8 F>F (5, 14),
FRsesaid, vl DA B 5. gy
e MZyEN 100.1 mg. Rt 630.1 nm B, fudf
IR, BORTTIE N 102.5%, AT 3 X
USRI Rl e A =i N Ol SR S = S )
99.89%. 99.93%. 99.94%.
2.8 M mBERIREY R E 518 E TN

54k J5 SIN-HC1 0.10 g.sbPC 0.30 g.CH 0.05 g+
VE 0.005 g CBS 2.5 15 mL, X4 “2.2.1” i F TFH
T WG ARRES, JEAT pH BAEE 8032,
pH HIHA 7.0, FLEIFME KUt S E
SR, BhtE RIf; R FLEE, nrLL
WELR RPN LK, IEPIAE, G K2 )23,
K ZEEN, N R3NP, RN
ZERION, Tz WARMIERE, WE 1, A
BRI N 99.72% (n=3); LUBOGHEU K
D5 SO A I B AR 1)~ 220 kiAe ok (8544+57) nm (n
=3), ZHEIRECN 026710.046, Zeta FEATA
(=25.36%3.58) mV (n=3), kifen il Zeta i
A WL 2.

BRI B E T 4 CUKFEIRAT, 2053 F 0.
7+ 14 d WE TR AR &I AR, 45 R WK 4,



£3 2ERITRBELHEER 0=3)
Table 3 The experiment arrangement and results

of comprehensive design (n=3)

eSS SIN-HCI U /mg  Fife /nm  WEZEK /%
1 100.0 518.7 99.70
2 100.0 324.6 92.92
3 100.0 237.6 85.82
4 100.0 186.5 70.77
5 200.0 739.4 97.45 El1 BmiEREMEFHIERAE (X400
6 200.0 373.4 86.22 Fig.1 The microscopic picture of finished liposomes (x 400)
7 200.0 311.3 76.99
8 200.0 2279 61.54
9 300.0 911.3 94.89
10 300.0 455.1 72.52
11 300.0 3119 59.13 100 200 500 1000 2000 5000
12 300.0 246.8 50.13 Rife /nm
13 400.0 717.2 91.76 5 0
14 400.0 411.2 71.87 é DN b
15 400.0 289.6 56.53 f}f
16 400.0 236.5 34.57 S
17 500.0 888.5 90.53 Y 30 60 % 120
¢/ min
N 2000 2055 o M2 HRAEERRESHE (A) T Zeta RAIE B)
19 >00.0 4392 31.78 Fig. 2 The pictures of size distribution (A) and Zeta
20 500.0 2857 27.66 potential (B) of a finished liposomes
x4 HmERABREEENESER 0=3)
Table 4 The stability test of a finished liposome formulation (n=3)
o (A LUy Ea Ptz
HTE / . e %ij;fl)/ @,i;)? / *in{; / éet/a;%/
0 F ORI, WBhIE R AF A RERARGE Y, B E, 331 99.72 854 —25.36
BWCREE, UREREE 2
7 ARSI, WEMERL, AR AKEEEIRE A, EEIEE, 3.29 99.64 864  —24.24
W2, AR RT3 iR B, URREREL
14 FORER, Wtk R, A% AREEAREH, ERIETE, 3.32 99.56 871 —24.46

oIz, ARERE AT #0

BRI RIER)E 2

RUIFES IR . BROEE . 8. WHR,
Kttt Zeta AL A K AR 204K, BEBAFE S AR
EME R .
3 iTie

F A R R 5 e AR R s 2, ARSI AR
T TFH.REV.EI 3 fiifil#s 1.2, MififfiE ik H TFH
T&. 5 REV. EI LZAMLL, TFH FLAKRE T
TR LA, W] DORE H 5g 4 B HLE 7,

XFE— 7 10 AT LR UE A DL 7 5% B A B
R, 53—y TR AT DL JRE G5k B AT ALV 6 I oA 8L
ST R AR LA A E T, i HOX R e ik
Vi B 55 A WLV 70 i B 2 110 38 8 AR T s 2 R B L
PE, I T2 AR, WONE AR SE R B
Rz E s T2 el R S5k % 18, TFH 1.4
BA KIS

AR GE T CBS 3.0. ABS 4.0 1 PBS 5.0 3



FhARAI, i W5 5 il A ) T A A 7R R A B
ARG, T ET A 0 A R DA I [ A
FFI X P REY) CBS Wi R It R E A
Ko

ARSI 5 T AR CBS 3.0. CBS 5.0
CBS 7.0 3 Rk AL BN g BT AA AL 3t 22 1K g ), 45 53R
WY, M4 pH {EAR RIS, o dsh 3R Bl K A
TR BRAR RGN, X W] BESE TR AR g2 o &k
L5 251 AH EAE F 1T 59 0 25 0 40 KA R I 2R
LTS W —2 5 H 45 R R, MKk
W pH AEEARET,  PRIKAGI 2 1k B PR %
BN R OC, AU TR 2 S R g o £
HA 5 A BAE

PH B 8 28 24 & 38 R 15 T P44 h /K AH pH B
IMAE P AN KAHTE 1 pHABLAR AT TR AR SR KA ) 24
Py N 97K AR, DT I A 2 )0 s 22 (10 T vk
H# 2 1] DUR A B iR B2 1 1) CBS3.0 7KL
KA AT B I AR A3 28 13.58%, X
HHAT pH BRIEREZ, A pH 3% 5.0 5
7.0, WU J5T AR ) B ) A 0 0 R & 33.04% 5
70.85%. M1 1 WIATLUE AR & FRERN 1 1
CBS 3.0 /Kb, CBS 5.0 /Kb« CBS 7.0 /Kb
a5 M KA B A3 2008 A AL B a0k
13.66%-+ 21.81%. 33.16%, nJLAF H/KILHEH pH
Eem, AN E R R OB, K&l T SIN
550 PE 25, pH (I KES, 272591 Ll
8K, WOE 22 1 25405 BB R PR (BRSO 47 )2
FLERIK, 76 pH bR 22 1R R Aol i 4 v o
JKARI pH 8 [FIREAEALE B3R 258100 g 543 1 2 1
SECAERT, RN TE FIRAH RSN KAH pH E 323
WHE HEBAINR AR BE R EHE TR pH
BREE TR 2 R AR BRI K, Jhgs RS
FAT7E A 2T HLOGHRG B AR B 5T b % B0 Ao A
—3. K 1. 20T LA H, KA S SR AL
BRI, AR pH BB Al Refim i k. kg
FIEXT pH BhE = B A2 HLHI RIS .

pH A 5 = 3l 48 25 14 I 04 1) d5 08 ZK Ak 8k
CBS 2.5, fEULAMF FHHIEIE Mk Tr 2y 5 kife,

JE AR L3 3 KT 80%, TAF] (rhE Z48) 2010
R R R

i S AR PR Ak T 24 i Bk A R S i i ) P £
B, [AI ORI 2 AR 2 7R AT R
PNIEID S-S O EE S IRTE S ALESE//E T TVE sy
PE, ORI LR A firbs, B ER AR
AT At BRI S T Y B R A5 25 A
FiARZ [HOC R, I BB — 8 S 2~ &
AR 5 e B A R A R R AR R I
e S R R AR AR AR S
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