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Preparation technology of sinomenine hydrochloride liposomes
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Abstract: Objective To prepare sinomenine hydrochloride (SIN-HCI) liposomes with high entrapment efficiency (EE) and to
illustrate the effects of drug quantity and particle size on EE. Methods Centrifugation sedimentation-centrifugation ultrafiltration was
employed to determine EE of liposomes. Thin film hydration (TFH), reverse phase evaporation (REV), and ether injection (EI) were
screened based on EE and formability of liposomes. The effects of water type, pH value, ion concentration of hydration liquid, pH
gradient active drug loading, lecithin-cholesterol ratio, and drug-lipid ratio on EE of liposomes were investigated. The relationship
between EE and the factors affecting the drug quantity and particle size was probed with a comprehensive design experiment. The
stability of typical liposomes was evaluated at 4 ‘C. Results The optimal preparation technology was TFH for SIN-HCI liposomes
and citrate buffer solution (CBS) was the best hydration liquid. The liposome EE increased with the increase of pH values of CBS.
When the pH value of CBS was fixed, the EE increased as a result of decrease in the ion concentration of CBS. pH gradient active drug
loading led to increase of EE. The preferable hydration liquid for liposomes was CBS with pH value of 2.5. The optimal ratio of
soybean lecithin to cholesterol was 6 : 1. Increasing ratios of SIN-HCI to soybean lecithin from 1 : 6 to 6 6 led to a slight decrease in
EE of liposomes without probe signification. A quantitative relationship was established between the EE and drug quantity and

liposome size. The EE of SIN-HCI liposomes prepared by certain particle size and drug quantity could reach over 80%. The typical
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liposomes showed a good stability. Conclusion The technology of pH gradient active drug loading is able to prepare SIN-HCI

liposomes with high EE.

Key words: sinomenine hydrochloride; liposomes; centrifugation sedimentation-centrifugation ultrafiltration; thin film hydration;

reverse phase evaporation; ether injection; comprehensive design test; pH gradient active drug loading technology
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H1); XL2000 75 AL (5 B Misonix 2 ] s
Nicomp 380 CLS WOGHURRLEN & (SEE PSS
FEEE AT D R RV e 75 Kk ds CRifg i AERL
FA AT ; 2—16k A% s B0 L (3£ [F Sigma
2vnD); BXS1 G E: (HA Olympus); £k
Wi mASEpEAs . PHS—3C & pH o1 Bk R AR
FALIA R A E]D; EIEH T (Microcon YM 100,
AR 4> 7B 1X10°, Millipore 2 7).

JE[ERE (CH, 7)#r4l, $it'5 F20090719, [

Be A Bk iR A FDs 4% E (VE, it
5 082K 1382, ZE[H Sigma A #]); KE M/ [sbPC,
WS, BEREHGE (PC) RS HORT 70%, it
5091208, FHERAZNA AT SIN-HCI (br
TNFIKE ) 98%, A< LLAMRE HPLC SElll it & 73 41
5 92.67%, b5 Bsy090415, Puz it MR A
BT SIN XS (b5 0774-200206, H1[E 2y
i AR E BT o AR M (CBS): 44 0.1
mol/L F G ERER 5 0.2 mol/L R A NS4 —
JE LR AR, D ZERRRREE 54 (CBS 2.5,
3.0, 5.0. 7.0 4350 pH 2.5, 3.0, 5.0. 7.0 [f) CBS
WD pH 4.0 BEIRZZ MM (ABS 4.0): K 0.1 mol/L
BE RN 5 0.1 mol/L B PR 1% 16.6 & 83.4 1111
B BL; pH 5.0 BERZZ MK (PBS 5.0): ¥4 1/15
mol/L iR AW 1/15 mol/L MR — i
Wit 99.2 1 0.8 M LLBITR B HC L. I IE A (a4l
HPLC MK A zE/K,  HARGm35 4 2 A4l
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VEo MU B FIEWOEAT B EYE, 572 50 L Y10k
W, WCHRBLUEMR, 40 W E BEIE S B0 i IR iR
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H TR, 48—AbJ5h SIN-HC10.05 g
sbPC 0.30 g.CH 0.05 g. VE 0.005 g.CBS 5.0 15 mL,
ZELUR 3P LA,
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2.2.1 0% (TFH) K SIN-HCI. sbPC.
CH. VE % T 35 mL S He-FlE (50 2) JRG%
A, ¥4 500 mL AHTENEY, {545 °C. 50 r/min
YRk e i 25 F ) A3 B0, =R AL 2 b,
AT 15 min 50 15 mL CBS 5.0 7K1k
TR, FKAb SE A IR AR UK T B D) 4 Bt
ITAEFE (9 500 r/min), REXBIVIRFLE 30 s, (ARG 1
min, BEH 6K, BIEIEFRIAIEER .

222 Wi &K (REV) ¥ SIN-HCI. sbPC.
CH. VE %1 35 mL S Hke-HIlE (50 2) IREGH
A, H# A 500 mL AR, A 5 mL CBS 5.0
Wb, A, 355 min, FEAEFS: 1 min, W
K [AEER 1 min, 3FLRME, 7E 45 C. 50 r/min
N e 2 EAHMLE R R BRA, A 10 mL
CBS 5.0, i If LLisBI Y1 BUCGAT 701, RIAS
223 LBEFENE (ED ¥ sbPC. CH. VEH T
30 mL ZF, # SIN-HCI % 15 mL CBS 5.0 7,
R RAKB B, K EESIE 53 C,
TERE I eFE T SRR A IR 18 A CBS o, i
SR ERAkEEAE 53 CCRAEE 1 h, FERLE YY) HUY
AT B

A B PSSR B, TFH 5 REV
AR RS A KRR A BRIk g5, R
R BUAR CLE B T EL 1A B4 b O 21K &
TEAAHUI R B, ANFEE R A 1) S8 TR AR,
FEEHAE S rbonT DU 21 e, Bk B k] g 3 2L
JT R ) BL L& e A3 g A .

Xf TFH 5 REV V645 (1 5 54 53 ) dE 47 f0, 35
RIGE, SREVRTE N (21.81£1.01) % (n=3),
JEE N (11.14+1.81) % (n=3), % TFH .
2.3 BERRIRIK iR Tk
231 JEFUAKAHEFRIZEIRE  $ehbF SIN-HCI
0.05 g+ sbPC0.30 g. CH0.05g. VE0.005g. 7K1k
W 15mL, XA “2.2.17 T F TFH T &40 %8
SR B, KI5 514 CBS 3.0, ABS 4.0 Al
PBS 5.0. 23l & M it ds 2, g5 LAty
KRN (13.66+11.66) % (27.65+1.43) %.
(23.76£1.79) % (n=3), W LLEHLL ABS 4.0 fl
PBS 5.0 A/KAEIAR R E R 0w . H2LE 4
Ty FRESM N HCEBOR G P YA AR 1 ()0
%, UIHRR e R, BUEWRE AT R M
CBS 3.0 KA FAABCE S H LA CING, HoK
1% FE CBS.

232 JRIMAKAE pHAE % %E  $24b 75 SIN-HCI
0.05 g. sbPC 0.30 g. CH0.05g. VE 0.005 g. 7K{k
¥ CBS 15 mL, % “2.2.1” i N TFH L 24/l
2 MR ARV, KA CBS ¥ pH {E 7373 45 7
3.0~ 5.0+ 7.0 AT Rt g A VR BT pH B 5301
H93.0v 5.0, 7.00 Zr e & A s A, 4
R 1, nfLLEH, BEE K pH (ER T 5, £
BRI,

233 IR E IR % 5% Hehb T SIN-
HC10.05 g. sbPC 0.30 g. CH0.05g. VE 0.005 g
CBS 3.0 K4k 15 mL, KA “2.2.1”7 T F TFH 1.
SEAT R ARV EI, CBS 3.0 KALBAH X
TIRFEMIEHILE 1. 120 1/10, 1 XF MK AR
h 0.1 mol/L #7455 FR ¥ -0.2 mol/L AR —AM i
(80.3 1 19.7) VREWE (CBS /KA (KRN B 1 Ji
Y D, 172 5 110 BB 1 Mk 2. 10
FEARE]. F3 e 3 P R B F IR FE /KA K AL I
JE AR AL 2, T30 DA R B IR FE ) CBS
5.0 5 CBS 7.0 1EAKA Wl 25 A5 B JF 0 e ks 22,
SR 1. vTUUEH, KA T pH (EAH I,
JI A, 3 2R B /K AR 5 IR FE IR BRI S, >4
IKAGIE ) pH AEBACIT,  BEIRECK .

%1 CBSKULEARE pH ESAREHEMEFIRER
SIN-HC1 [ERIA B RMFM (X £s, n=3)
Table 1 Effects of hydration liquid CBS at various pH
values and relative ion concentration on EE
of SIN-HCl liposomes (X =*s, n=3)

FHA BT IR /%
W CBS 3.0 CBS 5.0 CBS 7.0
1/10 39.94+1.71 4256+132  51.54+2.05
1/2 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

24 pHH#HEEZHZ

241 £MEHGR f%4bJ7 SIN-HCI 0.15 g, sbPC
0.90 g. CHO.15g. VE0.015 g. CBS 3.0 /K1L¥ 45
mL, KM “2.2.17 TR TFH T 244614 I8 ik
TR, CBS 3.0 KA B -1 S 43 sl 5 i) 11
1. 1710 PIANKT, B KA AR X 85 19 B KT
0B SRR BB T 40 I 4 4y 7.5 mL (ORES, BT
ANFEGEM T3 W iR T, L1 mol/L NaOH
WY K 4 ARSI pH (A 4 4.0, 5.0, 6.0.
7.0, e pH (E A 151G SRR a2,
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EAR I 2, WJULE N, pH BAREZh 827k n]
SR/t =90 AT /KD R S O AT SRR I R
FERORI, MR pH BRRE N B RS mE .
%2 7A[FE pH#ET SIN-HCI FERIAMZEY BT
(X £s5, n=3)
Table 2 EE of SIN-HCI liposomes under different
pH gradients (X +s,n=3)
BEE /%

FEALRZS FHRT 57 X B8 T
W 1 Jy 1/10
PRI AT (pH 3.0 13.58+1.80 40.14+1.62
pH A 4.0 14.66+1.94 40.87+2.09
pH % 5.0 33.04+1.96 46.44+2.88
pH % 6.0 52.57+1.73 51.96+1.57
pH % 7.0 70.85+2.04 57.21%+2.14
242 KAWL 44k 77 SIN-HCI 0.05 g+ sbPC

0.30 g. CH0.05g. VE0.005 g. /KL 15 mL, K
M “2.2.17 TR TFH T 2198 I BRI &, 53l
PL CBS 2.5. CBS 3.0 2 0.1 mol/L Frig MR k7K
R, FEEAT pH BEE T 8hE 2, 3 HrFE S 1) pH {H
BJHA 7.0, 205000 58 pH B E B2 i B () L %
PRI ER K (99.374£0.46) %, (70.85+
2.04) %. (81.19%+1.5) % (n=3). A[LIAEH CBS
2.5 AKAHINE R pH BF A2 G s K, i
CBS 2.5 Ay fpid /KA
2.5 sbPC-CH Ltlfsik

sbPC-CH LUl 2 5% Wi JIg i A< jle 282 5 0, 2 1) EE
PR R, Wb A pH B LB
SIN-HCI G i A A 3§ 28 (1) 5 1]

7E4L 77 SIN-HC1 0.05 g-sbPC 0.30 g. VE 0.005 g,
CBS 2.5 15 mL (54 F, IIAAN A& CH fif sbPC-
CH HIELBIS3 K 24 2 3. 24 1 4, 24 15, 24 1 6, %
“22.17 WiF TFH L &M% R IAFE . K i dilfs
(IRE S 23 S 3EAT pH B B2 F 822, pH (I A2 7.0,
WE S PR, g RILAERSN (99.224
0.33) %+ (99.3740.29) %. (99.05+0.36) %.
(99.13+0.41) % (n=3). wLAFE HFraFES 140
BRI 99%LL E, sbPC-CH LU ¥} i J5 A4t 5%
WAL/ o AR5 R b &, sbPC-CH LB 4514
24 15 F124 1 60, FREKILEME, FERFK. BEAh,
B ELRE LRI, sbPC-CH LLHil Ky 24 4 I,
NE BRI SRARE A BE AR T Lk 24 23
B, Mo Bt sbPC-CH LL iy 24 : 4.

2.6 ZHBELLXTEHEZIMAYEE

ZEALTT sbPC 0.30 g CH 0.05 g« VE 0.005 g,
CBS 2.5 15 mL [k E, IMAAEE SIN-HCI
(0.05. 0.10. 0.20. 0.30 g) f# 24455 sbPC FJELH
MM I6.2:6. 416,616, 1% “2217 W R
TFH L2 R BUARE S, 200347 pH BE A 350
#% 25, pH A 7.00 250 e A TH) 24 1 B i) i
TR E 2, g R E R 500 (99.37+
0.29) %-. (99.32+0.24) %. (97.31£0.36) %-
(95.29+0.58) % (n=3). nJLLFEMLEHLEHWN,
BEE NG LGS, T A A 3 Rl R P
27 2ERITERAFHESRNENEHENE
pYES

7EA4LJ7 sbPC 0.30 g« CH 0.05 g« VE 0.005 g+
CBS 2.5 15 mL fyJat I, 4% 3 W A E Iy
2y, K AN FAE T 2y 0 A o3 )~ 135003 1 4 4y
LA 3 4y, S BIAEThE 5. 18, 22 W (J474E4 °C)
R AU AL (R E IRET A &, REK S s, AR
20s, 356 U0, fEARIRRI A, CABOGEU
Lk, RNR 3o BT RE o ik
1T pH FRE 80352y, pH MHINIHE 7.0. 4351z
FNRFUARE R A, R IER 3. WLUE A
[F 2551, A3 2 B G R BUARIAS IR 98/ N T/
M2 RRORIN,  IX Mg BE 23 K. BL UROS
A CRBHZIRI =D X5 3 i SRR E
[ 953 #7, DL SIN-HCI (45 5 5 g Ak 4204 H
i Xy X, BEFNNEEY, PEsIREDS
[0 945240 R A7 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=445.692 6, F=579158, % F K
I FAE BT Foou(5, 14)=4.70, # F>F (5, 14),
F R, vt mE s R eI E 1. A4
R 25wl 100.1 mg. FitEh 630.1 nm i, 408
FIR B, BB TUINE R 102.5%, AT 3 K
9 uF k56 45 A 2 B I A Ak O 1) AL B B g0 R
99.89%. 99.93%. 99.94%.
2.8 BimERAHIRE SR E TN

b 77 SIN-HC1 0.10 g.sbPC 0.30 g.CH 0.05 g+
VE 0.005 g« CBS 2.5 15 mL, XH “2.2.1” Wi ~ TFH
T2 MR BARE i, JFREAT pH BRJE 30302,
pH fHIAZ 7.0, FIEIPNE R R AU
SIREIR, mBhME R4F; AR Riss TsE, ALl
MEL BRI BN L5, IR, A K2 )28,
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KFEFER ., DNRETE e 2 BRI, R K/
RN, B WARMIRSE, WE 1 4
BRI 99.72% (n=3); LABOGES LT
W52 SO AF R AR P33 ko424 (854+57) nm
(n=3), ZHHHEECH 0.26710.046, Zeta HIf7 N
(=25.36+3.58) mV (n=3), ki #ilEL Zeta i
7 L 2

KR AR B E T 4 CUKFIRAE, 20 51T 04

#3 2ERITRERHSER 0=3)
Table 3 Test arrangement and results of comprehensive

design (n=3)

7+ 14 d W0 E N TR ) 25 0T R, S5 R 4,
FRUIFE R IGAMMER . BRUEE. 82ya . iR,
ittty Zeta AL SRR AL B, UEIAFE AR
TEME R AF.
3 itig

FRA R 1% 0 5 I A ) Gt e, ARSI b
7 TFH.REV.EI 3 #ifil# T &, Mifu#fie ik TFH
TZ. 5 REV. EI LZAML, TFH £ LACKRE R

WYY SIN-HCLWE /mg  Hiff /nm  BEE /%
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 o SR
5 200.0 739.4 97.45 E1 BRERANEMERRE
6 200.0 373.4 86.22 Fig. 1 Microscopic picture of liposomes products
7 200.0 311.3 76.99
8 200.0 227.9 61.54
9 300.0 911.3 94.89
10 300.0 455.1 72.52
11 300.0 311.9 59.13 100 200 500 1000 2000 5000
12 300.0 246.8 50.13 A /m
13 400.0 717.2 91.76 z
14 400.0 4112 71.87 =
15 400.0 289.6 56.53 E
16 400.0 236.5 34.57 S
17 500.0 888.5 90.53 60 120
t/ min
8 2000 208.9 3783 B2 BEMERAORESHE (A) M Zeta BE (B)
19 500.0 339.2 3179 Fig.2 Particle size distribution (A) and Zeta potential (B)
20 500.0 285.7 27.66 of liposomes products
x4 BREREBEENELER 10=3)
Table 4 Stability of liposome products (n=3)
i /d SULPER L PR R Rz
(mg-mL™") % nm {7 /mV
0 IR B, stk R BREFEWIREE M, ERURDE, 3.31 99.72 854  —25.36
BMEE, UREELES
7 FERE, Wtk R, A% AREREREH, TLEE, 3.29 99.64 864  —24.24
(=P (B =% e N R BMEE, UREELES
14 FERE, Wtk R, A% ARERERGH, TLEE, 3.32 99.56 871  —24.46

Wz, AR RE R AT 20

BRoRSE, URRENES
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ZIRENEA, LR Hoe4s, — 7] PURIE
HIFE NS R BT G IR EZSk, H—nT e
T G 5 B A ML SR R Aoy 1 2 = A 1 LA
EAVER, T ELIX Rl 258 A FH B A AL 5%
BB S T R S IBEALYE, AT T AR
SEVE, WO T A SE R B (1 22 Ak 5 T2 gs
BT EENE SR, TFH T8 HA R A

ASZE T T CBS 3.0. ABS 4.0, PBS 5.0 3
KA, T PR IS IR SR S8 7 2R N A B AR
TOELG, T HT AT R B T DU I TR RS e A
JB X AT e 5 CBS W IR I P A B e A E A K

ASEHG ST AR B FIR B CBS 3.04 5.0+ 7.0
3 PR I Bt B 2 g, 25K, Y
KA pH EAH I, At 2 B K AT 3 T IR
(P FEAR TG I, X AT e T KA TR 2 6 5 254
BT AH ELAE T 5 0 24 07 A v () S At B
B, Al EEIH 45 R AR, 47K pH
TEASARIN DRI AR S T VAR R AL, 23 48 T s
PERAR, U B T B 25 Rk % v B AT T
AR EAEH -

PH B 85 25 24 38 R 15 18 W44 b 7K AH pH (B
MAE N AN KARTE B pH BB BEAS AR SR K AR ) 245
PE NN KA, AT B2 i g B A 245 4 0, 3 20 (1) T
M2 2 1] LUR ARG iR B 1 ) CBS3.0 7K1k
KA BT B0 N5 IR 1) g 360 13.58%, X I
HEAT pH BREERZY, K5 AN KA pH E B 5.0 5
7.0, VUL BRI A0 35 232 70 il 39 42 33.04% 5 70.85%
H2¢ 1 AT LU ARG 2574 1 1) CBS 3.0 7K1k
Wi+ CBS 5.0 KAk CBS 7.0 /KA 73 57k Ak B 2%
73 21 (1) G o A4 1 A0 35 253 8 13.66% 21.81%.
33.16%, BEAE KT pH EFEE, AR
RS, XA T SIN SEEZsY, pH 1
SN NP e BRI L7 TS | R 1y N G e A XL /B
BC 258 BRI IR BN o> 1=, AR BEK, fE pH
B P 2 24 1 ok R rhod sk B2 = A K AR pH B FIFEAT
1 R 25 IR Ay )2 B A ERAE L, AR B
IRAH RSN KA pH B T 8h 2 5 BB 2 IR i
PRI AL R B R AT LLE H pH RS 32 38 29 I8 T ik
MAERPEER, R EAREA AL TR
SERRAR TR T R B S hE 1, 2
R CAE e, KA G2 b Eh ik BERCR IR, AH [R] pH

FERE T A IR oK. PR g e X pH BRE F

BN IESE o
pH B 382 1 I ot A (1) e 3 K AL WA

CBS 2.5, {EUbAcAM FHHIA1E Ak 77 2 & 5 kiAe,

Ae AR I AL 3 KT 80%, 1A (FhEZyH) 2010

AR K
JIG S A Sl 351 1 Ak T 2 55 R AR S e o1 7 )

H, [FR, A TR UE 2GR 257 AT 1R

KRR X, a7 XOnT k2 5% 0 2 ) 28 B WOURE

PR, WOARSZES DL RO dRR, B ER PN 5=

AT A RIS A T 29k R 5 405 2y A

KA Z IO, Nl Lot —E & diE &

TE AT v B 2 R IR B A ) ) B — e i AR T Gl

TR E BRI NR FURRIRSR S

R
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