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W OE. BRY @R (sinomenine hydrochloride, SM-HCD) AR BUAAGLErR 1ll sg 5 vk, FE IR BH 259048 i SR A 1)
W AR SR M HUE R % SM-HCL I8 IR 1A . LI HPLC = E I§ R AR 25 M (1, (3% K Kromasil ODS Cg F:(250
mmX4.6 mm, 5 pm), VAN FEL-K-2 " (5545 :0.225), ABURE 1.0 mL/min, KK 265 nm. LLES O TE-
SO PRI SM-HCL BRI AE %, 355 DIMIKIR G (pH 7.00 KA IR B AR SRR i s 16 B R kAT 5 L
R ORISR T BRI e T, TR 9.82~78.56 pg/mL EMELR R (r=0.999 7), FHRIKCERA
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Determination of entrapment efficiency of sinomenine hydrochloride liposomes
with centrifugation sedimentation combined with centrifugation ultrafiltration

ZHENG Hang-sheng, ZUOLA Shakendike, WANG Xiang-lin, XU Lian-ying
Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China

Abstract: Objective To develop a method for determining the entrapment efficiency of sinomenine hydrochloride (SM-HCI)
liposomes and to illuminate the drug retention property in the liposomes. Methods Thin film hydration method was employed to
prepare SM-HCI liposomes. HPLC was used to determine drug content of the liposomes. A Kromasil ODS Cig column (250 mm X 4.6
mm, 5 um) was used with an isocratic elution composed of methanol, water, and ethylenediamine in the ratio of 55 : 45 : 0.225 at a flow
rate of 1.0 mL/min. The column was maintained at 30 “C. The UV detector was set at 265 nm. Centrifugation sedimentation combined
with centrifugation ultrafiltration was used to determine drug entrapment efficiency of the liposomes. The entrapment efficiencies of an
SM-HCI liposome sample (hydrated with citric buffer solution at pH 7.0) and its diluted sample were compared. Results The
pharmaceutical excipients and solvents for analysis had no interference with the determination of sinomenine. Sinomenine had a good
linear relation in the range of 9.82—78.6 pg/mL (r = 0.999 7), the intra-day and inter-day precisions were with RSD<:2.1% and the
averaged recovery was within 99.29%—100.8%. SM-HCI solution (50 puL) was able to saturate the drug absorption of ultrafiltration
films. The entrapment efficiencies of the SM-HCI liposome sample (hydrated with citric buffer solution at pH 7.0) and its
double-volume diluted sample were 33.16% and 14.75%, respectively. Conclusion HPLC and centrifugation sedimentation
combined with centrifugation ultrafiltration are able to determine the entrapment efficiency of SM-HCI liposomes efficiently and
accurately. Initial filtrate (50 pL) should be discarded in the process of ultrafiltration in order that the drug concentration in filtrate may
be equal to that of external aqueous phase of liposomes. The retention of sinominine in the liposomes is poor, although it has
considerable affinity to the lipid bilayers.
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H Y (sinomenine, SM) &M CBHEY TS
XU Sinomenium acutum (Thunb.) Rehd. et Wils.
FEEL I AW Ak, 245 2 A HEh IR £ (sinomenine
hydrochloride, SM-HCD. HBEIEAHIR . Fik
O B B PLOEACE . PUIE L A S
HER, PR 007 R RS 28 S
MR A ET 2 (%25 I A KR 5 5 1
2 M R DL R A I TE AN
RS RO, ki b LR R N 5 4 B FE IR IR T 1
R, SR TN R O 2 TOC T W M4
i A I J5R A il 0 (R AF 121, 2t e o i R A
HIFT VPN SRR —, & IR AT R
FH A TG I 5 14 S A T (0315 25 2590 5 I oA i A T
SYEINE, MR THRE R 2 AR R R T LA
O3 VA I 5 o AR I s v MR SCk R
i, HAT SM g BRARHIFIIE T 240 3R e R
F T A SR e A 2 Bk > L s bkl s), X g
kY E AR ek, e e AR A R 2R 1)
2RI BE T AN AKRH Hf 2 A R T AL T A A it
> M S50 52 (B A /N7 O 7 S HE R I 5 SM
NE AR 25 2, [R) I el B 249070 g oA v 11
TR, A2 T T HPLC VAN E SM IR B4 i)
Ziie, AR IR B T R s
BTS00 YETE, W IR TR ) 25 EL R
1 {UE5HH

HP8453 nJ W-284h 4 ot vt (5% [ B 2
A]D; LC—2130 my A A ( Rilg RIERFAAX
AP AT T25 @ B B (B KA 27D
Nicomp 380 CLS WHOGHURLEE N E1X (3E[HE PSS
AFD: R RINNEHZE RS CRERARHE A RA
F]D; 2—16k W EE AL (Sigma A #F]D; BX51
JeEE R (HARBMRERD; BS 124 S HFRF
(il [R5 22 R 723 7] )5 i € 5. 78 (Microcon YM 100,
AN 2y 75t 1X10°, Millipore A 7))o

JH[E®EE (CH, fib'5 F20050815, Z23#r4l, [
P 28R B Bl R A D 4i4E 3 E (VE, ik
5 082K1382, Sigma v 7]); KEMENE (sbPC, Ik
5 040406, 52, B AR LG5 2 EOK T 70%,
RPN A BR 2 7)) SM-HCI(iE 'S Bsy090415,
FRos I 7> BN 98%, ANSEHG % UL HPLC AMRiksk
MRS ECN 92.67%, LM AEYRARA
FD); SM XS ('S 0774-200206, H[E 2 A
YA 8 T s MR 20 (CBSD: ¥4 0.1 mol/L

MIMFR S 0.2 mol/L WA AN s —C b
BV AL FEEA (i 4li; HPLC /K A AZEK,
FLAARFII A o b4t
2 AEEER
2.1 BERRIARRIHIE

M T T g 1Y, % SM-HC10.05 g,
sbPC 0.3 g. CH 0.05 g VE 0.005 g %A T- 35 mL %«
Hge-HmE (5:2) 1, ¥ 2 500 mL AiJEHT,
£ 45 °C 50 t/min R e & 2 HIAER, 132
TR, il FHEA 2 h, FLVEAR T 15 min
JE A 15 mL — € pH {E ¥ CBS /KATE, Kk
SEA Ja AR VKK R B 3 HUSCEL 9 500 r/min idF
ATACPR, HRRBIVIFFZ: 30 s, (AP 1 min, T|H 6
U, RIS HE AR AR IRRE A o DLSOGTRURRLEE I 52
PG AR - 35Ki A2 2 854 nm, 240 R Eh
0.267, Zeta H1f7—-25.36 mV.
2.2 BBRIKEERZRMHESSP SM-HCI #9 HPLC U E
22,1 REIBEKHESE L HPLC FshH A %
i SM X I SR, #E 200~600 nm HEF TG4
i, SRR WALE 265 nm AT —HORWIE, ik
K5 A HPLC ARSI K- .
222 iltgfF M Kromasil ODS Cig
(250 mm X 4.6 mm, 5 um); FshAHA HEE-/K-2 )%
(55 :45:0.225); #ABULE 1 mL/min; i 30 C;
R A 265 nm;  LLE 3w s bR 20 pl.
2.2.3 MR EIE RS AREC 60 CUkE
T A 1H o T ) SM OGS 9.82 mg, E 50 mL
i, MRS RERZIE, 745, IR
SM 196.4 pg/mL ¥4} HE & il 25 7
2.2.4 PSR IIEIE R S HUIR TR AR
1 mL % 10 mL &frf, HPRERWITCE, %Y,
U399 1 mL & 10 mL 8901, FHRsSAHE %,
5], HIAR R
225 @B LEE S EE ARk S
SM-HCI JIEFAIRERAE M 1 mL (a4 T
SM-HCI ) 3.3 mg), 4% “2.2.47 WiElE, rmlfs5)
PRI AR S, B R A R T I T
RO AR (29.46 pg/mL), 4»WIHERE 20 pL HF
75307, iR LA 1, o) W5 S 4R SM-HCL
(P e G4k
2.2.6 ZMEXRRMIFELE K% R SM X
it & 0.5, 1.0, 1.5, 2.0, 3.0, 40 mL & 10 mL
HET, RSB R R, R, W 9.82,
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1 ZFABREK (A). SEEXMES (B) FARBRSERERIK (C) B HPLC
Fig. 1 HPLC chromatograms of blank liposomes (A), SM reference substance (B), and SM-HCI liposomes (C)

19.64. 29.46. 39.28. 58.92. 78.56 pg/mL [¥] & 5%}
WSV 78 IR (BG40 N IEAT 04T, DL SM I
A PAARR, i il A i AR BRBEAT 2P [m] ),
AR5 Y=26.609 1 X—26.227 5, r=0.999 7,
F W SM 1E 9.82~78.56 pg/mL I i AR 5 K2k 1
2.2.7 REEERE BUK. . SRR (9.824
29.46. 78.56 pg/mL) 3 1y SM X RS, 430
SEIEAE S IR, DARIESE 5 RWNAER AN IERE 1 IR,
eI, VA SM gl TR RSD . 4554
H RS 2005104 0.4%- 0.8%-+ 0.9%; H IBJRE % &
IR 2.0%. 2.1%. 1.6%.

2.2.8 FEILPEALS  HUR PR SR AT A
P 5 0, o alERE AT, il A, o
AR AR AR T SM-HCT ik /) RSD 4
0.6%.

229 eI HUIR PR SR A
AVET, W 0. 1. 4. 8. 120 24 h FERESHT,
sk SM TR, T84S SM IEIAR ) RSD 24
0.6%, FIAPLR T 24 h WEGE .

2210 [HDCRRIRES ORGSO A IR AR TR B
1 mL & 10 mL s, Loy, k34, il
I SM G EEZ) 2.4 3.04 3.6 mg (435 AR T

JE AR BT & SM 1) 80% 100% 120%),
FRRE, 85, Hl& Il SErE AT, o
AR P 7 N i 1 27 =l NS S| Iz S )
100.8%-+ 99.29%. 99.79%, RSD {t73 514 0.7%-
1.0%. 1.3%.

2211 FEGIIGE USSR B T AT R A
PSR 3 0, BERES T, 45 BRI A
SM-HCI [ it 89 & 4 3.31 mg/mL, RSD 4 0.2%.
23 BLIE-BOBEENERRTEHE
2.3.1  ERIEEIR BT SM-HCI 32 W F BT 35 25 AR R )
FE2 FEEFRE SM-HCI A 4 4 (50.1.24.8.12.6+
6.6 mg), /A'E 10 mL =, MZEWKEME, ©
K, WA MR 4 b AU 50 pL, 4y
MZE 4 N UE T T B R CAR R, EIE T
A, PR R DE 3 K. A IER S IR AT 2
W LA SIANFRRE 100 £5 )5 4% “2.2.27 Ti4pFAT
HPLC 43#7, ds% SM AR, 4R 0L 1. nf
DUE HAES A PRI S T2 2 0 B ) e TR 5 98
T3, M R AR T R FE LT 50 uL W)
JEW

232 WEAE BUREI N DA TR B B4
B g AT BB LSS, ML A SM-
HCI 4. KA 1 g, ERERERER 1.5

x1 BIERWRM SM-HCLABFELRIFRERER

Table 1 Required volumes of drug solutions to saturate SM-HCI adsorption of ultrafiltration films

HSFRIKET  HIERT 25 HPLC ELRIE 4 IR CREJINZM 50 pL) J5 % X P58 HPLC W H A/ (mV-s)
(mgmL™") WETFIRL/(mV-s) 1K 52K 93K 94K
4.64 1211.359 1128.684 1205.450 1232234 1206.106
2.30 578.952 531.538 577.454 582.480 579.141
1.17 281.200 262.615 278.642 281.793 283.185
0.61 129.235 125.003 126.112 131.336 132.489

*H TR B AR SM-HCI FE S TR0 50k 92.67%1HH A3 51

*Theoretical concentration was calculated based on purity of SM-HCI sample equal to 92.67%
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mL H IR B0 F, S0 (F53d 15 300 r/min,
MEE 20 °C) 15 min, AR IR BUADTE, BUGE
IEWEAT B0 B IE (L33 6 000 t/min, HHE 20 C),
75250 uL WIUEWR, WCARLEIEM, 4% “2.2.27 TR
HPLC 4% 730 52 S0 (LA S AHFRRE I A £
0O 5 SO R AR B (3% “2.2.47 T
VERI AR RO T SM-HCI Tt Bk i o ik
B (B3 15 300 r/min, 85 20 C) g AAFE
A K N TR A e AT 0hE, B RIEWL R
R DUSE IR A 5 H JE R B OB IR S T
KA R, THEAEE (EE).

EE=1—WgaXpsX Ceal (WsXppaX Cs) (D
Wea 5 Cea 235 R AN KA TR B (2) 54N KAT T SM-HCI
JRRIE (mg/mL), Wy 55 Cs 433k 5 FAkE S EBURE i ()
Lt SM-HC Tk e (mg/mL), pea 5 ps 43540k
I M TRAARE A 35 (g/mL)

pEa 5 ps P LA 2 4 1 g/mL, # (1) =X
AT LAFEAR

EE=1—Wgs X Cgal (WsXCs) 2

SR AR RE o A KA L B EA =
WealWss 0 (2) AT E— 040N

EE=1—EAX Cga/Cg 3
233 FERSRBEAERIE g 217 TR
b5 T2 2% R AR TR B, KAKI CBS 1) pH
E9 7.0, AR AATRBIR pH E0 7.0, LK
IEFRRERR R 1 £, $85), 19 R IR TR
Mo % €2.3.27 TRTESy 530 5 R 1T I I A 1
AR, AR TATIE 3 4y, ZRNE 2. 7T
CIEH, IR 2 R BA%, Mk
HRYIBFEIC, FFIKT 18.41%.
3 i

AU T HPLC Wl 2 SM-HCI TG ik 254
7380 Rk i AR R R K AH e 1 R A RE i ) —

%2 #HREAIE SM-HCIBEF{K (pH 7.0 CBS 7k{t) &Y
BHEMNELER 1=3)
Table 2 Entrapment efficiencies of a SM-HCI liposome
sample (hydrated with pH 7.0 CBS) before and
after being diluted (n =3)

B SPHA B RS RITARE
#%/% RSD/% ) JoEE 3 50 %
SM-HCI figJlifk  33.16 22 12.06
B 5 SM-HCl  14.75 3.1 6.54
JIE Ak

Hay, T AASESG A AT S A i 25 4 500 52 10 T
TREIRAIE .

ARSI AT T B O PUNE - O B VI E SM-
HC1 T B AR 23ttt 2, I e i SN & i ioke
RRE, R Tk, e gk . 1%k
B gl () B O PUTE VA AT LU A B (AR KA TG /N i = g
JEARTH» SIS 1R &0 AKOAH o R B 5 502 s 5 2
IS, 5 ol ()RR IR v A L T Sk 2 A 0 B )
BT, W] AR IR ). thAh, TR
DUUE S BB DE P A5 TR 0] LLSEIR 200 B S KT
ATERAE, ORI R 8 I AL W T SM-
HCI IR TR 1 Ak 7 T 25000 55 A0 DL R B PR T
P 5 R VR

DAAE OIF 5T 3 DB DE T 29 MR B e N T
7%, RN T R RS PR 24 )] 24 8 IO e A
RIS T BRI R, g T 2 o
HEIRE SRR A TE —5, ARLIHER T g
IR B 245 40 S VA R e 75 R 20 AR e i g
Y 37 2568 AR AR IR BT B o

PRI A B A LAFE (IR IT 4 S, i P A v LA
SEAER IR AR, e IR AR AEAER, MR
T AHEAT 7 8 8 v R A (RS o

BT IE - 5O 8 D VA D 52 IR T AR A R iR
ZE IR T BRYGE BN TTE 2 28 i T 5 AR K AH B )
TR PG R s B, RIYTIE M i ik
P HN FIBATAE D 1 1K 5y B2 BRI AN KA S A7
R IR/INRLAR IR TR FEWL, SR SR RIS A Rl LA
P IE T T EAT 5k

G SM-HCI Jlg iifA (pH 7.0 CBS /K1b) HE
RIME SR, MR TR 20 33.16%, Ff i
JE A SE L 5B 7 BN 12.06%, Bk e B A )
N 14.75%, K il R 0T A4 S IR T O = A Bk
6.54%, I HALF LRI IR RN . ShoKAH
R BT LI AR TR, PR, B CAHEIRT 254
SR G AR S AT R S AR

M5 SM-HCI JI§ 5ifk (pH 7.0 CBS /KAL)
R E SR, BB AT S B RE A R a0k
33.16%- 14.75%, BEAMNARGBARTE “2.17 4bJ7 T
2% T pH 5.0 CBS 7KAL 1) SM-HCI JIg FUAAFE
ZeilsE, HAEERN 27.77%, ol W, B 25H
73141 SM-HC1 Gk 25 9 . J5t 235080, e g 8
(1) A T R s e s 2R

4 SM-HCI JI§ )itk (pH 7.0 CBS /K4k) fukf
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