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Preparation and quality evaluation of silybin proliposomes

WANG Xiao-ning, JIA Hui-ting, LI Wei-ze, YAN Meng-ru, LUO Guo-ping
College of Pharmacy, Xi’an Medical University, Xi’an 710021, China

Abstract: Objective To prepare silybin (SLB) proliposomes and evaluate its quality. Methods SLB proliposomes were prepared by
freeze-drying method, and the formulation and process were optimized by single factor investigation and orthogonal design with the
encapsulation efficiency and drug loading as indexes. The optimal cryoprotetant was selected and the morphology, particle size,
encapsulation efficiency, and stability of SLB proliposomes were investigated. Results The optimized preparation process was as
follows: The ratio of drug to total lipid was 1 © 12, the ratio of phospholipid to cholesterol was 4 : 1, the pH of hydration medium was
7.4 and the temperature was 45 ‘C. Mannitol was the optimal cryprotectant to prepare SLB proliposomes, and the formation of SLB
proliposomes looked plumpy and compact. The size of preliposome was around (251.40 + 2.14) nm, the Zeta potential was around
(—30.80 + 0.89) mV, encapsulation efficiency was (88.92 + 5.86)%, and it had good stability during storage. Conclusion The
preparation process of SLB proliposomes is simple, and it has high encapsulation efficiency and good stability, therefore, it is deserved
to be further studied.
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1260 B! S R0 AH %X, Agilent Technologies
A F); RE-2000A s 2% A, T FHAGEH
FRA T SBe5200DT M A IFMEA, TR ZAEWE
B RAF]; SIGMAL-14 B0 HL, 382 FI R AL
ERA T ; ZEN3600 HWOLH AL, Malvern /2] ;
IX73 {5 B 7R MEL, Olympus AF; FreeZone™
2.5L AEF1EHL, Labconco A,

SLB, #it5 MUST-16031710, Jii &5 $=98%,
B 2 WREE R A IR AR GREEE, RAETE
Wik THRAR; AR, Jb SR EYHARE
FRIAEAF]; Rk EN, SRS T
AIRAT; HEPE. BN FUM. HEE, GH%,
REET RS AL =R AR AR S, A —
LR, i OBk KB, WEE, b,
KRBT R R A XA PR A A
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2.1 SLBHIEENE

FE2FREC SLB 2.5 mg T 25 mL &=jfH, HiH
BESEZS, HE (ThE 250 W, #i% 40 kHz) 5 min
L 5E AR, 3R TEIRE 100 pg/L (1% &
Iy AR _EIR AT 0.2+ 0.4 0.6+ 0.8+ 1.04 1.2 mL
T 10mL #Efrh, AREERZEZIE, A, 1900
BIKE N 2.0 4.0, 6.0, 8.0. 10.0. 12.0 pg/L FIXf
FRSE . T RS B T 20 pL 3 N S R £
A S iy Agilent HC-Cig(2) (150
mmX4.6 mm, 5 pm); VBHAHAHEE-/K-UKEE R
(48 152 1 1); K 287 nm; AR E 1.0
mL/min; FE& 35 °C, @R, CUEFERER
B AL RR (XD, SLB [UETHHUAIAASE (V) i

ITERMERE, [FEIATTEN Y=10 285.11 X+
1024.6, ¥=0.999 6, ] SLB 7£ 2.0~12.0 pg/L
HERE T B R P Y R N 5 T AR R PR R R R AT
22 HAEMEBHIRHE

SR FH #1052 (1R SR 200 s A =T, B 0.1 mL
JE O A T BT R B S AR K AR, m 0.2 mL 10
mg/mL HORS S AR, 5, AR ERK 2 mL,
3 000 r/min &0 30 min, HU_FiEW 0.8 mL T 1 mL
AFRERKE, HEEMET 10mL &P e, 1%
“2.17 W7iEMsE SLB, H “2.17 TR KI5 2
THEA Cuwmo B 1 mL fEFAT 10 mL &), HH
BB EZIE L, 1% “2.17 Wi ENE SLB, Al
TS C wo WRABLL N AT BB RN E .

AFFE=(Co—Cun)/C s

2 =R ik b 254 (TR B ke b 251+ T )
2.3 SLB ZAKBE BRRRIHI & 75 A R E ELER

Iy RIR I BOE. W R AR BEAN
4145 SLB 9K AR A
2.3.1 EEEGE FRECSLB 0.02 g SREENE 0.1 g.
JHEE®E 0.05 g, T 100 mL A, IO 10 mL
S5 5 mL oK BRI AR, A (T 250
W, #i# 40 kHz) fEHF/MEE. T35 CRM
JEZEVRBR B VAR, eI 5B, A
10 mL BERRERZZ MR (PBS) 1EA/KA N BT
B, T 40 CHEIRKHZKAL 2 h, KIS 30 min,
BEFURE B IR ARER, BHET 4 CTFAM
TRAE -
2.3.2 WK FLE, KRR BATE I
10 mL &1/ 55 5 mL /K ZEERITR A, #ER ()
250 W, Mi% 40 kHz) ¥f#S5, 010 mL A= 22 2h
KRR 5 min, HBERZERDUEZESIL A BB
WHEEET 4 CRABRA.
233 CBERENE HOREEAEFIEERE T 100 mL
ANEMR, N 20 mL 2Bk, PEREGEVEM, FEAIA
SLB 0.02 g, ~J3#JF N PBS (pH 6.5) ¥l 4k L4
f2h, HIEOBHER, ZHET 4 CTABMRLAT.
234 3 MR TIEGE RV & 922”7 WUk
WISE 3 FhOTIER & BN R AR 2 M A2, R
F B IR SCHOERLEEACI & RiAt I 2 77 LR 2 (PDD),
LERINEF 1 R, WNR1ATEH, W& RIEA L
fik v NV 4% PR AT SLB 1 ELE R EHK, TR
SEPRIAIX 2 Py v 2% 00 G o AR 22 D B 2 T TR
e, AR, SHKEHaEE R, M
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F 1 SLB FUKRAERE 3 #ifl &5 AMEEER
Table 1 Comparison of three preparation methods of SLB
liposomes
w4 kifsmm  PDI HEEY%  HBEE/Y%
MY B 2693421 0.17 83.47+3.14 11.02+2.89
WEE KD 463.5+£5.6 045 49.66+3.65 10.89+0.96
LERENTE 336.743.8 0.39 52.11+£2.37 10.45+1.27

M BUEZ U E IR, BRI P K
FHAFUL G SRR/ 5, XK Z 1) SLB
A 3 O b 3 R v 4 B PR AR R R AR
SRR KNI A3 1) 28 K30 > LTk NVE > T
3 H0E o /INRLAR BT I A4 B 25 5 SE LS TS e 18 A
T 2G4 O R, Rk SRR . BER,
WGBSR, HESHULAHERANRGER. RE
BN By A 5], WOR BRI H0EAE N SLB 4K
JE R AR ) % 71
2.4 SLB BIRBE RIARIHIE

KA VR & ar il i . DU B A
AR, SR “2.3.17 T RS BOE,
%133 SLB GUKAR AR BRI, AN TR 7
W, HSIRA G H TR ESHCN 10% CHIIA
TRA7 770 1 o = B DUVR & R IR BT S 18R, 78
=20 C NI 12he AHT R JolR KA BHE
JE, BNTRR G IRE S, E A, RKEDH R,
BEFE 20 C, HE:TEE: 40, U, BEIMGT
FEMEE L, WRRAE T TS, RIESR
SRR T WA 1.
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1 SLBAIARERAOFTIRIZ (B EEAFRTRIFT)
Fig.1 Freezing-drying curve of SLB proliposomes (mannitol

as freeze-dried protective agent)

2.5 SNTRHTIARE BRI SR ERE R

Mo SE VR T IRAP Y 10% H #els, i SRR s
W25 52 24 i Ll (25 5 AR 5o 2 LD W IR R e L
IKES pH B HI& TN SLB B4 M5 5 A G E+
IR, IRJE R AR s e AUy, BAE

3| SLB i 44 5 5 A (1) foe A ) 46 A1

2.5.1  ZifRt R AR B [ e HAd
RIZ, bR AR08 1280 12104 12 12
1D 14, 1016, % “2.27 TR A5 00 & 3
BZat, g5 B o2y R 24 5 LU I B T AR
MR 112 B, R ERmE, N
(79.8143.90) %, FifiJ5ELE 2 pE4E M A4 k) F 4
INBEAG, (HBEARIRE S LL 32 RN A B R A
AR, AR 112 TR R R L
5, SR WK 2,

x2 HEtERER
Table 2 Investigation of ratio of drug to total lipid

ZifgLt 3 2/% AR/ %
1:8 70.794+6.20 10.23+0.87
1:10 76.68+4.60 9.76+0.79
1:12 79.814+3.90 8.69+0.93
1:14 78.802.80 7.23+0.74
1:16 77.20%+3.70 6.341+0.65

2.5.2 % IR AH [ B EL G 6 3 30 RN 4 2 & B2 R

fil e HAB PR 2, o 4k T wh i R 5 T 2 1 o 2 B
WA 21103010451, 501, 601, #]% SLB
AR, e mE R E, SRKRY,
RERE [ B G Lol 4 0 1B, sk B R A g o A 3t
Figwen, N (80.11+£3.20) %, MEHZGEEEANE
BRI AN K, TR e e i P AR S e = bb o 4 0 1
AT ISR R S, A5 R 3.
253 KGR pH N A 25 8 5L
li] 5 FLAt PR 25, 28 S R SR 2 bl pH (B 20 18 2.5
4.0, 5.5, 6.8, 74 KT MELE, &HRER
Y pHAE N 6.8 I, Hij 44 g o A C. 3 20 RN 3824 & v »
3R (81.68+2.66) %Al (10.69£0.59) %,
IEik 5 KA A pH (EA 6.8 HEAT J5 4 B I8 3K 5256,
5 R WK 4.
2.5.4 il &R BEAH L RN A BRI e
*3 WigiEERtLrER
Table 3 Investigation of ratio of phospholipid to cholesterol

e f I ] )5 B £ BHE % LGRS/ %
2:1 76.20+3.42 10.17£0.43
3:1 78.85+4.59 10.24+0.82
4:1 80.11£3.20 10.0940.49
5:1 75.60+4.43 10.26£0.63
6:1 74.31%£5.10 10.12+0.37
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F4 KENHRpHENER
Table 4 Investigation of pH of hydration medium

*5 HERERER

Table S Investigation of preparation temperature

K& pH 1E A0 F+ /% YR/ % | IR/ C A0 EH2/% YR %
25 69.43+5.58 9.96+0.44 35 68.10+3.22 10.114+0.24
4.0 75.16+4.01 10.25+0.62 40 73.284+4.85 9.86+0.32
55 78.51+4.90 10.33+0.71 45 82.36+5.86 10.02+0.64
6.8 81.68+2.66 10.69+0.59 50 80.08+3.64 9.90+0.53
7.4 80.43+3.83 10.18+0.60 55 79.60+4.70 10.15+0.39

HRIRESY BN 35, 40, 45, 50, 55 CHF, Hifhg
FRmEE R ML E, SREW Gk 5 Uil%
MR 45 CHY, il 2% R HT A g o A 0 3 28 s v
9 (823615.86) %, HAELE 9.86%~10.15%%
3, BUARE.
2.6 IEXRRLE

PLZGREL (AD. BEfRIHEEELL (B). KA
pH 1E (C). #I%&IEE (D) AR H K&,
PLALE R 258 2 A (S) Niaks, #HT4 HEK 3

AP IEAS RS, HFEACFRIES RS RILE 6,
T EHTEE R WE 7.

SEIGEE RN ZE (R LK Zairinsg 6. 7
FizR, &RZ0T SLB #7454 35 R FER 24 = 11
IR E R B>A>D>C, HKHZ B XM HE%E
M# 2 8a BE MM (P<0.05). 24 L BT,
SLB BifA g i AR i FE 1 6 L. 28 A,B,C3D,, B Zj /i
teod 112, BEARREMEEELL Y 4 01, KENE pH
HR 7.4, H&EER 45 C.

F6 ENHERITRER
Table 6 Orthogonal test and data processing

EER) A B C D/C (EESEH AR/ % S/%
1 1:10(1) 3:1(1) 5.5(1) 40 (1) 67.61 8.95 76.66
2 1:10(1) 4:1(2) 6.8 (2) 45 (2) 85.24 9.08 94.42
3 1:10(1) 5:1(03) 7.4(3) 50 (3) 74.93 9.13 84.16
4 1:12(2) 3:1(1) 7.4(3) 45 (2) 66.32 9.07 75.29
5 1:12(2) 4:1(2) 6.8 (2) 50 (3) 86.10 8.92 94.92
6 1:12(2) 5:1(03) 5.5(1) 40 (1) 76.31 9.00 85.21
7 1:14(3) 3:1(1) 6.8 (2) 50 (3) 69.42 7.31 76.73
8 1:14(3) 4:1(2) 7.4 (3) 40 (1) 81.24 7.25 88.49
9 1:14(3) 5:1(03) 5.5(1) 45 (2) 70.50 7.30 77.80
K, 255.24 228.68 250.36 249.38
K, 255.42 277.83 24751 256.36
K, 243.02 247.17 255.81 247.94
R 12.40 49.15 8.30 8.42

®71 RESHER

Table 7 Analysis of variance

FSEN Wz M HEE  FE W

A 33.680 2 2.841
B 410.849 2 34650  P<<0.05
C(R%E) 11.857 2 1.000
D 13.521 2 1.140

Fo05(2,2)=19.00 Foo(2,2)=99.00

2.7 HHERIE

o R AR AR T 4% 3 ik SLB w7 i s 44,
EHALER N 88.47%. 88.89%. 89.42%, RSD K
0.54%, #HZ5EN 9.18%. 9.20%. 9.24%, RSD K
0.33%, B AZAL 7 A& S Fe e AT, AL
FE 2 B o
2.8 FHFRIPFIRIFIL

22 R SCHR, e FH 0 URRZR T ORI LR
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Table 8 Effects of cryprotectants on characteristics of SLB proliposomes

7Skl SIS ARG 1 i R E

7 B, THMRmE P A THHIR ™ HE

REBE U, BB, kail, RURER A Bexe 86 RINBLT48, PR
FLpE U, Bty s), SeE, MR B A

HEbE B, BItAYS], kAl B 82 RRETHIASR, AL
HEEnE uf, BUass), BeE, R "5 A

2.9 SLB RI#RBE R REIFMN
29.1 JEEMME  poli— e E R R A, H
BBV R M BT ARAR TR RESINERI IR HE 5
AT~ 0, FHZRKR R A EWRE, BUE
BEREA L, TERIERME THEREES, &R0
K 2 s

ATCUE H, AN IR T R4 AR sk 2
AKEHE, BIRWORM, WIRT L KERTUEY, 5
NS MRS, DUH SR B A ORI B AR
T EARSRER G, TR IR TR B A L%,

HE TSRS ZKRTL, ¥IRmM 0,
TR,
2.9.2 KR AT Zeta FHEALHINE 205 E—E

R AR H BB R ORI AT AR R BRAR . R
A INERAF TR IR B A4V R4 it S 7K SCHOE
LA s FLRAR AN AL, S5 RN 3 o

A B

A-GTHIREE BT ZERK (10%H FRRE(E R 7D

HE 3 0TBUEH, R TR IS T,
NEFiR G AR Ble, MRPRRIARIGE R, X3
BUZ T TR 1R BRI 2 18] (17K A0 2 Bk,
foi 2 (R A E SRR RN N . IS0 H B REAE TR
FORYFE, EOKETE IR R, 4
BN (195.50+1.23) nm A1 (251.40%£2.14) nm,
X AT RE A T H R S A O AR A EAE A, AR
B Ko F N IEZ B B KA = Bk, A ot E kAR
JR AR 2 Tl AR L R SR AR A 10 B R S
AR Zeta FAAZLAE A (—30.80+£0.89) mV, KH/KA
JE 1) SLB R4 i B AR I VR AR -

293 BKAIEEHZFRNE 75— EERT
A AR AR | H e B AR ORAP 5750 1 B2 K S R A4 A o 4
RIS IR IR E KGRI IR LA, 1% “2.27 T
LS R 52 Tk, WIS SLB HIAA g A 2 KR G
M RABN, SRLE 4, HE 4 TUEE, &

C-IR TR EK R

A-liposomes before freeze-drying B-proliposomes prepared with 10% mannitol as cryoprotectant C-proliposomes prepared without cryoprotectant

2 SLBBERFHIFS
Fig.2 Morphology of SLB liposomes
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Fig. 3 Particle size distribution of SLB proliposomes
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Fig. 4 Effects of cryprotectants on encapsulation efficiency

of SLB proliposomes after rehydration (n = 3)

I3RS, SLB i i 52K AT 5 A %
BUAK, KGN (88.924+5.86) %, AN
TRy e Ak, RKEREFMNN (2417 +
5.66) %, IXZRBAANGINORI 0 i A4 R ) mT
RELURASAEAE, MR PRI E R K2 HE TR 2R
AL, BB, B5LEAMNSBTE, Tk
fiEn] LS R AR SR A AR, DU S SR
B R 4 MIK, REAa R Lk g 5 A B T 1 Sl
FEBRAR R T2 MR AR UG R AR B IR i A
2.9.4 FiIAfEF AR EMEE S BUGIE RG] & 1)
SLB FifAf 44 3 #it, 4 CRBECARALE, T B,
WEHMI, K EIE R AR E 2, 450k
9 Fra~, LA H BT 45 B R4 I o A4 1 B R AR
S, MARTE 30d NBWWAREE, HAMASBIN,
TE 30d 5, BEZEIA (82.2014.60) %,
RIRHERIK 93.45%.
3 Wig

JE TR AR AR e 2 2 ol TS 5 S AL R i

*=9 AIERABREMERER n=3)
Table 9 Results of stability test (n = 3)
A7 R)/d VIS Fitmm  AHEEY%
0 HtaIys), I, PR 21434221 87.9613.67

5 TN 2164+1.98 87.80+2.86
10 TN 213.24+2.65 86.25+4.55
15 TN 220.5+3.11 85.64+3.77

20 5], WeH T4
30 5], WH T4

230.71+4.63 84.124+3.09
238.61+3.57 82.2014.60

i, HA AR LRI BTG SR B a4
il ARAR X AR AR B K S AR e S . H AT, —
Sy n bk Se g Y R AR LT Y NN N
E R RN S P N T =) Y AL N = E P
SXSHRAEAT LT A 3 57 1 A5 e P 52 R 020,
A A AT AR A7 A, AT U RIGRE G
FEK R, DT ASE A S5 A H R A7 R FT RE
PVRF R P A0 (A R ki 6 7Y,
SR A VR AT I RE AR 2 51 S g i AR 25 A AN T g
MBI, FZRE TR THER TR 18 KA b
B, HUGRUK SRR A IR AR RIR T, AT
BN T R TR A LN A TR AR ML, T A K
e, ZEEHIERUBEAR LA S, HEHIE R
Lhk), SECKLT I R A 25 s TR
CAWARY, T AR, THRAE
SRR RIBIR, RS AT DR RO BEAT fRY, HEA
BORRR TR E S, IRt AT iR A AL
KRS ARSI BF SRR 52
OB BN, DA R TV R
1 R, 2K YERF 7 T 45
ANDIREMIPI LAY, T IR R AR IR = 3
BUEYI D T AR R A TSR, s YRR,
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