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Preparation of doxorubicin hydrochloride and timosaponin Alll co-loaded
liposomes and determination of encapsulation efficiency

MA Ning-hui, LU Lu, DING Yue, ZHANG Li-juan, CHEN Yi, ZHANG Tong
Shanghai University of Traditional Chinese Medicine, Shanghai 200120, China

Abstract: Objective To develop a method to determine the encapsulation efficiency of doxorubicin hydrochloride and timosaponin
Alll co-loaded liposomes. Methods In this paper, the thin-film rehydration method was used to prepare doxorubicin hydrochloride
and timosaponin Alll co-loaded liposomes. Liposomes and free drugs were separated by dialysis, gel microcolumn centrifugation,
and ultra-high speed centrifugation. The content of free drugs and drugs in liposomes was determined by HPLC, and the entrapment
efficiency of doxorubicin hydrochloride and timosaponin Alll co-loaded liposomes was calculated. Results The optimal
formulation of doxorubicin hydrochloride and timosaponin Alll co-loaded liposomes was DPPC-DSPE-PEG2000-TAIII-DOX with a
molar ratio of 5. 1 . 1 . 1. The liposomes prepared using thin-film rehydration method had a well-defined spherical shape with a
size of (55.4 £0.40) nm, a PDI of (0.20 £0.02), and a weakly negative zeta potential of (-17.4 +0.6) mV. The excipients in the
liposomal formulation can be well separated from doxorubicin hydrochloride and timosaponin Alll in the selected chromatographic
conditions. The calibrated linear curve of doxorubicin hydrochloride was within 24.9—498.0 pg/mL (r = 0.999 9) and that of
timosaponin Alll was within 50.55—1 011.0 pg/mL (r = 0.999 6). Free doxorubicin hydrochloride and timosaponin Alll were well
separated from liposome by gel microcolumn centrifugation, and the encapsulation efficiency of doxorubicin hydrochloride and
timosaponin Alll was (85.12 +1.27)% and (76.51 +0.46)% respectively. Conclusion The thin-film dispersion- method can be used
for the preparation of doxorubicin hydrochloride and timosaponin Alll co-loaded liposomes. The method of gel microcolumn
centrifugation is accurate, reproducible, simple, and suitable for determination of the encapsulation efficiency of co-loaded
liposomes.

Wi HER: 2018-07-05
HEEWH: EXRAARPEIESHIIE (81403175); b TAJRNIH (2017YQ072, 201740152); Liffilit Mk& R BIIH (B201703)
&I DM (1996—), L, WiLitFisE, WFI7mZR%. Tel: 15221368225 E-mail: mnh2029@163.com
HEEEE T O, W, R EZARY:, RESERIG, WiE S0, BT R 2 H 2R R KAk R AR T
Tel: (021)51322325 E-mail: dingyuel640@shutcm.edu.cn



«70 ¢ ¢ %% Chinese Traditional and Herbal Drugs #550% 2 18] 201951 A

Key words: doxorubicin hydrochloride; timosaponin Alll; liposome; dialysis method; gel microcolumn centrifugation; utra-high

speed centrifugation; encapsulation efficiency
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XX HepG2 i B A R AT v M SIE A, BE
45 24 AT LABEAIE DOX (1775, AT 984 0 M 2 42k
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SR REF A IR A ] s SCIENTZ-1D #8375 5 20 i p i
ML, T8 Z AEMEHA R AR s XS105 T KF,
%1 Mettler Toledo A =] ; Spectra/Por iZE T, #iE
AN 2T B 8 000~10 000, %[ Spectrum 1k
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1.2 X%

Sephadex™ G-50 i SEMEAEL:, HORIFE, it
Pharmacia A ]; TAII XFHE S, #ik5 20150426, i
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FTANL, BT =R, 280N I & & 5 F
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JHH, 60 C 7KWl e i 78 R ok 2 S0 T W, A6
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20 1 414,40 : 8 : 4 [{LLHlHI %43 2] DOX 1 TAI
AR A, Hor, 5 E] DOX 5 TAN LB 1 -
LI, WZi%t HepG2 4y i b M4 5 (CD &%
/N 0.4340.02, R IH % 254 B 451 k% S [R]
Jig FI &% DOX 5 TAI A3 F A 2 B 5o . 2

& “2.17 WUNIE N PR AR B, i B Ok
M5E DOX A TANN A3 3, RAERAE. B, %2
AL I 24T B ER AL AL T EE .

SRR 1, BEEBENEFHEIGM, KRBT
K, /1 36.6 nm FHEE 79.7 nm, FELALEEE B AR

# 1 DOX 0 TANI HEF AR H L
Table 1 Optimization of formulation of DOX and TAIII co-loaded liposomes

) L% B %
L J5 E Fife/nm B AL/mV
DOX TAIHI DOX TAIHI
5:1:4 36.6+0.4 -7.2%+0.6 22+0.2 7.7£05 30.0+2.0 20.6+1.5
10:2:4 68.7+1.7 -15.6+0.7 1.9+0.2 15.2+0.7 54.8+5.4 88.7+4.8
20:4:4 55.4+0.6 -17.4+0.6 14+0.1 8.2+04 75.4+4.0 87.5+45
40:8:4 79.7+1.1 -22.8+0.6 0.9£0.1 41£0.1 88.7+7.8 83.0+2.3
B, BH-7.2mV [FKE-22.8 mV. BEERZ
N, DOX # A FEIZETHET, TAII &
ARSI AR, 514,102
4, 20: 44, 40:8 4%, DOX H A EE 1 10 100 1000

Iy 0.9%~2.2%, .32 30.0%7F 5 % 88.7%,
TANI #2575 HE N 4.1%~15.2%, fEFH 20.6%
Fh % 87.5%, 4b 75 1 1 - 4.10 2 4 %44 F DOX
F A ZAE 60% LA T, Bl 2 WA, 11 20 0 4 14,40 :
8 1 4 MIZAFR 2 Mz Wit R IGTE 75%0LL I, %
JEF 40 : 81 4 H4bTT ELBI S NE A B K A T A
WAEMN WG, FUILLEEHE 2 MM E &
AL F )5, #fi€ 4L J7 DPPC-DSPE-PEG2000-TAI
Fef oy 20 © 4 ¢ 4. B ST R TT AT DLVLER B4 ik b
J7 il & B R AR IR BRI, WK 1. DR SCh
BACAR AR AR R AR —, W 2, K/NEH,
y (55.4+0.4) nm, PDI ¥ 0.20+0.02, Zeta Hifi;
N (-17.4£0.6) mV (K 3).

2.3 OMAENEIL

2.3.1 IFWMECH]  FEEFREX DOX 12.45 mg T 25

‘ S

B1 ESFBEENEREHES

Fig. 1 Transmission electron microscopy image of co-loaded

liposomes

HiAEnm
2 BERENESS
Fig. 2 Size distribution of co-loaded liposomes

-100 0 100
Zeta HLAZ/mV

3 BRIk Zeta BT
Fig. 3 Zeta potential of co-loaded liposomes
mL =, FEEER, BLA 0.498 mg/mL X}
Al VAR o

Fi 25 FREL TANN 10.11 mg T 10 mL &Jif 4, H
B E S, PO 1.011 mg/mb (5% RS VAW

S iR A 20 ul, fON 20 £ HRE, TRTETR

S HAEFL, 18 000 r/min &0 10 min, BU_EER
20 pL 3EFE,
232 WAEIELME  DOX ) HPLC it 41} 1
e Alltima™ Cyg ¥ (250 mm X 4.6 mm, 5 um),
WBNH N - 2 BR 5% +0.5% KBS BR (55 :© 45); 1k
AR 1 mL/min, AR 20 pls SRAME MK
254 nm, #iR 25 C.

TAIl () HPLC-ELSD il &1t ik A
Alltima™ Cyg £ (250 mmX4.6 mm, 5 pum), izh
AN HEE-7K (85 1 15); AFAAE 1 mL/min; HEFE
TN 20 pub; Z&ROGHUH R AR E N 60 C, ZFik
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SRR 1.5 Limin.

233 EHREMERK B “2.3.17 TR &S 20 pL
BEFE, XTHES . AR, DOX Al TANI L # IR
JRARERER L 4. 5. B AR B A R e
DOX HI TANI B E TEgemn, 2% )5 5 254 i 06 53
IR AT

234 ZMERFRFELE FCHITEIKN 498.0.249.0.
1245, 49.8. 24.9 pg/mL [¥) DOX X & i R ot
RN 1011.0. 808.8. 404.4. 101.1. 50.5 pg/mL
(1) TAN X SRV, 2 NN BT, 1R
N 20 uk. L DOX MBI AR (YD), XTHE
TR B AR AR RS (XD, elbrdEmhgk, ZeikmE

|Dox
‘I
A (|
I
[
B R
\DOX
c [

El4 DOXXH&E (A TEERMAE (B). HEHBERKE (C)
#J HPLC

Fig. 4 HPLC of DOX reference substance (A), blank
liposome (B), and co-loaded liposomes (C)

[TAN
A I
A
'
B
e |
\
; TAIII
0 4 8 12 16

t/min
E5 TAII R (A) =EERE (B). £HAEFREF (C)
B HPLC
Fig. 5 HPLC of TAIIl reference substance (A), blank
liposome (B), and co-loaded liposomes (C)

VA5 FE 8 Y=25.187 X+0.602 3, r=0.999 9, FH
DOX fE 24.9~498.0 pg/mL i &k 5IEH A 2 R
UFILZEMESS Ry LL TANN WETH R FH S ECR g Ak
B YD, o H i o R FE 1R FHRH RO R A AR (X,
b e L, LYERIA RN Y=1.268 X+
0.7258, r=0.999 6, & TAIl 7E 50.55~1 011.00
ng/mL J R B (1) P X 25 W TR AR o B
RAFIIZML R

235 MEEERE WU EIKRIE S5 498.0.

124.5, 24.5 pg/mL DOX X e ¥ VAN 2R o
WA 808.8. 202.2. 50.55 pg/mL (1] TANI X I 5 3%
W% “2.3.17 WU R 5644, 43 Bl O R i W 20
HEFE 6 W, e gmA; ESE 6d; At EH
PR 25 B A TRDAG 5 B2 45 SR DOX H P % % RSD
23914 1.10%. 0.70%. 0.20%, H [ajk5% % RSD 4
724 0.46%- 3.59%. 4.97%; TAIl H W% % RSD
434 0.51%. 1.50%. 3.63%, H [EIKE %5 45N
0.60%-. 1.07%-. 4.88%; &% %%l & J7ikKIkE
BTG ITER,

236 FEMEIRK H“2.17 TRH] AR DOX Al
TAN FEFERAEE, MAFEEBAEEAL, 5O
WEiE, % “2.3.27 BUR&M, 2nl#E% 0. 1. 2,
4, 6. 8. 10. 12. 24 h #t#E, WE DOX F1 TAlI
(P TRIAR . LFRAE Bk DOX il TAINN () RSD 1
318 1.1%H01 0.9%, FH] DOX A1 TANI FL# IR i
IRAE 24 h Fase v R AT

2.3.7  IOFEESCRARES A RO B R AR
02 mL TECEH, ZnlhnA Sl g ryx e &
W IO EERE L IF AR R 20, B R
N 49.8. 124.5. 249.0 ug/mL DOX #1505, 126.1.
404.4 pug/mL TANI &, B = 3 MR IR IR
AVA, % “2.3.17 TN ISR, THEINEE
F . 455 DOX MR 2 53 il 8 97.93% .

98.76%. 100.34%, RSD 4r%lA 2.89%. 1.11%-

0.32%; TAII KRR 98.26%. 98.20%.

99.19%, RSD 444 4.31%. 2.43%. 1.39%; T3
JORERIS R 23 591 99.01% A1 98.55%, 41, [aliik
BRI E ERF I ZER, AR 25 &
I A 5

2.4 TAIIl 71 DOX HEHBEFRMAESEFFME A
=5V

241 Bk BLDOX A TANI FLEJE 44 0.6 mL
S ET 6 ANENTR T, WumH R R, aE
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500 mL A FE LKA, =R NRES IR 8 h, [EIFES
yENT k. TS B A iR B4 20 pL, An 10
R, IRIERSMHAF, 15 000 r/min &0 5
min, B & 20 pL #EFF, HPLC &l DOX AT TAII
TENBEMZYE. SBCENTRTINE A 20 L,
A3 52 DOX FI TANI (1) & & AE B 25 & @it A
& =R AR TP DOX (TANHD FIE/DOX
(TAND #2458, {15 DOX Al TAI [fEE ., 4
R DOX 1 TANI ()8 EF #8575y (36.95+2.32) %,
(62.641+5.50) %, RSD %)%l4 6.28%. 8.78%.
242 FAEE LR

(1) BYEERAE 45 ¥4 Sephadex G-50 %
TG =R M IR K 24 h, FHANE
MK, ZrRIEIET 6 2 mL RSN, R
VESTER N 15 mL B0, 76 4 000 r/min B0
10 min, S S IENEERE 2 B0 5 BERARFR IR 2 mL
Feti, BRSIERIENEESE, &H.

(2) TSR AEXS 25 R AR B B2

B 0.2 mL, B3N TR AT [ Thi%s . 4 000

r/min B5.0» 10 min, WEEBEME, FIFERIESOFM T
F1 0.3 mL XUZEKPEME 4 IR, &9 5 IRBEBLE 7519
KEAZ 10 mL, FIF5EWEL 0.2 mL 725 B g B4 A
WA KK EZF A 10 mL, 43 51F 500 nm AbM-1810) 5z
AR AR BRI [ e . g SR B A e
2 A BRI RIS A (100.96+0.97) %, RSD
A 1.0%. FHH Sephadex G-50 X% 4 I i #A E A G
e Bt o

(3) RSB AE T DOX AT TAI R B - e 1)
JREWEE /%8 1 mg/mL DOX #11 mg/mL TAI
(1%% 11 Z4H5-80 ¥ TRA /KW, HL 0.2 mL i
B KU OZ T I TR AR 1 0, 4 000 r/min
250 10 min, AR BB, [RIRE B0 454 A 0.3 mL
WZEIKPEE 7 ¥, 0.5 mL B EEVEA 4 T, WCAE BRI
W, BUSRGEMBGE R, lik “2.3.27 TR ik
AR E, Heehlvehhdk, ARIE 6.
HE 6 AT LR i, 28 4 YOKBERH CAIA H DOX
ATAN, dfa 4 UCKRF EEGEM,  BHT H BT
AT 38 AN AT B RIR, 26 1. 2 IR R e i v
THDCEREZAY, 53 RGP AT
P B 25D, AR T DOX A1 TANT FIWR it
38 (95.90+0.46) %A1 (96.73+0.37) %, it
B Sephadex G-50 f B Bt AT % DOX F1 TANI A A
—EWFHRE ST o

2.0
A
1.6+
1.21

0.8

DOX ¥t &:/%

0.44

0
1.6

1.21

0.8

TAI P fli 5/%

0.49

0 2 4 6 8 10 12 14
AR €
A-DOX FIBERLfIZE  B-TAN FIBEM ih 2k
A-elution curve of free DOX B-elution curve of free TAIIl
E6 MECERRAINREEKARNIER L
Fig. 6 Elution curve of mixture on mini column of Sephadex
G-50

(4) TBLEE AR XS 2 E IR 544 S DOX A1 TANI
RE KB EIRAYM 5 K DOX Fl TAII
TRA RN 2 AR ARV IR A S, B 0.2
mL YA KV CZ T 0T e A (1) T, 4 000
r/min £5.0> 10 min, WCEEGEBE, FIFERIE KT
F 0.3 mL XUZE/KBEE 4 U, WAV, BUARR T
&R, i “2.83.27 TR itk SRR I 25
&, VPR, g5 RAALER AR DOX A TAI
Ui B8 25 0 1) IR B R gy il (97.90+£1.27) %
(98.20+1.12) %, RSD 434 1.30%. 1.14%. it
BB g J A 6 3 5 DOX A TAI PR B A £ 32 34
B FIRNI AL

(5) faE e . Bl %41 DOX
AT TANN FLEAEFAR 0.2 mL, B InT B st A
(K155, 4 000 r/min B0 10 min, UCEELEIR, [F)
FERI BT 00254 S 0.3 mL RUE/K BN 3 ¥k, Y AEv:
B . 28 1 RSB 6 58 I, /KEEmmA
2 fEEREE, @A e A FL, 15 000 r/min B0
5min, B EJERERE, W DOX Al TANI 1) &,
15 DOX il TAIN kR, 4558 DOX il TAIN
) F, 3 43 ) N (85.12 +1.27) %, (76.51+0.46) %,



* 74 ¢ %% Chinese Traditional and Herbal Drugs #550% 2 18] 201951 A

RSD 4378 1.49%-. 0.60%.
243 HEEE.0E B 6 mL SLEARTAK, 430
B 6 MEmEE LI EAE.OE T, HokE, H
B B OO LEE 55 000 r/min 2544 T BS540 60 min,
iR S0, BN DT B0 R,
A 0 N CL B U B WA AE T BIE R,
SE B R 2 BRI T, TR AR IR
B o B I ORI R B R A DOX Al
TAII ) ER 58 (77.704+2.45) %. (86.85+
2.99) %, RSD %33lM 3.15%. 3.45%.

ARSI o3 SR FEMTIS ARoRE Oy R vy i
B V0 il £ 117 DOX A TANN 3k I o 44 33047 40 3
BRI T o I PRI, B 0 E NS 1 DOX
fE R (85.12+1.27) % TiEMT L [(36.95+
2.32) %] A B0 [(77.704£2.45) %], &
Hr 5 BRI AT R Ay A B 8] g A 32 s g o 1 o 24 4 R
B SEONARE DOX AL 8 w50k
P A BT () = 7 AT e Bl AR, {624
YR, AL SRR, 3 RO EEIAER TAI £
BFRp, BEE R0 (86.85+2.99) % Tk
Bk [(76.514+0.46) %] FliEHTE [(62.64+
5.50) %1, JRETTREN TAINN REiKEZY, HiF
AR, afmE oG, EAEESKPESITH,
RTINS Refw s teah, KEHaEyT, e
TAN BRI, Pl gl SR A s okt B Ok s e
45 L2, Sephadex G-50 %t 4% (A g AR R AT
MR B, T RH 25 B DOX AT TANN A& 5 it /) B8 B
JUEE IO AR A 2 5 Wl 5 5 P2 A Vi 9 24 D R W B, A
U A R 0V B O A R I R R
S, SRR D, P gh S A R 5 [ 4
3 g

TERTIATEFE R, DOX F1 TAN Be& A JE e
HepG2 #fiffl R ILH R 4F ¥R 2538 EH o AR S258
27 DOX 5 TAN Ll 1:1.1:2.1: 4.2
1 FlEbf5l, #HE Chou-Talalay J5 kit Cl{E, 4558
IR 4 FhEEIr) Cl {5y 0.43+£0.02. 0.62+
0.08. 0.72+0.03. 1.00+0.14 (CI=1, LG M
EH, CI<1 XA WMEEH, CI>1 RoRfhbifk
FD, DOX # TANI EbfIoh 10 1 I CHE SR/, B
L AE ) 46 0 2 O AR I, G 6 T 1 0 1 Rt b
[F{EHRECEL . {H DOX EN/KIE 214, TANAEN
NEVEPEZY), MELLSEEUR N IR 452, B A% e
FLHI & BT 7 B an g A, DAIA 2[RI 25 25 1) B 117

IR NGRS Rr SR (FE 2 I 6 i o7 N
TENVE . I A 2 R IR AR TR . R ) B2
SR IR B TR, R R H R IES
b F AR FH B )32 R S AA PR ) £ T s 1
NIEHENUERIZ H Bk, ksl & iR ik 2
RERFAR, JEHZEH TREKEEAY,
TR oA s 300 ) 2 R R — ) 4% 1 3 1 KR
ERRAR, &G KB LKy TS
R, WHAER. RS ERESE; WIR TR EE AT A
AR Wy, WBTRERE . R EE R R TR S
#6181, s B 4 SR BB T A, 5 K B i
PELIFK IR L R, HEABIF A
BRARAR, EHER| LI s 5, R
18 IS B2k A&, AT LK IRV I TANN Ak
HE—HCTEARRE LY R, 78 )5 82K A #2 i
NIKIEPE DOX el 25 WU o 44 o

FF DOX A1 TAINI XF HepG2 4 ffd () #3 [F] L AT
JEAER, ARSLIRH| &9 RKE M2 DOX IR
PEZ5W) TANN LI ME A, P iARre s - 2
BRIE, RN, oAt —, TR A AN
ey, R FEBUE IR . T P SRR R
XTI R A 2R, ARSLIRE ST T HPLC WlE
DOX il TANI FLE AR AR G R 778, TR
R G R, RNZYs = Akl 38 5e
4, HUERFRNE S, ks, HEIUEL, HEH
SRS RBUE, 45 RAER ] 5.

FERRE B8 Oy s B FE v, R OK 2 50F 78 —
FEIO201 FRIGE ] 1 mL B 2%, B0
3500 r/min. 5 min, {HIGVZK AR B AR RN 2 254 58
A3 B RZEIK BB BEAE SR 7 IRFT AR B8 ATy T
F| DOX A1 TAIN, B AN FHREE, BEIREERE:, A
PV WV 75 i A LA L, @3 HPLC W, BT
345 s g e H R BB 7R 1Y DOX A TANN & &
I KT S K B R, Ut B A T A7 7R
KESRFAR; BN C# EE 4 4000, 5000 r/min,
BT 1 mL g 48R4l, HEA GRS EE T
RIS ST B AE, o MBI . &t
B ZARI IR 2 mL iSRS, T E Ll i
S, fEREE T RO KA, HAT
BB 5B RN E, JEHEHSILAERK, bk
FERIRE i ANES Dy e B LR AT FVE BE 2 (8], 7£ 4 000
r/min, 10 min IR0, R 0.2mL, A] PR
SE4x Hh [ENSONR B34 , K F 5 B 25 R T e BT
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KBy B R . Rk sE st A LU,
0.3 mL RUZE/KPEL 7 ¥k, Beltili4e HPLC e & &
Ja, WFEIKP GBI 4 T A C A 2
DOX Al TAII, K &% 28K F W& K B 3 kI
ER TR B 1 IR AV W -

AT TN E SLE R A A R VA,
BT B A5 R N o2 A G, 3 38 5 b Lo o P vy T 125
DVEM LMK, DOX MEH X XA (36.95+
2.32) %, 1M TAII MaE 2 E (62.64+£5.50) %,
I I S5 R 9 3 p I () e S B 2 itk i, (ELT A
TSI, TAN KR P& TP (5 A 8 h,
375 B BT ) sk DA 25 5 0 Uit 25 1 TAINL 35, R,
FEMTIEAE T L8R R a2 e .
BV AR v T BSR4 DOX A TAINN 555 25 5
Sl (85.12+1.27) %. (76.51+0.46) %
(77.70£2.45) %. (86.85+2.99) %, &4ty
M, 2 MOTIEM RS ENZER, BEEE O
EIASH) DOX G K Tk B0k, HENIH R
PRI P 36 2 s ) 25 AR vy Bt 3 5 S A 11 3t 5 AR
IR, DOX AR A7KIEYEZ Y DTG 53 4 vttt 55 DL S5
fREAFR R K, @0 mnd S0 E AT RIS
R BTN S FRAR, T TAN AR A HMEE Y25,
MG A v it R LR K S MV T AR B ER K, ANTATAT H
S EE S0 LG BUUEE N E, RISl ELE
RS TANN Dzl AT S BT 25 F iy o [R) 5K
I ERAE AN SIS 25 2R R, T sl B DL
e B, FETREE, MR B O G A S
WL DA L BRI e o AHIF T s S n) A H A
I 1A T HE V25 1 225 0 PR R B b oK ) 7)) o 4 S
[P 5E $E LS 2 AR o
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