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Preparation of transferrin modified triptolide liposome and in vitro evaluation

YANG Yi-fan, LIANG Yi-yao, LIU Bao-bao, SU Xue-rong, QIAO ping, DI Liu-qing, ZHAO Xiao-li
Jiangsu Engineering Research Center for Efficient Delivery System of TCM, School of Pharmacy, Nanjing University of Chinese
Medicine, Nanjing 210023, China

Abstract: Objective To prepare transferrin (Tf) modified triptolide (TP) liposome (Tf-TP@Lip) and evaluate the quality and in
vitro targeting. Methods The Tf-TP@Lip were prepared by thin-film dispersion method. With encapsulation efficiency and drug
loading as indicators, single factor experiments and CCD-RSM were used to optimized the formulation and optimum preparation of
Tf-TP@Lip; The drug entrapment efficiency was determined by ultrafiltration centrifugation; And the microscopic morphology of
liposomes were observed under the transmission electron microscope (TEM); The particle size, polydispersion index (PDI), and Zeta
potential were determined by laser particle size analyzer, and investigating the in vitro release of liposomes; flow cytometry and
microscope were utilized for exploring the cellular uptake. Results The optimized preparation process and formulation were as
follow: lipid /drug ratio was 5.72: 1, lipid/cholesterol ratio was 8.11: 1, the mass ratio of phospholipid to DSPE-PEGa2000 was 6: 1, the
film-forming solvent was absolute ethanol and the temperature was 60 ‘C. The mean particle size, PDI and Zeta potential of
optimized TP@Lip were (130.33 £ 1.89) nm, 0.19 + 0.03, (=23.2 £ 0.64) mV, respectively. The encapsulation efficiency and drug
loading were (85.33 + 0.41)% and (9.96 + 0.21)%, respectively. The resulting liposomes exhibited spherical shape and were narrow
in size distribution. The in vitro release studies showed that Tf-TP@Lip has sustained-release effect compared with free TP. And in
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contrast of non targeted triptolide liposomes (TP@Lip), Tf modification significantly increased the uptake efficiency of liposomes by

SMMC-7721. Conclusion The preparation is stable and feasible, the obtained liposomes have a uniform particle size, round

appearance and high encapsulation efficiency and drug loading, which can be used for further research.

Key words: triptolide; transferrin; modified; liposomes; central composite design-response surface method; quality evaluation;

cellular uptake; in vitro targeting; thin-film dispersion method; ultrafiltration centrifugation
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Fig. 3 UV-vis absorption spectrum of reaction products
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Table 1
dispersion method (X + s, n=3)

Film forming conditions and results of film
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2.6.1 B AR wihR AR BH Design Expert
8.0.6.1 AT HEAT A NLTHT e it 7E BT 1 PR 2R AR 56 1)
B b, DI ABRRBRAGER (Y Mg
2 (Y2) AWNAE, BN R ERZNEL (XD,
JEREEE (X2) A5 DSPE-PEGao i g L (X3)

3R NEER, R 3 HE 5 KPR SK
TSRS, e & T2 HHRE K
IR R R 2.

2,62 FAHE DIELEER. BN, X
BRI g R TG, [RITEN Y1=29.919 9+
12.122 56 X;+2.761 69 X,—3.414 07 X3—0.126 60
X1.X240.293 50 X1.X3+0.166 75 X2X3—0.809 86 X2 —
0.161 74 X2>+0.171 34 X3%; Y,=2.148 55—0.056 398
X1+0.671 42 X>+1.834 33 X3—0.054 100 X X>+
0.021 250 X1.X;—0.048 125 X>X;—0.018 588 X;2—
8.677 58X 1073 X22—0.082 519 X32. J5 Z /3 #fr W& 3.

x2 EpERIt54ER
Table 2 Design and results of CCD method

[EU A= ¢ X2 X; EE Y BAR/%RES X X X3 L3 2/% AR/ %
1 50(0) 10 (0) 736 (+1.682) 8499  11.09 11 50(0 10 (0) 4(0) 76.96 9.08
2 5.0(0) 10 (0) 4(0) 78.73 8.91 12 5.0(0 10 (0) 4(0) 8038 10.52
3075+ 15(+1) 6 (+1) 78.97 6.60 13 5.0(0) 10 (0) 0.64 (-1.682) 7631 4.36
4 50(0) 10 (0) 4(0) 74.99 8.88 14 251  5(1) 2(-1) 58.96 8.66
5 92(+1.682) 10 (0) 4(0) 81.42 5.99 15 5.0(0) 1.59 (-1.682) 4 (0) 69.32 6.90
6 251  15(+1) 2(-1) 5575 10.28 16 75  5(-1) 2(-1) 81.17 5.48
7 5000 10 (0) 4(0) 76.40 9.06 17 75 15(+]) 2(-1) 66.16 5.05
8 5.0(0 18.41 (+1.682) 4 (0) 65.23 9.19 18 0.8(-1.682) 10 (0) 4(0) 4737 10.67
9 5.0(0) 10 (0) 4(0) 74.11 8.05 19 25(-1) 5(-1) 6 (+1) 5923 1171
10 75 5(-1) 6 (+1) 81.84 9.61 20 25(-1)  15(+1) 6 (+1) 5722 12.06
#3 BHENFAHEHEIN
Table 3 Analysis of variance of entrapment efficiency and drug loading
FIR HiHE —— - @:ﬁ}: — - ﬁ?ﬁ%
B8 221 5 A %77 FAd PAa BBZErMm By FAE PE
Ay 9 2 095.09 23279 2831  <0.000 1 84.65 9.41  9.14 0.000 9
1 1319.61 1319.61  160.50 <<0.000 1 41.62 41.62 4045 <0.000 1
B 1 65.81 65.81 8.00  0.0179 0.42 042 040 0.5395
1 65.10 65.1 792 0.0183 34.89 3489 3391 0.000 2
AB 1 20.03 20.03 244 0.1496 3.66 3.66  3.56 0.088 7
AC 1 17.23 17.23 210 01783 0.09 0.09  0.088 0.773 1
BC 1 2224 2224 2.71 0.1310 1.85 1.85  1.80 0.209 3
A2 1 369.22 369.22 4491 <€0.000 1 0.19 0.19  0.19 0.6729
B2 1 235.61 235.61 28.66  0.0003 0.68 0.68  0.66 0.4358
2 1 6.77 6.77 0.82 03855 1.57 157 153 0.2450
WRE 10 82.22 8.22 10.29 1.03
AT 5 55.08 11.02 2.03 0.2279 7.09 142 221 0.202 1
a7z 5 27.14 5.43 3.20 0.64
M 19 2177.30 94.94
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Fig. 4 Influence of different factors on encapsulation efficiency based on CCD method
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Fig. 5 Effects of different factors on drug loading based on CCD method
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(130.33+1.89) nm H1 0.19+0.03 (& 7), Zeta H
Rl (=23.20+0.64) mV (B 7). ZREW, ZiE
JRAARRLAR 73 A ¥ 50 HL B A% R R F R

E 6 TETP@Lip FIFRUEES () 1 TEM B (f)
Fig. 6 Apparent morphology (left) and TEM (right) of
Tf-TP@Lip

T T 1
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E 7 Tf-TP@Lip BIRE5S7 (a) F1 Zeta AL (b)
Fig. 7 Particle size distribution (a) and Zeta potential (b) of
Tf-TP@Lip
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AR E TEN RS, AR (5 1%
1% 80 ) PBS VA, pH 7.4) 200 mL, 37 ‘C. 100
r/min [ ZE . 29T 025, 0.5. 1. 2. 4. 6. 8.
10, 12 h BUFE 2 mL CJR]#b 70 550 55 R 5O o),
F HPLC e H AR RS &, THE &R A
SRBHCRIER (n=3). 48R 8 for, T
U IO A2 2 TR 5 77 1100 7 A Tk Y ek BE A, S 245404 %
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Fig. 8 Release profile of Tf-TP@Lip
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CHO #1 DSPE-PEGao00, MM TE/K L BEMREZR —
TEWENE T R-6 WIRIGMRE A, R “227 TR
1l £ 515 Sl 1) 4645 B B ) R R AR (TH-Co@
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293 AAREEEL KRR A OE IR R AR (T-Co@
Lip). FE#E % Y6 ig i 1A (C6@Lip) 5 i SMMC-
7721 YHHIAFE 5% CO2. 37 CHEEHIHE 4h. 25,
F PBS ¥Ei&%4iff, DAPI %t 10 min. #F 740
H SO A AT AT, RIS P 2 e S fl e W 2 4
L, DASS UE R A BA ) A A 4t SR It = AR
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G TREE R s T AR R IR AR, 2Ot R
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