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Optimization of pH response and mitochondrial targeting bifunctional
hyperoside liposomes by central composite design response surface methodology
and its in vitro evaluation
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Abstract: Objective To optimize preparation of mitochondrial targeting hyperoside liposomes (DLD/Hyp-Lip), and study its
stability in fetal bovine serum, in vitro release behavior and mitochondrial targeting. Methods DLD/Hyp-lip was prepared by film
dispersion method. Single factor experiment was carried out with entrapment efficiency and drug loading as indexes to investigate
the effects of the ratio of phospholipids to hyperoside (Hyp) and DSPE-PEG (distearoyl phosphoethanolamine-polyethylene glycol)
to DLD on DLD/Hyp-Lip. The formulation of DLD/Hyp-Lip was further optimized by central composite design response surface

methodology. The appearance, size and potential of liposomes were observed by transmission electron microscope and particle size
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analyzer. The stability and drug release rate of liposomes in fetal bovine serum were evaluated by serum stability test and in vitro
drug release test. The drug delivery system was evaluated by mitochondrial targeting. Results The optimal formula of DLD/
Hyp-Lip was as follows: the ratio of total phospholipids to hyperoside was 12.50:1, the ratio of total phospholipids to cholesterol was
6.00:1, and the dosage ratio of DSPE-PEG to DLD was 3:5, the encapsulation efficiency was (95.57 + 0.56) %, the drug loading was
(8.55 £ 0.57) %. The prepared liposomes had good appearance, the particle size of the lip was (124.9 £ 3.4) nm, and the potential was
(6.2 £ 1.9) mV. It was stable in fetal bovine serum and accumulated in vitro release medium for 24 h. Mitochondrial targeting
experiments showed that DLD/Hyp-Lip could promote the accumulation of drugs in the mitochondria. Conclusion This method is
simple and convenient, and can accurately and effectively optimize the preparation process of DLD/Hyp-Lip. The prepared
DLD/Hyp-Lip has high encapsulation efficiency, small particle size, uniform distribution and good sustained-release effect, which
lays the foundation for further in vivo research of DLD/Hyp-Lip. DLD/Hyp-Lip with hyperoside has good mitochondrial targeting of
liver cancer cells and is a potentially efficient mitochondrial targeted drug delivery system for liver cancer cells.

Key words: hyperoside; liposome; central composite design response surface method; prescription optimization; in vitro evaluation;

pH response; mitochondrial targeting; thin film dispersion method; stability
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Table 1  Effect of oil-water ratio on DLD/Hyp-Lip
entrapment efficiency and drug loading (x + s, n=3)
PN BEH/% WHE/%
1:1 90.78+1.69 8.521+0.56
1:2 87.04+1.97 8.191+0.38
1:5 88.021+0.98 7.94+0.59

<2 DSPE-PEG 5 DLD Al £tt%t DLD/Hyp-Lip B Z 51
AR (x+s5,n=3)

Table 2 Effect of DSPE-PEG and DLD mass ratio on
DLD/Hyp-Lip entrapment efficiency and drug loading
(xts,n=3)

DSPE-PEG 5 DLD A&l A%  HAE%
1:1 80.23+1.26 7.56%0.37
1:2 89.52+2.03  8.64+0.46
1:3 70.95+1.45 6.9940.41
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Table 3 Effect of total phospholipids and cholesterol mass
ratio on DLD/Hyp-Lip entrapment efficiency and drug
loading (x £ s,n=3)

* 4 BERESS4LHENAZEX DLD/Hyp-Lip €3
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Table 4 Effect of total phospholipids and Hyp mass ratio
on DLD/Hyp-Lip entrapment efficiency and drug loading
(xxs,n=3)

> (SR =N
" z:;;;ﬁ;ﬁ % WLEI%
5:1 74.53+1.48 6.731£0.43
10:1 89.12+1.29 8.44+0.57
201 83.93+1.67 8.111+0.53
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201 93.89+0.56  8.73%036 Y1=93.87+0.85 X1 —0.42 X2+9.74 X3+0.59 X.Xo—

501 85.92+1.84 7.92£0.54 2.7 XiX;+1.51 XoX3—10.45 X12—8.81 X2>—16.55

1011 81.02%1.25 8.1810.63 X3, R?=0.848 9, P<<0.000 1; Y,=8.55+0.044

#&5 DLD/Hyp-Lip &5 MUHZE it i 2 HE
Table 5 Central composite design arrangement for DLD/Hyp-Lip prescription optimization

w5 Xi Xa X3 Y% Y% | &S X X2 X3 Y%  Ya/%
1 8.00 (1) 3.62(-1) 0.44(-1) 7935 6.95 11 12.50 (0) 2.00 (—1.682) 0.65 83.24 742
2 17.00 (+1) 3.62 0.44 85.56 17.32 12 12.50 10.00 (+1.682) 0.65 88.32 6.49
3 8.00 8.38 (+1) 0.44 75.41 643 13 12.50 6.00 0.30 (—-1.682) 76.84 6.64
4 17.00 8.38 0.44 8242 17.23 14 12.50 6.00 1.00 (+1.682) 86.98 6.65
5 8.00 3.62 0.86 (+1) 85.87 7.46 15 12.50 6.00 0.65 93.79 8.16
6 17.00 3.62 0.86 88.64 17.75 16 12.50 6.00 0.65 9492 8.44
7 8.00 8.38 0.86 83.78 17.13 17 12.50 6.00 0.65 94.88 8.67
8 17.00 8.38 0.86 87.43 17.65 18 12.50 6.00 0.65 94.46 8.79
9 4.93(-1.682) 6.00(0) 0.65(0) 88.54 7.63 19 12.50 6.00 0.65 95.57 8.93
10 20.07 (+1.682) 6.00 0.65 79.35 6.58 20 12.50 6.00 0.65 95.45 8.83

X1—0.33 X,+0.85 X3+0.23 X,.X2—0.14 X,.X3+0.072
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Table 6 Variance analysis of DLD/Hyp-Lip envelopment rate and drug loading regression equation

W % B WE % B
KR EHA R P BRI FE P R A FE P ENA F{E PE

B 9 663.682 6.242 0.004 2 10.834 5.013 0.009 5|X2X3 1 1.792 0.153 0.7055 4.050X 10 0.017 0.899 3

Xi 1 3.221 0.271 0.613 0 8.651 X107 0.036 0.853 3|X:> 1 204.210 17.290 0.002 0 2.862 11.911 0.006 2
X2 1 0.760 0.065 0.804 6 0.482 1.992 0.188 5[X2? 1 139.951 11.852 0.006 3 3.583 14.913 0.003 2
X3 1 290.812 24.621 0.000 6 2.221 9.251 0.012 4|X3? 1 291.642 24.690 0.000 6 5.341 22.233 0.000 8
XX, 1 0.354 0.030 0.866 2 0.0541 0.230 0.644 2|7 % 10 118.133 2.402

X1 5.781 0.492 0.500 2 0.016 0.067 0.800 4

100;—

"

17.00 : X, 17.00

El1 #EZH% DLD/Hyp-Lip B 220N 5 mFF =4k

Fig. 1 Response surface and contour of influence of various factors on DLD/Hyp-Lip entrapment efficiency

8.00

X2

4.00]

1700
B2 &E % DLD/Hyp-Lip 2% B8/ K0S E s
Fig. 2 Response surface and contour of influence of various factors on drug loading of DLD/Hyp-Lip
WHL #E s EEER 11.00<X,<14.00, 4.00< N X1=12.50, X,=6.00, X3=0.60, Ui ¥,=
X><8.00, 0.40<X;<0.80. K Design-Expert 8.0.6 (95.57£0.56) %, Y1= (8.55%0.57) %.
BAACE G RG] . 2% DLD/Hyp-Lip 4 2.44 MRALEMALITEAE 28 ERTiR, #iE DLD/

8.00
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Hyp-Lip A7 T2 N e B 5 &4 i &
tb oA 12.50 0 1, SRE%AR-S AR R FH & N 6.00 -
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J5 R R T AT S b, 4% 2 2HH X 225 = (T
B — SEIAE )/ PRI v B AE S i 22, DAPP AR SR 7
PR AT EENE . SRR S AL R ITE N 94.90%. %,
24 5 TIUME R 8.5%, SILIME 73 714 95.52%94.84%
96.02% (n=3) H18.67%  8.52%-. 8.43% (n=3),
ST SAE 23 B 95.46% A1 8.54%, Sl 5 F5i
{ELZ AT I AF O A 22 << 5%, BEERALE A 5 T 28 e
AAT .
2.5 DLD/Hyp-Lip 8953

I DLD/Hyp-Lip ¥R 3 ik, X HFi kAT
M%%; HU DLD/Hyp-Lip, MiREZE—EME0U5, HE
LHEM L, B mRA S, BRET, TiEH
S (TEMD) TSR FRITESIFNIE, 4
R 3. 555K, 4 DLD/Hyp-Lip %1%
RNRBEER AR, TEM T UENRR KRR, EHRER
¥, AR LT,

E3 DLD/Hyp-Lip BISMNIRZES (A) FITEM [E (X 20 000, B)
Fig. 3 Appearance (A) and TEM diagram (x 20 000, B) of
DLD/Hyp-Lip

2.6 DLD/Hyp-Lip RIfE. Zeta ELALAINIE

14 3 it DLD/Hyp-Lip, FIRIAZLGN & Hokifz
H Zeta HIA7, 45 5 W 4. 45528, DLD/Hyp-Lip
ks (124.9+3.4) nm; ZrEdEE (PDD K
0.16410.062, B & B4 1FRLEE 73 A BN 51215
Zeta AN (-18241.9) mV.
2.7 pH{EFESHRIBATL

#%2 DLD-Lip 7EAN A pH {E M &R 1) Zeta
B 77484k, HX 1 mL DLD-Lip HIAF] 15 mL #Re £k
ZE YT (PBS, pH 7.4 6.8) FIESERZE AT (pH
55. 45 1, T 37 CREE. 0. 2. 4. 6. 8
12 h i}, HU 1.5 mL BT Zeta FEALDE . 4553
W% 7, DLD-Lip 7€ pH 7.4 R sisg; 24 pH {H
F¥% 6.8 i, DLD-Lip KR M ZHPE, F7E 2 h
JEIEERE K 2 pHAEFF %2 5.5 & 4.5 I, DLD-
Lip 0 B4 2 IR Ay, MR E f5 =ik 10~
20 mV.

1 10 100 1 000
Rt /mm

10 000

-100 0 100
Zeta HLfL/mV
E 4 DLD/Hyp-Lip FIRZEE (A) F1 Zeta BBAIE (B)
Fig.4 Diameter diagrams (A) and Zeta potential diagrams
(B) of DLD/Hyp-Lip

%7 DLD-Lip 7£7[G pH EiFSATHY Zeta BAI{E (X +s5,n=13)
Table 7 Zeta potential values of DLD-Lip induced by different pH values (x £ s, n =3)

Zeta HLAL{H/mV

pH 1A
Oh 2h 4h 6h 8h 12h
7.4 -185+1.2 -8.24+0.98 ~7.44+0.49 ~7.3%+0.52 —7.54+0.99 -7.3%+1.02
6.8 0.1£0.02 4.940.45 5.0£0.46 5.0£0.45 5.1£0.56 5.1£0.60
5.5 5.2%0.49 11.8£1.12 10.6+0.98 11.7£0.99 10.34+0.89 10.1+0.91
4.5 7.2£0.48 18.5+1.95 17.5+1.89 18.8+1.80 18.9+1.72 17.3+1.49

2.8 MEREMMHR

M DLD/Hyp-Lip 7E A4 i H kLR
Ak, CAVEAS AR TR PRTE 35 R e e v . BB A o
HIREEN 5 mg/mL FINE RS SEARFR G 4 i VR

G T 37 CTRHATIE R ERZM. T 1.4, 8,
24 h I, B 100 pL FEABATRASIE, ZRIE 6.
JIE T A 0 h Kid% ATE pH 7.4 1 PBS W& il & 45 3]
[k . 45 %8, DLD/Hyp-Lip 7E 0~1 h KifeH
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Fig. 6 Changes in particle size of DLD/Hyp-Lip in fetal 04
bovine serum (x £ 5, n=23) !
WIRIGIN, 1~5h KA INZENS, 5~24 h kife )L 40

ANFRN, MR
2.9 HRINEZGRFERINE

KBTI € DLD/Hyp-Lip 7ERE i
AR ZNBE TR o A % F B 0.1 mL DLD/Hyp-Lip A iiF
B R (S EN 0.5 mg/mL), B
TG E A RENT A (BB A o P& N
6 000~8 000> H', FFEF 50 mL FIREBA A,
PRIFFFEN 50 r/min, BN REE N (37.0+
0.5) C, BTN EH 0.1%5 LA 80 1)
PBS ¥ (pH 7.4, 6.8) A& 0.1%% LALEE 80
FIBERRZZ M A (pH 5.5+ 4.5). 2031 F 0.5. 1. 2.
4. 8. 12, 24 h B, HL 0.5 mL MR RE W, SR
Je TINS5 AR P 3 5 8 TR I 4 S8 R ATy 1) )
Eo MEFETR &2 EE, AL
8] 5 ) BRI Q) FREHIRR IR 28

n-1

0v=(Ve Y, CiAVoC)/M »

i=1

Ve ARFRETRA BRI BHARRL, CARFE § Tk B BRI R
IR, Vo BRI TRIEI, CREH n IKHUE
IR A R IR S, M BN S L B & i

DLD/Hyp-Lip Fljif &5 4 22 Bk W RAE & 0.1%
1AL 80 1) PBS AT (pH 7.4, 6.8) FIEy
0.1%F 1174l 80 MIEEFRZE M IAW (pH 5.5+ 4.5)
VR TSN I AR SNBSS ROV 7. 45 R R B,
1E 4 PRI TR, U B G 2 MR VT & 22 B
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Fig. 7 Cumulative release of DLD/HYP-Lip and free HYP

solution in release medium (x £ s, n=3)
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Fig. 8 Fluorescence intensity of Hyp in mitochondria of
CBRH-7919 cells
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Fig. 8 Caspase-3 and Caspase-9 activity in CBRH-7919

cells(xts,n=3)
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