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Secretory phospholipase A, responsiveness and in vitro anti-tumor activity

of oxaliplatin-loaded liposomes modified with facial amphiphiles

LIU Yanjiao, WEN Cheng, LI Dan, GAO Pei, ZHU Guodong”
School of Biotechnology and Health Sciences, Wuyt University, Jiangmen 529030, China

Abstract Modulating drug release from liposomes at tumor sites are important for eliciting therapeutic effects of
platinum drugs considering their low permeability through liposomal membranes, here a novel secretory phospho-
lipase A, (sPLA,) responsive-liposome system was constructed for oxaliplatin (L-OHP). Lipid ingredients dipalmi-
toyl phosphatidylcholine and distearoyl phosphoethanolamine-PEG2k, together with facial amphiphiles (FAs)
including lithocholic acid (LCA) or 3-keto lithocholic acid (kLCA) were used to prepare sPLA,responsive-lipo-
some (LCA-Lip or kLCA-Lip) by thin-film hydration method. The physicochemical properties, sPLA,-responsive
drug release and anti-tumor activity were evaluated in vitro. The results indicated L.-OHP loaded liposomes modi-
fied with FAs had similar particle sizes of approximately 100 nm and narrow size distributions (PDI < 0. 11).
Compared with non-FAs-containing liposomes (C-Lip), LCA-Lip or kLCA-Lip has a comparable entrapment effi-
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ciency and loading efficiency. LCA-Lip or kLCA-Lip didn’t show significant higher drug leakage at the presence
of 10% or 50% fetal bovine serum (FBS) in media than that in media without FBS. Treated with secretory phos-
pholipase A, from Colo205 cells culture conditioned medium (CCM sPLA,) for 24 h, FAs modified liposomes
released about 70% of carboxyfluorescein (CF), while C-Lip only released 20% of CF. Compared to L-OHP loaded
C-Lip, L-OHP-loaded FAs-included formulations had much greater anti-proliferative activity against sPLA,-
secreting Colo205 cells. In summary, our results shows that LCA or kLCA promotes responsiveness of liposomes

to tumor-related sPLA, and points to a new way to develop platium drugs-loaded liposomal delivery systems with

better release mechanisms.
Key words

secretory phospholipase A,; triggered-release; lithocholic acid; 3-keto lithocholic acid; enzyme-

responsive liposome; anti-tumor activity; facial amphiphiles
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F-5B- %5t -24- 3R iR (3-keto lithocholic acid , kLCA)
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2) Freeze-thaw cycles \(&
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Scheme 1  Schematic diagram of the preparation of facial amphiphiles-included liposomes (LCA-Lip), (R(DPPC): n(LCA): n(DSPE-PEG2k) = 95:10:
5); kLCA-Lip, (n(DPPC): n(kLCA): n(DSPE-PEG2k) = 95:10: 5) and subjection to secretory phospholipase A, (sPLA,) degradation for drug release.
DPPC: Dipalmitoyl phosphatidylcholine; DSPE-PEG2k: distearoyl phosphoethanolamine-PEG2k; LCA: Lithocholic acid; kLCA: 3-keto-lithocholic
acid; L-OHP: Oxaliplatin; MLVs: Multilamellar vesicles
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PPV A = Sl TR ot A €33 4 5 LA 38 590 DRy 23 A 0, R
Sk — I R B
.2 & &

R e A3V R 0 3 - = DA Y B BBk AL (3=
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U IR FACEE 4 “C R ARAFERER
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B2 R AR A FR A R AR /N B R
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2E 1795 Colo205 2043 B IR A, (secretory
phospholipase A,from Colo205 cells culture condi-
tioned medium , CCM sPLA,) 3£ J& F 1k 4 £ 3¢
Colo205 4 A 1) =375 W, 388 o 76 VB A Wk 4 b T W 1Y)
CCM sPLA, 2518 W B . #F 3 x 10°> Colo205 #fiifd
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2z vh ik 600 pL H L, FRUCET O, B0 58 UG A,
it FE 3 AT S B 200 B S ERUS Jo AR s
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ORI A2 R BT, BYD R BE A L R 0. 43 ~
110 wmol/L; %5 FA SR BUIA , Hobie B R v B 5 22 iR
TR P e v BRI W B2 AT I) ), 2 100 HR L A i
Br Ak K532 72 h ), A CCK-8 10 plL, 37 “Cilet
WEE 2 h e e AR (SRS I AR AL A 4
450 nm. HHMIAFTE R (%) = A, /Ay X 100
2.9 HIELSH

A G Y R 3 R DL AP 34 E + A
25 (x £ 5) ik o BLAR 434 B H Origin v9. 0 5K
P4k B RS E VE A N A e R O 1 e
GraphPad Prism v8. 0 #k {4 &b . >R H GraphPad
Prism v8. 0 X F A I e P 01 15 J7 15 431 25 4 1 55
il B (1C,,) , 2K H GraphPad Prism v8. 0 K4 )
XU R T5 22 53 B 05 v X 96 3R CF BT s s 2 4 7
Gt 2F o, R H GraphPad Prism v8. 0 B A i)
PR 2R 07 22 W D7 v X A s P AR A L DN A B AT
geite ot .

3 #R5iTiR

3.1 BgAREL T 493k 55 BEAG T R AE
N2 2 5 F 5 Wi A P AL A2 ), IR 26 43 F ik
JE R — o ) (s W AR AR IR A5 A . TR R
B, IR 2 53 7 55 W As 1 40 0 1) & L 9/ T 0. 11
(A B A, ARLR 24 43 (Can 25 U AR R ANk 25 A IR )
2358 AR ABRNR IR s 2 H & 0. 11, IHR
H o T R RE 2T B AR o BRI, I A 5 1Y)
T8 H 9% LCA 5% 9% KLCA L i 45 18 i 14
LCA-Lip 8% # KLCA-Lip. Jrifil £ B8 B g i s &
Bk W 25 M B IR DPPC, il A 5% DSPE-PEG2k
P LASR 5 B AR R IR IR 1 BTl A 42l
B AR 72 KN L £ 53 H0HE 2K (polymer dispersity
index, PDD) WAL 1 FIEE 1 TR o il 4 A R o A 42
S —(PDL < 0. 11) , KA K /N2 100 nm. 4l
% 1 778, LCA-Lip Ml KLCA-Lip Y #8, fi7 K /N5 C-
Lip AL, 3 -20 mV 7247, & B LCA 5 # kLCA
JIT At ) 22 35 I T AT 5% i) g o A 8 1T H e RS/, T
REJE AW DSPE-PEG2k HUANA , Bfifle T H R IE
R B R TR, 2RV R 3R K 3 24
J5 1, WNZE 1 78, LCA-Lip F1kLCA-Lip 5 C-Lip 4
Fe %A W E 2 % (EE: LCA-Lip vs C-Lip, P =
0. 89, kLCA-Lip vs C-Lip, P = 0. 71; LD: LCA-Lip vs
C-Lip, P = 0. 34, kLCA-Lip vs C-Lip, P = 0. 94) , Ifij
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LCA-Lip H kLCA-Lip % = (EE: LCA-Lip vs kLCA-
Lip, P = 0.46; LD: LCA-Lip »vs kLCA-Lip, P =
0.50),P<0.05 HEA B EMEESR, 4 RLEKN,
LCA 11 3-o o7 32 5 1) e A5 W B8 2 5 i T 22 1) B
RN 25 AL 2K LCA 2 FAEBE IR BE ) 3-ac
FRIL 2 o] 1) U AH B FE B 34K, 1T KLCA 1)
3-o F FE ARV P 3 e L M Tl g A mT B A7 7
AN — 5 DL R IE 2UAHAE 3 B 22 1) nT g i Al e
oy A I RS SO A A [i) DA TS5 350 I A 1) 24 4 6

BRI E SR
24 4 .
—C-Lip
20 ——LCA-Lip
S 164 ——KkLCA-Lip
g
% 12
£ 81
4_
0 T
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Figure 1 Size distribution of liposome suspensions was determined
by dynamic light scattering (DLS)

C-Lip, n(DPPC): n(DSPE-PRG2k) = 95 : 5; LCA-Lip, n(DPPC): n(LCA):
n(DSPE-PEG2k), 95: 10: 5; kLCA-Lip, n(DPPC): n(kLCA): n(DSPE-
PEG2k),95:10:5

Table 1 Characterization of liposomes in three formulations prepared

by the thin-film hydration method (¥ + s,n = 3)

Zeta poten-
Group Size/nm PDI LD/% EE/%
tial/mV
C-Lip 105+1 0.11+0.02 -204+03 2.1+02 43+03
LCA-Lip 96+4 0.09+0.00 -19.6+03 1.8+02 47+1.7

kLCA-Lip 105+2 0.10+0.01 -19.6+0.1 2.1+0.3 3.6+0.6

PDI: Polymer dispersity index; LD: Loading efficiency; EE: Encapsula-

tion efficiency

3.2 BER) e Bk 5T

WIER CF RIS 40 AT LA A 4 W 0, 2 235K
PEZ5 W) G BURTE R T (BRS¢
JGER CF AL B TE NG BT A K Pk o4 s I 25 4 A= e Wk 32
¢ [ K 4 (50 ~ 100 mmol/L) , 245% 6% CF
BRI R G IR RV IR R B mT LA
BRI . FEME LB, sPLA, A 11 Rk
FEAE o 19 A (1B, TTA, TIC, 11D, TIE,, ITF, 111, V,
X, XIIA , XTIB) , AN [ M. 25 () 40 p T g g At A7 T AN
[Fi) 25 2R AN 20 R, ZEAS ] A R B AL 47y
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Figure 2 Release rate of 6-CF from liposomal formulations C-Lip, LCA-Lip or kLCA-Lip induced by (A) sPLA, from bee venom (Bv sPLA,) or (B)

sPLA, from Col0205 cells culture conditioned medium (CCM sPLA,) at 27 °C; Inset figures describe the release pattern of the mentioned systems in

the absence of sPLA, at 27 Cx+s,n=23)
‘P<0.05,“P<0.01, P <0.001
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Figure 4 Flow cytometric histograms illustrating fluorescence from (A) HT-29 cells or (B) Colo205 cells incubated with DiO-labelled liposomes;

Quantitative analysis of cellular uptake efficiency of DiO-labelled liposomes by (C) HT-29 cells or (D) Colo205 cells. Cells were treated with different

DiO-labelled liposomes (3 pmol/L DiO) for 2 h. The flow cytometric analysis was performed in triplicate (¥ + s,n = 3)

"P<0.05,7P<0.01, P <0.001, P <0.000 I; ns represents not significant and data were analyzed by One-Way ANOVA
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Figure 5 Cytotoxicity on free L-OHP, L-OHP-loaded liposomes and blank liposomes against sPLA -secreting Colo205 cells and non sPLA,-secreting
HT-29 cells. Free L-OHP and L-OHP-loaded liposomes were added to (A) Colo205 cells or (B) HT-29 cells; Blank liposomes were added to (C)

Col0205 cells or (D) HT-29 cells. The lipid concentration of the blank liposome corresponding to the lipid concentration of L-OHP loaded liposomes

at the value of IC, were indicated by the arrows. Cells proliferation was determined by CCK-8 assay and the results represent as the percentage of

untreated control group (¥ + s,n = 3)
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