Drug Design, Development and Therapy downloaded from https://www.dovepress.com/

For personal use only.

Drug Design, Development and Therapy Dove

3

ORIGINAL RESEARCH

RETRACTED ARTICLE: A novel glycyrrhetinic acid-

modified oxaliplatin liposome for liver-targeting and
in vitro/vivo evaluation

Jingde Chen*
Hong Jiang*
Yin Wu
Yandong Li
Yong Gao

Department of Oncology and
Hematology, East Hospital, Tongji
University School of Medicine,
Shanghai, People’s Republic of China

*These authors contributed equally
to this work

Correspondence: Yong Gao
Department of Oncology

and Hematology, East Hospital,
Tongji University School of Medicine,
150 Jimo Road, Shanghai, People’s
Republic of China

Email gaoyon@hotmail.com

This article was published in the following Dove Press journal:
Drug Design, Development and Therapy

20 April 2015
Number of times this article has been viewed

cal properties, and in vitro release perfo
microscope (TEM) image showed tha liposome

size and uniform dispersion. Both -liposomes had an average size

of 90 nm. They were negativel otentials of —20.6 and —21.3 mV, respec-

¢ liposomes. In vivo, the relatively long time to reach
p of OX-liposomes suggested a sustained-release profile of
sistent with the results of the in vitro release study. The increased area
imum plasma concentration of OX-liposomes and GA-OX-liposomes

posomes delivered OX mainly to liver after intravenous administration. In addition,
iens, such as appearance of epithelial necrosis or sloughing of epithelial cells, were

words: target, drug delivery, modified liposomes, pharmacokinetics, biodistribution

Introduction
Hepatocellular carcinoma (HCC), the fifth most common cancer worldwide and rarely
detected at an early stage, is usually fatal within months of diagnosis, resulting in
500,000 deaths per year.!? It frequently occurs in the setting of chronic liver disease
(hepatitis B or C virus-related) and cirrhosis, and Child—Pugh functional status dictates
the chances of treatment.> Despite introduction of potentially curative treatments,
such as liver resection and orthotopic liver transplantation, the prognosis is gener-
ally poor, as only 10%-37% of patients are suitable surgical candidates because of
advanced tumor or poor hepatic functional reserve.* Thus, chemotherapy is chosen to
be the first-line treatment for advanced cancer patients, despite the fact that HCC is a
relatively resistant tumor, with response rates ranging from 0% to 29% in randomized
controlled trials.’

Oxaliplatin (OX) is one of the third generation of platinum-based anticancer agents
and displays a wide spectrum of in vitro cytotoxic and in vivo antitumor activities.**
As an alkylating agent that causes DNA damage, OX plays an important role in
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combination therapy for HCC. In many clinical studies,
OX has been shown to present activity against advanced
or metastatic HCC.? Although OX has been proven to be
associated with a lower level of adverse reaction than cis-
platin and carboplatin, it still has the toxicity common to
all platinum-based drugs, which seriously limits its clinical
application.'®'" Consequently, targeting carriers for such
agents have attracted increasing attention as efficient drug
delivery systems that increase efficacy and lower systemic
side effects.

The liposome was one of the first nanomolecular drug
delivery systems to show increased delivery of small-
molecular-weight anticancer drugs to solid tumors, by alter-
ing the biodistribution of the associated drug. That being
the case, liposomes have caught intensive attention during
the past 30 years, which has led to the approval of several
liposomal drugs for clinical application evaluation.'?'* The
application of liposomes can, not only increase accumulation
of drug within the tumor sites but also, reduce the amount
of drug that can penetrate healthy tissues and, thereby,
lessen systemic toxicity. Due to the aforementioned merits
of liposomes, repeated studies have focused on utilizing
liposomes for the targeted delivery of OX, with cases in
point including polyethylene glycol (PEG)-liposome!®
cationic liposome.'®

Glycyrrhetinic acid (GA) is a hydrolysis 2
glycyrrhizin. Both of these are the main g

has been found to be
Recently, some

poly(eth
micelles,?!
cationic liposom¢ 11 of these results imply that GA may
be used as a novel 1ig¥nd for hepatocyte-targeting.

In this study, OX liposomes surface-modified with
GA were developed by the film-dispersion method.
Their morphology, physical and chemical properties, and
in vitro release performance were examined; unmodified
liposomes were also investigated, as a contrast. Moreover,
pharmacokinetics and biodistribution studies of OX-GA-
liposomes were done to provide a reference for clinical

application.

Materials and methods

Materials

OX (Figure 1A) (purity 99.3%) was supplied by Zhongcheng
Pharma Co, Ltd (Hubei, People’s Republic of China).
Egg phosphatidylcholine and high-purity cholesterol were
donated by Phospholipid Tech Ltd, Shanghai, People’s
Republic of China. Carboplatin (Figure 1B) (internal stan-
dard) was obtained from the Shanghai Institute of Materia
Medica, Chinese Academy of Sciences, Shanghai, People’s
Republic of China. All other chemicals and reagents were

of at least analytical grade. Purified y pared from a

was used throughout.
The experiments wer

-Succinyl-30-stearyl glycyrrhetinic acid
¢), synthesized previously,” was used to modify
e OX-liposomes. Briefly, a mixture of egg phosphatidyl-
oline, cholesterol, 18-GA-Suc, and OX (weight: 100,
5, 7, and 10 mg, respectively) was dissolved in 10 mL
dichloromethane in a round-bottomed flask. The organic
solvent was removed at 25°C-30°C by rotary evaporation.
The vacuum was maintained overnight to remove any traces
of solvent. Then, the resulting lipid film was hydrated with
a 4 mL phosphate-buffered saline (PBS) buffer (pH 7.4)
at 37°C for 2 hours, followed by sonication for ten cycles
at 1,000 bar with an ultrasound probe (EmulsiFlex™-B15;

A B
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Figure | The structure of oxaliplatin (A) and carboplatin (B).
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Avestin Inc., Ottawa, ON, Canada) to form the GA-OX-
liposomes. Production of the OX liposomes was similar
to that for GA-OX-liposomes, but the weight ratio of egg
phosphatidylcholine, cholesterol, and OX was, respectively,
100, 25, and 10 mg.

Characterization

The morphology of the GA-OX-liposomes was observed
using a transmission electron microscopy (TEM) appara-
tus (JEM-1230; JEOL, Tokyo, Japan). A drop of sample
placed on a carbon-coated copper grid was negatively
stained with 2% phosphotungstic acid and then viewed and
photographed.

Particle size and zeta potential of the liposomes were
measured using a Zetasizer Nano ZS analyzer (Malvern
Instruments, Malvern, UK). Briefly, 15 puL of prepared
liposomes were diluted 100-fold with ultrapure water and
shaken, prior to its measurement at 25°C. The dynamic
light scattering data was collected using a helium laser as
the light source, and mean results were provided by photon
correlation spectroscopy.

Entrapment efficiency (EE%) and drug
loading (DL%)
The DL% and EE% were calculated as described ear
Firstly, OX was extracted from the L
0.25 mol/L of sodium chloride solutiog

e weight of initial feeding polymer, WM is
incorporated in the liposomes, and WF
is the weight of tMe initial feeding drug.

In vitro release

In vitro drug release was investigated via the dialysis bag
method. First, 2 mL of GA-OX-liposomes, OX-liposomes,
and free OX were each placed in cellulose ester dialysis bags
(molecular weight =10,000). These bags were then put into
30 mL of PBS buffer (pH =7.4) and heated at 37°C%0.5°C.
The OX contents (1 mL) in the dialysate, at 0.5, 1, 1.5, 2,

3,4,6,8, 12, 16, and 24 hours, were determined by HPLC.
The supernatant (10 uL) was then directly injected into the
HPLC system and analyzed for the released OX. The release
profiles were plotted and fit using different in vitro release
models.

Stability

Stability studies of the liposomes were carried out at tem-
perature of 25°C+2°C and relative humidity of 60%%5%
for a period of 2 weeks and at 4°C£1°C for 6 months,

according to the guideline of Intcammmmanal Conference on

ted into heparinized tubes from the caudal
at 2. 5, 15, and 45 minutes and at 1, 2, 4, 8, 12, and
24 hours after IV administration. Blood was immediately
processed for plasma by centrifugation at 3,000x g for
10 minutes. Plasma samples were frozen and maintained
at —70°C until analysis.

Histology studies

After pharmacokinetics evaluation, all 18 rats were used to
investigate the histopathological change of liposomes after
a single IV administration of the formulation (20 mg/kg).
Animals (including the free OX control group) were anes-
thetized, and their hearts, livers, spleens, lungs, and kidneys
were dissected and washed with cold saline. The organs were
pressed between filter pads, weighed, and then fixed in 10%
neutral formalin, using standard techniques, and stained with
hematoxylin and eosin for histopathological examination.
All tissue samples were examined and graded under a light
microscope, with 500x magnification.

Biodistribution studies

Ninety Kunming strain mice were used in the experiment
to assess the effect of liposomes formulation on the biodis-
tribution of OX after IV administration. The mice were
divided into three groups at random and given a single dose
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of 20 mg/kg of GA-OX-liposomes, OX-liposomes, and free
OX, respectively, by caudal vein injection. At 1, 4, 8, 12,
and 24 hours after drug injection, each animal (n=5 for each
time point) was euthanized, and the heart, liver, spleen, lung,
and kidney were collected. Tissue samples were washed in
ice-cold saline, blotted with paper towel to remove excess
fluid, weighed, and stored at —70°C until assessed for drug
concentration by HPLC.

HPLC analysis

HPLC was carried out by a Waters chromatograph (Waters
Corp, Milford, MA USA) using the Diamonsil® C18 reverse-
phase column (250 mm x4.6 mm, 5 mm) at room tempera-
ture. The mobile phase consisted of 0.25 mol/L of sodium
chloride solution and methanol (30:70 v/v). The injection
volume was 10 puL. The flow rate was 1 mL/min. The efflu-
ent was monitored at 254 nm.

Diethyldithiocarbamate solution (0.5 mL), NH,-NH,ClI
buffer (pH 9.0, 0.5 mL), and carboplatin solution (10 pL,
1 mg/mL) were added into the plasma (100 pL) or tissues
(100 mg). After incubation in the water bath (37°C) for
30 minutes, the ether (5 mL) was added to the mixture. After
centrifugation for 20 minutes (3,000 rpm), the supernatant

was kept in water bath (50°C) to evaporate the ether. Finally,
chloroform was added into the residue, and the solution was
centrifuged for 10 minutes (12,000 rpm). Finally, 20 UL of
supernatant was injected into the HPLC system for analysis.

Statistical analysis

Results were presented as the mean + standard deviation
(SD). Analysis of variance (ANOVA) was used to identify
the statistical significance of the differences among groups.
Statistical significance was evaluated using Student’s #-test

for the single or multiple compariso experimental

groups.

Results and disc

Characterizatio
In this study, OX-A

X-liposomes, both 90 nm, are displayed
liposomes were negatively charged, with

8 -

Figure 2 Transmission electron microscope photographs of liposomes. (A) GA-OX-liposomes. (B) OX-liposomes.

Notes: Magnification: x6,000. Scale bar =100 nm.
Abbreviations: GA, glycyrrhetinic acid; OX, oxaliplatin.
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Table | The characterization of the liposomes (n=3)

Entrapment efficiency (%) Drug loading (%)

Sample Particle size (nm) Zeta potential (mV)
OX-liposomes 85.31£2.6 -20.6+2.2
GA-OX-liposomes 93.243.1 -21.3+2.9

91.6+4.6
89.845.1

10.2+1.3
9.71.1

Abbreviations: GA, glycyrrhetinic acid; OX, oxaliplatin.

zeta potentials of —20.6 and —21.3 mV, respectively, and the
EE% values of both were higher than 94%. No significant
changes were observed following the addition of 18-GA-Suc
to the liposomes.

It is crucial to select proper quality attributes as the
target profile at the beginning, for optimization of GA-OX-
liposomes. Since the EE% affects the quality and clinical
effects of the liposomes to a great extent,”® the evaluation
of EE% is a regulatory requirement. Additionally, the par-
ticle size should be controlled, considering the principle of
injection administration. A previous report pointed out that
when the particle size is less than 100 nm, aggregation in
the liver is obvious, because it is trapped by the sinusoidal
tubules in the liver and spleen.” In a liposome system, the
hydrophilic compound is usually encapsulated into the inner
water phase, while the lipophilic compound is generally
entrapped between lipid bilayers.

In vitro release
The in vitro drug release behavior of GA-O

Cumulative rg

further released during the subsequent 20-hour incubation.
The OX release profile was prominently prolonged by the
liposomal encapsulation. However, no significant changes
were observed in terms of release characteristics following
the addition of 18-GA-Suc to thg
release was kinetically analyzg
first-order, Higuchi, and W

mes. The in vitro

gccording\@the zero-order,

article size and EE% in the long-term storage condi-
tions did not vary to a large extent in the GA-OX-liposomes,
and a maximum size increase of 4.4 nm was seen in the
6 months after the date of manufacture. The formulations
were stable for 0.5 month under accelerated storage con-
ditions at 25°C+2°C and 60%=*5% relative humidity. A
maximum particle size increase of 2.4 nm was observed.
The average particle size did not vary appreciably, and the
physical—chemical characteristics changes were found to be

<& Free OX
A OX-liposomes
O GA-OX-liposomes

12
Time (hours)

Figure 3 In vitro release profiles of different OX formulations.

16 20 24

Notes: Release experiments were carried out in PBS (pH 7.4), at 37°C£0.5°C. Each point represents the mean value of three different experiments + SD.
Abbreviations: GA, glycyrrhetinic acid; OX, oxaliplatin; PBS, phosphate-buffered saline; SD, standard deviation.
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Table 2 Correlation coefficients for kinetic analysis of release
data for OX formulations

Formulation Correlation coefficient (r)

Zero order First order Higuchi Weibull
OX:-liposomes 0.9342 0.9642 09718  0.9963
GA-OX-liposomes 0.9433 0.9654 0.9747  0.9979

Abbreviations: GA, glycyrrhetinic acid; OX, oxaliplatin.

negligible and had no impact on the quality of the formula-
tions (Table 3).

Pharmacokinetic studies
The plasma concentration—time profiles of free OX, OX-li-
posomes, and GA-OX-liposomes after [V administration are
shown in Figure 4, and the pharmacokinetic parameters are
summarized in Table 4. The results showed that the plasma
concentration—time curves of free OX, OX-liposomes, and
GA-OX-liposomes all fit with the open two-compartment
model. As shown in Table 4, the distribution half-life of OX-
liposomes (0.63 hour) and GA-OX-liposomes (0.58 hour)
was shorter than that of free OX injection (0.76 hour), sug-
gesting that OX-liposomes were taken up by other tissues
more rapidly than was free OX. The area under the curve of
OX in the GA-liposomes and liposomes was, respective

relatively short time to reach maxj
of OX-liposomes suggests ;

Concentratig

liposomes in vivo, which is consistent with the results of the
in vitro release study. The increased area under the curve and
maximum plasma concentration of the OX-liposomes and
GA-OX-liposomes demonstrates an increased absorption.

Histology studies

Histopathological examination of heart, liver, spleen, lung,
and kidney was carried out for detection of any damage to
the tissue. Microphotographs were taken of heart, liver,
spleen, lung, and kidney, 24 or more hours after a single IV

administration (20 mg/kg) (Figure 5)4 was used as

ug accumulated in each organ within
was calculated, and the results are

iver, reaching particularly high levels in the liver just
1 hour after injection. The drug concentration in tissues
indicated that the GA-modified liposomes delivered OX
mainly to the liver after IV administration. In the liver,

<& OXinjection
A OX-liposomes
O GA-OX-liposomes

0 2 4 6 8 10 12

14 16 18 20 22

_:
24

Time (hours)

Figure 4 Mean plasma concentration—time profiles of OX after IV administration of a single 20 mg/kg dose of free OX and liposomes to rats.

Note: Each point represents the mean * SD of six rats.

Abbreviations: GA, glycyrrhetinic acid; IV, intravenous; OX, oxaliplatin; SD, standard deviation.
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Table 3 Stability data of GA-OX-liposomes

Time (month) 4°C 25°C
Morphology Particle Entrapment Morphology Particle Entrapment
size (nm) efficiency (%) size (nm) efficiency (%)

0.25 - - - No changes 93.4+3.2 89.413.7

0.5 - - - No changes 95.6%5.1 88.3+4.6

| No changes 93.743.5 89.7+4.5 - - -

3 No changes 95.845.3 87.513.9 - - -

6 No changes 97.6£5.9 86.414.3 - - -

Note: Absence of a value signifies “not detected”.
Abbreviations: GA, glycyrrhetinic acid; OX, oxaliplatin.

Table 4 Pharmacokinetic parameters of the three formulations

Parameter Formulations
Injection GA-OX-liposomes
0 (M) 0.76+0.3 0.58+0.7
€ (h) 16.243.1 27.3+3.9%
C... (ug/ml) 269.6+58.3 243.1124.6
AUC,  (ug-h/mL) 239.7+28.1 996.3+56.8*
AUC, _ (ug-h/mL) 275.4+36.8 1205.6+83.4*
MRT (h) 13.543.3 25.7+£5.2%
CL (L/h) 28.3£5.9 15.9+4.7*

Note: *P<0.05 (vs free OX).

Abbreviations: AUC_ , area under the drug concentration-time cur¥ ; AUC, , area under the drug concentration-time curve values

(from 0 to < time); CL, clearance; C__, peak concentration; GA, glycyrrhetl gan residence time; OX, oxaliplatin; t, , , biological half-life Alpha; o biological
half-life Beta.

Figure 5 (Continued)
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Figure 5 Histological examination of each tissue.
Notes: The microphotographs were taken of heart, liver, splg
H&E for the analysis of tissue morphology and the level of i
Abbreviations: GA, glycyrrhetinic acid; H&E, hematoxlin a

ore hours after a single IV administration (20 mg/kg). Sections were stained with
OX-liposomes. (C) GA-OX-liposomes.
DX, oxaliplatin.

50 El1h
B4h
El18h
B 12h
K 24h

o

100

Drug conce

Heart Liver

Figure 6 Distribution in tissue in mice, following IV administration of a single 20 mg/kg dose of free OX.
Note: Each point represents the mean + SD of six mice.
Abbreviations: |V, intravenous; OX, oxaliplatin; SD, standard deviation; h, hour.
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Figure 7 Distribution in tissue in mice, after IV administration of a single 20 mg/kg dose of OX-liposomes.
Note: Each point represents the mean * SD of six mice.
Abbreviations: |V, intravenous; OX, oxaliplatin; SD, standard deviation; h, hour.

800 B1h
E4hn

Drug concentration (pg/g)

following IV administration of a single 20 mg/kg dose of GA-OX-liposomes.
D of six mice.

Figure 8 Distribution in tjg
Note: Each point repres8
Abbreviations: GA, glycyr

Table 5 The o045 Of OXin tissues after IV administration of free OX and liposomes to mice (n=6)

Formulation Heart Liver Spleen Lung Kidney
free OX 1,646 1,648 2,333 1,901 2,104
OX-liposomes 2,039 2,910 2,198 2,572 3,082
GA-OX-liposomes 2,257 11,162 2,547 2,781 2,952
Ratio® 1.37 6.77% 1.09 1.46 1.40
Ratio® I.11 3.84% .16 1.08 0.96
Ratio® 1.24 1.77 0.94 1.35 1.46

Notes: “The ratio was AUC (GA-OX-liposomes)/AUC (free OX). *The ratio was AUC (GA-OX-liposomes)/AUC (OX-liposomes). The ratio was AUC (OX-liposomes)/
AUC (free OX). *P<0.05.
Abbreviations: AUC, area under the drug concentration-time curve values; GA, glycyrrhetinic acid; IV, intravenous; OX, oxaliplatin.
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there were significant differences between the GA- 6.

OX-liposomes; OX-liposomes, and free OX injection

(P<<0.05), but not in other tissues. A prior in vitro study 7.

found that specific GA binding sites exist on the cellular
membranes of rat hepatocytes.’® Another study indicated
that GA-modified nanocarriers had increased affinity for
human hepatic or HCC.*' However, no studies specifically
looked at the application of GA and OX. The present study
shows that the concentration of OX was higher with GA

liposomes, indicating that GA modification is a good can- 1o
didate strategy for the targeting of hepatic cells and that

this mechanism deserves further study. 1L
Conclusion

In this study, OX liposomes surface-modified with GA 5.
were developed by the film-dispersion method. In vitro data
showed that the application of liposomes could prolong the |5
OX release. The TEM image showed that most liposomes

were spherical particles with similar size and uniform 14.
dispersion. In vivo, the increased area under the curve and |5,
maximum plasma concentration of the OX-liposomes and
GA-OX-liposomes demonstrated an increased absorption. |

The drug concentration in tissues indicated that the GA-
modified liposomes delivered OX mainly to the liver, a
IV administration. In addition, no severe signs, such a
appearance of eplthellal necrosis or sloughmg
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