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Abstract

Purpose: To establish a method for the preparation of zoledronate liposome and to observe
its effect on inducing the apoptosis of rat liver Kupffer cells.

Methods: Zoledronate was encapsulated in liposomes, and then the entrapment rate was
detected on a spectrophotometer. The prepared Zoledronate liposome (0.01 mg/mL) was
injected into the tail vein of SD rats. Three days later, the number of Kupffer cells (CD68
positive) in rat liver tissue was detected by immunohistochemistry. Flow cytometry was used
to detect the apoptosis rate of the isolated liver Kupffer cell cultured in vitro.

Results: The entrapment rate of Zoledronate was 43.4+7.8%. Immunohistochemistry revealed
that the number of Kupffer cells was 19.3%2.1 in PBS group and 5.5+1.7 in Zoledronate
liposome group, with a significant difference (P<0.05). The apoptosis rate of Kupffer cells was
4.1+0.8% in PBS group, while it was 9+2.2% and 23.3+5.9% in Zoledronate liposomes groups
with different concentrations of Zoledronate liposome (P<0.05).

Conclusions: Zoledronate liposomes can effectively induce the apoptosis of Kupffer cells
in vivo and in vitro, and the apoptosis rate is related to the concentration of Zoledronate
liposome. To establish a rat liver Kupffer cell apoptosis model can provide a new means for
further study on Kupffer cell function.
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n Introduction

The first closed bilayer phospholipid
systems, called liposomes, is described in 1965
and soon were proposed as drug delivery
systems that can reduce the toxic effects of
drugs and mainly be phagocytized by the
mononuclear macrophage system of liver and
spleen in the body'. The pioneering work of
countless liposome researchers over almost
50 years led to the development of important
technical advances such as long-circulating
(PEGylated) liposomes, triggered release
liposomes, liposomes containing nucleic acid
polymers, ligand-targeted liposomes and
liposomes containing combinations of drugs?.

Zoledronate (zOD), a nitro
diphosphonate, was the third generation of
bisphosphonates, which was more potent and
safe to induce osteoclast apoptosis to cure
bone tumors in clinics, while the mechanism
is the formation of toxic analogues of ATP in
osteoclasts (macrophages residing in the bone)
after they phagocytize the bisphosphonate
bound to hydroxyapatite crystals leads to the
intracellular energy metabolism disorder and
causes osteoclast apoptosis, thereby reducing
osteoclast absorption of bone3*. In addition to
inhibition of cell multiplication and initiation
of apoptosis in cultured cancer cells®>, ZOD
was widely used in giant cell tumor of bone,
multiple myeloma, metastatic bone cancer
and not only suppress the progression to
bone metastatic lesions but also prevented
growth of primary hepatocellular carcinoma®®.
However, because of the short half-life and
rapid uptake and accumulation within bone,
its use as antitumor agent for extra-skeletal
malignancies was limited®. ZOD-containing self-
assembly PEGylated nanoparticles (NPs) based
on ZOD complexes with calcium phosphate
NPs (CaPZ NPs) and cationic liposomes was
developed to meet the clinical needs and it
has been found that with the injection of ZOD
into mice bearing tumor, the vascular structure
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in the tumor was induced changes, which then
was enhanced the antitumor efficacy by the
use of liposomal*.

For this reason, Zoledronate was used
in this study to prepare liposome-encapsulated
Zoledronate for intravenous injection to
selectively induce apoptosis of Kupffer cells
(KCs) in rat liver, which laid the foundation for
further study of its function.

n Methods

All  experimental operations were
approved by the Ethics Committee of Jiangsu
University. This study was carried out in strict
accordance with the recommendations in
the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health.
The animal use protocol has been reviewed
and approved by the Institutional Animal
Care and Use Committee (IACUC) of Nanjing
Medical University. The approval number was
KY-P-2016-007-01.

Specific pathogen free (SPF) male
Sprague Dawley (SD) rats (license number:
SCXK: (Su) 2009-0002), aged 10-12 weeks and
weighing 180-280 g, were provided by the
Animal Center of Jiangsu University, China.
Animals were fed in cages with controlled
temperature and humidity at the Animal Center
of Jiangsu University, China. Animals were free
for foods and drinking.

Preparation of liposomes

We used the methods reported by Van
Rooijen et al.*?> and made some improvement.
In brief, 8 mg cholesterol was dissolved in 10
mL chloroform. Then 0.86 mL of the stock
solution of phosphatidylcholine was added to
remove the chloroform, followed by elution
with 0.3 M phosphate buffered Zoledronate (20
mg Zoledronate dissolved in 10mL phosphate
buffer) to diffuse the phospholipid membrane,
forming a milky suspension. After stored in
Nitrogen for 2h, the suspension was shocked
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for 3 min in a water bath sonicator and then
stored at room temperature for 2h to expand
liposomes. Then liposomes were washed 2-3
times in sterile phosphate buffer saline (PBS)
to remove the uncoated Zoledronate. Finally,
the precipitated liposomes were suspended in
4mL PBS to form a milky colloidal solution.

Determination of entrapment rate

Drug solution at 0.1 mg/mL was diluted
into0.01 mg/mL. Appropriateamountofdiluted
drug solution, empty liposome, Zoledronate
lipidsome were scanned in full wavelength
including UV and visible light to determine
its maximum absorption wavelength. PBS
solution served as a blank control. Zoledronate
was separated by dissolving the liposomes in
chloroform/methanol mixture (concentration
ratio 9:1) since with nitric acid zoledronate
would form a colored complex with copper
ions. The concentration of Zoledronate was
determined by ultraviolet spectrophotometer
at 240 nm. The results showed that the
encapsulation efficiency of Zoledronate was
(43.4+7.8)%.

Drug loading of zoledronate liposome

4 mL Zoledronate liposome loading
= entrapment ratextotal dosage=(43.417.8)
%x20(mg)=8.68(mg), so the loading dose of
Zoledronate liposome is 8.68/4=2.17(mg/ml).

Animal grouping and treatment

Food fasting for 12h to avoid reflex and
aspiration during anesthesia for better recover
after operation and liquid fasting for 6h to all
of rats before treatment. Twenty SD male rats
were randomly divided into two groups: control
group (Group A, treated with PBS by tail vein
injection) and Zoledronate liposome group
(Group B, treated with Zoledronate liposome
(0.01 mg/mL) by tail vein injection). Three days
later, the rats were sacrificed and the liver was
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collected for paraffin embedding.
Isolation of rat liver Kupffer cells

Rat liver tissue was minced and
disgested with collagenase in a water bath at
37°C for 20 min. then the tissue mince was
isolated by density gradient centrifugation. KCs
were purified by adherent method.

Immunohistochemical detection (IHC)

Liver sections underwent conventional
dewaxing and hydration, and then applied for
IHC using streptavidin-perosidase (SP) method.
Sections were incubated with 3% H,O, for 5 min,
and then blocked by 10% normal goat serum
for 10 min at room temperature, followed by
incubation with mouse anti-rat CD68 antibody
at 37°C for 2h. Subsequently, sections were
incubated with biotin-labeled secondary
antibody (1:200 goat anti-mouse IgG) for 30
min, followed by incubated with streptavidin
labeled with streptozotocin (1:200) for 30 min.
Then the sections were developed with DAB
and counterstained with Hematoxylin. After
mounting, sections were observed under a
light microscope. Cytoplasm showed brown or
brown particles were defined as positive. The
IHC results were quantitatively analyzed using
an image analysis software.

Flow cytometry

The rat liver cells were made into
cell suspension and isolated by gradient
centrifugation. After adjusting the cell
concentration, cells were inoculated in 24-
well plates (1 mL per well) and incubated in an
incubator with 5% CO, at 37°C for 1 h. Then the
plates were taken out. All non-adherent cells
were washed off, and the left adherent cells
were Kupffer cells. 1x10° Kupffer cells were
divided into three groups: group A: treated
with PBS; group B: treated with Zoledronate
liposomes (0.01 mg/mL); group C: treated with
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Zoledronate liposomes (0.03 mg/mL). After
cultured at 37°C and 5% CO, for 2h, cells were
metered volume with 100 uL staining buffer,
and incubated with 1 pL FITC-labeled anti-
CD11c antibody at 4°C for 20-30 min in dark.
Then the cells were washed with PBS and
resuspended in 100 pL PBS and detected on a
flow cytometer.

Statistical analysis

Statistical analysis was performed using
SPSS v17.0 package. Data were expressed as
meantstandard deviation (SD). Comparisons
between the two groups were carried out using
t test. P<0.05 was considered as significant
different.

] Results

Entrapment rate of zoledronate

Zoledronate can react with copper ions
and form colored compound in the presence
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of nitric acid. For this reason, Zoledronate
liposome was dissolved in a chloroform/
methanol mixed solution (concentration ratio
of 9:1) to separate Zoledronate, so that its
concentration could be detected by ultraviolet
spectrophotometer at 240 nm. The results
showed that the entrapment rate (%) of
Zoledronate was 43.4+7.8.

Number of Kupffer cells

Immunohistochemical staining showed
Kupffer cells settled in the hepatic sinusoid
with irregular shape. Most of the cell body
intruded into or completely mobilized into
the hepatic sinusoid. They extended into the
perisinusoidal space and directly contacted
with hepatocytes (Figure 1A). After treated
with PBS or Zoledronate liposomes, the
numbers of Kupffer cells (positive for CD68)
were (19.3%2.1) in PBS group and (5.5%1.7) in
Zoledronate liposome group, with a significant
difference (P<0.05, Figure 1B).

Figure 1 - CD68* Kupffer cells in liver tissue of the two groups determined by IHC (x400). A: PBS group; B:

Zoledronate liposome group.

Apoptosis rate of KCs

The apoptosis rates of KCs were
4.1+0.8% in PBS group and 9.0+2.2% and

23.3+5.9% in Zoledronate liposome group with
different concentrations, showing significant
differences (P<0.05, Figure 2).
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Figure 2 - The apoptosis rates of KCs determined by flow cytometry. A: PBS group; B: Zoledronate liposome
group (0.01 mg/mL); C: Zoledronate liposome group (0.03 mg/mL).

] Discussion

Kupffer cells (KCs) locate in hepatic
sinusoids and attach to the endothelial cells.
They extend into the sinus space through the
fenestra. The amount of KCs accounts for 35%
of the non-parenchymal cells in the liver and
80%-90% of the total monocytes-macrophages
system?3, Studies have shown that KCs have
strong phagocytosis which can be enhanced
or inhibited by a variety of drugs. Otogawa
et al.** found that the expression of dead
ligands and cytokines in KCs is increased after
they phagocytize the apoptotic bodies, which
aggravates the inflammation and fibrosis of
liver®®. KCs can secrete and synthesize a variety
of bioactive substances such as tumor necrosis
factora(TNF-a), interleukin, platelet-activating
factor (PAF), reactive oxygen species (OFR),
nitric oxide (NO) and so on. They regulate the
body>s immune response through inducing
the proliferation of lymphocytes, secreting
cytokines and chemokines, expressiing
certain molecules and other pathways?®.
Recent studies have shown that PK2/BvS8
expression of KCs is decreased in liver cancer
as compared with that in normal liver'’. KCs
are involved in the hepatic metastasis from
gastrointestinal malignant tumors promoted
by carcinoembryonic antigen (CEA) and the
carcinogenesis of peroxisome proliferator.
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Meanwhile, KCs also participate in the
carcinogenesis of hepatocarcinogen through
producing inflammatory cytokines such as
superoxide. In addition, KCs are also involved
in tumor immunity through phagocytosis,
antibody-dependent cell-mediated
cytotoxicity, antigen presentation and release
of cytokines.

It has been found that the expression
of CD40/CD40L of KCs plays a role in chronic
rejection following liver transplantation. KCs
also exacerbate self-apoptosis by secreting
NO, leading to acute rejection in liver
transplantation. At the same time, KCs induce
T cell apoptosis and differentiation through the
Fas-FasL apoptotic pathway, playing a role in
the tolerance of liver transplantation?®?°,

In the early stage of transplantation and
reperfusion, cytokines such as TNF-a, IL-1 and
IL-6 released by the activated Kupffer cells and
alarge number of reactive oxygen species (ROS)
cause direct damage to hepatocytes, while the
late injury is the serious injury on hepatocytes
caused by complicated inflammatory cascade
induced by neutrophil infiltration, release of
a large number of oxygen free radicals and
protease and microcirculation disturbance of
the grafted liver?®?2, The activation of KCs and
the over-expression of inflammatory factors,
such as TNF-a are main initiating factors causing
the persistent imbalance of proinflammatory/
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anti-inflammatory self-stabilizing mechanism
in vivo and leading to the inflammatory cascade
reaction, which furtherleadstothe pathological
process of IRl and grafted liver organ failure.
Effective regulation of the function of KCs may
become an effective way to prevent and treat
the IRl in transplanted liver.

At present, the inhibition and regulation
of KC function has become one of the hotspots
in the researches of protective measure from
IRl in transplanted liver. In the past five years,
40 researches have been retrieved on PubMed
by the MESH “liver transplantation AND
Kupffer word cell AND ischemia reperfusion
injury”. Most of them used taurine, carbon
monoxide and hemeoxygenase 1 (HO-1) to
inhibit the secretion and phagocytosis of
KCs, or used gadolinium chloride (GdCI3) to
induce the apoptosis of KCs, in order to reduce
the hepatic ischemia-reperfusion injury?*?2e,
Although they have achieved protective effects
to some extent, the reagents have not been
commercialized, and there is no related clinical
application reported.

Bisphosphonates are a class of
synthetic pyrophosphonic acid analogues®*.
The osteoclasts (macrophages settled in the
bone) in bone phagocytize the bisphosphonate
combined with hydroxyapatite crystal and form
ATP analogs with toxic effects in osteoclasts,
resulting in cellular energy dysmetabolism
that causes the apoptosis of osteoclast and
thereby reduces the bone resorption of
osteoclasts. Bisphosphonates can selectively
eliminate monocytes/macrophages. In this
regard, Fukushima et al.?” used Clodronate
liposome to inhibit the function of
macrophages and significantly alleviate the
blepharoconjunctivitis caused by immune
reaction. Shifrin et al?*® used Clodronate
liposome to induce macrophage apoptosis
in mice, which significantly reduced the local
and systemic inflammatory response in severe
acute pancreatitis, but has no effect on other
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cells. Recent studies have shown that as a
specific scavenger of macrophages, Clodronate
has no effect on other cells such as vascular
endothelial cells and smooth muscle cells. ZOD
is a bisphosphonate containing nitrogen with
greater effect on inducing osteoclast apoptosis
and better safety, which has just entered the
Chinese market®. Zoledronate is superior to
disodium chlorondronate on the induction of
KC apoptosis in terms of dose- and time- effect
relationship. Due to the smaller molecular
weight, Zoledronate liposome has better
entrapment rate®°.

Liposome, one of the most common
galenic pharmacy methods to reduce drug
toxicity, isanideal drugcarrier. The conventional
liposomes prepared with lecithin or cholesterol
are phagocytized by reticuloendothelial
system in vivo and act on the liver and spleen
through blood circulation3. It has been widely
researched experimentally and clinically and
its application has been widely used in many
fields, especially in medical engineering. As a
drug carrier, liposome has the characteristics
of improving drug efficacy, reducing adverse
drug reactions and targeting?2.

In this study, a preparation method of
Zoledronate liposome was established and its
inductive effect on the apoptosis of Kupffer
cells in rat liver was observed. There has been
animal experiment showed that Zoledronate
liposomes would help ZOD to concentrate on
target zone, so the concentration in other sites
decreased and the toxicity was less®3.

The results showed that the
entrapment rate (%) of Zoledronate was
43.447.8. Immunohistochemistry revealed
that the number of Kupffer cells in the liver
was 19.3+2.1 in PBS group and 5.5+1.7 in
Zoledronate liposome group, with a significant
difference (P<0.05). The apoptosis rate of
KCs was determined by flow cytometry. It
was 4.1+0.8% in PBS group and 912.2% and
23.315.9% in Zoledronate liposomes with



Preparation of Zoledronate liposome and its impact on apoptosis of Kupffer cells in rat liver

Zhao QH et al.

different concentrations, showing a significant
difference (P<0.05). The results showed that
Zoledronate liposomes can effectively induce
apoptosis of Kupffer cells in vitro and in vivo,
and the apoptosis rate of KCs is related to
the concentration of Zoledronate liposomes.
To establish a rat liver Kupffer cell apoptosis
model provides a new way to further study the
function of Kupffer cells.
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