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Novel albendazole-glucan particles for enhancing intestinal
absorption and improving hepatic targeting
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Background: Glucan particles (GPs) are derived from the Saccharomyces cerevisine cell wall. The hollow
particles composed of B-1,3-D-glucan have been extensively studied in terms of immune regulation and
macrophage-targeted drug delivery. Albendazole (ABZ) is a benzimidazole drug with good anti-parasitic
activity and is the drug recommended by the World Health Organization for the first-line treatment of
hydatid disease.

Methods: A dynamic light scatterometer, scanning electron microscope, and transmission electron
microscope were used to characterize the ABZ-GPs. High-performance liquid chromatography (HPLC),
laser scanning confocal microscope (LSCM) and an iz vivo small animal imaging system were used to
evaluate theability of ABZ-GPs to be recognized by macrophages, whether ABZ-GPs are more readily
absorbed and eliminated in the blood than the original ABZ drug in rats, and the ability of ABZ-GPs to
target the mouse liver.

Results: The ABZ-GPs were successfully constructed to achieve fluorescence, magnetic resonance
imagining, and laser confocal microscopy imaging. The glucan shell effectively protects ABZ from enzymatic
degradation and from being pumped out in the gastrointestinal tract. The analysis of ABZ and its major
metabolite albendazole sulfoxide in the rat plasma and mouse liver showed that compared to the ABZ
suspension group, the degradation of ABZ-GPSs in the blood was low, and the targeting of ABZ-GPSs in
the liver was significantly enhanced.

Conclusions: In the oral treatment of hepatic hydatid disease, GPs can be used as carriers to achieve the
targeted transport of ABZ, which in turn can be used for the targeted therapy of liver echinococcosis. Thus,
ABZ-GPs may be a promising form of targeted therapy.
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Introduction

Hydatid disease, which is a serious zoonotic parasitic disease
caused by hydatid tapeworm parasitism in humans and
certain animals (1), has become a global public health and
economic issue. It can be divided into cystic echinococcosis
and alveolar echinococcosis (AE), which are caused by the
eggs of Echinococcus granulosus and Echinococcus multilocularis,
respectively (2). Echinococcus multilocularis is caused by the
infection of multilocular cysts and readily adheres to the
surrounding tissue. The site of the lesion is unstable, and
the cysts easily spread, forming AE. Thus, the treatment
of AE, which is also called “parasitic cancer,” is difficult
and is related to strong pathogenicity, disability, and high
mortality (3). If it is not treated in time, the 10-year
mortality rate is as high as 94% (4). Thus, the treatment
of echinococcosis has become an important issue related
to national health, and a social challenge that must be
addressed urgently.

Currently, surgery is the first choice for curing
echinococcosis; however, the parasite spreads easily
during the operation and thus echinococcosis frequently
recurs. In addition, echinococcosis has no significant
clinical symptoms in the early stage, and the diagnosis
lacks specificity, making it difficult to diagnose and treat.
Patients that progress to the middle and late stages of the
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disease are often ineligible for the surgical intervention.
Thus, drug chemotherapy has received increasing
attention (5). At present, anti-hydatid drugs mainly include
anti-parasitic drugs, anti-cancer proliferation drugs, and
herbal medicine. Among them, albendazole (ABZ) is the
most commonly used drug for treatment due to its good
intestinal absorption and low price. However, studies have
shown that ABZ is poorly absorbed in the gastrointestinal
tract (GIT) via oral administration due to its low solubility
and systematic distribution in the body. Thus, new ABZ
preparations, such as emulsions, liposomes, freeze-dried
powders, chitosans, nanoparticles, and salts (6-9) have been
used to improve anti-parasitic efficacy and bioavailability.
However, most of these forms of ABZ have not been used
clinically.

Research has shown that ABZ emulsions are better
suited for use in clinical settings than ABZ tablets (10);
however, certain limitations persist, including poor
stability, low solubility, off-target effects, and adverse
reactions. Thus, biosafe and targeted drug delivery systems
need to be developed that are capable of preventing the
drug from being degraded, while also limiting non-specific
absorption during the in vivo delivery of drugs. The
development of biosafe and targeted drug delivery systems
has become a trend in drug therapy delivery systems. The
targeted delivery of drugs to hydatid lesions can improve
therapeutic efficacy and reduce the side effects of the
drugs.

Glucan particles (GPs) are derived from Saccharomyces
cerevisine. The B-1,3-D-glucan primarily forms spherical
hollow particles 2-5 pm in diameter (11,12). In addition to
being used as drug carriers, these particles can also regulate
auto-immune activity, thereby affecting immune cells
and exerting a certain synergistic effect with general anti-
inflammatory, antioxidant, and anti-tumor responses (13).
As carriers, their unique structure, including their large
hollow space, can be loaded with various particles, including
peptides and proteins. Although the cell wall-derived
B-1,3-D glucan has some shortcomings, such as low content
(1-7%), high viscosity and complex production process (14).
But the more importantly, B-1,3-D-glucan retains the
ability to be recognized and phagocytosed, even after
drug encapsulation (15). The B-1,3-D-glucan is the main
pathogen-associated molecular pattern of fungi, and it can
be recognized by the dectin-1 (16), complement receptor 3
(CR3) (17), and scavenger receptor (18), which makes it a
targeting vector for macrophages. Additionally, the human
GIT lacks B-amylase (19) prevents the drugs loaded in the
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GPs from being digested and pumped out when passing
through the GIT. B-glucans have been extensively studied
in terms of their immunomodulation and anti-inflammatory
effects (20), and as drug carriers. Notably, p-glucans
specifically identifies macrophages and has been used to
transfer payload macromolecules; that is, protein (21,22),
deoxyribonucleic acid (DNA) (23,24), small-interfering
ribonucleic acid (25), and small drug molecules (e.g.,
rifampicin, methotrexate, and curcumin] (26-28). They have
also been studied in the context of hepatitis B therapy (29),
Francisella vaccines (30), and as a new tool in vaccine
development (31,32).

We previously reported changes in the basic
morphological structure of the tissue surrounding the
liver lesions of secondary hydatid mice, and found that the
basic morphological structure of the tissues surrounding
the hepatic alveolar hydatid lesions changed, and a large
number of inflammatory cells were infiltrated around the
central veins and portal areas. Additionally, a large number
of large macrophages were found in the splenic bodies and
lymphatic sheath around the splenic arteries. Wang (33)
reported significant inflammatory cell infiltration in the
marginal zone of the liver tissue in patients with hepatic AE,
in whom the number of macrophages increased significantly
and the proportion of M2 macrophages also increased.

Compared with anti-hydatid drugs in previous studies,
in this study, GPs with good biocompatibility, unique
hollow structure and easy absorption and degradation were
used as drug carrier. GPs can be specifically recognized
and captured by glucan receptors (such as Dectin-1 or
CR3) on the surface of macrophages, to make drugs have
certain characteristics of targeting, we investigated whether
GPs could be used as a carrier for ABZ, targeting ABZ to
hydatid disease-prone sites to achieve a targeted treatment
of echinococcosis. We present the following article in
accordance with the ARRIVE reporting checklist (available
at https://atm.amegroups.com/article/view/10.21037/atm-
22-5299/rc).

Methods
Reagents, drugs, and animals

ABZ (lot no. MKCB9477) was obtained from Sigma-Aldrich
(New Jersey, United States). The GPs were purified in our
laboratory. The dialkylcarbocyanines (DiRs) were provided by
Maokangbio (Shanghai, People’s Republic of China). All the
other chemicals were of analytical grade and were obtained
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from Oubokai (Tianjin, People’s Republic of China).

We used a Thermo Q Exactive Fourier Transform
Ultra-High Resolution LC/MS to record chromatograms,
which was set at 296 nm. The reversed-phase column was
AccuCORE 2aQ (2.1 mm x 150 mm, 5 pm), which was
thermostatic at 35 °C. The mobile phase was a mixture of
acetonitrile and 1% formic acid water, and the flow rate
was 0.3 mL/min. The ultrastructure observation of ABZ-
GPs was performed using Hitachi S-4800 field emission
scanning electron microscopy and a FEI Tecnai G220
S-TWIN. A Zeiss LSM780 laser confocal microscope was
used to observe the ABZ-GPs engulfed by the macrophages.
A platinum Elmer IVIS Spectrum CT small animal iz vive
3-dimensional (3D) multi-modal imaging system was used
to observe the tissue and organ distribution of the ABZ-
GPs in the mice.

Kunming rats (male, weighing 200+5 g) and Kunming
mice (male, weighing 20-25 g) were provided by the
Experimental Animal Management Center, School of
Medicine, Xi’an Jiaotong University. All the animals were
housed in a temperature controlled (25+2 °C) and 12-h
light/dark-cycled room with ad-libitum access to food and
water. Animal experiments were approved by the Research
Ethics Committee of the Affiliated Hospital of Qinghai
University (approval No. AF-RHEC-0062-01) and in
compliance with institutional guidelines for the care and
use of animals. All animals were euthanized at the end of
the experiment. A protocol was prepared before the study
without registration.

Preparation of GPs

GPs are a Food and Drug Administration (FDA)-approved
food additive. Commercialized products are currently
available on the market, such as the nutritional supplement
Welmune produced by Biothera. Commercially used GPs
for research are also available, such as the WGP dispersible
(InvivoGen, San Diego, CA, USA). In this study, we used
our own purified product. After purchasing live yeast
(Saccharomyces cerevisine, Baker’s Yeast), we cultivated it to
the logarithmic growth phase before extraction. From our
experience, the uniformity and original biological activity of
the GPs obtained in this way can be better maintained.

An acid-base treatment was adopted for the
extraction (34). First, the live yeast in the logarithmic
growth phase was separated from the medium by
centrifugation at 8000 xg for 20 min, and the supernatant
was discarded; a 1-M Sodium Hydroxide (NaOH) aqueous
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solution was prepared fresh and heated to 80 °C. Next, the
live yeast obtained by centrifugation was dispersed in 100
mL of hot NaOH solution and stirred at 80 °C for 1 h. After
the treatment, the solution was centrifuged at 7550 xg for
5 min to collect the insoluble components and washed 3
times in 100 mL of Milli-Q water to remove the NaOH
and substances decomposed by the hot lye. The pH value
of 100 mL of the solution was then adjusted to 5.0 with
hydrochloric acid (HCI), and stirred continuously for 1 h at
55 °C. The insoluble matter was collected by centrifugation
at 7550 xg, washed 2 times with Milli-Q water, 4 times with
50 ml of isopropanol, and 2 times with acetone, and all the
solvents were vacuum dried to obtain the GPs, which were
stored at =20 °C.

Preparation of ABZ-GPs

Equimolar amounts of diethylenetriaminepentaacetic acid
(DTPA) and gadolinium nitrate (Gd(NOj;);-6H,0) were
dissolved in 20 ml of ultrapure water and ultrasonicated
for 2 h at 251 °C to form a stable Gd**-DTPA complex.
The carboxyl group of DTPA was first activated by an
equimolar amount of 1-ethyl-3-(3-dimethylamino-propyl)
carbodiimide/N-hydroxysuccinimide for 2 h. The pH was
then adjusted to 8.0 before bovine serum albumin (BSA)
was added; the solution was stirred overnight in the dark.
For each 0.1 mmol of the Gd**-DTPA complex, 20 mg of
BSA was added. An activated dialysis bag (with a molecular
weight cut-off of 25 kD) was then used to perform the
dialysis in pure water for 48 h. The water was changed
every 2 h for the first 12 h, and then every 6 h to remove the
unreacted molecules. The dialysis product was lyophilized
to obtain the Gd**-DTPA-modified BSA.

After 50 mg of ABZ had been fully dissolved in glacial
acetic acid, it was lyophilized to form a dry powder. Next,
25 micrograms of DiR and 20 mg Gd**-DTPA-modified
BSA were dissolved in 100 pl of pure water, mixed at room
temperature (25£1 °C), and protected from light for 1 h,
transferred to a tube of 50 mg of ABZ lyophilized powder,
supplemented with 100 pL. of 2-Morpholinoethanesulfonic
acid buffer (pH=3.8), and the solution was mixed at
600 rpm at room temperature for 4 h in the dark.
Subsequently, the liquid was transferred to 50 mg of a
freeze-dried dextran particle powder, mixed at 600 rpm at
room temperature, and protected from light for 6 h, washed
with Tris-HCI (pH =7.5) twice, then washed with ultrapure
water thrice, and subsequently lyophilized overnight. Once
the lyophilized powder had been infiltrated with 50 pL of
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pure water for 30 min, 50 pL of tetrahydrofuran was added,
after which the solution was vortexed and then left to stand
at room temperature for 30 min, and then lyophilized again
for 48 h to completely remove water and tetrahydrofuran.

Surface potential and particle size of Gd3+-DTPA@BSA

Deionized water was used to prepare a NaCl solution
with a concentration of 0.01 mol/L, which was filtered
through a 0.22 pm sterile filter membrane. A certain
amount of lyophilized Gd"*-DTPA@BSA was drawn off
and dissolved in the prepared NaCl solution, and ultrasonic
waves were used for intermittent treatment to fully mix the
Gd"*-DTPA@BSA. A small amount of Gd**-DTPA@BSA
was spotted on silicon wafers, then sputtered for 10 s with
gold, and a scanning Hitachi S-4800 field emission scanning
electron microscopy was used for the observations at
10 kV. A Malvern Zetasizer ZS90 Dynamic light scattering
instrument was used for the detection.

SEM imaging of empty GPs and ABZ-GPs

Following the swelling of 1 mg of GPs or ABZ-GPs with
pure water, 1 pL was aliquoted, and diluted 100-100,000
times. Next, 10 pL. of each solution was dropped onto high-
purity silicon wafers and dried. The samples were then
placed in a vacuum plasma generator and sprayed with gold
for 1 min, fixed on the sample stage of the scanning electron
microscope (SEM) with conductive tape, and photographed
with a Hitachi S-4800 field emission SEM.

TEM imaging of empty GPs and ABZ-GPs
After the loaded 2 mg of ABZ-GPs were fully swelled with

20 pL of pure water, an appropriate amount of electron
microscope grade glutaraldehyde reagent was added to the
final concentration of the solution 2.5% (w/v) and allowed
to crosslink at room temperature for 1 h. After washing
with ultrapure water thrice, the samples underwent critical
point carbon dioxide (CO,) dehydration. Next, electron
microscope epoxy resin was embedded for 30 min before
the samples were oven-cured at 60 °C for 24 h. After the
solidified sample block had been trimmed, it was cut with
an ultra-thin microtome into 70 nm-thick slices. The slices
were then stained with 5 pL of saturated uranyl acetate for
30 s, washed twice with pure water, and fully dried before
being photographed with a FEI Tecnai G220 S-TWIN
transmission electron microscope (TEM).
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ABZ-GP centrifuge tube fluorescence imaging

To assess whether ABZ binds to the fluorescent dye DiR,
which excites at 750 nm and emits at 780 nm, 1 mg of the
loaded ABZ-GPs was swelled with pure water and added
to 1 ml of water to form tube No. 3. The ABZ-GPs were
also diluted 10x to form tube No. 2. The empty GPs and
BSA that had been swollen with pure water were used as
control tube (No. 1). The 3 tubes were placed on a small
animal imaging system to capture photographs and observe
fluorescence.

ABZ-GP laser confocal microscope imaging

To observe the condition of the ABZ carried by the
GPs, tube No. 3 was centrifuged at 7,550 xg for
5 min. The supernatant was then discarded, and 1 mL
of dichlorotriazinyl amino fluorescein (D'TAF) staining
solution (0.25 mg/mL of sodium carbonate buffer or
phosphate buffer, pH=8) was added. Next, the product
was stained at room temperature for 6 h and washed with
ultrapure water thrice. Next, 1 mL of pure water was added
to fully suspend the product before 20 pL. was aliquoted
onto a glass slide, which was then mounted with a cover
glass to be viewed under a Zeiss LSM780 confocal laser
microscope.

Release of ABZ by ABZ-GPs in vitro

The ABZ-GPs (10 mgs) and phosphate buffer (10 mL,
pH=2.0 and 8.0) were shaken well at 60 rpm at room
temperature. At the designated time points (0.25, 0.5, 1,
2,6,12,24, 36,48, 72, and 96 h) 1 mL of supernatant was
aliquoted, 1 mL of fresh buffer was added, and the solution
was shaken well. The supernatant was collected to measure
the ultraviolet absorption (296 nm) of ABZ, and the amount
of ABZ released was calculated using a pre-measured ABZ
ultraviolet absorption-concentration standard curve.

Phagocytosis of ABZ-GPs by macrophages in vitro

RAW264.7 mouse macrophages (1x10* cells) were
inoculated into Dulbecco’s modified Eagle medium glass-
bottom small dishes containing 10% fetal bovine serum and
glucose, which were then placed into a humidified incubator
for overnight culture at 37 °C with 5% CO,. The following
day, the ABZ-GPs were dispersed, and 0.1 mg was aliquoted
and diluted into the culture medium. The macrophages
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were then added to a small dish and incubated at 37 °C. The
ABZ-GPs were removed after 1, 2, and 4 h, washed thrice
with phosphate buffered saline (PBS) to remove GPs that
had not phagocytosed, fixed with 4% paraformaldehyde
at room temperature for 10 min, washed thrice with PBS
to remove excess paraformaldehyde, and imaged using
a ZEISS LSM780 laser confocal microscope to observe
phagocytosis.

ABZ-GPs were phagocytosed by macrophages in the small

intestine and liver tissues

Before euthanasia by cervical dislocation, 50 mg/kg of
the ABZ-GPs was administered to the healthy Kunming
mice by oral gavage for 2 h. The fluorescently stained
mouse liver and small intestine sections (approximately
0.2-0.5 cm’) were then collected, rinsed with PBS, and
fixed with 10% formalin for 1 h. Next, the excess formalin
fixative was washed off with PBS, and the tissues were
embedded with optimal cutting temperature (OCT)
compound, fixed with liquid nitrogen, transferred to a
cryostat, and cut into 6-pm thick sections. The sections
were then transferred to an anti-detachment glass slide for
adhesion. The adhered sections were permeabilized and
blocked with PBS containing 0.3% Triton X-100 and 3%
BSA, at room temperature for 1 h. The membrane solution
was discarded, 3% BSA in PBS with 0.05% Tween 20
(PBST) containing anti-F4/80 primary antibody (ab6640,
diluted 500 times) was added, and the mixture was protected
from light overnight at 4 °C. The next day, the primary
antibodies were discarded while the remainder was washed
with PBST 5 times and blocked with 3% BSA in PBST
for 20 min. Next, the Alexa Fluor 488-labelled goat anti-
rabbit secondary antibody (ab150165, diluted 1:1,000) was
added. The mixture was incubated at room temperature for
1 h in the dark and washed 5 times with PBST, after which
2 pg/mL of 4°,6-diamidino-2-phenylindole (DAPI)
PBS solution was added for staining for 10 min at room
temperature. Finally, the slide was washed twice with PBS
and mounted with a cover glass (Gold Antifade mount),
and the images were then captured with a Zeiss LSM780
microscope.

Pharmacokinetic bebaviors and liver targeting of the
formulations

As the preferred anti-hydatid drug, ABZ has a very fast
metabolic rate in plasma (35). After oral administration,
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ABZ is rapidly transformed into ABZ sulphoxide (ABZSO)
and ABZSO, (of which ABZSO is the main active substance)
and finally into albendazole-2-aminosulfone (ABZSO,-NH,)
under the action of various enzyme systems in the liver (36).
Thus, ABZ and ABZSO were selected for the study of the
pharmacokinetic index in our research.

The 20 rats (male, 7 weeks old, 200£20 g) were randomly
divided into 2 groups. The rats were fasted with access to
water for 12 h before the oral gavage and were given a single
dose of 50.0 mg/kg of ABZ suspension or ABZ-GPs before
the oral administration, respectively. Before administration
(0 h) and after administration (0.5, 1, 2, 4, 6, 8, 12, and
24 h) approximately 0.5 mL of blood was collected from the
fundus venous plexus, placed in a heparinized centrifuge
tube, and centrifuged at 11,544 xg for 5 min to separate the
plasma. Next, 100 microliters of the plasma supernatant
was aspirated into a centrifuge tube, an equal volume
of methanol was added, and the mixture was vortexed
for 1 min, and centrifugated at 11,544 xg for 5 min.
Subsequently, 100 pL of the supernatant was aspirated into
a centrifuge tube. An equal amount of the internal standard
solution was added, and the mixture was vortexed for
1 min and centrifuged at 11,544 xg. Next, the supernatant
was collected and filtered through a microporous
membrane (0.22 pm).

The 100 Kunming mice (male, 6 weeks old, 30+3 g)
were randomly divided into 2 groups. The mice were fasted
with access to water for 12 h before the administration of a
single dose of 15.0 mg/kg of ABZ suspension or ABZ-GPs,
respectively. Before intragastric administration (0 h) and
after administration (0.5, 1, 2, 4, 6, 8, 12, and 24 h), 5 mice
were euthanized, and their livers were excised and placed
in a petri dish. Each liver surface was rinsed with sterile
normal saline. Next, 5 g of the liver tissue was weighed,
cut into pieces with scissors, placed in a homogenizer, and
1.0 mL of saline was added. The mixture was homogenized
at 500 rpm for 5 min, centrifuged at 11,544 xg for
5 min, and 0.5 mL of the supernatant was aspirated and
centrifuged. Next, 1 milliliter of PBS was added to the tube,
which was vortexed for 1 min. After centrifugation, 0.5 mL
of the supernatant was pipetted into a centrifuge tube, and
the same amount of methanol was added for extraction.
The same amount of internal standard was then added, after
which the mixture was vortexed for 1 min, homogenized,
and centrifuged at 11,544 xg. The supernatant was adsorbed
and filtered through a microporous membrane (0.22 pm).

The ABZ and ABZSO in the rat plasma and mouse
liver tissue homogenate were determined by liquid
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chromatography-high-resolution mass spectrometry
(LC-MS/MS). The chromatographic conditions were as
follows: an AccuCORE aQ column was used (150 mm x
2.1 mm, 5 pm); the column temperature was 35 °C, injection
volume 0.2 pL, flow rate 0.3 mL/min, detection time
10 min, and the mobile phase was a methanol: formic acid
water solution (0.1%). The mobile phase was subjected
to gradient elution according to the following protocol:
0.0-5.0 min: 45% methanol, 55% formic acid water;
5.0-6.0 min: 45-90% methanol, 45-10% formic acid
water; 6.0-7.0 min: 90%methanol, 10% formic acid water;
7.0-8.0 min: 90-45% methanol, 10-45% formic acid water;
8.0-10.0 min: 45% methanol, 45% formic acid water. The
mass spectrometry conditions were as follows: full MS scan
mode, electrospray ion source (ESI); carrier gas: high-purity
nitrogen (purity >99.9 %), sheath gas flow rate 35 units,
auxiliary gas flow rate 15 units, purge gas flow rate 0 units;
spray voltage 3.0 kV; capillary temperature 320 °C, ion lens
voltage frequency (S-lens RF level) 50; auxiliary gas heat
source temperature 350 °C; positive ion scan mode. The
pharmacokinetic parameters were then computed using the
WinNonLin software (version 8.2).

In vivo near-infrared fluorescence real-time imaging

DiR is a long-chain lipophilic DiR and environmentally
sensitive fluorescent dye. When it is combined with
membranes or with lipophilic molecules (such as proteins),
the fluorescence intensity is significantly enhanced
(although the fluorescence intensity of proteins is weak
in water). Once in the cell, DiR gradually diffuses in the
endoplasmic reticulum of the cell, and the entire cell
can be evenly stained under the optimal concentration
conditions (37).

The DiR-labelled ABZ-GPs were administered to the
3-week-old mice by gavage for 5Sconsecutive days. The mice
were anaesthetized with isoflurane 2 h after oral gavage on
the 5™ day. An IVIS Spectrum computed tomography near-
infrared fluorescence imaging system was used to capture
the 2D and 3D images to determine the targeting ability of
the ABZ-GPs.

Statistical analysis

Using SPSS (version 20.0; IBM, Armonk, NY, USA), the
pharmacokinetic parameters of the ABZ and ABZ-GP
groups were compared by a 1-way analysis of variance. P
values <0.05 were considered statistically significant.
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Figure 1 BSA and Gd*-DTPA@BSA. (A) SEM image of Gd**-DTPA@BSA, scale bar =0.2 pm. (B) Gd**-DTPA@BSA particle size
distribution diagram. (C) Zeta potential of BSA and Gd"*-DTPA@BSA. BSA, bovine serum albumin; DTPA, diethylenetriaminepentaacetic

acid; SEM, scanning electron microscope.

S4800 10.0 KV 9.1 mm x 15.0 k SE(U)

S4800 5.0 kV 8.9 mm x 9.00 k SE(M)

Figure 2 The ultrastructure of GPs and GP loaded with ABZ were detected by a scanning electron microscope. (A) SEM image of an empty
GP; scale bar =3.0 pm; (B) GPs loaded with ABZ; scale bar =5.0 pm. SEM, scanning electron microscope; GPs, glucan nanoparticles; ABZ,

albendazole.

Results
Physicochemical characteristics of Gd3+-DTPA@BSA

We detected the particle size and surface potential of Gd'*-
DTPA@BSA with a Malvern Zetasizer ZS90 and Hitachi
S-4800 field emission scanning electron microscopy. As
Figure 14 shows, the microscopic image of the Gd*'-
DTPA@BSA (0.2 um) shows a uniform distribution.
As Figure 1B shows, the Gd**-DTPA@BSA had a mean
particle size of 23.8+2.27 nm and a narrow size distribution.
The Gd3"-DTPA@BSA had a mean zeta potential of
-15.37+0.62 mv, while that of BSA was -5.90+0.23 mv (see
Figure 1C).

© Annals of Translational Medicine. All rights reserved.

Imaging of GPs and ABZ-GPs by SEM and TEM

We used a Hitachi S-4800 field emission SEM (Figure 2)
and FEI Tecnai G220 S-TWIN TEM (Figure 3) to observe
the ultramicroscopic morphology of the constructed ABZ-
GPs. In the SEM image, compared to the empty GPs, a
large amount of ABZ adhered to the surface of the GPs,
which increased the volume of the ABZ-GPs. In the TEM
image, the hollow structure of the GPs was filled with
white epoxy resin, while the hollow structure of the ABZ-
GPs was filled with black drugs, which were fully loaded
and evenly distributed. Thus, we confirmed that GPs can
carry ABZ.
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Figure 3 The ultrastructure of GPs and GPs loaded with ABZ were detected by a transmission electron microscope. (A) TEM image of an
empty GP; scale bar =0.3 pm; (B) GPs loaded with ABZ; scale bar =2.0 pm; (C) GPs loaded with ABZ; scale bar =0.5 pm; (D) GPs loaded

with ABZ; scale bar =200.0 nm. TEM, transmission electron microscope; GPs, glucan nanoparticles; ABZ, albendazole.

-

Figure 4 Fluorescence imaging of empty GPs and GPs loaded with ABZ in centrifuge tubes swollen in pure water; 1: empty GPs, 2:
0.1 mg/mL of GPs loaded with ABZ, 3: 1 mg/mL of GPs loaded with ABZ. (A) Before imaging, (B) imaging after 1 h, (C) imaging after 12 h.

GPs, glucan nanoparticles; ABZ, albendazole.

ABZ-GP centrifuge tube fluorescence imaging

We filled the empty GPs (A, 1), and diluted the GPs
loaded with ABZ 10x (A, 2) and the GPs loaded with ABZ
(A, 3) with 0.5 ml of pure water (Figure 4). After placing
them in the small animal imaging system, no fluorescence
was observed in tubel (blank), but fluorescence was

© Annals of Translational Medicine. All rights reserved.

observed in tubes 2 and 3 (the ABZ-GPs). Moreover, an
increase in the concentration, led to an increase in the
fluorescence intensity (B). After tubes 2 and 3 were kept
at room temperature for 6 h, the fluorescence of tube 2
was substantially weakened and only the blue fluorescence

remaining. The fluorescence intensity of tube 3 was also
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Figure 5 Confocal images of DTAF-labelled GPs loaded with fluorescent DiR-labelled ABZ-Gd**-DTPA@BSA; scale bar =5 pm. GPs,
glucan nanoparticles; DTAE, dichlorotriazinyl amino fluorescein; ABZ, albendazole; DTPA, diethylenetriaminepentaacetic acid; BSA, bovine

serum albumin.

—a—pH=2 (gastric juice)
~—a—PH=8 (intestine)

Albendazole release percentage, %

0 20 40 60 80 100
Release time, h

Figure 6 Drug release curve of ABZ-GPs at gastric and intestine
pH values. ABZ-GPs, albendazole-glucan nanoparticles.

remarkably weakened (C).

ABZ-GP laser confocal microscope imaging

We analyzed the dual-colour fluorescent ABZ-GPs with
a Zeiss LSM780 confocal microscope (Figure 5). For the
imaged GPs, each pixel of red fluorescence was enclosed
within a region of green fluorescence, which confirmed
that ABZ had been successfully loaded into the GPs.
However, before the ABZ-GPs could be used for further
experiments, we needed to determine whether the GPs
could carry ABZ drugs. Red fluorescent pixels also appeared
in the fluorescent green edge area. This may have occurred
because the porous structure of the GPs caused the ABZ to
adhere to the surface openings.

© Annals of Translational Medicine. All rights reserved.

The release of ABZ by the ABZ-GPs under artificial
gastric fluid pH and intestinal pH values

The ABZ-GPs releasing ABZ within 10 min showed that
the GPs were initially released in a burst; however, their
release subsequently decreased after 10 min and ultimately
reached an equilibrium state. Notably, the release depends
on the solution pH (38,39). The drug release from the GPs
was not complete; that is, under an intestinal pH value, the
release was rapid and reached 50.0%, while under a gastric
fluid pH value, the release was slower and only reached
25.0%. This is due to the loaded drug being protected
during the process of passing the human GIT because of
the lack of B-1,3-(D) glucanase (34). This indicates that
GPs may be able to protect the drugs contained in them
from being digested or pumped out. The in vitro release
of GPs in diverse media follows the Higuchi equation (39)
based on data fitting (R*>0.9800). Based on the data fitting
(R*>0.9900) in the current study, the ABZ release from the
ABZ-GPs also conformed to the Higuchi equation.

The dissolution profiles for the formulation obtained
under the gastric fluid pH value were compared with the
curve obtained under the intestinal tract pH value (Figure 6).
The results showed that the ABZ-GP nanoparticles had a
higher dissolution rate and volume under gastric fluid pH
conditions.

ABZ-GPs are engulfed by macrophages

Using the fluorescence-labelled GPs, we were able to
investigate the interactions between the macrophages and
the ABZ-GPs. According to previously published studies,
B-1,3-D-glucan is mainly recognized by dectin-1 and CR3,
which are present at high levels in phagocytes (40). This
was investigated with in vitro phagocytosis assays using
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Figure 7 In vitro assay of phagocytosis of fluorescence-labelled GPs by RAW 264.7 cells. Confocal imaging of the RAW 264.7 cells
treated for 4 h: the first column presents confocal images of the DTAF-labelled GPs at 1, 2, and 4 h, respectively; the second column
presents confocal images of the DiR-labelled ABZ-Gd3+-DTPA@BSA at 1, 2 and 4 h; the third column represents images of the double
fluorescence-labelled GPs (DiR-labelled peptide core and DTAF-stained GP shell). The confocal images show that the GPs were actively

phagocytosed by macrophages. Scale bar =20 pm. GPs, glucan nanoparticles; DTAF, dichlorotriazinyl amino fluorescein; ABZ, albendazole;

DTPA, diethylenetriaminepentaacetic acid; BSA, bovine serum albumin.

the mouse macrophage cell line RAW 264.7. When the
cells were incubated with ABZ-GPs for 1, 2, and 4 h, the
flow ZEISS LSM780 confocal laser microscope analysis
indicated that the maximum uptake of the ABZ-GPs
occurred at 2 h (Figure 7). Thus, ABZ-GPs can be used as a
targeting vector for macrophages. From 1 to 2 h, the uptake

© Annals of Translational Medicine. All rights reserved.

efficiency of the ABZ-GPs rapidly increased; however, the
fluorescence intensity at 4 h was significantly reduced or
even lower than that at 1 h. Our findings differ to those of
a previous study that reported a maximum uptake of GP
capsules by macrophages at 8 h (41). The reason for this
difference may be related to the preparation process of the
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Figure 8 In vivo assays of the phagocytosis of fluorescently labelled GPs by small intestine and liver phagocytic cells. The first column shows

the small intestine and liver cells labelled with DAPI. The second column shows the F4-80 labelled macrophages in the small intestine and
liver tissues. The third column shows the DiR loaded ABZ-Gd**-DTPA@BSA in the small intestine and liver tissues. The fourth column shows
the double fluorescence-labelled phagocytic cells. Scale bar =200 pm. ABZ, albendazole; GPs, glucan nanoparticles; DAPI, 4',6-diamidino-

2-phenylindole; DTPA, diethylenetriaminepentaacetic acid; BSA, bovine serum albumin.

Table 1 Pharmacokinetic parameters after intragastric administration in rats

Standard equation

Linearity range (ng/mL)

Drug

Plasma R value R value Plasm Liver
ABZ y=0.06x + 0.0893 0.9994 y=0.041x + 0.0153 0.9989 1.56-800.00 1.56-200.00
ABZSO y=0.0149x — 0.0008 0.9993 y=0.009x - 0.0129 0.9990 1.56-800.00 1.56-200.00

ABZ, albendazole; ABZSO, albendazole sulphoxide.

ABZ-GPs and the characteristics of the drug itself.

We also used healthy Kunming mice to conduct in vivo
phagocytosis experiments. The ABZ-GP release curves at
artificial gastric juice pH and intestinal pH values are shown.
Notably, the maximum uptake of ABZ-GPs occurred after
1.5 h (Figure 6). The mice were given 50 mg/kg of ABZ-
GPs by gavage for 2 h, and the flow Zeiss LSM780 laser
confocal microscopy indicated that macrophages in the
intestinal mucosa and liver tissues phagocytosed the ABZ-
GPs (Figure 8). A small number of macrophages were
clustered on the surface of selected intestinal mucosa and
hepatocytes (i.e., the F4-80 antibody targeted only a few
macrophages), indicating low phagocytosis.

© Annals of Translational Medicine. All rights reserved.

Pharmacokinetic profiles and liver targeting

In the pharmacokinetic study, a LC-MS/MS method
was established to detect the ABZ-GPs. Based on
methodological investigations, this method had a good
separation effect, high sensitivity, and high detection
efficiency. The specificity of each component of the drug
was obvious, and a good linear relationship was detected
(Table I). Additionally, the precision, accuracy (Table 2),
extraction recovery (Table 3), and stability (Table 4) were
all within the allowable error range; thus, this method was
successfully applied to investigate the pharmacokinetics of
ABZ-GPs in the rat plasma and mouse liver.
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Precision (%) Inter-day (RSD, %) Intra-day (RSD, %)

Sample Concentration (ng/mL)
Plasma Liver Plasma Liver Plasma Liver
ABZ 12,5 101.47+4.55 100.30+7.38 3.66 4.24 5.39 7.09
50.0 96.36+4.69 99.96+4.69 8.41 7.57 6.59 5.42
200.0 103.26+4.44 102.98+2.12 5.68 2.61 4.42 3.00
ABZSO 12.5 100.83+5.84 98.21+3.87 6.39 2.80 5.59 5.07
50.0 98.48+2.49 102.55+3.34 2.90 3.40 5.51 2.93
200.0 97.52+6.16 101.70+3.44 2.09 3.19 5.77 3.47

Precision data are presented as mean + standard deviation; ABZ, albendazole; ABZSO, albendazole sulphoxide; RSD, relative standard

deviation.

Table 3 Extraction recovery rate of ABZ and its metabolites in the plasma and liver (x = s, n=5)

Extraction recovery (%) RSD (%)
Drug Concentration (ng/mL)
Plasma Liver Plasma Liver
ABZ 12.5 97.56+1.80 98.73+6.40 1.84 6.49
50.0 99.03+2.78 104.75+10.87 3.50 2.81
200.0 98.98+0.99 101.80+4.98 5.97 1.00
ABZSO 12,5 101.76+3.34 95.73+4.98 4.06 3.28
50.0 97.66+1.64 95.47+8.24 1.19 1.68
200.0 101.52+0.78 98.71+3.20 0.94 0.77

Data are presented as mean + standard deviation. ABZ, albendazole; ABZSO, albendazole sulphoxide; RSD, relative standard deviation.

Table 4 Room temperature stability and freeze-thaw stability of ABZ and its metabolites in the plasma and liver

RSD (%)

Drug Cor(mrtlsge;:‘rf)t fon Indoors 2 h Indoors 6 h Indoors 12 h Indoors 24 h Indoors 48 h Freeze-thaw
Plasma Liver Plasma Liver Plasma Liver Plasma Liver Plasma Liver  Plasma Liver

ABZ 12,5 3.31 3.93 2.54 4.67 4.83 1.85 527 6.12 4.81 4.57 4.41 7.08
50.0 3.94 4.04 4.91 3.52 4.48 4.04 3.06 6.69 3.71 6.26 5.81 4.30

200.0 3.90 3.94 1.75 2.77 5.63 2.95 3.27 3.89 4.86 1.72 4.40 2.09

ABZSO 12,5 6.98 1.66 3.51 4.02 6.65 4.23 478  4.32 7.22 1.90 0.78 4.31
50.0 1.75 3.31 2.01 5.17 5.83 0.64 5.07 4.98 5.27 1.46 2.84 4.80

200.0 4.26 4.44 5.94 3.78 6.16 5.13 0.94  3.67 5.43 4.25 449 6.49

ABZ, albendazole; ABZSO, albendazole sulphoxide; RSD, relative standard deviation.

The average extraction recovery rate of ABZ and ABZSO
in the rat plasma was >95%, and the intra-day and inter-day
precision and stability of the relative standard deviations
(RSDs) were both <10%. The ABZ absorption (t,,,) of

© Annals of Translational Medicine. All rights reserved.

the ABZ-GP group after the oral administration of the
original drug was significantly faster than that of the ABZ
group (P<0.01). The elimination of ABZ (t,,) in the ABZ-
GP group was also significantly faster than that in the ABZ
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Table 5 Main pharmacokinetic parameters of ABZ and ABZSO in the blood (n=10)

ABZ ABZ-GPs
Parameter
ABZ ABZSO ABZ ABZSO

/0 4.69+0.71 2.59+1.73 2.88+1.27" 2.46+0.54
tra/h 2.20+0.35 6.00+1.33 1.70+0.63* 3.90+0.32*
Cra/mg-h-L” 43.15+5.63 783.60+76.54 51.42+9.86 1222.24+81.48*
AUC,-t/mg-h-L" 2028.625+152.03 9220.27+939.78 227.03+23.85* 9157.81+869.50
AUC,../mg-h-L" 2433.40+255.47 10183.36+3225.36 228.42+24.90* 9191.62+904.76
MRT,-t/h 6.50+0.28 7.60+0.33 4.62+0.45* 5.88+0.41*

Data are presented as mean + standard deviation. *P<0.05, *P<0.01 versus the ABZ suspension. ABZ, albendazole; ABZ-GPs,

albendazole-glucan nanoparticles.
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Figure 9 Concentration-time curve in blood of the ABZ-GPs and their metabolites (n=6), (A) ABZ, (B) ABZSO. ABZ-GPs, albendazole-

glucan nanoparticles; ABZSO, albendazole sulphoxide.

group (P<0.05), indicating that ABZ-GPs were more readily
absorbed and eliminated in the blood than the original
ABZ drug. The peak time (t,,,) of ABZSO of the ABZ-GP
group was significantly shorter than that of the ABZ group
(P<0.01), however, the retention time of ABZ-GPs in the
blood [Mean Retention Time (MRT-t)] was significantly
shorter in the ABZ-GP group than the ABZ group (P<0.01).
A comprehensive analysis of the pharmacokinetic data
of the 2 groups revealed that the areas under the curve
(AUCs)y-t of ABZ and ABZSO in the ABZ-GP group were
significantly smaller than those of the ABZ group. The
corresponding pharmacokinetic parameters (7zble 5) and
concentration-time curve (Figure 9) demonstrated that the
ABZ-GPs were more readily converted to active metabolites
than ABZ but were maintained for a shorter time in the
blood.

"The average extraction recovery rate of ABZ and ABZSO
In mouse liver tissue homogenates was approximately 94%,
and the intra-day and inter-day precision and stability RSDs
were both <10%. After intragastric administration, the

© Annals of Translational Medicine. All rights reserved.

livers treated with the original drug (ABZ) and ABZSO had
the same peak time (t,,,); however, the elimination time
(t;,) and AUC of the ABZSO in the ABZ-GP group were
significantly greater than those in the ABZ group. The
AUCs of ABZ and ABZSO in the ABZ-GP group were
significantly higher than those in the ABZ group (Figure 10).
The corresponding pharmacokinetic parameters (Table 6)
and target parameters (7zble 7) demonstrated that the ABZ-
GPs readily accumulated in the liver tissue and had a good
targeting effect.

Distribution of ABZ-GPs in the organs of the mice

On the 5™ day, 2D fluorescence images of the mice
(Figure 11A) were taken on the small animal imager 2 h after
the oral gavage. The results showed that the fluorescence
was primarily concentrated in the upper left abdomen, and
the drug was found to mainly target the liver. We further
performed 3D imaging to observe the enrichment of drugs
in the liver (Figure 11B). The surface topology and signal
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Figure 10 Concentration-time curve in the liver of the ABZ-GPs and their metabolites (n=6), (A) ABZ, (B) ABZSO. ABZ-GPs, albendazole-

glucan nanoparticles; ABZSO, albendazole sulphoxide.

Table 6 Main pharmacokinetic parameters of ABZ and ABZSO in
the liver (n=5)

Table 7 The target parameters (Ce and TT) of the 2 preparations in
the liver (n=5)

ABZ ABZ-GPs Drug Ce Tl
Parameter
ABZ ABZSO ABZ ABZSO ABZ 1.59 1.57

ti/h 5.30 4.51 4.53 5.38 ABZSO 1.27 1.50
ta/h 1.00 6.00 1.00 6.00 ABZ, albendazole; ABZ-GPs, albendazole-glucan nanoparticles;

. Ce, peak concentration ratio; Tl, targeting index; Ce = (C..,)
Cra/mg-hrL 7731 18218 122.84  231.02 ABZ/(C,,,) ABZ-GPs, Tl = (AUC,..) ABZ/(AUC,..) ABZ-GPs.
AUC,-t/mg-h-L™ 448.54  1,581.98 712.682 2,299.54 ABZSO, albendazole sulphoxide
AUC,./mg-hL™" 46417 1,657.91 730.56 2,480.15
MRT,-t/h 6.96 7.45 7.58 8.37

ABZ, albendazole; ABZ-GPs, albendazole-glucan nanoparticles;
ABZSO, albendazole sulphoxide.
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Figure 11 The small animal live imaging instrument detected the organ targeting of ABZ-GPs. (A) 2D near-infrared fluorescence imaging,

(B) 3D near-infrared fluorescence imaging. ABZ-GPs, albendazole-glucan nanoparticles.
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source were reconstructed by scanning the 2D image of
each mouse in the white-light mode to detect and analyze
the coronal and sagittal planes of the mouse body, the cross-
section of the mouse abdomen, and the drug distribution in
the mouse abdomen. Based on the 3D imaging results, after
the drug had been orally ingested, it gradually accumulated
in the liver via diffusion; however, a small amount was
destroyed. This result indicated a specific targeting effect on
the liver and supports the conclusion of drug liver targeting.

Discussion

To the best of our knowledge, our study was the first to
prepare ABZ-GPs using FDA-approved GPs as carriers
and modified BSA with DTPA and gadolinium nitrate
[GA(NO;);-6H,0]. We found that the ABZ-GPs did
not aggregate, displayed spherical characteristics, had
a considerable drug content, and had a high packaging
efficiency. Moreover, the ABZ-GPs were recognized by
specific receptors on the surface of macrophages and act as
a targeting carrier for macrophages, thereby improving the
targeting of the drug to the liver.

With the development of nanotechnology, the use of
passive targeting to achieve targeted drug delivery has been
extensively studied. The FDA has approved the targeted
delivery of drugs with GPs, and this is the fastest way to
realize the industrialization and clinical application of
the targeted delivery of drugs. Thus it’s worth exploring.
The hollow structure of GPs serves as a carrier, while
the porous structure of the surface not only protects the
internal molecules to a certain extent, but also ensures
the slow release of the drug. Additionally, the hollow and
porous structure of the GPs enables the transport of single-
component or multi-component drugs in large doses. This
advantage is unmatched by other drug carriers reported
to date (42,43). However, cell wall-derived GPs has low
content and complex production process that prevents mass
production of GPs. Therefore, we need to increase the
content of GPs by means of physical or chemical induction
or gene knockout. In addition, ABZ-GPs as a clinical
drug due to the strong immunomodulatory effect of GPs,
ABZ-GPs should be used with caution in patients with
echinococcosis who are taking immunosuppressive agents,
diabetes or related hypoglycemic drugs.

In our experiments, the macrophages internalized
the ABZ-GPs, which may be specifically recognized by
GP receptors that are highly expressed on the surface
of macrophages, such as dectin-1 or CR; (CD,;,/CDy).

© Annals of Translational Medicine. All rights reserved.
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The ABZ-GPs are phagocytosed intracellularly, and
their biodegradation only occurs through oxidative
lysis in polymorphonuclear leukocytes and monocytes/
macrophages after being absorbed by the intestine (44,45)
where the loaded drug can be released. Thus, the ABZ-GPs
can be used as targeting vectors for macrophages (46,47).
Studies have shown that GPs can preferentially protect
encapsulated polypeptides from degradation in gastric acid
and intestinal juice, while allowing them to be phagocytosed
by macrophages in the intestines and delivered systemically.
Once inflammation occurs, they will be recruited to the
inflammation site via chemokine and cytokine action
(48-50). This is consistent with the results of the present
experiment that showed that ABZ-GPs protect ABZ from
digestion or pumping by gastric juice pH and intestinal pH,
and can be recognized by macrophages, and then combined
and internalized into the macrophages. The above
characteristics of GPs compared with the natural non-
toxic chitosan, which is also used as a drug carrier, Chitosan
improves the permeability of epithelial cell biofilms to drugs
through its adhesion and degradation, prolonged contact
of drugs and intestinal absorption parts, reducing the drug
from the intestinal excretion in the form of technical, to
improve the concentration of drug in plasma and liver.
Thus, the indigestibility and relative stability of GPs in the
intestinal tract and their immunomodulatory effects make
them ideal carriers for various compounds.

Additionally, the LC-MS/MS method revealed that the
peak time (t,,,,) for the elimination half-life time (t,,,) of the
ABZ-GPs in the rat plasma was significantly shorter than
that of the ABZ group. There were no significant changes
in the C,,, between the 2groups; however, the difference
between the ABZ and ABZSO values of the AUC,-t and
MRT were significantly lower than those of the ABZ group,
indicating that the ABZ-GPs were absorbed and reached
the C,,, quickly in rats. However, the mean retention
time in the blood was shorter, which may be related to the
dissolution of ABZ carried by GPs in vivo. The ABZ-GPs in
this study only altered the absorption rate in vivo, but were
unable to alter or increase the plasma concentration and
AUC,.,, which may be related to the characteristics of the
GPs and their dissolution iz vivo.

Studies have shown that the GPs can effectively prevent
enzymatic digestion and the immune clearance of the drug
carrier when the drug reaches the target tissue/cell (51).
Thus, the GPs enhance the stability of the drug delivery
system and reduce the accumulation of drugs in the blood
circulation (52). The encapsulation of poorly soluble drugs
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in yeast GPs also improves dispersion and dissolution
properties (53). The results of the mouse liver targeting
experiments showed that the t,,, (1.00 h, 6.00 h) of ABZ
and the active ingredient ABZSO in the ABZ-GP group
and ABZ group were the same. Moreover, there was no
significant difference in the C,,, between the 2 groups,
indicating that ABZ-GPs were metabolized in the liver
(i.e., ABZ and the metabolic properties of ABZSO did not
change significantly). However, the Mean Retention Time
(MRT-t), elimination half-life (t,,), and AUC,_, of the
ABZ-GPs in the liver of the mice were significantly greater
than those of the mice in the ABZ group. Combined
with the 2D and 3D fluorescence real-time imaging after
treatment with ABZ-GPs, our results indicate that the
circulation time, bioavailability, and curative effect of ABZ-
GPs in the liver were significantly improved.

Based on our results, as a carrier, the GPs can achieve
safe and efficient targeted drug delivery by simple oral
administration, and have universal applicability to other
types of drugs. Following the discovery of other anti-
hydatid drugs, this method could be used to carry drugs
with different effects at a fixed ratio and would be safer for
targeting and delivery to the lesion site. Unfortunately,
we did not instrumentally detect whether ABZ-GPs enter
vesicles (i.e., we did not gather data on whether ABZ-GPs
can enter hydatid vesicles) and thus we were unable to
determine the killing effect of ABZ-GPs on echinococcosis.
Thus, future iterations of ABZ-GPs may exhibit an even
greater potency. Due to the synergistic effect between ABZ
and the GPs and the enhancement of the anti-hydatid and
immune stimulation effects, the control of the disease can
be realized, and new scientific explorations can be made to
improve the quality of life of patients with hydatid diseases.

Conclusions

ABZ-GPs, as drug carriers, are biodegradable, have good
tissue compatibility, and low toxicity (or non-toxicity),
and can be used in a macrophage-targeted carrier drug
delivery system. In our mouse liver targeting experiment,
fluorescence imaging and the accumulation of drugs in the
liver indicated that GPs can be used as carriers to achieve
the targeted transport of ABZ, which in turn can be used
for the targeted therapy of liver echinococcosis.
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