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ARTICLE INFO ABSTRACT

Original paper This study aimed at the preparation of nano-microbubbles (NMBs) and the curative effect of 2°I
particles for primary liver cancer guided by abdominal interventional ultrasound. NMBs were prepared
by the thin-film hydration method, and NMBs and ?°| particles were connected by biotin to obtain the
NMBs-%51 complex.36 patients with primary liver cancer treated in X Hospital from January to
December 2019 were selected. NMBs-%1 particle implantation was guided by abdominal interventional
ultrasound. Computed tomography (CT) or magnetic resonance imaging (MRI) examinations were
performed 3 months after treatment, and patients were divided into remission and non-remission groups
on account of the results. Contrast-enhanced ultrasound (CEUS) was performed before and 1 month
after treatment to analyze and compare the changes in ultrasound parameters. It was shown that there
was a good correlation 3 months after treatment between the maximum diameters of the tumor measured
by CEUS and CT/MRI, respectively (r=0.856, P<0.01). In the remission group, tRTpre and tTTPprc 1
month after treatment were higher than those before treatment, but tPlpre and tSERmax.pre were lower
than those before treatment. In the non-remission group, tRTpre and tTTPprc 1 month after treatment
were lower than those before treatment, but tPlpre and tSERmax.pre were higher than those before
treatment. Therefore, CEUS had a higher value on the efficacy of the NMBs-'?°l particle implantation

Article history:

Received: September 25, 2021
Accepted: March 23, 2022
Published: March 31, 2022

Keywords:

nano-microbubbles, primary
liver cancer, contrast-enhanced
ultrasound, %°1 particles
interventional therapy,
abdominal interventional
ultrasound

for primary liver cancer.

DOI: http://dx.doi.org/10.14715/cmb/2022.68.3.16

Copyright: © 2022 by the C.M.B. Association. All rights reserved

Introduction

Liver cancer is a type of malignant tumor that
occurs in the liver, which can be divided into primary
and secondary ones. Primary liver cancer accounts for
90% of liver cancers and is one of the common tumors
in China. According to the general morphology, it can
be divided into massive, nodular and diffuse liver
cancers, which are all extremely harmful malignant
tumors. Secondary liver cancer is called sarcoma,
which is relatively rare compared with primary liver
cancer. Secondary or metastatic liver cancer refers to
the invasion of the liver by malignant tumors
originating from multiple organs throughout the body
(1,2). It is more common for liver metastases of
malignant tumors from the stomach, biliary tract,
pancreas, colorectal, ovary, uterus, lung, breast, and
other organs. The incidence of liver cancer is related
to drinking alcohol, viral hepatitis, eating moldy food,
genetics, and so on. It is often asymptomatic in the
early stage, and the liver pain, fever, fatigue, etc.

occur in the advanced stage. There is a possibility of
cure in the early stage, and the middle-stage treatment
is more complicated (3,4). In China, liver cancer is a
malignant tumor with high morbidity and mortality
among men under 60, having a serious impact on
patients and their families. Laboratory examinations
of liver cancer show the elevated alpha-fetoprotein
(AFP) and the hemagglutination >1:100, which can be
considered as a possibility of liver cancer. Auxiliary
examinations  include  contrast  computerized
tomography (CT) and magnetic resonance imaging
(MRI), as liver cancer is mainly manifested as early
tumor contrast enhancement, and multiple blood
vessels, tumor blood vessels, or arteriovenous
communication can be observed in more than 90% of
the hepatic arteriography (5).

With the continuous development of science and
technology, radiotherapy for liver cancer is also
developed constantly. There are many ways for
radiotherapy in the clinic. The best radiotherapy is to
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irradiate the target lesion only without causing
radiation damage to the lesion. However, the liver is a
radiation-sensitive organ, and the incidence of
radioactive liver injury will increase as the radiation
dose exceeds 40Gy. How to use the required dose
during radiotherapy without damaging stem cells has
been a difficult issue in radiotherapy (6,7). Some
researchers implanted %1 into the transplanted tumors
of liver cancer, and the degeneration and necrosis of
tumor cells were detected 21 days after the
implantation. For patients with advanced liver cancer,
the control rate can reach 87% after 12| treatment, and
the life quality of patients would be greatly improved
(8,9). In the screening of liver diseases, ultrasound is
the preferred method as it’s convenient, safe, and low-
cost. Contrast-enhanced ultrasound (CEUS) can
improve the quality of the image and reflect the blood
supply inside the tumor. Quantitative ultrasound
analysis of liver cancer is more and more applied in its
early screening, and it is also possible to map the
region of interest of tumors.

Adding nano-microbubbles (NMBs) to the
ultrasound contrast agent is an effective means to
realize the drug loading capacity of the contrast agent.
Ultrasound contrast agents can enhance the acoustic
contrast, and it has tended to develop in the direction
of nano-level and functionalization. Studies have
shown that NMBs contrast agent combined with
ultrasound technology can make localized drug
release by continuous ultrasound and pulsed
ultrasound (10). As a drug carrier, CEUS has a low
drug loading capacity and large particle size, which
limits its operation to the tumor target organs and
tissues to release drugs. NMBs can help the release of
drugs. CEUS can be in the form of soft thin-film
microbubbles that wrap high-density inert gas.
Compared with conventional angiography, CEUS has
a strong penetrating power; and NMBs with a particle
size as small as 500nm can produce an effective
contrast effect at 7.5Hz, thereby the drug loading of
ultrasound contrast can be realized (11,12).
Polyglycolic acid, polylactic acid (PLA), and their
copolymer have good biocompatibility, stability, and
modifiability, and are widely used in biodegradable
medical materials. NMBs are unstable as being
prepared with PLA alone, and microbubble shells
need to be added to enhance drug compatibility.
Lecithin has good fluidity and flexibility, and it can be

completely absorbed by the human body without any
toxicity. Poly lactic-co-glycolic acid (PLGA)
copolymer nanospheres are widely used as drug
carriers in radiotherapy due to their good
biocompatibility, slow-release property, and large
drug loading capacity (13,14).

In this study, the combination of lecithin and PLA
was used as the shell material of the NMBs, and the
modified ultrasonic multiple emulsions were used to
prepare the NMBs-'®1 complex. The therapeutic
effect of the %I particles on patients with primary
liver cancer was discussed, while the PLA-lecithin
NMBs-%| particles were injected by the CEUS. This
study offered an effective basis for the treatment of
cancer patients clinically.

Materials and methods
Clinical data

36 patients with liver cancer were selected for this
study and were treated in X Hospital from January to
December 2019. The implantation of the NMBs-2°l
complex was guided by abdominal interventional
ultrasound. CT or MRI was performed 3 months after
treatment. The patients were divided into the
remission group (n=18) and the non-remission group
(n=18) based on the examination results, and they
were all diagnosed with primary liver cancer through
the clinical diagnosis or cytological examination.
Among the 18 cases in the remission group, 8 were
males and 10 were females. They were aged 38-68
(62.46+6.9) years old with a weight of 58-81
(70.1£9.1) kg. For the Child-push grading of their
liver functions, 11 cases were confirmed in grade A,
and 17 cases were in grade B. With the Barcelona
clinic liver cancer (BCLC) staging, 7, 2, and 1 case
were diagnosed in stage B, stage C, and stage D,
respectively. 13 cases were males and 15 were
females in the non-remission group, and they were 39-
67 (63.06+£6.9) years old with the weight of 57-81
(72.3+8.6) kg. According to their BCLC staging, 10,
7, and 1 cases were determined to be in stage B, stage
C, and stage D, respectively. With the Child-push
grading of liver functions, 13 cases were included in
grade A and 5 cases were in grade B. No pleural
effusion or ascites and no distant metastasis were
found before surgery, which was in line with the
indications for the treatment of primary liver cancer
with local 1%l radioactive particles. Patients
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complicated  with  metabolic  diseases and
hematological diseases were excluded. There was no
statistically significant difference in the general data
of the included patients. All the patients and their
families signed informed consent of this study, which
were reviewed and approved by the Medical Ethics
Committee of X Hospital.

The inclusion criteria were described as follows.
Patients with primary liver cancer received 2l
radioactive particle implantation in the department of
interventional ultrasound in X Hospital. All patients
tolerate local anesthesia, and the maximum diameter
of the lesion didn’t exceed Scm. Before treatment, the
target lesion had not received any tumor-related
treatment. The survival time of patients was greater
than 6 months.

The exclusion criteria below were followed.
Patients were in the acute inflammatory phase, or they
had severe mental and cardiovascular diseases.
Excessive breathing was found during the
radiography, together with a poor contrast imaging
display of the target lesions, which can’t meet the
quantitative analysis. Patients had severe disturbance
of consciousness or intractable ascites. Patients were
allergic to sulfur hexafluoride or other constituents.

Equipment and materials

The 2| particles produced by Shanghai Xinke
Pharmaceutical Co., Ltd. were chosen, with the
approval number of H200413506711/BT-125I of the
State Food and Drug Administration. 18G particle
implantation needles and gun-type implanters were
used for the particle implantation. The Sequoia512
ultrasound machine was made by Acuson Corporation
in Mountain View, California of SiemensLtd., with
the contrast software and 4V1 probes (3.0-4.5MHz).

The particle tissue penetration was 1.7cm, the
initial dose rate was 7cGy/h, the half-life period was
59.6d, and the radioactivity was 0.8mCi. The GR-
3000 radioactive particle treatment planning system of
Zhuhai Hokai Medical Instruments Co., Ltd. was
adopted for the computer treatment planning.

Therapeutic methods

All patients who received radioactive particle
implantation to treat liver cancer hadn’t undergone
radiotherapy, transhepatic arterial chemotherapy and
embolization, liver cancer surgery, and other related

treatments before. All the included patients needed to
have an ultrasound examination (CT or MRI) to
obtain the image of lesions before surgery (0-3 days
before particle implantation). All patients were treated
with %1 particles interventional therapy, with the
ultrasound-mediated PLA-lecithin NMBs injection.
The images were input to the treatment planning
system to calculate the required number, spatial
distribution, and dose of particles. The radioactivity of
the implanted NMBs-#1 particles was 0.8mCi, and
ultrasound gave the real-time guided images. Before
the surgery, disinfection and the surgical drape were
required. After local infiltration anesthesia, the
direction and depth of the guide needle were adjusted
according to the ultrasound-guided images. The
principle of implanting particles was, that they should
be densely implanted on the periphery and sparsely
implanted in the middle. 18G implantation needle
entered the liver through the selected puncture point
on the skin, and the needle core was taken out when
the needle was 1.0-1.5cm away from the distal edge of
the target tumor. The particle was sent into the needle
through the needle core, and the gun-type implanter
was removed. The needle core was pushed to send the
particle into the liver tumor, and then the needle core
was retracted from far to near according to the set
distance. The next particle was implanted according to
the calculation until all the particles at this position
were implanted. For tumors with a diameter greater
than 3.5cm, 2-4 insertion points were selected, and the
vertical and horizontal spacing of each particle was
1.0-1.5cm. When the diameter of the tumor was less
than 3.5cm, 1-2 insertion points were chosen, and the
vertical and horizontal spacing in particles was also
1.0-1.5cm. The patients in the observation group
completed the ultrasound-guided NMBs-'°I particles
implantation treatment successfully.

Follow-up after surgery was to know the survival
conditions,  clinical symptoms, and related
complications of patients in time; regular liver
function  reexamination was required. CEUS
examination was performed before the treatment and
1 month after surgery, respectively, to analyze and
compare the ultrasound parameters in the two periods.
1 and 3 months after treatment, the tumors were
measured by CEUS and CT/MRI, and the obtained
maximum diameters under two methods were used for
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the correlation analysis between the examination
methods.
Preparation of microbubble ultrasound contrast
agent

The blank PLA-lecithin NMBs ultrasound contrast
agent was prepared by the ultrasonic multiple
emulsion-solvent volatilization method. First, 1mL
0.01g/mL sodium formate (NaHCO;) solution was
added to 10mLdichloromethane (CH.Cl;) with PLA
and lecithin with different ratios (oil phase), to
prepare the water phase (W1). They reacted under
200W ultrasonic wave for 100s, then the water-in-oil
(W1/0) primary emulsion was formed. The primary
emulsion was injected into 0.01g/mL poloxamer
solution with 1% Tween-80 (W2, external water
phase), and then the water-in-oil-in-water (W1/0O/W2)
multiple emulsion was generated. The multiple
emulsions were slowly stirred for 10 hours to make
the organic solvent volatilize, centrifuged at
8000r/min and washed twice. The precipitation was
collected, 2mL 0.05g/mL mannitol was added, and the
mixture was lyophilized. The paclitaxel was in
3mg/mL. During the preparation of NMBs, the
fluorescent dyes Rhodamine B and paclitaxel could be
added to the organic phase.

Characterization of drug-loaded NMBs

X-ray powder crystal diffraction technique was
adopted to detect the form of the drug in NMBs while
scanning connection and transmission electron
microscopy were used to detect the internal and
external morphology of NMBs. The laser scanning
confocal technique was applied to detect the PLA-
lecithin NMBs containing Rhodamine B, and the
particle size was measured via a nanoparticle Zeta
potential analyzer after the NMBs were dispersed in
water.

Determination of drug loading capacity and
encapsulation efficiency of NMBs

The high-performance liquid chromatography was
applied, with a column temperature was 25°C, and a
wavelength was 227nm. The chromatographic column
was Symmetry C18 stainless steel column, with a
specification of (250mmx4.6mm, 5um). The volume
ratio of mobile phase methanol to water was
expressed to be V (methanol):(Water) =75:25; and the
flow velocity was 1.0mL/min. For the precisely

prepared methanol standard solution of 1-1ug/mL
with paclitaxel, the injection volume was fixed as
15uL, and the X-axis and Y-axis of the standard curve
represented the volume concentration of the standard
solution and the peak area, respectively. 10mg
lyophilized powder and 0.5mL CHCI, were placed in
a centrifuge tube. After the NMBs were dissolved
ultrasonically, 2.5mL methanol (CH;OH) was added
for swirling for 10 minutes, then centrifuged at
8000r/min for 10 minutes. 15ul. supernatant was
taken. The measured peak area was substituted into
the standard curve, then the concentration of
paclitaxel was worked out. Encapsulation efficiency
and drug loading capacity were calculated according
to the following equation [1].

pc=ML 1009 [1]
M2

M1 represented the mass of paclitaxel; M2
represented the mass of NMBs.

er="1 . 100% 2]
W2

In equation [2], W1 and W2 were the actual and the
theoretical drug loading capacity, respectively.

The tumor inhibition rate was obtained by equation
[3] below.

IR=1-C- x100% [3]
E2

E1l was the weight of patients in the observation
group, and E2 was the average tumor mass of the
patients in the control group.

Statistical methods

SPSS 22.0 was used for data analysis. The
enumeration data were expressed as [cases (%)], and
the comparison between two groups was performed
by 2 test. Pearson correlation analysis was adopted to
detect the correlation between the maximum
diameters of the tumor measured by CEUS and
CT/MRI. The difference was statistically significant
with P<0.05.

Results and discussion
Scanning electron microscope images of NMBs
with different lecithin contents

From the electron micrographs of the NMBs in
Figure 1, it was observed that the lecithin content had
some effect on the morphology of the NMBs. In
Figure 1, Figure A was the image without lecithin and
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Figures B and C were the electron micrographs with
lecithin. With the increase of lecithin content, the
NMBs were easier to disperse and the redissolution
process speeded up. In Figure 1B, the mass ratio of

PLA to lecithin was 250:50. In Figure 1C, when the
lecithin content increased to 100%, the NMBs
disappeared and only nanoparticles were presented.

Figure 1. Electron microscope images of NMBs with different lecithin contents.

Effect of lecithin content changes on NMBs

The effect of different lecithin contents on the
particle size distribution was shown in Figure 2. As
the lecithin content increased, the particle size of the
NMBs decreased, and the particle size dispersibility
also decreased. The NMBs with a ratio of the two
between 100:200 and 150:150 tended to be stable,
showing that lecithin stabilized NMBs.

PLA-lecithin NMBs

Figure 3 showed the images of PLA-lecithin
NMBs. Images A and B were the electron microscope
images of NMBs, while image C was the laser
scanning confocal microscope image. It was found
that the NMBs were broken, showing that the NMBs
were in a hollow structure. The laser scanning
confocal image showed that there was a hollow

structure of NMBs in the carrier layer of Rhodamine
as well. Image D was the original image of NMBs
under the microscope.

Encapsulation efficiency (%o)

0:300 50:250 100:200 150:150
Ratio of lecithin to PLA

Figure 2. Effect of different lecithin contents on particle
size distribution.

Figure 3. PLA-lecithin NMBs.

Drug releasing curve of microspheres in vitro

It was shown in Figure 4 that the drug was released
after being acted by the ultrasound machine.
Ultrasound had the effect of promoting the drug
release and the characteristic of targeted drug-loaded
particles.

Comparison of the patient’s images

Figure 5 showed the images of a 57-year-old male
patient with primary liver cancer. He had no
symptoms of obvious upper abdominal pain, nausea
and vomiting, and thoracic oppression and shortness
of breath. The examination in the hospital showed the
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giant space-occupying lesion in his liver. After
treatment, lipiodol was deposited in a mass in the right
lobe and chronic inflammation occurred in the
maxillary sinus of the left lobe. The image on the right
showed that, 6 months after treatment, the tumor was
significantly smaller than that before.
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Figure 4. In vitro drug release curves of microspheres.

Figure 5. Medical images of a patient.

Comparison of the maximum diameters of the
tumor measured by CEUS and CT/MRI

As shown in Figure 6, 3 months after treatment,
there was a good correlation between the maximum
diameters of the tumor measured by CEUS and
CT/MRI (r=0.856; P<0.01).
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Figure 6. The maximum diameters of the tumor were
measured by CEUS and CT/MRI.

Changes in CEUS quantitative parameters

The rise time (RT), time to peak (TTP), peak
intensity (PI), and maximum time slot enhancement
ratio (TSermax) were compared. As shown in Figure
7, in the remission group, tRTpre and tTTPprc 1
month after treatment were higher than those before
treatment, but tPlpre and TSermax.pre were lower
than those before treatment.

250
200

150

|
Ll L iy

tRT tTTP tPI T ax.pre

CEUS parameter value

m before therapy one month after treatment

Figure 7. Comparison of CEUS parameters in the
remission group before and one month after treatment.
(* indicated the statistically significant differences as
P<0.05.)

In Figure 8, in the non-remission group, tRTpre and
tTTPprc 1 month after treatment were lower than
those before treatment, but tPlpre and TSermax.pre
were higher than those before treatment.
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Figure 8. Comparison of CEUS parameters in the non-
remission group before and one month after treatment.
(* indicated there was a statistically significant difference
as P<0.05.)

Comparison of adverse reactions and tumor
inhibition rates between the two groups

The incidence of adverse reactions and tumor
inhibition rates were compared between the two
groups. It was suggested that the tumor inhibition rate
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of patients in the observation group 6 months after
treatment was significantly higher than that of the
control group (75.67% vs 13.43%). The incidence of
adverse reactions in patients in the observation group
was also much lower than that of the control group
(5.76% vs 29.87%) (P<0.05) (Figure 9).
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Tumor inhibition rate (%6)
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Incidence of adverse reactions
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Observation group ~ Control group

=3
=

Observation group ~ Control group

Figure 9. Comparison of the incidence of adverse reactions
and tumor inhibition rates between two groups. Note:
* marked the statistically significant differences compared
to the observation group (P<0.05).

Ultrasound contrast agents can enhance the contrast
of ultrasound imaging and are useful for the detection
and imaging of microvascular perfusion in clinical
practice. Many conventional angiographies can’t
locate the tissue structure caused by diseases well, and
the accuracy of the diagnosis of soft tissue damage
isn’t high, leading to misdiagnosis and missed
diagnosis (15,16). The ideal ultrasound contrast agent
can flow throughout the body with the blood and can
reflect the blood perfusion of the organs accurately.
Meanwhile, it won’t affect the blood flow of the body,
with an appropriate half-life period, appropriate size,
good dispersibility, and no toxicity (17). Ultrasound
microbubbles can change the scattering and
attenuation of ultrasound by tissues and organs, and
enhance the image signal by changing the propagation
speed of ultrasound in the tissues, thereby improving
the specificity and sensitivity of diagnosis (18,19).
The researches of ultrasound microbubble combined
with ultrasound radiation on tumors is mainly to
encapsulate and transfer the drug to the tumor site
through the drug delivery system. After the
ultrasound, cavitation and rupture occur in the
microbubbles, and the drug is released. It can reduce
the drug accumulation in other organs, increase the
drug accumulation in the cells, and reduce toxicity
(20). Liver cancer is a common malignant tumor.
Radioactive particle implantation is a new method for
the treatment of liver cancer, and %I particle
implantation offers a new way the treatment with

metastasis, recurrence, and refractoriness (21). Song
et al. (2021) (22) adopted I particle implantation
therapy for patients who underwent hepatic artery
chemoembolization, and %I particle implantation and
intertumoral  injection gave good effects on
hepatocellular cancer. Zhou et al. (2021) (23) treated
patients with locally advanced pancreatic head cancer
using 2l particle implantation, which improved the
biochemical indicators and relieve the pain of patients
effectively with fewer complications.

With the continuous development of ultrasound
molecular imaging technology and biotechnology,
ultrasound contrast agents have gradually developed
from the micron level to the nano level. The particles
of NMBs have the stronger penetrating power, to
penetrate the capillaries of tumor tissues and inject
them into the tumor. NMBs can accelerate the drug
release with the interventional ultrasound, having a
good drug effect (24, 25). Oeffinger and Wheatley
(2004) (26) studied that the NMBs had an enhanced
effect on ultrasound contrast. After the substance
reaches the nano-level, the characteristics of
molecular structure would change greatly; which
showed a new idea for the application of nano-level
contrast agents medically. Ultrasound contrast agents
present the advantages of high targeting, high
efficiency, and miniaturization. It should be noted that
by inorganic and organic nanomaterials, various
medical applications are possible (27-30). In this
study, PLA-lecithin NMBs with good dispersibility
were prepared. The encapsulation efficiency of NMBs
reached (91.244+5.49) %, and the drug loading
capacity was (8.81+0.63) %, showing great results.

Conclusions

In summary, the PLA-lecithin NMBs-'?I particles
injection guided by CEUS was researched in this
study, and a good effect was shown on the treatment
of patients with primary liver cancer. The 1°I particles
were distributed in the shell of NMBs in an
amorphous state, and the in vitro drug release of the
NMBs had the characteristics of slow-release, zero-
order release, and accelerated drug release with
interventional ultrasound. The clinical study suggested
that the ultrasound-mediated PLA-lecithin NMBs-1%]
particles injection could reduce the toxicity and side
effects of drugs, and increase the tumor inhibition
rate, with a high application value clinically. The
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nano-ultrasound contrast agent was proposed in this
study, which provided a new way for tumor research.
The drugs with extremely high purity and good
medicinal properties were obtained using the NMBs
preparation technology. It is believed that with the
development of nanotechnology, nhano-suspension
drug delivery technology will achieve more.

The sample size was relatively small, which was
the disadvantage of this study. The NMBs needed to
be studied from more perspectives, such as infrared
rays. The small sample size also brought a certain
impact on the research results; therefore, the expanded
sample size was needed for further study.
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