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After cardiac valve replacement, most patients will have different degrees of thrombosis, different parts of the thrombus, and even
more frequent occurrence of postoperative thrombosis; therefore, the prevention of postoperative thrombosis is particularly
important. ,e purpose of this study was to investigate the preventive effect of albumin nano tPA gene plasmid ultrasound
microbubble carrier system on thrombosis, especially in cardiac valve.,e experimental control method was used. Firstly, 11 dogs
meeting the experimental requirements were selected. Secondly, the data of albumin nanoparticles and microbubbles were
analyzed. ,e average size of albumin particles was 132.0 nm, the average size of microbubbles was 3.1± 1.6 μm, and the zeta
potential was 13.70± 1.95MV. ,e concentration of microbubbles was 4.2± 1.3×10/ml. Finally, 11 dogs were divided into two
groups. ,e experimental group was treated with albumin nanoparticles ultrasound microbubble, and the others were the control
group. It was found that the levels of tPA and D-dimer in the experimental group were significantly increased and maintained at a
high level at 1 week after operation, and the prothrombin time was detected and the international normalized ratio was calculated
at the same time. No significant changes were found in the experimental group.

1. Introduction

Valvularheart disease is a kind of serious heart disease,
which could lead to heartfailure, dyspnea, and edema; valve
replacement should be carried out in time. Congenital heart
valve disease has life-threatening consequences, which re-
quires early valve replacement. In addition, after cardiac
valve replacement, hemorheology changes abnormally and
produces emboli, which leads to the possibility of cerebral
embolism, reaching 50%. Albumin nanoparticles were ini-
tially used only as diagnostic reagents. Now, albumin
nanoparticles are a relatively mature drug delivery system,
and related drugs and diagnostic agents have been put on the
market [1, 2]. Albumin nanoparticles can be administered
through a variety of ways, such as intravenous injection,
intramuscular injection, oral administration, and intra-ar-
terial injection [3, 4]. Tissue-type plasminogen activator

(tPA) is a tissue plasminogen activator that selectively ac-
tivates plasmin [5, 6]. However, the way in which plasma-
type activator gene can be effectively transferred into ter-
minal cells has not been solved. ,erefore, whether the
plasma tissue-type activator can be effectively expressed for a
long time and play a local anticoagulant effect is still a key
problem to be solved [7, 8]. Oschatz pointed out in the study
that clinical transcatheter heart valve thrombosis is more
common than previously thought, which is characterized by
imaging abnormalities, gradient increase, and N-terminal
pro brain natriuretic peptide level, which mostly occurs after
balloon dilated transcatheter aortic valve replacement and
valve replacement [9, 10]. To test this idea, he studied 87
patients [11, 12]. Among the 87 patients, 46 (53%) hadmitral
valve replacement, 27 (31%) had aortic valve replacement,
and 14 (16%) had double valve replacement. ,e research of
Oschatz is accidental and its reliability is not high [13, 14]. In
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order to explain the influence of element measurement on
bubble size distribution, Sauter’s average diameter, and
volume mass transfer coefficient as performance indicators
of pressure dissolved microbubble generator, Dasi studied
the influence of swirl chamber, crushing plate, and other
elements on the performance of pressurized dissolved
microbubble generator [15, 16]. In the process of the ex-
periment, Dasi used a crushing disk and B-type cyclone
chamber to improve the efficiency of the pressurized dis-
solved microbubble generator. At the same time, the ex-
perimental results were quantitatively summarized [17, 18].
Dasi’s research results show that in terms of influencing
bubble size, the crushing disk has the best efficiency, and its
contribution rate to D50 and Sauter’s average diameter is
27.84% and 45.16%, respectively. In other cases, the influ-
ence of swirl chamber on mass transfer coefficient is better
than that in other cases [19, 20]. Dasi’s research has great
reference value, but the economy of its research method
needs to be improved [21, 22]. In order to prepare ultra-
sound microbubbles carrying herpes simplex virus thymi-
dine kinase (HSV-TK) gene and target HepG2 cells, Carlyle
observed its targeting ability in vitro and its inhibitory effect
on proliferation of HepG2 cells. Carlyle accumulated ul-
trasound microbubbles carrying HSV-TK on the surface of
HepG2 cells and detected proliferating cell nuclear antigen
(PCNA) and thiazolyl blue (MTT) [23, 24]. He found that
the proliferation ability of targeted microbubbles was sig-
nificantly decreased, and the apoptosis was significantly
increased. ,e cell invasion test of Carlyle showed that the
gene targeted microbubbles group (22.18± 2.01) was sig-
nificantly less than that of the control group and the non-
targeted microbubbles group, which had a good inhibitory
effect on the proliferation and invasion of HepG2 cells [25].
,erefore, gene targeted microbubbles have a good inhib-
itory effect on HepG2 cells. Ultrasound targeted micro-
bubble destruction (UTMD) is a noninvasive microRNA
delivery method. Carlyle’s research method is relatively
advanced, but its practicability still needs to be further
verified. Based on the analysis of the basic state and char-
acteristics of albumin nanoparticles and ultrasound
microbubble system, 11 dogs were selected and divided into
two groups. In the experimental group, albumin nano-
particles ultrasound microbubble carrier was used to treat
the thrombus after cardiac valve replacement preventive
effect.

2. Materials and Methods

2.1. Relevant Materials

(1) Eleven healthy domestic dogs weighing 28–36 kg
were male. ,ey were divided into control group
(n� 5) and treated with cardiac valve replacement
and nonanticoagulant therapy. In the experimental
group, 6 rats underwent cardiac valve replacement
and targeted gene therapy.

(2) ,e reagents used included plasmid pSec Tag 2B,
competent cells E. coli JM109, hamster ovary cells,
dh5a competent bacteria, RNAiso Plus, PrimeScript,

RT Master Mix (perfect real time), SYBR Premix Ex
Taq™ II (TLI RNaseH Plus). HindIII, KpnI, BamHI,
and XhoI, and E.Z.N.A. Endo-Free Plasmid Maxi
Kit. Human umbilical vein endothelial cell line
EA.hy926 Cells. DMEM/F12 basic medium, dipal-
mitoylphosphatidylcholine (DSPC). Methods: Vent
DNA polymerase and T4 DNA ligase, fetal serum,
0.25% Trypsin-EDTA, and Opti-MEM, respectively.
Sheep anti-human tPA polyclonal antibody, rabbit
anti-sheep polyclonal antibody, and AssayMax hu-
man tissue-type plasma activator ELISA kit. Bovine
serum albumin (BSA), tPA ELISA kit, and halo-
carbon-218 were used.

(3) ,e related instruments include rotary evaporator,
rotary evaporator, vacuum drying oven, one hun-
dred thousandth electronic balance, ultrasonic
cleaner, ultrasonic gene transfection system, laser
particle size detection, and zeta potential analyzer,
probe diameter 0.8 cm2, probe area, probe frequency
3MHz, energy range 0–6w/cm, built-in working
cycle pulse setting and digital timer, optical micro-
scope, ultrasonic vibrometer, CO2 incubator, ultra
clean table, precision pH meter, fluorescence mi-
croscope, desktop high-speed low-temperature
centrifuge, circulating water vacuum pump, and
multifunctional enzyme marker.

3. Methods

After operation, a thromboembolism model was established
in dogs to replace heart valves and plasma activator gene
(TPA) encapsulated in nanoparticles. Albumin nano-
particles were prepared and transported by albumin ultra-
sound microbubble channel. ,e effects of albumin
nanoparticles on thrombosis and local vascular smooth
muscle cell proliferation were observed. ,e plasmids with
high expression of tPA gene were prepared, and plasma
nanoparticles carrying tPA were prepared from albumin.
Albumin was used to prepare glycosidic acid ultrasound
microbubble channel and combined with tPA-loaded
plasma nanoparticles to form targeted diagnostic ultrasound
microbubble vector. After mechanical tricuspid valve re-
placement in dogs, targeted ultrasound diagnosis was per-
formed to observe the preventive effect of postoperative
thrombosis. ,e expression of tPA antigen in heart tissue
was detected by immunohistochemistry, and the content of
tPA and D-dimer in blood was detected by ELISA. At the
end of the experiment, local thrombosis was observed in
each group. It should be noted that the heart valve should be
taken as the center, about 1 cm of coronary artery and vein
bridge should be taken, and the heart valve tissue from the
anterior wall of the heart should be taken for routine, im-
munohistochemistry, and in situ hybridization. Immuno-
histochemistry was used to detect the expression of tPA in
myocardium. ,e first antibody was sheep anti-human tPA
polyclonal antibody (dilution 1/100). ,e expression of
proliferating cell nuclear antigen (PCNA) was detected by
LSAB method. Anti-PCNA mouse monoclonal antibody
(diluted 1/400) was performed according to the kit. Human
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lung cancer was positive for PCNA and PBS was used as
negative control instead of antibody. A PDGF-B mRNA
oligonucleotide detector was designed. ,e sequence was
position 91 5-gat CGC ACC AAT GCC AAC ttcctg GTG
TGG CCG CCC TGC GTG gag GTG cag-3141. ,e effec-
tiveness and specificity of digoxin were detected by dot blot
hybridization. ,e concentration of digoxin (1.5 ng/UL) was
determined.,e expression of PDGF-B mRNAwas detected
by conventional in situ hybridization. ,en, the internal
thickness and area of coronary artery were measured by
pathological image analyzer, and the ratio of corneal
thickness was calculated accurately. ,e formula was as
follows: lumen stenosis rate = (1− existing lumen area/area
below the elastic membrane)× 100%. ,e number of PCNA
positive cells in 200 coronary artery cells was measured as
the number of in situ hybridization positive cells. After
statistical calculation, the internal area is 0.25 cm2 to× 4 (i.e.,
1 cm2), which is lower than the high-power field (×400) of
the microscope.

3.1. Construction and Expression of Gene Plasmid. In this
experiment, three pairs of primers were designed according
to three EST sequences and tPA gene sequences to amplify
the three fragments of tPA from three ESTcloning plasmids.
,ree ESTclones were cultured on LB containing ampicillin
and chloramphenicol. ,ree EST clone plasmids were
extracted and three tPA amplified fragments were used as
PCR vectors.,e enhancement products were recovered and
identified in sequence analysis. HindIII and XhoI, HindIII
and KpnI, KpnI and BamHI, and BamHI and XhoI were
digested by pSec Tag 2B and three tPA—tPA-1, tPA-2, and
tPA-3, respectively. ,e products were cleaned with Qiagen
PCR product purification kit. Meanwhile, T4 DNA ligase
was used. ,e decontamination products were transformed
into E. coli JM109 cells by 14°C overnight. ,e resistant
colonies were screened from LB tablets containing ampi-
cillin. ,e recombinant plasmids were detected by PCR, and
the recombinant plasmids were extracted and identified.,e
recombinant plasmid was transfected into CHO cells by
calcium phosphate coprecipitation method. ,e expression
of tPA was detected by indirect immunofluorescence.

,e primers for tPA gene and three ESTsequences are as
follows: t-PA-1F: 5′-CCCaagcttATGGATGCAATGAAGA-
GAGGG-3′, t-PA-1R: 5′-GGggtaccACGGTAGGCT-
GACCCATTC-3′, t-PA-2F: 5′-GGggtaccCACAGCCT
CACCGAGTCG-3′, t-PA-2R: 5′-CGggatccAGCAG-
GAGCTGATGAGTATGCC-3′, t-PA-3F: 5′-CGggatccTCT
CTGCCGCCCACTGCT′-3′, t-PA-3R: 5′-CCctcgagGCG
GTCGCATGTTGTCAC-3′.

,e primer sequence of the primer sequence is t-PA-1F:
5′-CCC aag ctt ATG GAT GCA ATG AAG AGAGGG-3′, t-
PA- 1R: 5′- GGg gta ccA CGG TAG GCT GACCCA TTC-
3′, t-PA-2F: 5′-GGg gta ccC ACA GCCTCA CCG AGT CG-
3′, t- PA- 2R: 5′-CGg gat ccAGCA GGA GCT GAT GAG
TAT GCC-3′, t-PA-3F: 5′-CGg gat ccT CTC TGC CGC
CCACTGCT′-3′, t-PA-3R: 5′-CCc tcg agG CGG TCGCAT
GTT GTCAC-3′. ,e lowercase sequences were HindIII,
KpnI, BamHI, and XhoI.

,ree fragments were amplified and sequenced. ,e
plasmid pSec Tag 2B and three fragments t-pa-t, PA-2, and
t-pa-3 were digested and purified with hind3 and xho3,
hind3 and kpn854444, kpn3 and bamh2, and bamh3 and
xho854444. T4dna lithium was extracted overnight under
14°C ligase. ,e ligation products were transformed into E.
coli JM109 cells, and anti-ampicillin colonies were collected,
and recombinant plasma was extracted and cultured for
identification. ,e recombinant plasmid was transfected
into plasma of Chinese hamster ovary cells by calcium
phosphate coprecipitation method. ,e expression of tPA
antigen was detected by immunofluorescence.

3.2. Preparation of Ultrasound Microbubbles. First, a sterile
10ml bovine serum albumin liquid (5% (g/M) was prepared, in
which 10% sucrose was prepared and placed in a 50ml covered
plastic centrifuge tube. Oxygen and charcoal gas were used to
corrode the liquid (flow rate: 6ml/min), about 10min, ultra-
sonic treatment was carried out for 1 minute in turn (con-
dition: 180W, stable frequency: 20 kHz), and the prepared
micropores were stored at 4°C for future use.,emorphology,
size, and number of microvessels were observed under mi-
croscope.,e size and surface zeta potential of themicrovessels
were measured by Zetasizer 3000 analyzer.

Secondly, on the one hand, the albumin nanoparticles
(containing 1mg plasmid) were added into 5ml albumin
microbubbles and 10ml of 50% glutaraldehyde solution and
then incubated at 4°C for 2 hours for interconnection (the
final concentration of glutaraldehyde solution was 0.1%). On
the other hand, during the preparation of nanoparticles, the
supernatant was collected after centrifugation, and the
amount of plasmid remaining in the nanoparticles was
detected. ,e encapsulation ratio shall be calculated
according to the ratio of total amount to balance. ,e
amount of plasmids carrying albumin nanoparticles ultra-
sound microbubble complex was calculated.

With normal serum, centrifugation, stratification, cen-
trifugation speed of 200 r/min, for 1 minute, suspension
foam was obtained to obtain nano microbubbles containing
targeted ultrasound contrast factor (carrier) gene
0.88×109∼1.8×109/ml microbubbles were found in 10ml
targeted contrast medium, and the gene plasmid content was
2mg. It is then stored at 4 degrees Celsius for later use.

Finally, Zetasizer 3000 was fully used to determine the
size and zeta potential of albumin nanoparticles. Albumin
nanoparticles need gel retardation test and encapsulation
efficiency test. ,e prepared albumin nanoparticles (con-
taining 2mg plasmid) were added into 10ml albumin
microbubbles, added 50% glutaraldehyde solution 10ml,
and incubated for 2 h at 4 degrees Celsius. After cross-
linking, centrifugation (rotating speed 200 r/min, 1 minute),
suspension foam was obtained, and then the carrier was
obtained. ,e microbubble concentration was adjusted to
(0.8–1.8)× 109 cells/ml.

3.3. Targeted Ultrasound /erapy of TPA Gene-Loaded Al-
bumin Nanobubbles. ,e distribution of albumin nano-
particles in vivo mainly depends on its size and surface
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properties. Nanoparticles have a solid particle skeleton. Only
nanoparticles with a diameter less than 100 nm can pass
through the hepatic sinusoidal endothelial cell window and
accumulate in the liver without entering the human body.
Nanoparticles modified with hydrophilic groups in the range
of 100–200 nm can avoid phagocytosis of reticuloendothelial
system and become a long circulating system. To obtain
colloidal system with good physical and chemical properties
is a prerequisite for the use of protein nanoparticles as drug
carriers and surfactants. ,erefore, the preparation process
has an important impact on the in vivo activity and targeting
of albumin nanoparticles after intravenous injection. After
tricuspid valve replacement in the experimental group, the
heart rate of chest wall surface was detected by two-di-
mensional ultrasound. Imaging. After intravenous injection
of 10ml albumin nanovesicles containing tPA gene, cardiac
imaging was significantly improved. ,e chest wall was
directly connected to the right ventricular tube of the an-
terior wall of the heart for 30 minutes. ,e chest wall was
examined by two-dimensional ultrasound to observe the
description of the heart.,e ultrasonic frequency was 1MHz
and the intensity was 1.5 w/cm2. In the control group, the
tricuspid valves were replaced by conventional cardiopul-
monary bypass (CPB), and then they were intravenously
injected with 10ml normal saline and irradiated with ul-
trasound (as before). Intravenous injection of tPA 10ml
gene (containing tPA 2mg) of nano albumin microvascular
can significantly improve the development of related organs.
Postoperative antibiotics were used to prevent traumatic
infection.,ere was no anticoagulant therapy in each group.
Before and after the operation (four weeks), the content of
D-dimer and tPA were detected by ELISA. A dephos-
phorylase is used to remove the phosphorus group at the
fifth end of DNA. Dephosphorylation of 5-limb vectors can
reduce the occurrence of self-cyclization of vectors, thus
reducing the production of false positive clones.

In order to improve the therapeutic potential of UTMD,
microbubble gene vectors should have sufficient capacity to
concentrate DNA and/or specific cell or tissue selectivity.
,erefore, after 70–80% digestion of EA.Y926 cells the day
before the experiment, 5000 wells were divided into 96
vertical plates and cultured overnight at 70–80% fusion rate.
Albumin nanoparticles with plasmid content of 0.05UG,
0.1mg, 1mg, and 10UG were added into each axis, which
was composed of 0.5UG/ml plasmid, 1 UG/ml, 10UG/ml,
and 100UG/ml, and added into the conventional culture
medium, and incubated at room temperature for 20 hours.
,en, add 10 u1CCK-8 solution to each well. ,e plates were
incubated in incubator for 4 hours. ,e absorbance at
450 nm was determined by enzyme-linked immunosorbent
assay, and the number of units was calculated according to
the standard curve.

4. Results and Discussion

On the one hand, with the development of molecular bi-
ology, tissue-type plasminogen activator (tPA) has been used
as a target for gene therapy in thrombosis-related diseases, so
as to achieve the purpose of anticoagulation. ,is not only

avoids the systemic bleeding complications caused by drug
thrombolysis, but also plays a role in the local long term to
prevent thrombosis. Intravenous tissue plasminogen acti-
vator (tPA) was first introduced as a safe and effective
thrombolytic agent, and then new thrombolytic agents,
anticoagulants, and antiplatelet drugs were introduced.
,ese drugs were considered as potential safety drugs with
more favorable interactions. In addition to chemical
thrombolysis, other techniques, including transcranial ul-
trasound thrombolysis and microbubble cavitation, have
been introduced.

4.1. Analysis of Albumin Nanoparticles and Microbubbles.
,e average diameter of nanoparticles is 132.0 nm and the
average surface area of zeta is +31.88∼+40.03mv. ,e av-
erage entrapment efficiency was 73.97%. Gel retardation
analysis and DNase I protection experiments showed that
nanoparticles had protective effect on DNA plasma. ,e
ultrasonic microsphere was round and vesicular, with
uniform size and good dispersion, and the diameter was
2–5 μm. ,e albumin microbubbles containing 10% sucrose
were stored at 4°C for 30 days with the samemorphology and
good thermal stability (40°C for 30 minutes). After inter-
action with albumin nanoparticles, the above properties did
not change significantly. ,e particle size and zeta potential
are shown in Table 1.

Under the microscope, the cationic microbubble sus-
pension was observed. ,e microbubbles were spherical in
shape, and the size distribution was uneven. ,ere was no
obvious fusion and rupture. It is not difficult to see from
Table 1 that the average size of microbubbles is 3.1± 1.6 μm
and zeta potential is 13.70± 1.95MV. ,e microbubble
concentration was (4.2± 1.3)× 10/ml. ,e particle size was
218.1± 1.1 nm and zeta potential was −15.30± 0.91MV. ,e
average size of nanoparticles ultrasound microbubble
complex was 4.5± 1.8 μm. ,e zeta potential was
2.79± 1.40MV. ,e concentration was (3.0± 1.3)× 10/ml.

,e results of particle size, morphology, and entrapment
efficiency of tPA-loaded albumin nanoparticles are shown in
Figure 1.

According to Figure 1 and SEM results, albumin
nanoparticles are spherical, uniform in size, and well dis-
persed. ,e particle size analysis of Zetasizer 3000 showed
that the average particle size was 132.0 nm, the maximum
particle size was 153.1 nm, and the minimum particle size
was 48.9 nm. ,e average multiple scattering index is 0.34.
,e average surface area of zeta was 31.32± 41.42MV. ,e
blocking rate of the sample was detected by UV spectro-
photometer, and the total DNA content of plasmid was
determined. ,e results showed that the average absorption
efficiency was 73.58%, which met the experimental
requirements.

4.2. Survival Rate of Albumin Nanoparticle Ultrasound
Microbubble Complex. In vitro and in vivo ultrasound
imaging experiments show that complex of albumin
nanoparticle microbubbles has a significant impact on
ultrasound imaging, indicating that the microbubbles still
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have good acoustic performance even after inhalation of
nanoparticles. We treated the complex of albumin
nanoparticle ultrasound microbubbles with endothelial
cells EA.hy926. Albumin nanoparticles were detected in
the acute toxic cells of ultrasound microbubble complex
for 20 hours. ,e cell survival rate of albumin nano-
particles ultrasound microbubble complex is shown in
Figure 2.

According to the data in Figure 2, for most concentration
groups, there was no obvious cytotoxicity effect; only slight
decrease of cell activity was observed in the highest con-
centration group, and the average cell activity was between
80%–120% compared with the control group.

4.3. Comparison of tPA Content before and after Operation.
,rombolysis or microthrombosis in situ may be the cause
of poor clinical improvement after recanalization in acute
ischemic stroke. ,erefore, the thickness and area of heart
valve are one of the important factors. ,e comparison of
intimal thickness and area between the 5 normal dogs in the
control group who underwent cardiac valve replacement
and nonanticoagulant therapy alone and the 6 dogs in the
control group receiving targeted gene transfer therapy at the
same time with cardiac valve replacement is shown in
Figure 3.

It can be seen from Figure 3 that the average thickness of
the heart valve in the control group is 67.22 nm, and the
average thickness of the six ordinary dogs in the experi-
mental group is 17.14 nm. In the comparison of area size, the
average thickness of the control group is 24.95mm, and the

data of the experimental group is 21.13mm. ,e detection
results of blood D-dimer and tPA before and 4 weeks after
targeted gene transfer in experimental group and control
group are shown in Table 2.

It can be seen from Table 2 that the D-dimer and tPA
content of the control group before operation were
78.36± 6.12 and 0.19± 0.08, respectively, and the two values
after operation were 80.50± 3.35 and 0.18± 0.03, respec-
tively. At the same time, the levels of D-dimer and tPA were
79.22± 4.56, 0.17± 0.05, 856.78± 100.20, and 0.67± 0.11 in
the control group before and after the operation. ,e two
indexes of fibrinolytic activity in the experimental group
were significantly higher than those before the gene transfer,
the control group before and after the operation. ,ere was
no significant difference in the ratio. ,e changes of tPA and
D-dimer in venous blood of experimental group at different
periods after operation are shown in Figure 4.

It can be seen from Figure 4 that the average value of tPA
in the experimental group before operation is 0.19, and it
changes to 0.50 one week after operation. At this time,
D-dimer also changes from 89.56 to 835.28. In the following
weeks, the content of tPA increased steadily until the eighth
week, and then slightly decreased to 0.79 at the 12th week
after operation, but the tPA content was still very high, and
the change trend of D-dimer was roughly the same as that of
tPA. In the experimental group, the two indexes were sig-
nificantly increased and maintained at a high level 1 week
after operation until the end of the experimental observation
at 12 weeks after operation. Prothrombin time was detected
and the international normalized ratio was calculated, and
no significant change was found.

Table 1: Particle size and zeta potential.

Particle size Zeta potential
Plasmid albumin nanoparticles 218.1± 1.1 nm −15.30± 0.91mV
Cationic microbubbles 3.1± 1.6 nm 13.70± 1.95mV
Albumin nanoparticles ultrasound microbubble complex 4.5± 1.8 nm 2.7± 1.40mV
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Figure 1: Analysis of particle size of Zetasizer 3000 instrument.
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5. Conclusions

Most methods of gene transfer into human body are to inject
the target gene into target tissue directly. For cardiovascular
diseases, direct injection of myocardial or plasmid DNA or
adenovector into cardiac catheters is carried out. In view of
the application of ultrasound contrast agent, microbubbles
have been confirmed to have the function of directional
delivery while enhancing ultrasound imaging by using
microbubbles. It can target gene or drug delivery to achieve
the purpose of treatment of diseases and can create a safe and
effective drug ultrasound-mediated targeted delivery system.
At present, there are many studies on albumin as liquid
membrane microbubbles, which are nontoxic and easy to
prepare. ,e disadvantage is its poor stability. In this ex-
periment, 10% sucrose was selected as glycoprotein, which
not only avoided the above conditions, but also had good
microbubble stability. Because the inert gas fluorocarbon is
the most commonly used gas in the preparation of ultra-
sound microbubbles, in this experiment, we used the
physical inhalation (one-step method) to prepare albumin
nanoparticles loaded with tPA gene. ,e particle size was
about 132.0 nm, the particle size was relatively uniform, the
dispersion was good, and the entrapment efficiency was
73.58%. Gel electrophoresis analysis showed that it had a
good protective effect on DNA enzyme.,e slight damage of
ultrasound on microbubbles may be reversible damage and
permeability of target cell membrane caused by ultrasound
or mechanical factors, resulting in the rupture of micro-
bubbles with diameter of 7mm and the expansion of en-
dothelial cell space. ,e target gene reaches tissue cells
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Figure 2: Cell viability of nanoparticles and nanoparticle ultrasound microbubble complexes.

Table 2: D-dimer before and 4 weeks after targeted tPA gene
transfer and tPA content (μg/L, X± s).

Grouping D-dimer TPA content

Control group
Preoperative 78.36± 6.12 0.19± 0.08

After
operation 80.50± 3.35 0.18± 0.03

Experience
group

Preoperative 79.22± 4.56 0.17± 0.05
After

operation 856.78± 100.20 0.67± 0.11
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Figure 4: Changes of tPA and D-dimer in venous blood after valve
replacement in control group (x± s, μg/ml).
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Figure 3: Results of cardiac valve morphology measurement in each group.
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through the gap between microbubble rupture and endo-
thelial cells. In this study, tPA gene expression plasmid was
constructed, and the appropriate vector was selected to
transfer tPA into the body cells to obtain effective and
sustained tPA production, so as to achieve the purpose of
long-term anticoagulation and prevention of thrombosis.
Using three EST cloning plasmids as matrix, three tPA
fragments were amplified and cloned into pSec Tag 2B
plasmid to prepare recombinant pSec Tag 2B tPA. In the
experimental group, although the normal endothelial cells
attached to the surface of the biological valve, the degree of
valve leaf degeneration has been slowed down, but the in-
cidence of valve thrombosis is still high due to the in-
complete and partial shedding of endothelium and no
anticoagulant treatment after operation. ,e results showed
that the targeted release and gene expression of albumin
nanoparticles loaded with gene plasmids could be enhanced
by ultrasound destruction of microbubbles. ,is method is a
simple and effective new technology for targeted gene
transfer. With the development of molecular biology and
ultrasoundmedicine technology, it will provide a new way to
study the prevention of human diseases.
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