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Transcatheter-arterial embolization (TAE) has 
been widely accepted for its effi cacy and is used to treat 
various diseases, including tumors, vascular lesions, 
and hemorrhages. Various embolic materials have 
been developed and utilized. A variety of microspheres 
have been developed as embolic agents. Intra-arterial 
embolization with microspheres are applied to the 
level of arteriole by means of endovascular catheters 
on the basis of particle size.(1) The major advantage 
of microspheres lies in their potential to be injected 
through small fl ow-directed and ease of manipulation. 
For a given particle and vessel size, microspheres 
penetrate to a much greater extent than other embolic 
agents and are well-distributed in target vessels with 
powerful embolization in the peripheral vessels, fewer 
collateral circulation formation and non-selectivity.(2,3) 

Our group has conducted a series of studies 

on the Chinese herb, Bletilla striata , since the 
last century, and has confirmed that the Bletilla 
striata  polysaccharide is an embolic agent that 
has a power fu l  embol ic  e f fect .  Speci f ica l ly , 
i t  is  an extraordinary carr ier  and can inhibi t 
angiogenesis and collateral circulation after TAE.(4-6) 
Mucopolysaccharide is the main component of Bletilla 
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striata, which consists of four mannose molecules and 
one glucose molecule that ispolymerized.(7) Bletilla 
striata polysaccharide is slightly soluble in aqueous 
solutions, forming a hydrophilic Bletilla striata gel, and 
is insoluble in organic solvents. Without antigenicity 
and toxicside effects in tissues, it has been widely used 
in Eastern Asian countries to treat alimentary canal 
mucosal damage, ulcer, bleeding, bruises, burns and 
tumors.(8,9) This study is an extension of our series of 
research on Bletilla striata. We extracted Bletilla striata 
polysaccharide with a modified method and prepared 
blank Bletilla striata microspheres (BSMs). This study 
aimed to determine the basic characteristics of these 
new BSMs, including their embolic behavior when used 
as embolic materials in the rabbit renal arteries and the 
VX2 liver tumor model.

METHODS

Preparation of BSMs
Bletilla striata polysaccharide was prepared 

by ethanol precipitation, followed by 60 ℃ water 
extraction, deproteinization with the Sevag method,(7) 
petroleum ether (Sinopharm Chemical Reagent Co., 
China) defatting and activated carbon (Sinopharm 
Chemical Reagent Co.) bleaching. It was further 
isolated by ion-exchange chromatography on a DE-52 
column (Whatman Co., America) and gel fi ltration on 
a Sephadex G-100 column (Whatman Co., America), 
yielding purifi ed Bletilla striata polysaccharide. BSMs 
were prepared according to the modified method of 
emulsion-condensation-chemical cross linking. The 
microspheres were sized by passing them through 
sieves with different apertures. They were then placed 
into bottles based on sphere size, packaged and 
sterilized.

Characteristic Test of BSMs In Vitro
The surface morphology of the BSMs was 

observed using an environmental scanning electron 
microscope (FEI Co., Eindhoven, Netherland). The 
diameter of the microspheres was measured with 
a laser particle size analyzer (Malvern Instruments 
Ltd., Worcestershire, UK). Different concentrations 
(20%, 30% and 50%) of microspheres were prepared 
in Omnipaque (Omnipaque 350; GE Healthcare, 
China) in flasks, oscillated for 2 min and allowed to 
stand. The microsphere dispersion, suspension and 
settling time were observed. The settling time for 
microspheres was measured from the start until they 
had completely settled on the bottom of fl ask. Then, 

predefined amounts of microspheres were added 
to normal saline, omnipaque, sodium acetate buffer 
(pH 6.45, 7.00 and 8.45) in 5 tubes (0.8 cm×10 cm). 
After oscillating for 1 min and standing, the diameter 
of the microspheres were measured before swelling 
with a light microscope (Shimadzu Corporation, 
Tokyo, Japan). Then, 10 mg of different sized BSMs 
(50–100, 100–200, 200–300, 300–400, 400–500, 
and 500–700 μm in diameter) were added to 10 mL 
of saline and omnipaque in the preparation of the 
suspensions. The suspension was injected into a 
5Fand2.7F SP micro-catheter (Terumo Corporation, 
Japan) with a 2-mL syringe to observe the shape of 
microspheres. The catheter was rinsed with normal 
saline before each test. In addition, 10 mg BSMs 
of 200–300 and 500–700 μm in diameter were 
added into a small fl ask fi lled with saline at 37 ℃. At 
different observation time points, the analysis of BSMs 
degradation was performed by measuring the change 
in shape of the particle.

Embolization Experiment of BSMs in Rabbit 
Models

The study protocol was approved by the Animal 
Experimentation Committee and the experiments were 
performed according to the Animal Care Guidelines 
of Tongji Medical College. New Zealand rabbits 
(whether male or female, weighing 2.0–2.5 kg) were 
purchased form Laboratory Animal Center of Tongji 
Medical College, Huazhong University of Science 
and Technology, with certification No. SCXK (E) 
2011-0011. Animals were kept in the environment of 
20 ℃, 45%–65% humidity and reasonable lighting, 
with nutrient diet and high pressure sterilization water.

Embolization of Renal Artery
The BSMs (200 μm) were sterilized with 60Co-γ 

irradiation for animal experiments. PVAs of the same 
size (COOK Co., America) were used as controls. 
A total of 72 New Zealand rabbits were randomly 
divided according to laboratory animal number into an 
experiment group (n=36, embolized with BSMs) and 
a control group (n=36, embolized with PVAs), and 9 
observation time points after embolization were set 
(1, 3, 7 days, 2, 3, 4, 6, 8 and 12 weeks, n=4 each). 
Before embolization, baseline liver and renal functions 
were tested. In the process of renal embolization, 
general anesthesia was administered intramuscularly 
to each rabbit. The right femoral artery was surgically 
exposed, and a 4-Fr sheath (Terumo Corporation, 
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Tokyo, Japan) was inserted with a cut-down method 
under fl uoroscopy. The trunk of the renal artery was 
selected using a 4-Fr cobra-type catheter (Terumo 
Corporation), and renal arteriography was performed 
by manual injection of 2 mL omnipaque, diluted by 
50%. The renal artery was embolized immediately 
after the administration of a mixture of BSMs. At 
each time point after embolization, angiography 
and pathologic examination of kidneys, as well 
as liver and renal function tests (enzyme coupling 
spectrophotometry, ROCHE), were performed 
to detect aspartic transaminase (AST), alanine 
aminotransferase (ALT), creatine (Cre) and blood urea 
nitrogen (BUN) levels. Renal angiography was used 
to evaluate the duration of embolization and collateral 
circulation formation, with the contralateral kidney as 
a comparison. The gross pathology of the kidneys, 
including color, size and weight were also observed. 
Paraffi n-embedded kidney tissue sections were stained 
with hematoxylin-eosin (HE) and Masson stainings. 
Vascular fibers were observed after embolization 
induced renal tissue necrosis. The distribution of embolic 
agents, as well as the target vessel recanalization and 
inflammation, were observed. Lung tissue was also 
observed by HE staining.

Embolization Experiment in Rabbit Liver VX2 
Carcinoma Model

VX2 tumor was transplanted in the left liver lobes 
of 15 New Zealand rabbits. According to laboratory 
animal number, the rabbits were randomly divided into 
3 groups of 5 animals each by random number table 
as follows: group A underwent hepatic arterial infusion 
of saline, group B received hepatic arterial infusion 
of a mixture of lipiodol (lipiodol ultra-fluid; Guerbet, 
France) and doxorubicin, and group C received 
BSMs. All animals received magnetic resonance 
imaging (Magnetom Avanto; Siemens Medical 
Solutions, Germany) scanning of the abdomen before 
and 2 weeks after interventional therapy. Tumor 
volume (Vpre, Vpost) was calculated by the formula 
V=0.5×a×b2 (a: maximum longitudinal diameter, 
b: maximum transverse diameter) and tumor growth 
rate (GR, GR=[Vpost–Vpre]/Vpre×100%) was also 
calculated. After 2 weeks of therapy, DSA (Angiostar 
Plus, Siemens Medical Solutions) was performed 
again to evaluate the status of recanalization and 
collateral circulation formation. 

The animals were euthanized to harvest 

specimens, including the tumor and adjacent normal 
liver tissue. Pathological examination was performed 
to observe the morphology and the distribution of 
embolic agents. Immunohistochemical staining was 
further performed to evaluate apoptosis-related factors 
(bax, bcl-2; Boster Co., China) and tumor vascular 
endothelial cell growth factor (VEGF; Boster Co.). The 
apoptosis of tumor cells was also evaluated by the 
terminal deoxynucleotidyl transferased UTP nick end 
labeling (TUNEL) method, the positive cells in each 
of 100 cells were regarded as apoptosis index (AI). 
All slides were reviewed with HMIAS-2000 analysis 
system (Champion Image Co., China) and percentage 
of positive expression was scored by two independent 
observers in blind. A few cases with discrepant scores 
were reevaluated to reach a fi nal agreement.

For the interventional procedure, the right 
common femoral artery cut down was performed 
surgically. A 4-F sheath was then slowly inserted, 
followed by a 4-F catheter with a tip in the shape of a 
hockey stick, which was fi rst advanced into the aorta 
and then into the celiac trunk and common hepatic 
artery. Arteriography of the common hepatic artery 
demonstrated the hepatic arterial anatomy and the 
location, size and vascularity of the tumor. Then, the 
2.7F catheter was advanced over the 0.014-inch guide 
wire and into the left hepatic artery, following which 
the mixture of drugs was infused into the artery.

Statistical Analysis
Data analysis was carried out by GraphPad Prism 

5 software (GraphPad, SanDiego, US). Quantitative 
data were expressed as mean ± standard deviation 
(x–±s). Significance between groups was established 
using the χ2 tests. A P-value less than 0.05 was 
considered statistically signifi cant.

RESULTS

Characteristic Test of BSMs In Vitro
Scan-electron microscopy showed that the BSMs 

were regular, uniform in size and without aggregation. 
Small holes were noted on the surface of microspheres 
(Figure 1). BSMs dispersed well in normal saline and 
omnipaque. The concentration of microspheres in 
solution had no effect on the suspension time. The 
size of microspheres had a significant effect on the 
suspension time. The settling time was approximately 
4–6 min in omnipaque, and approximately 2–3 min in 
normal saline. In general, the settling times in these 2 
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Renal Artery Embolization
All animals survived after the interventional 

operation. Embolization was successfully performed in 
all of the rabbits. In the embolic process, renal artery 
blood flow slowed down gradually from the distal 
to proximal and stagnated. A follow-up angiogram 
immediately after embolization showed a patent renal 
artery trunk, without staining of the renal parenchyma. 
At the other follow-up time point, the angiogram showed 
that vascular network existed and renal parenchyma 
was stained in the contralateral untreated kidney. In 
the BSMs group, there was no evidence of collateral 
circulation formation in the embolized renal artery in 
the experimental group at all observation time points 
(Figure 2). However, in the control group, abundant 
new blood vessels were formed in the renal capsule, 
which developed into renal parenchyma after 14 days.

As shown in Figure 3, the tissue surrounding 
the embolized renal tissue appeared edematous and 

Figure 1. Photography of Particle by 
Electron Microscope Scan

Notes: magnifi cation: left: ×200, right: ×400

situations were long enough for syringe drawing. The 
microspheres went well through 5F catheter in both 
normal saline and omnipaque solution. There was no 
aggregation and deformation. Microspheres sized less 
than 400 μm could pass through 3F SP micro-catheter 
and did not deform and aggregate. For microspheres 
with diameter larger than 400 μm, it was difficult for 
them to pass through a 3F SP micro-catheter. They 
would aggregate, swell and occlude the microcatheter.

Figure 2. Angiography Performance after Right Renal Artery Embolization at 
Different Times with BSMs Intervention in Rabbits

Note: The right renal artery was embolized completely with no collateral circulation angiogenesis

1 day 3 days 7 days 2 weeks

3 weeks 4 weeks 6 weeks 8 weeks 12 weeks

Figure 3. Pathological Manifestation of Rabbit Kidney 
Notes: In the experimental group, the right kidney surface was yellow, with bleeding points, the volume was reduced compared 

with the contralateral kidney at 4 weeks, with an ill-defi ned cortex and medulla, and partial necrosis; BSMs in the renal blood vessels at 2 
and 4 weeks, respectively. After 4 weeks, the edge of BSMs showed defects and broke; after 2 weeks, renal artery vascular showed that 
the vessel wall stained light blue, with vascular wall integrity, no rupture, and no defects. While in the control group, PVA particles were 
present in the renal artery and the injured vessel wall after 4 weeks. PVAs in the renal blood vessels at 2 and 4 weeks, respectively. The 
appearance of the PVAs showed irregular
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the surface was dark red, piebald-like or showed 
bleeding in the fi rst day post-embolization. However, 
2 weeks later, the surface turned yellow and the 
boundary between the cortex and medulla was ill-
defined. At week 3, the kidney surface was grainy 
and the contralateral kidney showed compensatory 
hypertrophy. At week 4, the texture of the embolized 
kidney was hard, and the necrotic area was visible 
on the surface. Similar fi ndings were noted on week 
6–12; however, the extent of fibrosis was more 
severe than week 4. The texture was harder and 
tougher. A small, yellow calcified area was visible 
on the kidney surface, which on touch, felt similar to 
sand. The corticomedullary boundary disappeared 
completely. The degree of arterial inflammation 
was similar between the two groups. The infi ltrating 
infl ammatory cells at week 1 were mainly neutrophils 
and lymphocytes, and after 1 week, were mainly 
neutrophils. BSMs remain in the prototype before 4 
weeks. After 4 weeks, the microspheres gradually 
manifested edge defects, such as irregularity, which 
caused them to break. Vascular elastic membrane 
was stained as blue ribbon. In the control group, 
vessel wall injury was not obvious at week 2, 
gradually increased at week 4, and alleviated after 
6 weeks. On the contrary, the vessel wall injury was 
not obvious in the experimental group. BSMs were 
not found in the lung tissue.

In both the experimental group and control 
group, BUN and Cre increased signifi cantly on day 
3, peaked on day 7, and returned to normal on 
day 14 after operation (Figure 4A). ALT and AST 
increased in the fi rst 3 days after embolization, and 
returned to normal on day 7 (Figure 4B). At each 
observation time point, there were no significant 
differences in AST, ALT, BUN and Cre between 
groups (P>0.05).

  

Results of Embolization in Rabbit Liver VX2 
Tumor Model

The results of rabbit VX2 tumor treatment 
in each group are shown in Table 1 and Figure 
5. Differences in tumor GR, AI, apoptosis-related 
factors bax, bcl-2 and VEGF between groups B and 
C were not signifi cant (P>0.05). However, there were 
signifi cant differences between groups B, C and group 
A (P<0.05).

In the BSMs group, it was noted that there 

Figure 4. Liver (A) and Kidney (B) Function 
Changes after Rabbit Renal Artery 

Embolization in Different Period
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Table 1. Comparison of Tumor GR, AI, Apoptosis-
Related Factors and VEGF Levels of Liver VX2 
Tumor Model in Rabbits among Groups ( ±s)

Group GR (%)        AI    Bax    Bcl-2    VEGF

A 5.9   8.2±1.2 4.1±1.3 21.6±4.5 12.4±3.2

B 2.4  14.5±2.5  8.7±2.2  13.2±2.7  19.3±5.7

C 2.7  16.3±3.7  7.4±2.5 14.6±2.8  17.5±4.2

Notes: P<0.05,  P<0.01 vs. group A

was no recanalization of tumor blood vessels and 
collateral vascular formation on postoperative hepatic 
angiography. The tumor presented with complete 
necrosis in gross-view, fibrous non-organized tissue 
instead of tumor structure in microscopic view, and 
the BSMs could be observed. Apoptotic cells showed 
brown-yellow granules in nuclei of cancer cells, which 
were located at the necrotic area around the tumor 
with a diffuse or spotty distribution, or at the residual 
viable tumor area with a scattered distribution. The 
hot-spot of apoptotic cells was located in the tumor 
margin, especially in the tumor-infi ltrated capsule. The 
expression of the apoptosis-related genes, bcl-2 and 
bax, were mainly localized in the cytoplasm of cancer 
cells and some interstitial tissue, with slight expression 
in both tumor cell cytoplasm and cell membrane, with 
a spotty or sheet-like distribution. VEGF was diffusely 
or focally expressed in some cancer nests, especially 
in tumor margin and in necrotic zone. Serial sections 
showed more positive capillaries surrounding the 
cancer nest, and there was no VEGF expression in 
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normal liver tissue.

DISCUSSION

In this study, a series of BSMs in different 
diameter were prepared with the modifi ed method of 
Emulsion-condensation-chemical cross linking and 
sized by passing them through sieves with different 
apertures. Electron microscopy and light microscopy 
scanning confi rmed that the uniform size distribution 
of microspheresand small  holes were formed 
on the surface of microspheres. It overcame the 
disadvantage of low yield ratio, a wide particle size 
distribution and poor reproducibility.(10-12) This process 
yielded different diameters of particles that could be 
selected as needed, thus avoiding the complications 
of extrahepaticembolism(13,14) due to embolization by 
small particles, thereby achieving a controllable ideal 
embolization effect.(15) The holes on the surface of 
microspheres would be able to carry anti-cancer drugs 
or genes. 

Microspheres are usually dispersed in iodine-
containing contrast agents for embolization. The 
dispersion and deposition time of microsphere 
suspension in contrast  agent  inf luences the 
withdrawing into and injection from the syringe. 
Microspheres expand when setting in contrast agent. If 
the swelling is too fast, the microsphere will be broken 
easily and contributed to the interventional operation 
diffi cultly. It is a requisite that the microspheres should 
not be deformed or show only a slight deformation 
during the injection through the catheter.(16) If the 
swelling coeffi cient is too large, the quickly expanded 
microspheres will embolize blood vessels immediately, 
and thus cannot move to distal tumor vessels and 
achieve the desired effect of embolization.(17) It is 
generally believed that if the vessels embolized by a 

particular type of microspheres are not recanalized, 
this type of microsphere is a medium-term embolic 
agent.(18) This experiment demonstrated that BSMs 
swelled quickly in saline and contrast agent, and 
reached the maximum swelling after 30 min. However, 
there was enough time for syringe extraction before 
embolization. BSMs maintained their intact morphology, 
even after maximum swelling, and broke in vitro after 
6 weeks. In vitro experiments showed that all sizes of 
BSMs maintained their integrity of shape when passed 
through the 5F catheter. However, it was difficult for 
the BSMs no less than 400 μm in size to pass through 
a 3F micro-catheter, which was due to the swelling of 
microspheres.(19)

In this study, the BSMs used in renal artery 
embolization were 200 μm in diameter. They 
embolized interlobular arteries,(20) and no collateral 
c i rcu la t ion format ion on angiography in  the 
experimental group until 12 weeks after embolization. 
However, collateral circulation formation occurred in 
the control group. This indicated that BSMs embolized 
more thoroughly than PVA. It is well known that PVA is 
a long-term embolic agent.(21) This study indicated that 
BSM is a mid-term embolic agent. Similar changes of 
liver and kidney functions and perivascular infl ammatory 
cell response were noted in both experimental group 
and control group. This demonstrates that the BSMs 
had the same biocompatibil ity as PVA. Trans-
arterial chemoembolization is the preferred method 
of treatment for unresectable liver carcinoma.(22) 
Conventionally, as a drug carrier, lipiodol has a 
good mobility, and can selectively stay in the tumor 
tissue.(23) Meanwhile, the emulsion of lipiodol and 
chemotherapeutic drugs are unstable, releasing 
drugs very quickly, which can cause side effects.(24,25) 
On the other hand, collateral circulation formation 

Figure 5. VX2 Tumor in Left Lobe of Rabbit Liver before and after Embolization by BSMs
Notes: In group A, the staining was obvious after saline perfusion, there was no embolic agent and little apoptotic body. In group B, 

the apoptotic body was obvious. In group C, BSMs was seen at the tumor vessel, the apoptotic body was obvious.

G
ro

up
 A

G
ro

up
 B

G
ro

up
 C

T1WI low signal T2WI high signal (×100) (×200)

HE staining Immunochemical staining (×200)



• 437 •Chin J Integr Med 2019 Jun;25(6):431-438

after embolization will affect the long-term treatment 
efficacy.(26) BSMs could be prepared as needed and 
injected into the hepatic artery prior to the sinusoidal 
level of small arteries.(27) Compared with other embolic 
agents, it embolizes the tumor vasculatures more 
thoroughly and does not form collateral circulation.

The bcl-2 gene family plays an important role 
in the regulation of apoptosis. Specifi cally, a number 
of bcl-2 gene families can inhibit apoptosis, but 
the expression of bax can inhibit bcl-2 function to 
promote apoptosis.(28) VEGF is one of the strongest, 
well-known angiogenic growth factors(29) that can 
create the conditions that promote tumor invasion and 
metastasis. In this study, BSMs not only inhibited the 
tumor growth and promoted tumor cell apoptosis, but 
also inhibited the tumor vascular collateral circulation, 
which could lead to recurrence and metastasis. 
The experimental group had the lower expressions 
of VEGF due to the apoptosis mechanism, and 
angiogenesis is an essential step in tumor growth.(30) 
Therefore, the BSMs is very promising in suppressing 
tumor growth by inducing apoptotic cell death and 
through anti-proliferative on cancer cells of VEGF. 
The VEGF is secreted by tumor cells and stimulates 
the growth of endothelial cells, usually in response 
to external stimuli such as hypoxia or substances 
secreted by the body.(31) As such, BSMs have 
microsphere embolism features.(32,33) 

It should be noted that in our study BSMs have 
a preliminary character, because after more than ten 
years of efforts and improvement, it has not produced 
to the market. The re-standardization of the production 
of BSMs was to prepare for the market.  The 
shortcomings of this study were that with repeatedly 
place compared with the previous research and the 
research has not been carried out in the production of 
drug-loading research of BSMs. The next step would 
be carried out the research of BSMs loading hepatic 
tumor suppressor gene.

In summary, BSMs prepared by this modified 
method is in full compliance with the requirement 
for use in interventional procedures and is an ideal 
midterm embolic agent.
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