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Background: Investigate the effects of Stellera chamaejasme on microvascular density and apoptosis of
cancer cells in rat bladder tumor models.

Methods: The bladder tumor model of 75 specific pathogen-free (SPF)-grade Sprague-Dawley (SD) rats aged
5-6 weeks was established by n-methyl-N-nitrosourea (MNU) bladder perfusion induction, and the model
rats were randomly divided into model group, low-dose (L-dose) group, medium-dose (M-dose) group, high-
dose (H-dose) group, and positive drug (hydroxycamptothecine, HCPT) group. L-dose group, M-dose group,
and H-dose group were treated with 5 g/kg, 10 g/kg, and 20 g/kg, respectively. The HCPT group was treated
with 2 mg/kg hydroxycamptothecin at 1 mL/kg once a week and the model group were treated with the same
amount of normal saline for 4 weeks. The quality of bladder cancer tissues in each group was measured. The
pathological changes and microvascular density of bladder tissues were observed, and the apoptosis rate of
vascular endothelial growth factor (VEGF), tumor tissue and the protein expression levels of factor associated
suicide (Fas), factor associated suicide ligand (FasL) and Caspase3 in bladder tissues were detected.

Results: Bladder cancer was induced 14 weeks after initial bladder perfusion with MNU. In the model
group, epithelial cells of bladder tissue showed atypically hyperplasia with various sizes and disorders. After
treatment with Stellera chamaejasme, the hematoxylin-eosin (HE) scores, bladder weight, microvascular
density, and VEGF were significantly decreased, and the tumor inhibition rate, cell apoptosis, and the
expression of apoptosis-related proteins Fas, FasL, and Caspase3 were significantly increased in the bladder
tissue. The above changes were dose-dependent with Stellera chamaejasme.

Conclusions: MNU can be used to prepare a rat bladder cancer model. Stellera chamaejasme has a good
therapeutic effect on rat bladder cancer, which may inhibit the progression of bladder cancer by inhibiting

micro-angiogenesis and inducing the apoptosis of bladder tumor cells.
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Introduction and bladder adenocarcinoma (1). The disease mostly occurs
Bladder cancer is the most common malignant tumor of in middle-aged and elderly people aged 40-60 years and
the genitourinary system. It usually occurs on the bladder accounts for 3.2% of all malignant tumors globally (2). The
mucosa, and its main pathologic types include urothelial age-standardized incidence rate of males is 37/100,000,

bladder 3 carcinoma, squamous cell carcinoma of the bladder, and the rate of females is 1.98/100,000 (3). About 100,000
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patients die of this disease every year, and the number
has been rising in recent years (4). The main clinical
manifestations of bladder cancer often include painless,
intermittent, total gross hematuria and bladder irritation.
Currently, treatments include surgery, chemotherapy,
radiotherapy, and immunotherapy. Early and effective
treatment can significantly reduce the death rate (5), and
the safer and more effective therapeutic drugs are the main
focuses in the current researches. Tumor angiogenesis refers
to the formation of new blood vessels by the differentiation
of endothelial cells from the already existing tumor vascular
network. In the absence of tumor angiogenesis, the tumor
grows only 1-2 mm in diameter and is in a dormant state (6).
The progressive growth of solid tumors depends mainly on
the tumor vascular network generated by their induction,
and the microvascular network also provides the necessary
pathway for tumor bloodstream metastasis (7). Existing
research found that the microvascular density (MVD) of
tumor tissues is related to apoptosis (8). Therefore, when
MVD is reduced or even disappears, this prevents a large
number of tumor cells from metabolizing, thus causing
massive apoptosis and necrosis of tumor cells, and the
purpose of tumor treatment can be achieved. Stellera
chamaejasme is a plant belonging to the Thymelaeaceae
family, Daphne genus. Its roots have medicinal properties.
It is widely distributed in China’s northwest, southwest,
and northeast. It tastes bitter and flat and can be used to
dispel retained water, clear phlegm, achieve accumulation,
and kill insects. It has long been used for the treatment of
mange, intractable skin diseases, chronic bronchitis, and
tuberculosis (9). In recent years, many scholars have studied
the in vitro antitumor effects of water extracts of Stellera
chamaejasme (10), which can significantly inhibit the
proliferation of prostate cancer cells (11,12). However, there
are few reports on microvascular density and cell apoptosis
induced by Chamaejasmin on bladder cancer in rats, and
the data are incomplete, which is a gap in clinical treatment
of bladder cancer. In order to provide experimental basis
for the study of human bladder cancer and provide ideas for
clinical treatment of bladder cancer, the effects of Daphne
wolfsill on the microvascular density and cell apoptosis
of bladder cancer rats were studied. We present the
following article in accordance with the ARRIVE reporting
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-32/rc).
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Methods
Laboratory animals

Seventy-five 5-6 weeks old specific pathogen-free (SPF)-
grade Sprague-Dawley (SD) rats with body masses of
250-300 g was purchased from Shanghai Jiesijie Laboratory
Animal Co., Ltd. with animal use certificate No. SCXK
(H) 2018-0004. The animals were reared in separate cages
under a 12-hour light and dark cycle environment every day
and were kept in an environment with 40-60% humidity
and at 21-26 °C, eating and drinking freely. Experiments
were conducted after one week of adaptive rearing. The
experiment was carried out according to the project license
(No. P-SL-2018020) issued by the ethics committee of the
Qinghai University Affiliated Hospital, which is in line with
the institutional guidelines of Qinghai University Affiliated
Hospital for animal care and use. A protocol was prepared
before the study without registration.

Animal model making and grouping

The animals were randomly grouped into 15 animals
in the negative control (NC) group and 60 animals in
the modeling group. The rats in the modeling group
received bladder perfusion through urine retrograde. The
carcinogenic agent N-methyl-N-nitrosourea (MNU) was
perfused once every 2 weeks (20 g/L with 0.1 M citric acid
buffer of pH =6.0) with 2 mg of MNU 4 times in total, and
the total amount of MNU was 8 mg for each rat. The rats
in the control group were perfused with an equal amount
of saline. A batch of rats was euthanized at 3, 6, 9, 12, and
14 weeks after the experiment. Three rats were taken
from the control and modeling groups at each time point,
and their bladder tissues were taken, photographed,
and recorded, and HE staining was used to observe the
pathological changes in the rat bladder tissues.

After 14 weeks, the modeling was finished, and 21 rats
died. A total of 24 rats were alive in the model group and
were randomly classified into the model group, the low-
dose (L-dose) group, the medium-dose (M-dose) group,
the high-dose (H-dose) group, and the positive drug
[hydroxycamptothecine (HCPT)] group. According to
the pre-experiment, in the L-dose group, the Stellera
chamaejasme solution was diluted with water to 5 g/mL (the
method to prepare the water extract of Stellera chamaejasme
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is as follows: take 200 g of the root and stem, cut into pieces,
add 400 mL of water, soak the pieces as far as possible, boil,
and concentrate to 20 g/mL). In the M-dose and H-dose
groups, 20 g/mL of the original solution was used. After
urine was drained, bladder perfusion was performed at
1 mL/kg, namely, 5, 10, and 20 g/kg in three dose groups,
respectively. The positive drug hydroxycamptothecin was
administered at 2 mg/kg once a week for six weeks.

Specimen collection

The experiment was ended after 4 weeks. The remaining
rats in each group were anesthetized intraperitoneally with
10% chloral hydrate. The bladder was taken quickly and
the fat outside the bladder was removed. The urethra was
severed at the bladder neck, and the bilateral ureters were
severed against the bladder wall. The bladder was dissected
in the anterior wall of the bladder, observed, and recorded,
and cleaned with saline, and then placed on absorbent
paper for 6 minutes. Then, the total weight of the bladder
was weighed and the tumor inhibition rate was calculated
[the tumor inhibition rate (%) = (average bladder weight
of rats in the model group - average bladder weight of rats
in treated group)/average bladder weight of rats in model
group x100].

Hematoxylin-eosin (HE) staining to observe the
pathological changes of bladder tissues

Some bladder tissues were taken and fixed with 4%
paraformaldehyde, and the samples were embedded
in paraffin to make 3 pm-thick sections. After being
dewaxed with xylene, gradient dehydrated with ethanol,
stained with hematoxylin-eosin, gradient dehydrated with
ethanol, made transparent with xylene, and sealed with
neutral glue, the bladder tissue structures were observed
under a microscope (400x). Pathological results were
described following the “KOSS’s Diagnostic Cytology
and Its Histopathological Bases” (13). The HE staining
score was used for classification and grading. A score of 0
represented no cancerous tissue. A score of 0.5 represented
slight hyperplasia. A score of 1 represented those with no
epithelial heterogeneity or only moderate heterogeneity
and moderate hyperplasia. A score of 2 represented those
with moderate epithelial hyperplasia and heterogeneity.
A score of 3 represented those with severe hyperplasia
and high heterogeneity. A score of 4 represented papillary
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carcinoma. A score of 5 represented tumor infiltration
and distant metastasis. A bladder inflammation score of 0
represented no inflammation, 1 represented inflammatory
cell infiltration visible on the bladder surface and around
microvessel, 2 represented inflammatory cells of 1-20 per
piece of bladder tissue, 3 represented inflammatory cells
of 21-100 per piece of bladder tissue, and 4 represented
inflammatory cells >100 per piece of bladder tissue. The
total pathology score was obtained by summing up the
corresponding data for each group.

MVD count

The MVD count was carried out according to the method
reported by Weidner (14). The tumor areas in the whole
field of view were scanned at low magnification (40x), and
the areas with high vascular density were selected. Vascular
endothelial cells or vascular endothelial cell families stained
brown by Factor VIII monoclonal antibody were counted at
high magnification (200x). As long as there was a gap with
adjacent microvessel, tumor cells, and connective tissue, it is
considered as one microvessel. The number of microvessel
stained brown in 5 fields of view was counted at 200x,
and the average value was taken as the MVD value of the
specimen.

Determination of vascular endothelial growth factor
(VEGF) in bladder tissue by double antibody sandwich
(ELISA) kit

Rat bladder tissue was taken, homogenized, and lysed by
low-temperature ultrasonication, and the supernatant was
collected. The content of VEGF in rat tissues and cells
was detected by diluting the standards according to the
instructions of the ELISA kit and plotting the standard
curve.

Determination of in situ apoptosis by terminal
deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL)

Rat bladder tissue sections were dewaxed and hydrated.
The tissue proteins were removed by adding 20 pg/mL
of Proteinase K working solution and incubating for
30 minutes at room temperature. After pretreatment,
the operation was carried out strictly according to the
instructions of the in situ apoptosis detection kit (Roche).
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An 0.05% DAB solution was added, and the color was
developed for 3 minutes at room temperature. Then, the
sections were dyed with methyl green, dehydrated, sealed,
and fixed. Five randomly selected fields were photographed
at 400x magnification of an ordinary light microscope,
and the number of dye-positive cells was analyzed by
ImageProPlus 5.0 software. The apoptotic index (%) = the
number of apoptotic cells/total number of cells x100%.

Detection of factor associated suicide (Fas), factor associated
suicide ligand (FasL) and caspase3 in bladder tissues by
western blot

About 50 mg of rat bladder tissue was taken, lysis solution
and protease inhibitor were added, the tissue was sonicated
on ice for 5 seconds repeated 4 times and centrifuged at
4 °C. Then, the supernatant was collected. The total protein
was quantified by ultraviolet spectrophotometry to obtain
a protein of 5 g/L. A total of 50 pg of each electrophoresis
lane was sampled, sodium dodecyl sulfate-polyacrylamide
gel electrophoresis was used, and the products were
transferred to a polyvinylidene fluoride (PVDF) membrane
using protein electrophoresis transfer apparatus. Skim
milk powder was closed for 2 hours, primary antibodies
Fas (1:1,000), FasL (1:1,000), and caspase3 (1:500) +
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(1:1,000) were added, and the membranes were incubated
overnight at 4 °C. Then, the membrane was washed with
tris buffered saline with tween (TBST), and goat anti-
mouse secondary antibody (1:5,000) was added, incubated at
room temperature for 5 h, and washed. The protein content
was expressed as the ratio of the gray area of GAPDH bands
to the electrophoretic bands.

Statistical methods

Statistical software SPSS 22.0 (IBM Corp, Armonk,
NY, USA) was used for statistical processing. Data were
expressed as mean + SD. Comparisons among multiple
groups were performed using one-way analysis of variance,
and the pairwise comparison was performed by LSD
method when homogeneity of variance was assumed.
Dunnett’s T3 method was used when homogeneity of
variance was not assumed. a=0.05 was used as the level of
statistical significance.
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Results

Results of rat modeling for bladder cancer at 3, 6, 9, 12,
and 14 weeks

Results of HE staining of rat bladder pathological sections
and bladders showed that, after the first MNU perfusion,
the 3 rats randomly killed at week 3 showed no abnormality,
the 3 rats randomly killed at week 6 showed moderate
atypical hyperplasia, and the 3 rats randomly killed at
week 9 showed moderate atypical hyperplasia, bladder
mucosa, conical papillae, consistent cell arrangement, and
no heteromorphism. Among the 3 rats randomly killed
at week 12, 2 showed obvious canceration, and 1 showed
severe proliferation of bladder wall cells. A total of 3 of the
3 experimental rats randomly treated at week 14 showed
obvious canceration, with a 100% carcinogenesis rate, and
bladder cancer could be successfully induced at week 14
after the first bladder perfusion of MNU (Figures 1,2).

Pathological examination of rat bladder tissues using the
HE staining method

In the model group, the epithelial cells of the bladder
tissue had high grade dysplasia and were disordered with
different cell sizes. The nuclei had increased chromatin,
deep staining, and nuclear division. The interstitium
was edematous and congested with vascular dilatation,
accompanied by a large amount of inflammatory cell
infiltration, and some cancer cells invaded the mucosal
lamina propria and muscle layer. In the L-dose group,
the cell arrangement was disordered; some showed were
high grade dysplasia, but most showed moderate grade
dysplasia. In the M-dose group, the cell arrangement was
also disordered; most showed moderate grade dysplasia with
inflammatory cell infiltration. In the L-dose group and the
positive group, the cell arrangement was disordered; most
showed slight to moderate grade dysplasia with slight to
moderate inflammatory cell infiltration. The pathological
changes of the model group were compared with those
of the Stellera chamaejasme L-dose, M-dose, and H-dose
groups. We found that the cell levels of rat bladder cancer
were reduced after treatment with Stellera chamaejasme.
This indicated that, in MNU-induced rat bladder cancer,
Stellera chamaejasme could inhibit cell canceration.
In addition, the comparison of the differences in HE
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Figure 1 Results of rat modeling for bladder cancer (HE, x400). NC: rats in the control group; 3W: 3rd week after modeling; 6W: 6th week
after modeling; 9W: 9th week after modeling; 12W: 12th week after modeling; 14W: 14th week after modeling. NC, negative control; HE,

hematoxylin-eosin.

staining scores of bladder tissues in each group of rats was
statistically significant (P<0.05). Compared with the model
group, HE staining scores of bladder tissues in the L-dose,
M-dose, H-dose, and HCPT groups were significantly
lower after bladder perfusion with Stellera chamaejasme
(P<0.05), and the results were dose-dependent. This
indicated that the bladder perfusion of Stellera chamaejasme
could significantly improve the pathological status of
bladder tissues in rats with bladder cancer (Figure 3).

Comparison of bladder weight and tumor inhibition rate
of rats in each group

Comparison of the differences in bladder weight and
tumor inhibition rate of rats in each group was statistically
significant (P<0.05). Compared with the model group, after
bladder perfusion of Stellera chamaejasme, the rat bladder
weight of the L-dose, M-dose, H-dose, and HCPT groups

© Translational Andrology and Urology. All rights reserved.

were significantly reduced (P<0.05), and the result was
dose-dependent. This indicated that bladder perfusion of
Stellera chamaejasme could significantly reduce the bladder
weight and bladder tumor progression of rats with bladder
cancer (Figure 4).

Comparison of microvessel density and VEGF expression
in rats in each group

Comparison of the differences in microvessel density and
VEGEF expression in bladder tissue of rats in each group was
statistically significant (P<0.05). Compared with the model
group, after bladder perfusion of Stellera chamaejasme, the
microvessel density and VEGF expression in bladder tissue
of the L-dose, M-dose, H-dose, and HCPT groups were
significantly decreased (P<0.05), and the results were dose-
dependent. This indicated that bladder perfusion of Stellera
chamaejasme could significantly reduce the angiogenesis of
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Figure 2 Bladder changes at different times in the rat bladder cancer model. NC: rats in the control group; 3W: 3rd week after modeling;
6W: 6th week after modeling; 9W: 9th week after modeling; 12W: 12th week after modeling; 14W: 14th week after modeling. NC, negative

control.

cancer tissue in rats with bladder cancer (Figure 5).

Comparison of apoptosis and expression of Fas, FasL, and
caspase3 proteins in vat bladder cells in each group

Comparison of the differences in apoptosis and expression
of Fas, FasL, and caspase3 proteins in rat bladder cells in
each group was statistically significant (P<0.05). Compared
with the model group, the apoptosis, and expression of Fas,
FasL, and caspase 3 in bladder cells of the L-dose, M-dose,
H-dose, and HCPT groups were significantly decreased
(P<0.05), and the results were dose-dependent. This
indicated that bladder perfusion of Stellera chamaejasme
could significantly promote the expression of bladder cell
apoptosis and apoptosis-related proteins in rats with bladder
cancer (Figures 6,7).

Discussion

The pathogenesis of bladder cancer is not well understood,
and both genetic factors and environmental factors play a
role in the pathogenesis. The standard diagnostic methods
for bladder cancer widely used in clinical practice include
cystoscopy plus biopsy and urine cytology (15). Bladder
cancer is one of the 10 malignant tumors with the highest
mortality rate globally. However, surgery only removes
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the local tumor, and cancer cells still exist in the blood and
lymph nodes. This disease cannot be cured completely by
surgery, and there is a high risk of relapse and cancer cell
metastasis. Therefore, the research and development of
effective anti-bladder cancer drugs is of great importance
to avoid and reduce bladder cancer mortality. The applied
animal models in experimental studies of bladder cancer
can be classified into four types, including spontaneous
bladder tumor models, inducible bladder tumor models,
transplanted bladder tumor animal models, and transgenic
animal models (16). Among these, chemical carcinogens-
induced cancers are most commonly used in inducible
bladder tumor models, and the chemical carcinogens
mainly include MNU, N-butyl-N-(4-hydroxybutyl)-
nitrosamine (BBN), and FANFT (17). Of these, MNU is
a direct bladder carcinogen. MNU-induced tumorigenesis
and development consist of a typical pathological process
from simple hyperplasia to papillary and nodular benign
hyperplasia, papillary tumor, non-infiltrating carcinoma,
and infiltrating carcinoma. This indicates that MNU
bladder perfusion is bladder-specific, and the histological
morphology and pathological features of MNU-induced
bladder tumors are very similar to those of human bladder
tumors (18). MNU has the following characteristics: (I) it
has strong carcinogenicity, and can be carcinogenic in small
doses; (II) it is carcinogenic to a variety of animals; and (III)
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Figure 3 Histopathological examination of rat bladders by HE staining (x400). Compared with the model group, *, P<0.05; ", P<0.01;
" P<0.001. L-dose, low-dose; M-dose, medium-dose; H-dose, high-dose; HCPT, hydroxycamptothecine; HE, hematoxylin-eosin.
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Figure 6 Comparison of the apoptosis rate of rat bladder cells
in various groups. Compared with the model group, *, P<0.05;
# P<0.01; ** P<0.001. L-dose, low-dose; M-dose, medium-dose;
H-dose, high-dose; HCPT, hydroxycamptothecine.

it has an obvious affinity for organs. Therefore, MNU was
chosen as an inducer to induce rat bladder cancer in this
experiment. In this study, the pathological histological score
at week 14 indicated successful modeling of rat bladder
cancer.

In recent years, research has shown that Stellera
chamaejasme is composed of coumarins, flavonoids,
diterpenoids, and other trace elements, and it has inhibitory
effects on various tumors such as liver, lung, and breast
cancers (19). In this study, we used an extract of Stellera
chamaejasme as a drug for bladder perfusion to observe its
inhibitory effect on tumors in rat bladder cancer models.
The results showed that, after treatment with Stellera
chamaejasme, the tumor tissue cell level of rats with bladder
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cancer decreased, inflammatory cell infiltration improved
significantly, the bladder weight decreased gradually with
the increase in volume of the Stellera chamaejasme dose,
and the tumor inhibition rate increased gradually. This
indicated that Stellera chamaejasme has a good therapeutic
effect on MNU-induced bladder cancer of rats.

The progressive growth of solid tumors depends mainly
on the tumor vascular network that supplies the oxygen
and nutrition required for the continuous proliferation of
tumor cells, and the angiogenesis of tumors is a prerequisite
for tumor growth and metastasis (20). Many studies have
shown that the occurrence, progression, biological behavior,
and prognosis of bladder tumors are closely related to
angiogenesis (21). Inhibition of angiogenesis can reduce the
tumor vascular network, inhibit tumor growth, and keep
tumors in a dormant state (22). MVD is the number of
microvessel per unit density in biological tissues including
skin, muscle, and organs and is the gold standard for
assessing the state of tumor angiogenesis (23). A variety of
cells in organisms can express VEGE, which plays a key role
in promoting vascular endothelial cell growth, inducing
neovascularization, and regulating the development of
blood vessels, and is one of the most important known
vasoactive factors (24). Simonetti et 4/. (25) found that the
expression of VEGF was higher in tumor tissues than in
normal tissues, and they concluded that VEGF can promote
tumor microvasculogenesis and play an important role in
the occurrence and development of tumors. After bladder
perfusion with Stellera chamaejasme, the growth of bladder
tumors was inhibited, and, at the same time, the microvessel
density and VEGF levels of tumors were significantly
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Figure 7 Comparison of apoptosis and protein expression in rat bladder cells in each group. Compared with the model group, *, P<0.05;
#. P<0.01; ™ P<0.001. L-dose, low-dose; M-dose, medium-dose; H-dose, high-dose; HCPT, hydroxycamptothecine.

reduced. This indicated that the inhibition of bladder tumor
growth by Stellera chamaejasme perfusion may be related to
the inhibition of tumor angiogenesis.

Apoptosis is a regulated cell death process induced by
death signals, therefore, inducing tumor cell apoptosis is
an effective way to treat the tumor. There are two main
apoptosis signaling pathways. One is that extracellular
signals activate intracellular apoptotic enzymes and
induce apoptosis, that is, the death receptor signaling
pathway. The other is to activate apoptotic enzymes by
releasing apoptotic enzyme activators from intracellular
mitochondria (26). Study has confirmed that Fas/FasL is an
important pathway for the death receptor signaling pathway
to induce apoptosis (27). Fas is a membrane protein
belonging to the tumor necrosis factor receptor superfamily.
It plays an important role in cell apoptosis. After binding
with the FasL ligand, Fas activates the downstream effector
protein Caspase3 to induce apoptosis of cells expressing the
Fas protein. Study has confirmed that apoptosis of bladder
tumor cells is closely related to the Fas/FasL death receptor
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signaling pathway (28). In this experiment, apoptosis
was significantly increased in bladder tumor cells of rats
treated with Stellera chamaejasme, and both Fas/FasL and
caspase3 protein expression were significantly increased.
This suggests that the Fas/FasL death receptor signaling
pathway may be involved in apoptosis induced by Stellera
chamaejasme treatment in rats with bladder cancer. The
effect of the change in expression of the Fas/FasL death
receptor signaling pathway on apoptosis in rats with bladder
cancer treated with Stellera chamaejasme needs to be further
investigated. As does the role of other apoptosis-inducing
pathways (such as the intracellular mitochondria-controlled
apoptosis pathway) in the induction of apoptosis in rats
with bladder cancer treated with Stellera chamaejasme.
The results suggest that activation of the Fas/FasL. death
receptor signaling pathway and upregulation of the
downstream caspase3 protein expression to induce apoptosis
in bladder tumor cells may be one of the mechanisms of
the anti-tumor effect of Stellera chamaejasme in rat bladder

cancer.
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Conclusions

MNU can be used to effectively prepare a rat bladder
cancer model. Stellera chamaejasme can significantly
reduce bladder inflammation, the HE staining score, and
microvessel density, inhibit VEGF protein expression, and
promote bladder cell apoptosis and apoptosis-related protein
expression in rats with bladder cancer. This indicates that
Stellera chamaejasme may inhibit the progression of bladder
cancer by inhibiting micro-angiogenesis and inducing the
apoptosis of bladder tumor cells.
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