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Summary
Objective: Color Doppler ultrasound was used to evaluate the intraabdominal ovarian cancer tumor model in nude mice, to explore

its diagnostic value on ovarian cancer in nude mice. Materials and Methods: A SKOV3 cell line was utilized to establish intraperi-
toneal implant tumor model of ovarian cancer in nude mice. The nude mice were divided into five groups,each group received different
drugs. Color Doppler ultrasound was used to evaluate the size of intraabdominal tumor and its color Doppler blood flow. And the final
pathological results were compared with the results of color Doppler ultrasound. Results: Color Doppler ultrasound can evaluate the
change of length diameter (a) and width diameter (b) of tumor tissue over time and the change of echo of tumor tissue in nude mice;
the blood supply and vascular resistance index (RI) value detected by color Doppler ultrasound showed no significant difference; the
length diameter, width diameter of tumor measured by ruler, and color Doppler ultrasound showed no significant differences (p> 0.05).
Conclusion: Color Doppler ultrasound is of important diagnostic value for ovarian cancer in nude mice. And it is the preferred method
to evaluate the growth of intraabdominal implantation tumor in nude mice.
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Introduction

Ovarian cancer is one of the most common malignan-
cies of the gynecological system and the mortality of it was
highest among all gynecologic ones [1, 2]. It is the leading
cause of death from gynecological diseases among women
worldwide [3, 4], and it poses a serious threat to women’s
health [5]. In addition to genetic factors, environmental fac-
tors such as obesity and smoking are also associated with an
increased risk of ovarian cancer [6]. There is also a nega-
tive correlation between age of menarche and the onset risk
[7]. The subtype of ovarian cancer can be histologically
differentiated [8]. Among them, malignant ovarian cancer
from the epithelium is the most common [9]. Different sub-
types of ovarian cancer have different etiologies and dif-
ferent sensitivities to treatment [10]. Early stage ovarian
cancer lacks obvious clinical manifestations and diagnostic
methods, therefore nearly 80% of the patients with ovarian
cancer are found in the late stage. The five-year survival
rate of advanced ovarian cancer patients is less than 30%,
in patients whose tumors were confined to the ovaries them-
selves. The survival rate is significantly increased, so early
diagnosis is very important for the treatment and prognosis
of ovarian cancer. Color Doppler ultrasound is currently
the most important examination method for the diagnosis
of gynecological diseases. It can also be used as an effec-
tive means to evaluate the efficacy of drugs and surgery.
At present, there are few studies on the abdominal tumor

model of nudemice using color Doppler ultrasound at home
and abroad. This study aims at investigating the value of
color Doppler ultrasound in evaluating the growth status
and blood supply of intraabdominal ovarian cancer in nude
mice.

Materials and Methods

Human ovarian adenocarcinoma cell line SKOV3 was
selected. Forty BALB/C nu/nu female nude mice, aged 4-
5 weeks, were raised in a SPF environment. An IU22 ul-
trasonic diagnostic instrument was used,and the probe fre-
quency was 3.5~8 MHz.

SKOV3 cells were placed in 5% CO2 incubator, at a
37◦C constant temperature, with a RPMI-1640 medium
plus 10% fetal bovine serum. The logarithmic growth phase
cells were taken and the cell concentration was adjusted to
1×108/ml.

The construction of models of abdominal implantation
tumor in nude mice: 0.2 ml SKOV3 cells with the concen-
tration of 1×108 /ml were injected into the abdominal cav-
ity of nude mice, to observe whether there were redness, in-
fection, ulceration, spillage at the injection site,abdominal
distension, and systemic cachexia such as emaciation daily.

Five groups of nude mice were treated with normal
saline, 25 mg/kg Gleevec, 50 mg/kg Gleevec, 5.0 mg/kg
cisplatin single drug therapy, and 25 mg/kg Gleevec+5.0
mg/kg cisplatin combined therapy. At 7, 14, 21, and 28
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Table 1. — Intraperitoneal tumor size changes in each group of nude mice by ultrasound (mm).

Day 7 Day 14 Day 21 Day 28

a b a b a b a b

Group A 1.31 ± 0.45 0.92 ± 0.47 3.89 ± 0.91 3.53 ± 0.78 7.05 ± 0.71 6.21 ± 0.66 10.47 ± 1.05 9.47 ± 0.97
Group B 1.32 ± 0.71 0.99 ± 0.80 3.73 ± 0.81 3.46 ± 0.92 6.53 ± 0.94 5.83 ± 0.70 9.63 ± 0.71 8.75 ± 0.95
Group C 1.28 ± 0.55 0.87 ± 0.61 3.70 ± 0.99 3.38 ± 0.82 6.34 ± 1.31 5.60 ± 0.42 9.03 ± 0.84 8.33 ± 0.75
Group D 1.30 ± 0.62 0.93 ± 0.41 3.68 ± 0.41 3.31 ± 1.20 6.01 ± 0.64 5.42 ± 1.03 8.88 ± 1.05 7.81 ± 1.05
Group E 1.33 ± 0.57 0.87 ± 0.40 3.60 ± 0.69 3.15 ± 0.48 5.46 ± 0.78 5.07 ± 0.86 7.52 ± 0.90 6.77 ± 0.66

days after intraperitoneal injection of SKOV3 cells, the tu-
mor size, tumor blood supply, and vascular resistance in-
dex (RI) were evaluated by color Doppler ultrasound. The
size, shape, and internal echo of tumor in nude mice were
observed. The long diameter (a) and short diameter (b) of
the tumor were measured. And color Doppler flow imag-
ing (CDFI) technique was used to observe the blood flow
distribution of tumor in abdominal cavity of nude mice, and
measuring the vascular RI in the lesion.

Results

Tumors in the abdominal cavity of nude mice were ex-
amined by color Doppler ultrasound every seven days (i.e.,
the 7th, 14th, 21th, and 28th days of the experiment). Ultra-
sonography showed that the tumor tissues in the abdominal
cavity of nude mice were irregular or nearly round. The tu-
mor boundary was clear, and the tumor itself had uniform
echogenicity.Color Doppler ultrasound detected the length
diameter (a) and width diameter (b) of tumor tissue in the
abdominal cavity of nude mice in each group that gradually
increased with time (Table 1). Color Doppler ultrasonogra-
phy can also detect the changes of tumor echo in the abdom-
inal cavity of nude mice in each group. The tumor tissues
of nude mice in each group gradually developed from hy-
poechoic to isoechoic. The internal echo gradually devel-
oped from uniform to non-uniform, and the boundary be-
tween the tumor and surrounding tissues gradually became
unclear.

Color Doppler ultrasound also detected the changes of
tumor blood supply in the abdominal cavity of nude mice in
each group. At the beginning of the experiment, stellate and
punctiform blood flow signals could be seen in and around
tumor tissues in the abdominal cavity of nude mice in each
group. As the experiment progressed, color Doppler ultra-
sound detected the gradual appearance of stub and branch-
ing blood supplies within and around the tumor. By mea-
suring the value of vascular RI, there was no significant-
change in the vascular RI of tumor tissues of nude mice in
each group, with no significant difference (p > 0.05) (Ta-
ble 2).

All of the nude mice in each group were sacrificed by
spinal cord dislocation at the end of the experiment, just at
the 7th day after the end of medication (i.e., the 28th day of
the entire experiment). The abdominal cavity of the nude

mice was split. Macroscopically, tumor masses of different
sizes were observed in the abdominal cavity of each group
of nude mice. Tumor masses in the abdominal cavity of
each group of nude mice were completely removed. And
the size of each tumor mass was measured accurately with a
scaleplate. The volume of tumor tissue in abdominal cavity
of each group was recorded. The results were compared
with those measured by color Doppler ultrasound at the last
time (i.e., the 28th day of the entire experiment). There was
no significant difference in tumor length diameter, width
diameter between scaleplate and color Doppler ultrasound
measurements (p > 0.05) (Table 3).

Discussion

Ovarian cancer is the fifth leading cause of cancer death
among American women and the most common cause of
death among gynecologic malignancies [11]. The five-year
survival rate of advanced ovarian cancer is only 29% and
the five-year survival rate of tumors confined to ovary is
more than 90%. Padilla et al.’s study clearly showed that
palpation had a lack of sensitivity in the diagnosis of uterine
and ovarian tumors [12]. Therefore, in the differentiation
and treatment of gynecological diseases, ultrasound has be-
come a widely used diagnostic method [13]. Color Doppler
ultrasonography is an auxiliary examination method to di-
agnose gynecological diseases by adjusting the distribution
of grayscale imaging and blood flow spectrum. Studies
showed that benign and malignant tumors can be distin-
guished according to the relatively rich blood supply of ma-
lignant tumors [14]. In most ovarian cancer screening stud-
ies, the assess sensitivity of ultrasound was similar to the
CA-125 level [15]. Therefore, ultrasound is one of the pre-
ferred screening methods for the diagnosis of ovarian can-
cer.

The mode of spread and metastasis of human ovarian
cancer is intraperitoneal dissemination and metastasis. The
abdominal tumorigenesis model established in this study
can simulate the spread and metastasis of ovarian cancer
in human body, which is more in line with clinical practice.
Moreover, the nude mouse tumor model retained the patho-
logical and biological characteristics of human tumors.

In this experiment, all of the nude mice were examined
by color Doppler ultrasound. With high resolution, clear
imaging, and sensitive color Doppler flow, the fine lesions
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Table 2. — Blood flow resistance (RI) of tumor tissue in abdominal cavity of nude mice in each group
after inject SKOV3 for each week by ultrasound.

Group A Group B Group C Group D Group E

1st week 0.42 ± 0.03 0.43 ± 0.04 0.43 ± 0.04 0.43 ± 0.05 0.48 ± 0.06
2nd week 0.44 ± 0.04 0.42 ± 0.03 0.43 ± 0.04 0.43 ± 0.05 0.43 ± 0.05
3rd week 0.41 ± 0.05 0.39 ± 0.07 0.44 ± 0.05 0.44 ± 0.05 0.42 ± 0.08
4th week 0.44 ± 0.04 0.42 ± 0.04 0.42 ± 0.03 0.42 ± 0.04 0.44 ± 0.06

Table 3. — Comparison between the measured size of in-traperitoneal tumor and the measured value of ultrasound in
each group (mm).

Ultrasonic value Actual value

a b a b

Group A 10.47 ± 1.05 9.47 ± 0.97 10.62 ± 0.98 9.56 ± 0.91
Group B 9.63 ± 0.71 8.75 ± 0.95 9.89 ± 0.82 8.85 ± 0.97
Group C 9.03 ± 0.84 8.33 ± 0.75 8.99 ± 1.04 8.01 ± 0.99
Group D 8.88 ± 1.05 7.81 ± 1.05 8.51 ± 0.78 8.34 ± 0.94
Group E 7.52 ± 0.90 6.77 ± 0.66 7.37 ± 0.91 6.42 ± 0.55

in the abdominal cavity of nude mice and its color Doppler
blood flow distribution can accurately be detected. The tu-
mor growth and blood supply in the abdominal cavity of
nude mice in each group can be effectively monitored by
measuring tumor size, observing tumor echo, and evaluat-
ing the changes of tumor blood flow distribution and vas-
cular RI in the abdominal cavity of nude mice. And then
the effect of different drugs on intraperitoneal ovarian can-
cer in nude mice was evaluated. This experimental study
has shown that the growth pattern, echo, blood supply, and
vascular RI of the transplanted tumor of human ovarian ade-
nocarcinoma SKOV3 cell line inoculated in the abdominal
cavity of nude mice were basically consistent with the ul-
trasonic characteristics of human ovarian cancer. In this
experiment, color Doppler ultrasound was used to observe
the echo of tumor tissue in the abdominal cavity of nude
mice. The tumor tissue was hypoechoic or isoechoic. The
inside echo of the tumor was uniform. Color Doppler ul-
trasonography can detect the blood flow distribution inside
and around the tumor. The distribution of blood supply
gradually developed from the star-shaped point at the begin-
ning of the experiment to the short linear or branching blood
supply distribution. During the experiment, the vascular RI
of tumor tissues in the abdominal cavity of nude mice was
detected weekly. The results showed that there was no sig-
nificant difference in the vascular RI between groups. Due
to the small size of the animals used in this experiment,
namely nude mice, the abdominal cavity is not easy to form
large tumor tissue. In addition, the duration of the experi-
ment was only 28 days, which was relatively short. During
this period, the tumor in the abdominal cavity of nude mice
in each group only grew to a few millimeters. Therefore,
the blood flow signals of tumor tissues in the abdominal
cavity of the nude mice in each group were all extenuation,

and the changes of vascular RI were not obvious. In the fu-
ture, based on this experimental study, larger animals such
as rabbits can be used as research objects and the study du-
ration can be extended to further evaluate the angiogene-
sis of tumor tissues and the change of vascular RI. At the
end of the experiment, all of the nude mice were sacrificed
and tumor tissues in the abdominal cavity of each mouse
were removed. Scaleplate was used for the actual measure-
ment of tumor. And the actual value was compared with the
last measurement of ultrasound in this experiment. Results
showed that there was no significant difference between the
length diameter and short diameter of the tumor measured
by ultrasound and scaleplate. Statistical results showed no
significant differences. The tumor size measured by ultra-
sound was equal to the actual measurement result, that is,
the tumor size obtained by ultrasound was consistent with
the actual measurement result. This study also showed that
color Doppler ultrasound can accurately measure the size of
tumor growth in abdominal cavity and is an important way
for the diagnosis of abdominal tumor. It is of great signifi-
cance for in vivo study of tumor. Therefore, color Doppler
ultrasonography possesses important diagnostic value for
ovarian cancer in nude mice and is the preferred method to
evaluate the growth of enterocoelia tumor in nude mice.
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