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Abstract. Ovarian carcinoma is the second most common
malignant tumor of the female reproductive system and an
notable cause of cancer death. The detection and diagnosis of
early ovarian carcinomas are still clinical challenges, which
calls for imaging studies using early ovarian carcinoma
animal models. The present study aimed to optimize the
7,12‑dimethylbenz(a)anthracene (DMBA)‑induced model
of rat ovarian tumors by investigating the delivery methods,
induction dose and time of DMBA exposure, and explored the
morphological features of tumors using MRI. Three schemes
were performed. In scheme one the ovary was covered with
absorbable hemostatic gauze loaded with a high concentra‑
tion of liquid DMBA. For this scheme, 150 Sprague‑Dawley
rats were divided into three groups depending on the DMBA
dose (1.0, 2.0 and 3.0 mg). In scheme two DMBA solution was
injected under the ovarian capsule. For this scheme, 159 rats
were divided into 0.5, 1.0 and 1.5 mg DMBA groups. In scheme
three the ovary was covered with absorbable gauze loaded
with a high concentration of solid DMBA. For this scheme 161
rats were divided into 1.0, 2.0 and 3.0 mg DMBA groups. Each
group of the three schemes was further subdivided into 60‑,
90‑, 120‑, 150‑ and 180‑day groups. In scheme two, the tumor
formation rate was 75.6% (99/131), which was the highest in
the 1.5 mg group (86.4%, 38/44) and reached 100% (10/10) on
day 120. The induced tumors were serous in 93.9% (93/99) of
tumors. Borderline ovarian tumors accounted for 19.2% (19/99)
of all tumors, and ovarian cancer accounted for 46.5% (46/99).
The mean maximum diameter (MMD) of borderline ovarian
tumors was 10.29±3.41 mm, and that of ovarian cancer was
15.19±7.10 mm. MMD of the solid components increased with
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increasing malignancy. Cystic, cystic‑solid and solid tumors
were observed. The ovarian subcapsular injection of 1.5 mg
DMBA was the best scheme for the rat ovarian tumor model.
The present model is ideal for investigating the occurrence,
development and imaging of ovarian tumors.
Introduction
Ovarian carcinomas are a group of malignant tumors,
whose mortality rate ranks second in gynecological tumors
worldwide (1). Ovarian tumors can be divided into ovarian carci‑
nomas, borderline tumors and benign tumors according to their
biological behavior and histological differentiation (2). Ovarian
carcinomas can also be divided into five main histological types
(high grade serous, endometrioid, clear cell, mucinous and low
grade serous ovarian carcinomas) according to different histo‑
logical epithelia (3). Currently, high‑grade serous carcinomas
(HGSC) and low‑grade serous carcinomas (LGSC) are consid‑
ered to be two distinct tumors. HGSC does not develop from
well‑differentiated LGSC and likely arises from the fallopian
tube epithelium, with an obvious mitotic activity, nuclear atypia
and common TP53 mutations (4‑6). Meanwhile, LGSC shows
low mitotic activity, nuclear atypia and frequent KRAS and
BRAF mutations (7,8). Due to its late detection, the survival rate
of patients with ovarian carcinomas is low. The 5‑year survival
rate is only ~29% for patients with advanced stage (III and IV
combined) but is >92% for patients with stage I carcinoma (9,10).
Therefore, the early detection and accurate diagnosis of ovarian
carcinomas may improve the patient's survival rate and quality
of life. Unfortunately, due to a lack of effective imaging tools or
biomarkers for screening early ovarian carcinomas, it is difficult
to conduct a comprehensive imaging study for early ovarian
carcinomas (11). A good animal model of ovarian precancerous
lesions, borderline tumors and early carcinomas will be helpful
for investigating the occurrence, development and imaging of
ovarian carcinomas.
Chemically induced animal models of ovarian tumors
can exhibit oncogenesis, development, invasion, and metas‑
tasis (12). 7,12‑dimethylbenz[a]anthracene (DMBA), a
frequently used carcinogen to induce ovarian tumors, has been
confirmed to have specificity for inducing ovarian adeno‑
carcinoma (13‑16). Studies have shown that DMBA‑induced
oncogenes in rat ovarian adenocarcinomas were similar to

2

YANG et al: OPTIMIZATION OF DMBA-INDUCED RAT EPITHELIAL OVARIAN TUMORS

those in human ovarian adenocarcinomas (14,16). However,
previous researchers used non‑absorbable materials to
load chemical carcinogens (14). The induced tumors were
accompanied by inflammatory granulomas and were mostly
advanced ovarian carcinomas, which are not suitable for the
investigation of borderline ovarian tumors and early ovarian
carcinomas. Therefore, the present study aimed to optimize
DMBA induction schemes for rat borderline ovarian tumors
and early ovarian carcinomas by comparing different delivery
methods, induction doses and times.
Materials and methods
Ethics. The study was approved by The Institutional Review
Board of Jinshan Hospital, Fudan University (Shanghai,
China), and all procedures involving animal studies were
in accordance with the Guide for the Care and Use of
Laboratory Animals of the National Science and Technology
Committee of China. During the experimental process, rats
were euthanized when they developed cachexia or abnormally
dilated abdominal cavity.
Animal breeding. In total, 500 female Sprague‑Dawley
rats weighing 150‑200 g, with ages ranging from 5 to
7 weeks [Shanghai Experimental Animal Co., Ltd.,
SCXK(SH)2012‑0006] were fed for one week before surgery.
The rats were maintained in a room under a temperature of
22±2˚C with a 12‑12 h light/dark cycle. Food and deionized
water were available ad libitum.
Experimental grouping. The current study was performed
by using three experimental schemes of DMBA delivery
and corresponding control groups. Scheme one included
150 experimental rats divided into three groups of 50 rats per
group according to three different doses (1.0, 2.0 and 3.0 mg).
Scheme two included 159 rats divided into 0.5, 1.0 and 1.5 mg
groups, with 51, 53 and 55 rats in each group, respectively.
Scheme three included 161 rats divided into 1.0, 2.0 and 3.0 mg
groups, with 50, 53 and 58 rats in each group, respectively. Rats
of different dose groups in each scheme were subdivided into
five groups according to the time of DMBA exposure (60, 90,
120, 150 and 180 days). In total, 30 control rats were divided
into three groups according to the corresponding experimental
schemes, with 10 rats in each group.
DMBA preparation. For scheme one DMBA (99% purity;
Sigma‑Aldrich; Merck KGaA) was dissolved in DMSO solvent
(analytical pure; Shanghai Shenggong Biology Engineering
Technology Service, Ltd.) to produce 1.0, 2.0 and 3.0 mg DMBA
per 0.02 ml solution. A piece of 0.6x0.6 mm sterile absorbable
gauze (Danatai; Yunnan Dehua Biological Pharmaceutical
Corporation) was folded twice to make its length and width
0.3x0.3 mm. The prepared DMBA solution was injected into
absorbable gauze slowly with a microsyringe. For scheme
two DMBA was dissolved in DMSO solvent to produce a
DMBA content per 0.02 ml solution of 0.5, 1.0 and 1.5 mg. For
scheme three DMBA was heated to a melting point of 124˚C.
Absorbable hemostatic gauze was immersed in melted DMBA
and contained 1.0, 2.0 and 3.0 mg of carcinogen, as weighed
on a microchemical balance.

DMBA exposure to the ovary. Ovaries were exposed to
DMBA as described in a previous study (17). Rats were
anesthetized by intraperitoneal injection of 2% pentobarbital
sodium at 50 mg/kg. A transverse, 1.5‑cm mid‑lumbar inci‑
sion was made in the right flank of the animal, 5 mm ventral
to the lumbar muscles. Ovaries and fat pads were surgically
exposed. For scheme one the ovary was covered with absorb‑
able hemostatic gauze loaded with a high concentration of
liquid DMBA or DMSO (serving as the control), wrapped with
periovarian fat and sealed with human absorbable fibrin glue
(Hualan Biological Co., Ltd.) (Fig. 1). For scheme two DMBA
solution or DMSO (serving as the control) was injected
under the ovarian capsule, and the pinholes were sealed with
absorbable fibrin glue (Fig. 1). For scheme three the ovary was
covered with absorbable gauze loaded with a high concentra‑
tion of solid DMBA or absorbable gauze only (serving as the
control) and wrapped with periovarian fat (Fig. 1). An antibi‑
otic (105 units of benzylpenicillin potassium) was administered
intraperitoneally for prophylaxis against infection before the
abdominal wall was closed.
MRI. After anesthesia with 2% pentobarbital sodium at
50 mg/kg, all rats underwent MRI, which was performed as
described in a previous study (18). On MR images, the tumor
configurations were classified into cystic, cystic‑solid and
solid according to their gross morphology (19). The maximum
diameter (MMD) of the tumors and solid components and the
thickness of the wall and septum were measured.
Histopathological analyses. Rats were anesthetized with a
single intraperitoneal injection of 2% sodium pentobarbital
(50 mg/kg) and then euthanized by cervical dislocation. Death
was confirmed by checking breathing and heartbeat. Verification
of death was supplemented by percutaneous cardiac puncture
before tissues were collected. Reproductive system organs and
abnormal morphological tissues were removed. The specimens
were cut into 3‑µm sections for hematoxylin and eosin staining
by a pathologist (LW, with 18 years of experience in human and
murine gynecological pathology). Staining steps are as follows.
Tissues were immersed in 10% (v/v) neutral buffered formalin
for 48 h at room temperature, then were embedded in paraffin.
Sections were dewaxed at 60˚C for 20 min, following washing
with xylene twice, each for 15 min. Sections were hydrated
with 100% absolute ethanol for 2 min, 95% ethanol for 1 min,
80% ethanol for 1 min, 75% ethanol for 1 min then washed with
distilled water for 2 min. Hematoxylin staining was performed
at room temperature for 5 min and then sections were washed
with running water. Eosin staining was performed at room
temperature for 2 min. The histopathological analysis was
performed under a light microscope with magnification x200.
According to the histopathological characteristics of the cells,
the ovarian tumors were divided into benign, borderline and
malignant (2).
Statistical analyses. Statistical analyses were performed with

SPSS version 22.0 (IBM Corp.). The mortality rate and tumor
formation rate of rats were compared using χ2 for multiple
groups, and the pairwise comparison used the partitions of
the χ2 method. Differences in the MMD of the tumors and
solid components and the thickness of the wall and septum
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Table I. Mortality rate of rats in different 7,12‑dimethylbenz(a)anthracene‑induced schemes.
Scheme 1 dose,
mg

Mortality rate,
n/total (%)

Scheme 2 dose,
mg

Mortality rate,
n/total (%)

Scheme 3 dose,
mg

Mortality rate,
n/total (%)

1.0
2.0
3.0
Total
0a

23/50 (46.0)
43/50 (86.0)
43/50 (86.0)
109/150 (72.7)
1/10 (10.0)

0.5
1.0
1.5
Total
0a

9/51 (17.6)
8/53 (15.1)
11/55 (20.0)
28/159 (17.6)
0/10 (0.0)

1.0
2.0
3.0
Total
0

7/50 (14.0)
11/53 (20.8)
20/58 (34.5)
38/161 (23.6)
2/10 (20.0)

Control group.

a

Table II. The mortality rate and tumor formation rate of rats in three schemes.
Rate
Mortality rate, %
Formation rate, %

Scheme one

Scheme Two

Scheme Three

P‑value

P1

P2

P3

72.7
78.0

17.6
75.6

23.6
87.8

<0.0001
0.0400

<0.05
>0.05

<0.05
>0.05

>0.05
<0.05

P1, scheme one vs. two. P2 one vs. three. P3 two vs. three.

Figure 1. DMBA exposure to the ovary. (A) Ovary of a Sprague‑Dawley rat (white arrow) and fat around the ovary (black arrow). (B) Absorbable gauze
carrying liquid DMBA (white arrow) was fixed to the ovarian surface in scheme one. (C) DMBA solution is injected under the ovarian capsule (white arrow)
in scheme two. (D) Absorbable hemostatic gauze carrying DMBA. Solid DMBA was fixed to the ovarian surface in scheme three (white arrow). DMBA,
7,12‑dimethylbenz(a)anthracene.

between the three groups were compared using one‑way
ANOVA followed by Fisher's Least Significant Difference
post hoc, or Kruskal‑Wallis followed by Dunn's post hoc were
used as appropriate. Spearman's rank correlation analysis was
used to evaluate the correlation between dose, time and tumor
differentiation. P<0.05 was considered to indicate a statisti‑
cally significant difference. Fisher's test was performed to
compare differences in tumor configurations between groups.
All variables are expressed as the mean value ± standard
deviation, unless otherwise shown.

Results
Mortality rate of rats. The mortality rates of rats in different

experimental groups and the control group are summarized
in Tables I and II. In scheme one, the overall mortality rate of
rats was 72.7% (109/150) in the experimental group and it was
46.0% (23/50) in the 1.0 mg group. Most dead rats had a mark‑
edly dilated bowel, which was considered intestinal obstruction.
Ovarian and intestinal adhesions were visible in only a few
rats. In the corresponding control group, the mortality rate was
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Table III. Tumor formation rate in different dose and time groups in scheme one.
A, 1.0 mg dose
Time, days
60
90
120
150
180
Total

Total, n/total (%)

BT, n/total (%)

BOT, n/total (%)

OCA, n/total (%)

0/2 (0.0)
1/2 (50.0)
3/3 (100.0)
8/10 (80.0)
8/10 (80.0)
20/27 (74.1)

0/2 (0.0)
1/2 (50.0)
2/3 (66.7)
2/10 (20.0)
0/10 (0.0)
5/27 (18.5)

0/2 (0.0)
0/2 (0.0)
0/3 (0.0)
1/10 (10.0)
0/10 (0.0)
1/27 (3.7)

0/2
(0.0)
0/2
(0.0)
1/3 (33.3)
5/10 (50.0)
8/10 (80.0)
14/27 (51.9)

Total, n/total (%)

BT, n/total (%)

BOT, n/total (%)

OCA, n/total (%)

0/1 (0.0)
1/1 (100.0)
1/5 (20.0)
0/0 (0.0)
0/0 (0.0)
2/7 (28.6)

0/1 (0.0)
0/1 (0.0)
3/5 (60.0)
0/0 (0.0)
0/0 (0.0)
3/7 (42.9)

0/1 (0.0)
0/1 (0.0)
1/5 (20.0)
0/0 (0.0)
0/0 (0.0)
1/7 (14.3)

BT, n/total (%)

BOT, n/total (%)

OCA, n/total (%)

1/2 (50.0)
1/2 (50.0)
0/3 (0.0)
0/0 (0.0)
0/0 (0.0)
2/7 (28.6)

0/2 (0.0)
1/2 (50.0)
1/3 (33.3)
0/0 (0.0)
0/0 (0.0)
2/7 (28.6)

0/2 (0.0)
0/2 (0.0)
2/3 (66.7)
0/0 (0.0)
0/0 (0.0)
2/7 (28.6)

Total, n/total (%)

BT, n/total (%)

BOT, n/total (%)

OCA, n/total (%)

0/9 (0.0)

0/9 (0.0)

0/9 (0.0)

0/9 (0.0)

B, 2.0 mg dose
Time, days
60
90
120
150
180
Total

0/1 (0.0)
1/1 (100.0)
5/5 (100.0)
0/0 (0.0)
0/0 (0.0)
6/7 (85.7)

C, 3.0 mg dose
Time, days
60
90
120
150
180
Total

Total, n/total (%)
1/2 (50.0)
2/2 (100.0)
3/3 (100.0)
0/0 (0.0)
0/0 (0.0)
6/7 (85.7)

D, 0 mg dose
Time, days
180

BT, benign ovarian tumors; BOT, borderline ovarian tumors; OCA, ovarian carcinomas.

10.0% (1/10). In scheme two, the overall mortality rate of rats was
17.6% (28/159) in the experimental group and no rats died (0/10)
in the control group. In scheme three, 123 rats survived, with
a mortality rate of 23.6% (38/161) in the experimental group
(Table II). The mortality rate was only 14.0% (7/50) for the
1.0 mg group, but it was 34.5% (20/58) for the 3.0 mg group.
Most of the rats died in the late stage of the experiment. The
tumor adhered to the surrounding tissues, and bloody ascites
was found in nine rats. Two rats died in the control group in
scheme three. All the dead rats in the control groups had a
markedly dilated bowel, indicative of intestinal obstruction. As
shown in Table I, the mortality rates gradually increased in all
three experimental groups with increasing DMBA doses.

Incidence of ovarian neoplasia and histopathology results.
The incidence of ovarian neoplasia and histopathology
results are listed in Tables II‑V. As shown in scheme one of
Tables II and III, 32/41 rats developed ovarian tumors, and the
overall tumor formation rate was 78.0% (32/41). There were
nine cystadenomas, six borderline tumors and 17 ovarian
carcinomas (five LGSC and 12 HGSC) (Figs. 2 and 3), all of
which were serous tumors. Both benign and borderline tumors
were cystic, and ovarian carcinomas were cystic (1/17, 5.9%),
cystic‑solid (14/17, 82.4%) and solid (2/17, 11.8%) (Fig. 4).
As seen in scheme two of Tables II and IV, the overall
tumor formation rate was 75.6% (99/131), which is close to
the 0.5 mg group in the preliminary experiment (75%, 15/20).
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Table IV. Tumor formation rate in different dose and time groups in scheme two.
A, 0.5 mg dose
Time, days
60
90
120a
150
180
Total

Total, n/total (%)
1/6 (16.7)
8/10 (80.0)
4/6 (66.7)
8/10 (80.0)
7/10 (70.0)
28/42 (66.7)

BT, n/total (%)
1/6 (16.7)
6/10 (60.0)
4/6 (66.7)
2/10 (20.0)
2/10 (20.0)
15/42 (35.7)

BOT, n/total (%)

OCA, n/total (%)

0/6 (0.0)
2/10 (20.0)
0/6 (0.0)
1/10 (10.0)
0/10 (0.0)
3/42 (7.1)

0/6 (0.0)
0/10 (0.0)
0/6 (0.0)
5/10 (50.0)
5/10 (50.0)
10/42 (23.8)

B, 1.0 mg dose
Time, days
60
90
120a
150
180
Total

Total, n/total (%)

BT, n/total (%)

BOT, n/total (%)

OCA, n/total (%)

2/7 (28.6)
8/10 (80.0)
5/10 (50.0)
8/8 (100.0)
10/10 (100.0)
33/45 (73.3)

1/7 (14.3)
4/10 (40.0)
2/10 (20.0)
1/8 (12.5)
3/10 (30.0)
11/45 (24.4)

1/7 (14.3)
3/10 (30.0)
1/10 (10.0)
1/8 (12.5)
0/10 (0.0)
6/45 (13.3)

0/7 (0.0)
1/10 (10.0)
2/10 (20.0)
6/8 (75.0)
7/10 (70.0)
16/45 (35.6)

Total, n/total (%)

BT, n/total (%)

BOT, n/total (%)

OCA, n/total (%)

6/6 (100.0)
7/8 (87.5)
10/10 (100.0)
8/10 (80.0)
7/10 (70.0)
38/44 (86.4)

2/6 (33.3)
2/8 (25.0)
2/10 (20.0)
2/10 (20.0)
0/10 (0.0)
8/44 (18.2)

4/6 (66.7)
2/8 (25.0)
3/10 (30.0)
1/10 (10.0)
0/10 (0.0)
10/44 (22.7)

0/6 (0.0)
3/8 (37.5)
5/10 (50.0)
5/10 (50.0)
7/10 (70.0)
20/44 (45.5)

C, 1.5 mg doseb
Time, days
60
90
120a
150
180
Total

D, 0 mg dose				
Time, days
180

Total, n/total (%)
0/10 (0.0)

BT, n/total (%)
0/10 (0.0)

BOT, n/total (%)

OCA, n/total (%)

0/10 (0.0)

0/10 (0.0)

Ovarian tumor differentiation positively correlated with the dose (ρ=0.523, P=0.022). bOvarian tumor differentiation positively correlated with
the induction time (ρ=0.506, P=0.001). BT, benign ovarian tumors; BOT, borderline ovarian tumors; OCA, ovarian carcinomas.
a

Of 99 tumors, 34 were benign, 19 were borderline and
46 were ovarian carcinomas (11 LGSC and 35 HGSC)
(Figs. 2 and 3); 93 were serous tumors, four were endome‑
trioid tumors, one was a seromucinous tumor and one was
a mucinous tumor. All benign and borderline tumors were
also cystic. Ovarian carcinomas were cystic (8/46, 17.4%),
cystic‑solid (21/46, 45.7%) and solid (17/46, 37.0%) (data not
shown).
As seen in scheme three of Tables II and V, 108/123 rats
developed ovarian tumors, with an overall tumor formation
rate of 87.8%. There were 25 benign tumors, 27 borderline
tumors, 45 ovarian carcinomas (19 LGSC and 26 HGSC) and

11 carcinosarcomas (Figs. 2 and 3); 96 were serous tumors,
one was a mucinous tumor and 11 were carcinosarcomas. No
carcinosarcomas were found in the 1 mg group, while six and
five carcinosarcomas were observed in the 2 and 3 mg groups,
respectively (Table V). All 25 benign tumors were cystic
tumors; 27 borderline tumors were 20 cystic, one cystic‑solid
and 6 solid; and 56 malignant tumors were 22 cystic,
21 cystic‑solid and 12 solid (data not shown).
As seen in each experimental group (Tables III‑V), the
tumor formation rate gradually increased with prolonged
DMBA exposure time. No tumor formation was observed
in the control group. This experiment showed that the
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Table V. Tumor formation rate in different dose and time groups in scheme three.
A, 1.0 mg dose					
Time, days
60
90
120
150
180
Total

Total, n/total (%)
3/6 (50.0)
8/10 (80.0)
8/8 (100.0)
9/10 (90.0)
9/9 (100.0)
37/43 (86.0)

BT, n/total (%)

BOT, n/total (%)

OCA, n/total (%)

OCS, n/total (%)

2/6 (33.3)
3/10 (30.0)
3/8 (37.5)
2/10 (20.0)
1/9 (11.1)
11/43 (25.6)

1/6 ( 16.7)
4/10 (40.0)
3/8 (37.5)
2/10 (20.0)
0/9 (0.0)
10/43 (23.3)

0/6 (0.0)
1/10 (10.0)
2/8 (25.0)
5/10 (50.0)
8/9 (88.9)
16/43 (37.2)

0/6 (0.0)
0/10 (0.0)
0/8 (100.0)
0/10 (0.0)
0/9 (0.0)
0/43 (0.0)

B, 2.0 mg dose					
Time, days
60
90
120
150
180
Total

Total, n/total (%)

BT, n/total (%)

BOT, n/total (%)

OCA, n/total (%)

OCS, n/total (%)

5/6 (83.3)
8/10 (80.0)
10/10 (100.0)
10/10 (100.0)
6/6 (100.0)
39/42 (92.9)

4/6 (66.7)
2/10 (20.0)
1/10 (10.0)
1/10 (10.0)
0/6 (0.0)
8/42 (19.0)

0/6 (0.0)
5/10 (50.0)
1/10 (10.0)
0/10 (0.0)
1/6 (16.7)
7/42 (16.7)

0/6 (0.0)
1/10 (10.0)
6/10 (60.0)
7/10 (70.0)
4/6 (66.7)
18/42 (42.9)

1/6 (16.7)
0/10 (0.0)
2/10 (20.0)
2/10 (20.0)
1/6 (16.7)
6/42 (14.3)

C, 3.0 mg dose					
Time, days
60
90
120
150
180
Total

Total, n/total (%)
6/6 (100.0)
8/9 (88.9)
6/10 (60.0)
8/9 (88.9)
4/4 (100.0)
32/38 (84.2)

BT, n/total (%)

BOT, n/total (%)

OCA, n/total (%)

OCS, n/total (%)

3/6 (50.0)
1/9 (11.1)
2/10 (20.0)
0/9 (0.0)
0/4 (0.0)
6/38 (15.8)

3/6 (50.0)
3/9 (33.3)
2/10 (20.0)
1/9 ( 11.1)
1/4 (25.0)
10/38 (26.3)

0/6 (0.0)
2/9 (22.2)
1/10 (10.0)
5/9 (55.6)
3/4 (75.0)
11/38 (28.9)

0/6 (0.0)
2/9 (22.2)
1/10 (10.0)
2/9 (22.2)
0/4 (0.0)
5/38 (13.2)

D, 0 mg dose					
Time, days
180

Total, n/total (%)

BT, n/total (%)

BOT, n/total (%)

OCA, n/total (%)

OCS, n/total (%)

0/8 (0.0)

0/8 (0.0)

0/8 (0.0)

0/8 (0.0)

0/8 (0.0)

BT, benign ovarian tumors; BOT, borderline ovarian tumors; OCA, ovarian carcinomas; OCS, ovarian carcinosarcomas.

purse string suture and absorbable gauze affected the
early observation of rat ovary. The sutures and the absorb‑
able gauze were completely absorbed in two months and
no inflammatory granuloma was seen in the ovaries and
tumors.
The histological grades of induced tumors at different
doses and time points are also shown in Tables III‑V. Ovarian
tumor differentiation positively correlated with the dose and
induction time in scheme two (ρ =0.523, P=0.022; ρ =0.506,
P=0.001, respectively). The tumor formation rate and the
proportion of malignant tumor gradually increased in all
three experimental groups with increasing DMBA doses and
induction time.

Sizes of tumors and solid components on MR imaging. The
MMD of the tumors and solid components are shown in
Tables VI and VII and Fig. 5. As seen in Table VI and
Fig. 5, the MMD of benign, borderline and malignant
tumors were 10.40±1.99, 14.35±2.29 and 24.98±14.80 mm,
respectively, in scheme one (P=0.005 and 0.038 for benign
and borderline vs. malignant, respectively); 7.86±2.48,
10.29±3.41 and 15.19±7.10 mm, respectively, in scheme
two (P<0.0001 and P=0.001 for benign and borderline vs.
malignant, respectively); and 7.91±2.30, 9.50±2.59 and
15.67±10.10 mm, respectively, in scheme three (P<0.0001
and P=0.002 for benign and borderline vs. malignant,
respectively).

ONCOLOGY LETTERS 21: 206, 2021

7

Figure 2. Histopathology of ovarian tumors with different grades (magnification, x200). (A) Ovarian cystadenoma lined by non‑stratified columnar cells.
(B) Borderline ovarian tumor lined by stratified columnar cells with papillae. (C) Low‑grade serous adenocarcinoma with a large number of abnormal cells in
the stroma and a relatively regular gland structure (black arrow). (D) High‑grade serous adenocarcinoma with pronounced heterogeneity of the stromal cells
and incomplete and disordered glandular structure.

Figure 3. Tumor types in the three schemes. Scheme one included nine benign tumors, six borderline tumors, 12 HGSCs and five LGSCs. There were 34 benign
tumors, 19 borderline tumors, 35 HGSCs and 11 LGSCs in scheme two. Scheme three had 25 benign tumors, 27 borderline tumors, 26 HGSCs, 19 LGSCs and
11 carcinosarcomas.

As shown in Table VII and Fig. 5, the MMD of the solid
components in benign, borderline and malignant tumors
were 0.88±0.18, 1.81±0.75 and 13.02±7.66 mm, respectively,
in scheme one; 0.89±0.19, 1.64±0.62 and 8.86±6.89 mm,
respectively, in scheme two; and 0.92±0.36, 1.73±1.33 and
7.14±7.71 mm, respectively, in scheme three. All P<0.0001 for
benign and borderline vs. malignant in the three schemes. The
ovarian tumors induced by this experiment were larger, which
are conducive to further research. There was an association
between the content of solid components and the degree of
malignancy.
Discussion
A previous study demonstrated that DMBA can induce point
mutations that alter the expression of oncogenes and tumor

suppressor genes to cause rat ovarian carcinomas (14), which
destroy oocytes or early primary follicles, causing pathological
changes in the ovaries, and gradually forming tumors (15).
Stewart et al (14) induced ovarian tumor formation by encap‑
sulating the ovarian surface with a high concentration of solid
DMBA, but the DMBA carrier was a non‑absorbable mate‑
rial, which can produce inflammatory granuloma and affect
the morphology of the tumors. Therefore, the present study
used absorbable gauze as a carrier or a subcapsular injection
of a carcinogen to eliminate a foreign body reaction. The
experiment showed that the absorbable gauze was completely
absorbed in two months, and no obvious inflammatory
granuloma was observed.
The mortality rate of the 1.0 mg group was 46.0% (23/50),
but the overall mortality rate was as high as 72.7% (109/150)
in scheme one. Most rats died of an intestinal obstruction. The
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Figure 4. Gross pathological specimens of rat ovarian tumors. (A) Ovary of a Sprague‑Dawley rat with ovarian essence (white star) and an ovarian capsule
(white arrow). (B) Cystadenoma with a thin wall and clear intracystic fluid (white arrow). (C) Polycystic borderline ovarian tumor with intracystic papillary
projections (white arrow). (D) Polycystic ovarian cancer with a thickened septum (white arrow), intracystic papillary projections (black arrow) and a solid
component (black star).

Figure 5. Boxplots showing the MMD of the tumors and the solid components in three schemes. Tumor size and solid component increased progressively with
increasing tumor grade; there is no difference between BT and BOT. *P<0.05. MMD, mean maximum diameter; BT, benign tumors; BOT, borderline ovarian
tumors; OCA, ovarian carcinomas.

reason for this result might be due to the penetrating ability
of DMSO and the loose structure of fat. Carcinogenic DMBA
can permeate through the periovary fat, stimulate the intestinal
tract and cause intestinal dysfunction (20). In addition, when
there is not much fat around the ovary, the sealing effect is
poor, and DMBA can leak into the abdominal cavity.
Considering the high mortality rate and possible DMBA
leakage in scheme one, we chose to inject DMBA solution
under the ovarian capsule in scheme two. The relatively intact
and dense ovarian capsule prevented DMBA leakage. The
overall mortality rate of rats was only 17.6% (28/159), which
was markedly improved compared with that of scheme one.
A previous study used DMBA‑loaded non‑absorbable cloth
to induce ovarian tumors, and the mortality rate of rats was

low (14). To avoid inflammatory granulomas, absorbable gauze
was used to carry the melted‑to‑congealed DMBA in scheme
three. The overall mortality rate of rats was 23.6% (38/161),
which was lower compared with that of scheme one but higher
compared with that of scheme two. With increasing doses, the
mortality rates gradually increased. The mortality rate was
only 14.0% (7/50) for the 1.0 mg group and 34.5% (20/58) for
the 3.0 mg group. The rats died at the late stage of the tumor.
In this scheme, the tumor formation time was less, and ovarian
cancer was more common at three months after induction.
Among the three schemes, the overall tumor formation rate
was the highest (87.7%, 108/123) in scheme three, followed by
scheme one (78.0%, 32/41) and scheme two (75.6%, 99/131).
The higher DMBA content per unit area of absorbable gauze
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Table VI. MMD comparisons of different grade tumors in the three schemes.

Scheme

MMD, mm
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
BT
BOT
OCA

P‑value

P1

P2

P3

1
2
3

10.40±1.99
7.86±2.48
7.91±2.30

0.0120
<0.0001
<0.0001

0.526
0.093
0.498

0.0050
<0.0001
<0.0001

0.038
0.001
0.002

14.35±2.29
10.29±3.41
9.50±2.59

24.98±14.80
15.19±7.10
15.67±10.10

P1, BT vs. BOT; P2, BT vs. OCA; P3, BOT vs. OCA. MMD, mean maximum diameter; BT, benign ovarian tumors; BOT, borderline ovarian
tumors; OCA, ovarian carcinomas.

Table VII. MMD comparisons of the solid components of different grade tumors in the three schemes.

Scheme

MMD, mm
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
BT
BOT
OCA

P‑value

P1

P2

P3

1
2
3

0.88±0.18
0.89±0.19
0.92±0.36

<0.0001
<0.0001
<0.0001

0.773
0.557
0.646

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

1.81±0.75
1.64±0.62
1.73±1.33

13.02±7.66
8.86±6.89
7.14±7.71

P1, BT vs. BOT; P2, BT vs. OCA; P3, BOT vs. OCA. MMD, mean maximum diameter; BT, benign ovarian tumors; BOT, borderline ovarian
tumors; OCA, ovarian carcinomas.

might explain the different results. The explanation for the
slightly lower overall tumor formation rate in scheme two
might be that the lower DMBA dose and pinhole leakage led
to an insufficient DMBA dose for some rats to form an ovarian
tumor. Ovarian carcinosarcomas were induced in scheme
three. The high concentration of DMBA might be responsible
for the formation of ovarian carcinosarcoma, which is a type
of rare ovarian cancer that has not been studied, to the best
of our knowledge. Therefore, this model induced by scheme
three could be used for investigating carcinosarcoma.
Oncogenesis was not observed in some rats regardless of
the scheme used, consistent with previous studies (13,14). At
present, there are a few explanations for this phenomenon of
the absence of oncogenesis. One theory considers that differ‑
ences in the times at which DMBA is applied during the
ovarian cycle affects the tumor formation rate, but the drug
induction time is generally much longer compared with the
ovarian cycle time (21). Therefore, this theory has not been
widely accepted. Although the carcinogen used in the present
experimental model was in contact mainly with the ovary,
it might have leaked from pinhole, or been absorbed by the
surrounding tissues other than the ovary or carried away from
the blood, which resulted in no tumor formation.
Serous tumors accounted for 93.9 and 88.9% of induced
tumors in schemes two and three, respectively. Benign,
borderline and malignant tumors were observed in all
three schemes, and the main types of malignant tumors were
LGSC and HGSC. Since LGSC is a rare and understudied
ovarian cancer type, this model would be useful for studying
LGSC. In our previous study, DMBA‑induced serous tumors
were tested for P53 and cyclin D1 and showed positive for

P53 and cyclin D1 (18). Mutations in KRAS and BRAF
genes cause continuous expression of cyclin D1 protein that
is mainly expressed in serous borderline ovarian tumors and
LGSC (22,23). TP53 mutation is much more common in
HGSC compared with in LGSC (14).
All benign tumors were cystic tumors, and both borderline
and malignant tumors were cystic, cystic‑solid and solid. The
more solid components the tumor had, the more likely the
tumor was to be malignant. A previous study reported that
only a small number of serous benign tumors (1.3%) could
form a single small papilla (24), while most serous border‑
line ovarian tumors had papillae, solid components or were
completely solid (25). Li et al (25) showed that the MMD of
the solid components was significantly smaller in borderline
tumors compared with in ovarian carcinomas. Similar results
were obtained in the current study.
Both the DMBA dose and exposure time were positively
correlated with ovarian tumor differentiation. Within a certain
range, over time and with an increasing dose, the incidence and
malignancy of ovarian tumors gradually increased. With an
increasing DMBA exposure time, ovarian tumors underwent
a gradual oncogenesis process, from benign to borderline to
early ovarian carcinomas and advanced ovarian carcinomas,
consistent with the occurrence and development of clinical
ovarian tumors (26).
The MMD of the tumor and solid components were
significantly different between benign and malignant and
between borderline and malignant ovarian tumors but not
between benign and borderline tumors. The higher the degree
of malignancy was, the larger the tumor and solid components
were, consistent with the results of a former clinical study (25).
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The morphological manifestations of the induced rat ovarian
tumors, including shape, configuration, thickened cyst wall and
septal, wall nodule and solid component, were similar to those
of human ovarian tumors (25,27,28). The MMD of borderline
and malignant tumors were 10.29 and 15.19 mm in scheme
two and 9.50 and 15.67 mm in scheme three, respectively. The
tumors induced by these two schemes were larger compared
with those reported in the previous study (14), making the
present model favorable for an imaging investigation.
The rat ovarian tumors formed in the three schemes were
similar to human ovarian tumors in terms of gross morphology,
histological type, pathological appearance, configuration,
proportion of various tumors and tumor progression. Each
scheme was successful in reducing the foreign body reaction.
Since scheme one had a mortality rate of up to 72.7% (109/150),
it was not an optimal animal model. The overall mortality
rate and tumor formation rate of the rats were 17.6% (28/159)
and 75.6% (99/131) in scheme two and 23.6% (38/161) and
87.8% (108/123) in scheme three, respectively. Although the
tumor formation rate was higher in scheme three compared with
in scheme two, the purse string suture of the ovary and absorb‑
able gauze disturbed the early imaging display of the rat ovary.
By comparison, the ovarian subcapsular injection of DMBA
in scheme two did not affect the early imaging display of the
ovary, and MRI could serially demonstrate the gradual decrease
in the ovarian parenchyma, the formation of cystic foci and the
progressive increase in solid components. The tumor forma‑
tion rate in the 0.5 mg group was 66.7% (28/42), which was
relatively lower compared with the expected rate (75%, 15/20).
The mortality rate and tumor formation rate were 15.1% (8/53)
and 73.3% (33/45) in the 1.0 mg group and 20.0% (11/55) and
86.4% (38/44) in the 1.5 mg group, respectively. Considering
the higher tumor formation rate and the shorter time needed
for tumor formation, the optimal dose of scheme two was
1.5 mg. Tanaka et al (29,30) performed subcapsular injection of
0.01 ml olive oil with 0.5% dissolved DMBA and induced the
adenocarcinoma in 35‑45% rats after 51 weeks. Liu et al (31)
injected 0.05 ml DMBA (4 mg/ml) and reached an ovarian
tumor formation rate of 77.8% after 20 weeks. Therefore, the
tumor formation time of the 1.5 mg group in scheme two was
significantly shorter and tumor formation rate was significantly
higher in our scheme two model compared with that reported
in previous studies (29‑31). Furthermore, borderline ovarian
tumors appeared in four out of six rats (66.7%) after 60 days of
DMBA exposure, ovarian carcinomas occurred in three out of
eight rats (37.5%) after 90 days and in seven out of 10 rats (70%)
after 180 days, and no ovarian carcinosarcomas were found at
any time point. This optimal animal model showed the tumor's
development process from benign to borderline to malignant
successfully in a relatively short period of time. The tumor was
relative larger and had similar morphology as human ovarian
tumors, suitable for imaging studies of tumor's oncogenesis,
development and early detection.
The present study had some limitations. First, the small
sample sizes of different time groups might have led to devia‑
tions in the research results. Second, a dynamic observation
of the whole oncogenic process, such as tumor occurrence,
development and metastasis, was not performed. Third, the
corresponding gene changes in different histopathological
subtypes and differentiation stages were not investigated. In

the future, the sample size of different time groups should be
increased. In addition, the best time point for the formation of
borderline tumors, early and late malignant tumors should be
explored. Multi‑omics studies on different histopathological
subtypes may improve our understanding of the mechanisms
underlying the formation and development mechanism of
ovarian tumors.
Overall, the ovarian subcapsular injection of 1.5 mg DMBA
was the best scheme for the rat ovarian tumor model. This
model had a high tumor formation rate. The induced ovarian
tumors were large and similar to human ovarian tumors in
terms of their gross morphology, histological type, pathological
appearance, proportion of various tumors and tumor progres‑
sion. Therefore, the present rat model is ideal for investigating
the occurrence, development and imaging of ovarian tumors.
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