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ABSTRACT
Objective: This research aims to get the relevant animal model for epithelial
ovarian cancer and ultrasonography approach to detect volume and size of
ovarian cancer. Methods: Induction of ovarian cancer in rats was carried
out using 7,12-Dimethylbenz [a] anthracene (DMBA) coated on silk suture
and then implanted in the left ovary of female Wistar rats. Nodule were
determined weekly after the first surgery by palpating the abdominal wall
of rats. Utrasonography was carried out at 20th week. Rats were euthanized,
ovarian organs were taken and histopathological examination was
performed with haematoxylin and eosin staining. Results: Nodules in
DMBA-treated rats were noted at 16th weeks post implantation and reaching
a cummulative incidence of 96, 4% at 24th weeks. On ultrasound examination at the 20th week, there were significant differences in left and right
ovarian size and volume. The histological type of induced tumor included:
serous carcinoma cell, clear cell carcinoma, sarcoma and squamous

carcinoma. Conclusion: The implanted 7,12-Dimethylbenz[a]anthracene
(DMBA) coated silk suture in the ovaries rats can be used as animal model
for testing therapeutics agent of ephitelial ovarian cancer and ultrasonography
can determine the size and volume of tumors formed in ovary.
Key words: 7,12-Dimethylbenz[a]anthracene, Animal model, Epithelial
ovarian cancer, Ultrasonography.
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INTRODUCTION
Ovarian cancer is a gynecological cancer that causes a leading mortality
in women. The GLOBOCAN (IARC) data showed 239.000 women diagnosed with ovarian cancer in 2012. In the United States, 22.280 women
were diagnosed with ovarian cancer in 2016 and 14.240 out from this
number were died of cancer. In Indonesia, ovarian tumors are the third
most common tumor in women based on the report of Badan Registrasi
Kanker Perhimpunan Dokter Spesialis Patologi Indonesia in 2012 with a
total of 1.195 cases. While the 2015, INASGO data showed 442 new cases
of ovarian cancer with 331 of them found to be advanced.1 Seventy
percent of ovarian epithelial cancer found to be advanced with number
of survivor only 46% in 5 years.2
Therapeutic modalities for ovarian epithelial cancer are cytoreduction
surgery and then followed by the administration of combination platinum
and taxane as chemotherapy. However, the effectiveness of chemotherapy
is only 60 up to 80 percent with higher degree of recurrence. Standard
chemotherapy regimens are alkylating agents, anti-metabolites, DNA
binder and cutters and spindle destroyers that might reduce tumors
development, but often fail to eradicate or prevent recurrence and
repeated chemotherapy with this regimen makes chemoresistance cancer
cells. Recurrence in ovarian epithelial cancer remains a major problem
in the treatment of ovarian epithelial cancer. The problem of recurrence
of ovarian epithelial cancer is a resistance to standard chemotherapy
treatment. Survival of patients with cases of resistance to chemotherapy

averaged 6 months and even only 27% of cases survived more than
12 months.3
Therefore, a sophisticated strategy is needed in developing effective
therapeutic modalities in treating ovarian epithelial cancer. One of the
strategies to improve the effectiveness of ovarian epithelial cancer therapy
is conducting a co-chemotherapy effect of phytopharmaca. In the development of anticancer drugs in vivo requires experimental animal models
for epithelial ovarian cancer. The use of animal models in the testing of
epithelial ovarian cancer therapy is still needed considering that epithelial
ovarian cancer treatment is still not optimal. Validation of experimental
animal models that have histological characteristics of ovarian cancer is
needed in humans, therefore animal models can be used in the development and testing of ovarian cancer drugs.
A number of models of ovarian cancer have been developed using various
techniques including induction of carcinogens, steroid hormone stimulation and genetic engineering. Various chemical compounds can be
used to induce tumor development in experimental animals, one of them
is 7,1 dimethylbenz[a]anthrazene (DMBA). DMBA is a carcinogen with
the empirical formula C20H16 known as a toxic compound for the body.
DMBA is a group of polycyclic aromatic hydrocarbons (Polycylic
Aromatic Hydrocarbon/PAHs) which can be found in motor vehicle
fumes, petroleum residues, cigarette smoke and soot. DMBA is fat
soluble so it can accumulate in adipose tissue.4
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One of the way to make animal models of ovarian cancer is using
carcinogens DMBA, which can induce cancer by forming DNA addcuts,
inducing the initiation, promotion and progression of tumors. The incidence of ovarian cancer in experimental animals caused by DMBA varies
between 10% to 45%.5 Therefore such possibility can be influenced by experimental animal sources and strains, dosage forms and the amount of
DMBA given and delivery routes of DMBA.6 The route for DMBA delivery is important which correlates with tumor incidence. DMBA implantation in the ovary will give a different percentage of incidence by giving the
DMBA with oral and intravenous injection.7 The ovarian cancer model was
developed by implanting surgical threads coated with DMBA carcinogens
in the rat ovary is proposed in this study. DMBA will damage the ovarian
stroma which can cause various types of ovarian cancer such as epithelial
tumors, sarcomas and granular cell tumors. Induction of DMBA with
this method gained an incidence of ovarian cancer reaching 75% at
32 weeks with a dominant picture of adenocarcinoma (93.75%). This
method can be used to make animal models of ovarian cancer, that can
resemble carcinogenesis in humans therefore can be used for studies and
therapy development to ovarian cancer. In this study, female rat ovaries
were induced using DMBA. DMBA coated on silk threads, then implanted in female ovaries to obtain animal models of epithelial type ovarian
cancer.6
Early detection of ovarian cancer provides a better life and is useful in
controlling the progression of the disease.8 Detection of ovarian cancer is
also useful in developing animal models of ovarian cancer therefore can
be used in ovarian cancer drug testing. Various modalities of radiological
examination are used to detect ovarian cancer, including Ultrasonography
(USG). USG is a simple, inexpensive and non-invasive examination for
evaluation of abnormal gynecologic findings including ovaries. Using
the USG, the ovaries can be visualized more than 95% in pre-menopausal
women and more than 85% in post-menopausal women. The use of
transabdominal ultrasound (TAS) for the diagnosis of malignancy of
tumor mass has a specificity of 42-95% and a sensitivity of 60-93%, the
disadvantage is not able to distinguish the type of ovarian tumor.9
Ultrasonography can determine the size, amount and relative location of
each ovarian follicle. A wave-developmental pattern shows synchronous
growth of a group of follicles in response to a flow in circulating concentrations of follicle-stimulating hormone, that usually followed by continued growth of dominant follicle and rapid die-off of the subordinates.10
Another study said the use of ultrasonography showed the wave-like
pattern extends to antral follicles as small as 1 mm and the largest group
at wave emergence is destined to become the dominant follicles. Hence,
the study of ovarian follicular development in rodents has been based
on one-time histological examination of excised tissues; i.e., longitudinal
study of day-to-day ovarian changes has not been possible in rats. The
objective is to establish an ultrasonography approach to study follicular
and luteal dynamics in rats.11 This research aims to obtain animal models
of epithelial ovarian cancer with implantation DMBA and use of ultrasonography to detect ovarian cancer growth.

MATERIALS AND METHODS
Materials
7,12-dimethylbenz(a)anthracene (DMBA) (Sigma Chemical Co., St.
Louis, MO), silk suture, female Wistar rats (obtained from National
Institute of Research and Development, Ministry of Health of Republic
Indonesia), ketamine hydrochloride Injection,USP (Hospira,Inc.,USA),
xylazine (Interchemie,Holland), portable ultrasonography console Chison Q8® (PT Mega Utama Medica, Indonesia).
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Preparation of DMBA-Coated Silk Suture 3-0
DMBA is heated at 124°C, which is the boiling point of the DMBA.
Approximately 1,5 cm 3-0 cm silk thread is placed on the melted DMBA.
Silk suture will be coated in DMBA approximately 2-3 mg.

Procedure of Ovarian Cancer Induction
Twenty eight female Wistar rats (obtained from National Institute of Reseach and Development, Ministry of Health of Republic Indonesia) on 5
weeks old. They were quarantined and acclimatized for one week, kept in
the animal chamber which controlled the room temperature at a temperature of 25 ± 2°C, humidity is 65 ± 10%, air ventilation 11-13 times per
hr and illumination 12 hrs per day (07.00 - 19.00). The animals are fed
with standard pellets and ad libitium drinking. Surgery begins by giving
anesthesia with intraperitonial using ketamine hydrochloride (75 mg/kg
body weight) and xylazine (8.8 mg/kg body weight). Surgery is performed on the retroperitoneal part and the ovary is removed from fat
tissue. Silk suture 3-0 which is coated with DMBA is implanted in ovarian
tissue and the wound is closed again. After the surgical process, the rats
are kept fed according to the conditions above. Weight is measured
regularly. Tumor size and volume were observed by palpation every
week after surgery on the left body of the rat’s abdomen. It takes at least
20 weeks for tumor formation from the implantation process. This
research was carried out after obtaining approval from the Health Research
Ethics Committee of the Faculty of Medicine Universitas Indonesia with
number: 0531/UN2.F/ETIK/2018. All actions were taken by minimizing
pain and suffering in experimental animals.

Procedure of Examination with Ultrasonography
Wistar strain female rats that have been induced with ovarian cancer,
at the 20th week ultrasound examination was performed to observe the
development and growth of ovarian tissue. Rats were anesthetized intravenously using ketamine (75 mg/kg body weight) and xylazin (8.8 mg/kg
body weight). Rat’s hairs on the peritoneal part are shaved and cleaned.
Ultrasonography gel was applied on the peritoneal surface. Ultrasonography imaging of rat ovarian was perfomed using portable ultrasonography
console Chison Q8® (PT Mega Utama Medica, Indonesia). The sonogram
was caught from the transversal and longitudinal point of view using
transducer multi linear frequency of 7,5-15 MHz. The sonogram was
saved in the form of BMP for futher analysis using ImageJ® software
(NIH, USA).

Preparation and Tissue Analysis for Histopathology
To minimize pain, suffering or distress during experimentation, all of
the animal were anesthetized with ketamine (75 mg/kg) and xylazine
(8.8 mg/kg) prior to decapitation therefore they were rendered unconscius.
At 180 days of age, euthanasia was performed in accordance with The
Ethics Committee of the Faculty of Medicine, Universitas Indonesia,
with regards of the protection of human rights and welfare in medical
research, Ethics number: 0531/UN2.F1/ETIK/2018. Rats were dissected
and part of the left and right ovaries were taken, morphology was
observed and measurements were taken of the left and right ovaries.
The fixation ovarian organs with 10% formalin buffer for 24-48 hrs.
Tissue preparations that have been processed are then stained with
Hematoxylin-Eosin (HE) staining.12 Histopathological analysis was
carried out by anatomical pathologists. Histological characteristics of
ovarian cancer cells can be seen in Table 1.

Data Analysis
Data is presented in the form of mean ± standard deviation (SD). Comparison of the variable distribution between the two groups was carried
out using the t-test with a significance limit (α) 0.05. The value of P<0,05
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Table 1: Histologic subtyping of DMBA-induced ovarian carcinomas in
rats.6
Tumor subtypes
Adenocarcinoma

Histologic features
Serous carcinoma

An adenocarcinoma
characterized by a pattern of
papillae with cellular budding

Endometroid
carcinoma

An adenocarcinoma
composed of simple or
pseudostratified epithelial
cells, or occasionally with
squamous differentiation

clear cell
carcinoma

An adenocarcinoma mainly
composed of hobnail cells

mucinous
carcinoma

An adenocarcinoma
composed of endocervical-like
and intestinal type cells

Granulosa cell tumor

A neoplasm composed of
granulosa cells

Squamous carcinoma

A carcinoma composed of
squamous epithelial cells

Sarcoma

A neoplasm composed of
malignant nonepithelial cells

Malignant teratoma

Teratoma with any malignant
contents

Undifferentiated
carcinoma

A carcinoma with no
Specifically differentiated cells

Benign ovarian tumor

All tumors without malignant
characters

Table 2: Sonograms of left and right ovarian rats.
Sonogram of rat ovarian

Left ovarian

Right ovarian

Longitudinal diameter (cm)

a

1.705 ± 0.222

0.527 ± 0.086a

Transversal diameter (cm)

0.910 ± 0.085a

0.388 ± 0.076a

Size (cm2)

1.567 ± 0.264a

0.204 ± 0.045a

Volume (cm3)

0.755 ± 0.19a

0.043 ± 0.016a

Data are presented in the form of average and standard deviation (x± SD). The
different superscript shows a significant difference (P<0,05).

Figure 1: Graph of rat weight gain during experiment.
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showed a significant difference between the group. All statistical analyzes
were carried out with SPSS v.16.0 SPSS Inc., USA.

RESULTS
DMBA-Coated Silk Suture 3-0 and Ovarian Cancer
Induction in Rats
In this study, female rats were induced using DMBA implanted in the
female ovary of rats to obtain animal models of epithelial type ovarian
cancer. The weight of the DMBA attached to the silk thread is 3-0 approximately 2-3 mg. After surgery and implantation of DMBA in the
ovaries of rats, they were kept in controlled room and fed with standard
pellets and ad libitium of drinking. Body weight is weighed regularly and
palpation is examined on the abdomen to see nodule growth. A graph of
observation of body weight of rats can be seen at Figure 1.

Macroscopic Overview of Nodules and Incidence of
Nodule Formation
Rats are examined periodically to see the development of nodules that
form on the abdomen of rats. At week 24, nodules measuring approximately 1.5 cm can be clearly observed. The following are nodules that
appear on the left side of the rat’s abdomen. Incidence of nodule formation from the date of suture implantation to the time of palpation or
discovery at termination of the experiment can be seen at Figure 2.

Ultrasonography Imaging on Ovarian Rats
At 20th weeks an ultrasound examination was carried out on rats, to see
the development of size and volume of the ovary. Ultrasonographic
imaging of ovarian rats can be seen at Figure 3 and sonograms of ovarian rats can be seen at Figure 4. Sonograms of left ovarian rats and
right ovarian rats can be seen in Table 2. Ultrasonography showed
that the mean left ovary size of rats induced by DMBA was 1,567 ± 0,264 cm2
and the right ovarian size of non-DMBA induced rats was 0,204 ± 0,045
cm2 (Figure 5). Based on the results of the statistical analysis of normality
test (Kolmogorov-smirnov test) and homogeneity test (Levene test)
with a significance value of homogeneity of 0.200 (p> 0.05). It can be
concluded that the ovary size of rats is normally distributed and varies
homogeneously. Furthermore the analysis continued with independent
sample T-test and obtained a significance value of rat ovary size of 0.000
(p<0.05). These results indicate that there are significant differences
between the size of the left ovary and right ovary in rats.
Ultrasonography showed that the mean left ovary volume of rats induced
by DMBA was 0,755 ± 0,19 cm3 and the right ovarian volume of nonDMBA induced rats was 0,043 ± 0,016 cm3 (Figure 6). Based on the results of the statistical analysis of normality test (Kolmogorov-smirnov

Figure 2: Incidence of nodule formation from the date of suture implantation
to the time of palpation or discovery at termination of the experiment.
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Figure 3: Ultrasonographic imaging of ovarian rats.

Figure 6: The average and standard deviation (x±SD) ovarian volume at 20th
week.

Figure 4: Sonograms of ovarian rats.

Figure 5: The average and standard deviation (x± SD) ovarian size at 20th
week.

test) and homogeneity test (Levene test) with a significance value of
homogeneity of 0.200 (p> 0.05) it can be concluded that the ovary size
of rats is normally distributed and varies homogeneously. The analysis is
continued with independent sample T-test and obtained a significance
value of rat ovary size of 0.000 (p<0.05). These results indicate that there
are significant differences between the size of the left ovary and right
ovary in rats.

Macroscopic Overview of Epithelial type Ovarium
Cancer Result of DMBA

Figure 7: Left ovary histology (A) Serous carcinoma characterized by papillae
formation with celular budding (arrow) (40x). (B)Serous carcinoma with a
pattern of papillae (4x). (C)Clear cell carcinoma composed of numerous vacuolated cells (40x). (D)Clear cell carcinoma composed of numerous vacuolated
cells (40x). (E)Sarcoma (40x). (F)Squamous carcinoma composed a squamous
ephitelialcells (asterisk); (G) and (H) sel-sel normal cells at right ovary histology (40x); HE stain (10x and 40x).

At week 24th, the histopathology was examined in several rats. Histological examination was performed with HE staining. Rats were dissected,
Journal of Young Pharmacists, Vol 11, Issue 1, Jan-Mar, 2019
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then the right and left ovaries, was taken out and stored in 10% formalin
buffer.

Histopathological Overview of Malignancy Result of
DMBA
Histopathological examination aims to assess tissue in the left ovary and
right ovary in rats. Histopathological examination was performed using
Hematoxylin-Eosin staining. The tissue is examined under a 10x and 40x
magnification microscope. Examination results on the left ovary in the
24th week appear histologic subtyping of DMBA-induced ovarian
carcinomas in rat that is serous carcinoma characterized by papillae
formation with celular budding (arrow), serous carcinoma with a pattern
of papillae (4x), clear cell carcinoma composed of numerous vacuolated
cells, clear cell carcinoma composed of numerous vacuolated cells,
sarcoma and squamous carcinoma composed a squamous ephitelial
cells (asterisk) (Figure 7 (A)-(F)). On histopathological examination
at the 24th week, DMBA induced rats showed that they had undergone
transformation of ovarian cells into ovarian carcinoma. However in the
right ovary that does not get DMBA induction, no transformation
occurs in ovarian cells (Figure 7 (G) and (H)).

DISCUSSION
In this research animal models of Wistar laboratory rats were used. The
selection of rats as experimental animal models has the advantage of
lower costs, easier handling and supervision and simpler ethical
problems compared to other experimental animals with higher
taxonomic levels.13-14 The same physiological patterns and organ
responses to hormones between humans and rats, make rats can be a
good model for analyzing carcinogenesis patterns in humans.14-15
This study succeeded in inducing the formation of ovarian cancer in a
group of rats given DMBA induction for 20 weeks. Crist et al. in 2005
showed that direct DMBA implantation in rats ovaries can induce ovarian
carcinoma.5 The use of chemical carcinogens aims to trigger ovarian
cancer by using DMBA coated thread implants on the ovary. The selection
of DMBA is a carcinogen commonly used in cancer induction studies
and is known to have the ability to interact directly with DNA and cause
DNA mutations.13
DMBA is an environmental carcinogen which has a potent ovotoxic
effect on ovaries, causing complete follicular depletion resulting in
premature ovarian failure. Overall, effects of DMBA on ovarian folliculogenesis are well known, but the exact molecular mechanisms behind its
ovotoxicity is little known. They characterized the mechanisms behind
DMBA-induced ovotoxicity in immature follicles.16 DMBA has also
disrupt folliculogenesis, causing depletion of all follicle populations leading
to premature ovarian failure (POF). 17
In the ovary, DMBA is converted into a 3,4-diol 1,2- epoxide by members
of the cytochrome P450 family of oxidases and the microsomal epoxide
hydrolase enzyme.18 This bioactive metabolite binds to both dAdo and
dGuo residues in DNA, forming DMBA-DNA adducts which result in
follicular atresia.19 Recent evidence suggests that DMBA does not cause
POF through increased follicular activation, consequently resulting in
accelerated atresia in both primordial and primary follicles in rodents,20
but instead causes direct follicle atresia.
Another significantly upregulated pathway was methionine metabolism.
Methionine metabolism is an important aspect of cellular physiology,
involved in preventing oxidative stress and cell cycle progression.21 As
DMBA metabolism causes elevated levels of reactive oxygen species in

60

the ovary, its upregulation in DMBA-treated ovaries may be a mechanism utilized by the ovary to prevent DMBA-induced oxidative stress.22
In further support of a complex mechanism of DMBA- induced
ovotoxicity, qPCR analysis confirmed the upregulation genes involved in
a variety of cellular processes. One of these genes was Ddx5, a member of
the DEAD-box RNA helicase family.23 DMBA induces follicular atresia
by upregulation of Ddx5 and Foxn3. Both Ddx5 and Foxn3 have been
shown to induce and prevent tumorigenesis, respectively. Ddx5 acts a
coactivator of estrogen receptor alpha, up regulating its expression and
promoting growth/cell survival in cancer cell lines.24 Despite apparent
selective gene expression modulation, DMBA-induced ovotoxicity may
involve a variety of other mechanisms apart from follicular atresia.
DMBA-induced preantral ovotoxicity involving selective immature follicle
destruction and primordial follicle activation involving downstream
members of the PI3K/Akt and mTOR signaling pathways, increased
Akt1 phosphorylation, mTOR activation and decreased FOXO3a expression.16 DNA adducts will also be eliminated by nucleotide excision repair
however if there is no improvement it will cause permanent mutations.
Point mutations can also be formed, namely changes in adenine bases
to thymine and adenine to guanine.25 If these mutations occur in tumor
suppressor genes or oncogenes, they can trigger cellular transformation
and tumor development.26 DMBA metabolism causes DNA damage that
affects regulatory genes growth so that uncontrolled growth will occur.
Excessive growth occurs in all cells including endothelial cells and affects
the increased production of VEGF and angiogenesis.4,27
According to the results of this experimental test, the use of DMBA
implantation techniques coated on the thread can induce ovarian cancer
formation. Histopathological features examined with HE staining
techniques showed that the appearance of ovarian tissue found was
consistent with the description of ovarian cancer in humans. The use of
ultrasonography imaging to observe changes in ovarian size also shows
good result. There was a difference in the size of the left ovary that
received DMBA and right ovarian induction which was not induced by
DMBA. This technique requires further development. In ovarian cancer,
there is a development of tumor growth, especially malignant tumors
that will result in neovascularization, so that the development of malignant
tumor tissue is very fast and uncontrolled. The walls of the blood vessels
have less smooth muscle than normal blood vessels, so their resistance
is smaller, especially in the arterioles. This decrease in resistance can be
known using Color Doppler Imaging (CDI) with a sensitivity of 96.4%
and specificity of 99.8%. However, the CDI examination is quite expensive
and requires operator experience that limits the use of this tool.9

CONCLUSION
DMBA implanted in the ovaries of female rats can be an experimental
animal models of epithelial type ovarian cancer and the ultrasonography
imaging can determine the size and volume of tumors formed in the
ovary.
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ABBREVIATIONS
DMBA: 7,12-Dimethylbenz[a]anthracene; PAHs: Polycylic Aromatic
Hydrocarbon; USG: Ultrasonography; TAS: Transabdominal Ultrasound;
POF: Premature Ovarian Failure; PI3K: Phosphoinositide 3-kinase;
VEGF: Vascular Endothelial Growth Factor; CDI: Color Doppler Imaging.
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