Veterinary
Research
Forum

Veterinary Research Forum. 2024; 15 (9) 445 - 453
doi: 10.30466/vrf.2023.1999343.3838

REVIEW
ARTICLE

Journal Homepage: vrf.iranjournals.ir

Successful hormonal and chemical induction of prostate cancer in a rat model:
practical guidelines

Elisabete Nascimento-Gongalves!23, Ana Isabel Faustino-Rochal245, Fernanda Seixas®’, Bruno Cola¢o®8, Rita Ferreira3,
Paula Alexandra Oliveiral27*

1 Centre for the Research and Technology of Agro-Environmental and Biological Sciences (CITAB), University of Trds-os-Montes and Alto Douro, Vila Real, Portugal;

2Institute for Innovation, Capacity Building and Sustainability of Agri-Food Production (Inov4Agro), University of Trds-os-Montes and Alto Douro, Vila Real, Portugal;

3 LAQV-REQUIMTE, Department of Chemistry, University of Aveiro, Aveiro, Portugal; * Department of Zootechnics, School of Sciences and Technology, University of

Evora, Evora, Portugal; * Comprehensive Health Research Centre, Evora, Portugal; ¢ Animal and Veterinary Research Centre, Associate Laboratory for Animal and

Veterinary Science (AL4AnimalS), University of Trds-os-Montes and Alto Douro, Vila Real, Portugal; ” Department of Veterinary Sciences, University of Trds-os-Montes
and Alto Douro, Vila Real, Portugal; 8 Department of Zootechnics, University of Trds-os-Montes and Alto Douro, Vila Real, Portugal.

Article Info Abstract

Article history: Prostate cancer is a very common cancer in men, affecting approximately 1.40 million men
worldwide in 2020. To improve the quality of life and survival of both animals and humans,
effective therapeutic approaches have been developed and evaluated using animal models. The
rat model of prostate cancer induced by a multi-step protocol that consists of a sequential
administration of flutamide, followed by testosterone propionate, then the administration of N-

methyl-N-nitrosourea, and finally subcutaneous implantation of tubes filled with crystalline
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Keywords: testosterone, is one of the most frequently used for prostate cancer research. However, the lack
of standardization in procedures for prostate cancer induction, sample collection, and analysis
Guidelines represents a challenge for researchers. To address this issue, we aim to provide investigators

Male with a detailed, step-by-step guide to implementing a rat model of prostate cancer, based on our

Murinic extensive experience in this field. First, we briefly review the prostate cancer-induced protocols

Rodent found in the literature, then we provide a detailed description of the prostate cancer rat model

Tumor implemented by our team. After, we explore the rats’ prostate monitoring during the
experiment protocol through imaging modalities, such as ultrasonography, computed
tomography, and magnetic resonance imaging. We also describe animal welfare monitoring
based on a table of humane endpoints, as well as data collection, such as biological variables and
prostate samples. In sum, this article will ensure the quality of results and enable their
comparison among different researchers using this rat model.

© 2024 Urmia University. All rights reserved.

Introduction

Cancer is one of the main global public concerns.
Despite advances in detection and treatment, it remains a
prominent cause of death worldwide, accounting for
nearly 10.00 million deaths in 2020, or nearly one in six
deaths.! Prostate cancer affected approximately 1.40
million men worldwide, making it one of the most
prevalent tumors in males.! The economic impact of
cancer is noteworthy and increasing year by year.
According to the world health organization, costs related
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to cancer will reach around 245 billion U.S. dollars in
2023.2 These predictions emphasize the need for
further research into cancer in general, and prostate
cancer in particular.

While in vitro studies have undoubtedly made
significant contributions to biomedical research, animals
have been an essential component of research for over
4,000 years.> Animals have been invaluable tools in
advancing our understanding of the anatomy, physiology
etiology, pathogenesis, progression, and genetic and
molecular basis of diseases in both animals and humans.
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Animal models have played a key role in the development
and evaluation of effective therapeutic strategies for both
animals and humans, improving their quality of life and
survival. Today, animals remain indispensable tools in
biomedical research, aiding researchers in understanding
diseases and developing novel treatments that benefit
both humans and animals.*¢

Several animal species are available as models in
biomedical research, such as rabbits, rats, mice, dogs, fish,
and non-human primates, but rats (Rattus norvegicus) and
mice (Mus musculus) remain the most frequently used.”
This is because these mammals share several similarities
with humans and other animals in terms of their anatomy,
physiology, genetics, and biochemistry. They are also small
animals, easily accommodated and manipulated. Their
physiology and genetics are well known, they are relaively
inexpensive compared to other species, their use is easily
approved by Animal Welfare Bodies and National
Competent Authorities, and they are susceptible to both
hormones and carcinogenic agents.5 Cancer modeling may
use strains that spontaneously develop tumors,
implantation of cancer cell lines (syngeneic or xenograft),
genetically engineered animals, or induce cancer develop-
ment in the target organ, through the administration of
carcinogenic compounds, irradiation, or hormone
administration, depending on the type of cancer.8

Prostate cancer chemically and hormonally-
induced. By definition, a chemical carcinogen is any
compound with the ability to induce cancer development
in living tissues.’? Depending on the characteristics of the
chemical carcinogen, the route of administration,
absorption site, organ of metabolism, and excretion,
carcinogens can induce tumor development in different
organs.!® In humans, there are several hormone-related
cancers, like prostate, breast, ovarium, and endometrium
cancers. Exposure to hormones may lead to an increase in
cell proliferation, making cells more prone to random
genetic errors, which are the origin of carcinogenesis.!! In
laboratory animals, it is possible to induce cancer by
simultaneously administering chemical carcinogens and
hormones. Regardless of the method used to induce
cancer, in vivo models of carcinogenesis must be as simple
and fast to implement as possible, while also ensuring the
safety of researchers. These models must also follow the
3Rs principles of animal experimentation and be reliable,
reproducible, and consistent, allowing for accurate and
meaningful data collection and analysis.?!2 The rat model
of prostate cancer induced by the administration of
chemical carcinogens and hormones (testosterone) is one
of the most frequently used for prostate cancer research?3,
Until now, four carcinogens have been described to induce
prostate cancer: N-nitrosobis (2-oxopropyl) amine, N-
methyl-N-nitrosourea  (MNU), 7,12-dimethylbenz[a]-
anthracene (DMBA) and 2-amino-1-methyl-6-phenyl-
imidazol[4,5-b]pyridine.141> The DMBA is a polycyclic

aromatic hydrocarbon that needs to be activated by the
cytochrome P-450/P1-450 monooxygenase enzyme
systems to exert its carcinogenic effects.’6 Although
effective for prostate cancer induction, the DMBA is less
used when compared with MNU, because it must be
dissolved in oil and administered by gavage, negatively
impacting the animals' welfare and survival. The MNU is a
potent and direct alkylating agent that reacts with
nucleophilic nitrogen and oxygen atoms in the purine and
pyrimidine bases and the phosphate group of DNA,
producing a wide range of DNA adducts.17-1° These adducts
are responsible for its mutagenic action. In contrast to
DMBA, the MNU does not require metabolic activation
before its interaction with DNA. This compound is soluble
in water and can be administered by several routes, such
as intraperitoneally, making it one of the most commonly
used carcinogens. As carcinogens, DMBA and MNU should
be carefully manipulated and prepared in a laminar flow
chamber. The manipulators should use adequate personal
protective equipment, including an impermeable lab coat,
a surgical cap, a mask, protective glasses, and two pairs of
gloves. The residues should be eliminated as Type IV
waste, following the national and European guidelines. The
model of chemically and hormone-induced prostate cancer
was developed by Pollard in Lobound Wistar rats.2? This
protocol involved a single intravenous injection of the
carcinogen MNU at a dose of 30.00 - 40.00 mg kg1,
followed by long-term administration of testosterone
(10.00 - 40.00 mg) via silastic implants.2! This protocol
induced adenocarcinomas and atypical hyperplastic
lesions in the ventral, dorsolateral, and anterior prostate
lobes. Over the years, other researchers have improved
upon this model, and today, the most commonly used
method for inducing prostate cancer involves a sequential
treatment with an antiandrogenic drug (flutamide or
cyproterone acetate), followed by a single intravenous or
intraperitoneal administration of the carcinogen MNU, and
long-term treatment with testosterone placed in silastic
implants.13 Marteen Bosland described this experimental
protocol in detail: cyproterone acetate (50.00 mg kg per
day) may be prepared in water and administered by
gavage, or dissolved in oil and injected subcutaneously,
during 2 - 3 consecutive weeks, followed by subcutaneous
administration of testosterone propionate (10.00 - 100 mg
kg1) over 3 consecutive days. Forty-eight hr later, MNU
should be intravenously or intraperitoneally injected in
doses between 30.00 and 50.00 mg kg1, and finally, silastic
implants filled with testosterone propionate should be
placed subcutaneously in the interscapular region by
surgical approach under general anesthesia.l® Although
complex to execute, this sequential protocol has been
shown to result in a higher incidence of prostate cancer in
rats. To achieve the maximal tumor incidence, the
experimental protocol should be conducted for up to 50 -
60 weeks after MNU injection.!3
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Despite the many advantages of using rodent models of
prostate cancer, there are also some limitations that
researchers should be aware of. One such limitation is the
anatomical differences between rodents and dogs or
humans (e.g. lobulated prostate in rodents versus non-
lobulated prostate in dogs and men).22 Although the dogs’
and men's prostates are compact solitary structures, the
rodents’ prostates consist of four distinct lobes: the
ventral, lateral, dorsal, and anterior lobes, according to
their relative position to the urinary bladder.!> Despite
these anatomical differences, the dorsal and lateral lobes
are considered homologous to the prostate of men and
share some similarities in terms of the development and
progression of the disease, as weel as in histopathological
characteristics, makingthe rat a valid model to study this
type of cancer.23-26

Experimental protocol. All experimental assays
should be evaluated and approved by the Animal Welfare
and Ethics Body (ORBEA) and National Competent
Authorities prior to bein conducted, to ensure compliance
with standards related to animal welfare. The
experimental protocol for prostate cancer induction
through chemical and hormonal exposure was performed
by our research team, to evaluate a non-pharmacological
therapeutic approach. This multi-step eprotocol was
employed in Wistar rats, as displayed in Figure 1. It was
initiated at 12 weeks of age with the subcutaneous
administration of the anti-androgenic drug flutamide
(50.00 mg kg1) for 21 consecutive days. The flutamide
solution was prepared immediately before use in a
laminar flow chamber with sterile material. The flutamide
is commerecially available as a yellow powder.
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It was weighed on a scale based on the animals’ body
weight and dissolved in 9.00 mL of 96.00% alcohol, 18.00
mL of propylene glycol, and 162 mL of bi-distilled water.
The solution was then stirred using a magnetic stirrer,
stored, and protected from light. Since precipitation was
observed when agitation was stopped, the solution was
continuously stirred until it was administered to all
animals. For each administration, the animals were
wrapped in a cloth and the dorsal region was exposed,
where the subcutaneous administration was carried out
using 25G needles and 2.00 mL syringes. The solution was
shaken in the syringe to avoid flutamide precipitation, and
administrated between 8:30 am and 10:30 am, two times
per week for 21 consecutive days. Twenty-four hr after the
last flutamide administration, testosterone propionate was
dissolved in corn oil and subcutaneously administered to
the animals at a dose of 100 mg kg only one time. Forty-
eight hr later, after testosterone propionate administration,
the MNU was prepared and intraperitoneally administered
ata dose of 30.00 mg kg-1. The MNU was pre-weighed in an
appropriate vial, and kept stored at - 20.00 °C; just before
administration, a 0.10 M phosphate-citrate buffer, pH 4.80,
was added at room temperature at 1/15% of the final
volume, and this was further diluted with normal saline in
aratio of 1/14 (v/v) to make a final concentration of 10.00
mg mL1 (for 100 mL of the final solution, 6.70 mL 0.10 M
phosphate-citrate buffer were added along with 92.30 mL
of the normal saline; the buffer was prepared by mixing
approximately two volumes of a 0.10 M di-sodium
phosphate solution to one volume of a 0.10 M citric acid
solution and adjust the pH to 4.80; the saline solution is a
0.85% solution of NaCl). The MNU is a potent direct-
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Fig. 1. Schematic representation of a protocol for prostate carcino

genesis chemically and hormonally induced in male rats, beginning with

the preparation of the carcinogen agent, and ending with the animals’ sacrifice and biochemical and histopathological analysis. Created

with BioRender (https://www.biorender.com). MNU: N-methyl-N

-nitrosourea.
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acting carcinogen that is very unstable at pH 7.00 or
higher. All administrations were performed by
experienced researchers, who wore protective Tyvek
coveralls, head cover, sleeves, double nitrile gloves, and a
disposable respirator. The outer gloves were changed as
soon as they were possibly contaminated, and all
protective clothing was taken off when leaving the animal
room, and then submitted for incineration. All personnel
must adhere to biosafety and biosecurity measures (e.g.
washing hands, arms, and face or even taking a shower).
The injection procedure was done on a table, with the
person administering the injection seated on a stool and
working inside a large tray. The table and tray were
covered with plastic-backed absorbent paper, and all
overtly contaminated waste was put in a disposable
container or plastic bag. Immediately after injection, the
animals were placed in a solid bottom cage. They
remained in this cage until the first cleaning was necessary
(after approximately 7 days). The bedding was disposed of
as chemical waste and the cage was cleaned twice in a cage
washer. The rats were then placed in their normal cages.
The personnel biosafety and biosecurity precautions
were in effect until after the rats were moved to regular
cages. All equipment used and the animal room were
cleaned thoroughly with an alkaline detergent. After 2
weeks, testosterone implants were subcutaneously
implanted in the interscapular region of animals
anesthetized with ketamine (75.00 mg kg!) and xylazine
(10.00 mg kg1) and remained for 18 or 44 weeks. The
animals were shaved on their backs in the thoracic region,
and the area was wiped down with 70.00% alcohol. Using
a sterile technique, the implants were placed under the
skin and the incision was closed using surgical staples. The
testosterone implants were made from silastic tubing
(Dow Corning; VWR Scientific, Mississauga, Canada)
sealed with RTV-108 adhesive sealant (General Electric
Co., Waterford, USA). The implants were soaked in 70.00%
alcohol for 30 min and washed with a sterile buffer using
semi-sterile techniques. The implants were soaked in
phosphate buffer (pH 7.00) for 2 days before implantation.
The buffer was changed twice daily and once approximately
1 hr before implantation. About 4.00 cm long pieces of
tubing was cut and inserted on one end of a blue pipet tip
filled with cotton that was attached to a 1.00 mL syringe.
This syringe was attached to a tube that leads to a vacuum
pump and a small hole was made in the syringe to regulate
the suction with a finger. Crystalline testosterone was then
sucked up from a small dish until there was about 3.00 cm
of filling. The tube was then detached using a metal rod to
compact the testosterone in the tube. A small glass bead
was inserted on either end, ensuring that the distance
between the beads was 3.00 cm. Both ends were sealed
with silicone glue and allowed to cure for 24 hr. The ends
were cut so that the excess glue was removed and there
was a smooth end on both sides of the tube. Of note, more

than the precise amount of testosterone inside the
implant, it is the length of the filling that determines
how much testosterone is released, together with the
wall thickness and diameter of the silastic tube. The
testosterone implants must be prepared inside a fume
hood, while wearing a lab coat, using double glove
procedures, and wearing a disposable respirator as a
secondary barrier. Gloves should be worn while
handling the implants and the washing fluid, as well as
during implantation.

Follow-up of prostate cancer development.The rats’
prostate modeling can be monitored during the
experiment through imaging modalities, namely ultra-
sonography, computed tomography (CT), and magnetic
resonance imaging (MRI; Fig. 1). The ultrasonographic
examination was performed several times during the
experimental protocol, while the CT and MRI examinations
were only performed once. This is because the
ultrasonographic examination is a more accessible and less
expensive technique and can be performed in awake
animals if they are adapted to the handling, while the CT
and MRI examinations require the animals’ anesthesia. As
our animals are frequently handled, we performed
ultrasonographic examinations in awake animals. If the
animals are not adapted to the handling, they should be
sedated with an intraperitoneal administration of
ketamine (37.50 mg kg1) and xylazine (5.00 mg kg1).
Immediately before the exam, the animals’ abdominal
region was shaved using a clipper machine. During the
ultrasonographic exam, the animals were restrained in a
supine position, and the exam was made as quickly as
possible by an experienced researcher. A linear high-
frequency probe (10.00 to 12.00 MHz) and ultra-sound
transmission gel were used in our examinations. The
prostate lobes’ appearance and size can be monitored
using B-mode, while prostate vascularization may be
assessed by using Power Doppler, B Flow, Pulsed Doppler,
and Contrast-enhanced ultrasound (CEUS).

During the ultrasonographic examination, sagittal and
transverse images of the prostate lobes can be obtained,
and measured using electronic cursors integrated into the
ultrasound machine and set at the borders of the prostate
lobes. Several changes in prostate size and echogenicity
were observed throughout the experiment, in response to
flutamide, testosterone, and MNU administration. For
example, the ventral prostate area of the prostate cancer-
induced groups decreased due to flutamide administration
and increased after androgen and carcinogen
administration. Additionally, in the last ultrasonographic
examination, hypoechoic and anechoic lesions were
observed in the prostate cancer-induced group.?’
Moreover, in the control group, the size of the prostate
lobes gradually increased from the first to the last exam, as
a consequence of animal growth.28 The prostate gland and
prostate tumors’ vascularization may be assessed by the
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quantification of color pixels in Power Doppler and B Flow
images in Adobe Photoshop or GIMP (GNU Imaging
Manipulation Program) through the formula: 2°

Number of colored pixels in the tumor
Number of total pixels of the tumor

Color pixels density (%) =

The blood flow can also be characterized in Pulsed
Doppler mode, by determining the pulsatility and resistive
indexes using the software of ultrasonographic apparatus.
Usually, immediately before the animals’ sacrifice, they are
anesthetized them by an intraperitoneal administration of
ketamine (75.00 mg kg1) and xylazine (10.00 mg kg1) and
the tumor's vascularization is evaluated by CEUS. For this,
0.10 mL of the contrast agent SonoVue (Bracco, Milan,
Italy) in injected into the tail vein after its cannulation,
followed by a flush of 1.00 mL of saline solution, with no
risks for the animal. The use of contrast allows the
visualization of small vessels, not previously detected by B
Flow or Doppler. The quantitative analysis of the CEUS
images can be performed using the time-intensity curve
analysis of the ultrasound apparatus.3® According to our
experience, an ovoid region of interest can be drawn in the
most enhanced/vascularized area of the tumor. The CT
and MRI also allow the detection of changes in the
prostate, such as alterations in size and morphology,
including the detection of lesions.28

Animal welfare monitoring. In compliance with the
guidelines of the Federation of European Laboratory
Animal Science Associations (FELASA), it is mandatory to
monitor animals’ welfare during experiments to ensure
data reliability and quality. In our experimental protocol,
we applied the Table of Humane Endpoints (Table 1)
previously described by our team for a rat model of
chemically induced mammary cancer,3! This table includes
the following parameters to be monitored: general
appearance and mental status, body condition, body
weight, food and water intake, posture, coat and grooming,
mucosal, eyes, ears and whiskers, mental status, behavior
(response to external stimuli), hydration status,
respiratory and heart rate, body temperature, hematocrit,
and urine specific gravity. A score from zero to three was
attributed to each parameter, and a sum equal to or
greater than four was indicated for animal sacrifice.
According to our experience, this model does not induce
significant changes that justify the animals’ sacrifice before
the end of the experimental protocol.

Body weight, food and water consumption. The
monitoring of animals’ body weight, and food and water
consumption, is an indirect way to assess animals’
welfare. In our experiment, in addition to daily
observation, the animals were individually weighed
once a week, using a top-loading scale. We then
determined the ponderal weight gain (%), by applying
the following formula:32
Weight gain (%) = Final body;’/::;glilz)i)d;nvlvtz?gl}l::dy weight x

100

Similarly, the food and water were also weighed every
week, and the mean food and water consumption per
animal was calculated. The data is always compared
between control animals and those exposed to carcinogens
and hormones.

Samples collection. Although some samples may be
collected throughout the experimental protocols, such as
blood samples from the tail vein, and urine and feces
samples using metabolic cages, the sacrifice is the ideal
moment for the collection of a high diversity of samples.
The animals should be sacrificed following FELASA
guidelines. Usually, our animals are sacrificed by an
intraperitoneal overdose of ketamine and xylazine,
followed by exsanguination by cardiac puncture, but they
can also be sacrificed by a pentobarbital overdose.
Immediately after collection, the blood samples are
processed for hematological or biochemical evaluations.
Afterward, a complete necropsy is performed. For this, the
animals are placed in the supine position and an incision is
made in the median ventral line. All organs are carefully
observed in situ (Fig. 2), and then the lungs, heart, liver,
spleen, kidneys, and male accessory glands are collected
and weighed on a top-loading scale.
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Fig. 2. Necropsy of a male rat. A) Macroscopic observation of
the organs in situ and B) collection of male accessory sex glands
together. Anterior prostate lobe (AP), lateral prostate lobe (LP),
ventral prostate lobe (VP), seminal vesicles (SV), urinary
bladder (UB), bulbourethral gland (BG), urethra (U), testes (T),
and epididymis (E).
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Table. 1. Humane endpoints applied to the rat model of chemically and hormone-induced prostate cancer. Adapted from: Faustino-Rocha

et al3! and created with BioRender.

Parameters Classification Score Parameters Classification Score
Body condition Well-conditioned 0 Mental status Normal (alert, curious, 0
N eyes bright)
p Altered body condition 1 ’ Lethargic 1
. Stupor 2
= ) Emaciated 2 Moribund / Coma 3
—== (Euthanasia)
Body weight Normal 0 Behavior (response to Normal 0
external stimuli)
Loss of < 10.00% 1 Mild response 1
== Loss of 10.00 - 20.00% 2
: —_— :
il Loss of > 20.00% 3 Moderate response with 2
. vocalization
(Euthanasia)
Food intake Violent response
Normal (~5.00 -10.00gper 0 - —
100 g of body weight) Hydration status Normal skin pinch test
$ (< 2 sec)
= Decreased ( < 5.00 g per 100 1
g of body weight) Abnormal skin pinch test 1
Water intake 0 o\ (> 2 sec)
Normal (~ 10.00 - 15.00 mL - —
i per 100 g of body weight) . Normal (66 - 115 breaths per 0
Respiratory rate min)
Decreased ( < 10.00 mL per 1 1 Abnormal (decreased: <66 1
100 g of body weight) breaths per min or increase:
> 115 breaths per min)
Posture Abdominal breathing 2
< Normal 0 (Euthanasia)
Heart rate Normal (250 - 450 beats per 0
Curved 1 min)
. . e Abnormal (decreased: <250 1
Coat and grooming Normal 0 o beats per min or increased:
> 450 beats per min)
Lack of grooming 1
Normal (35.60 - 38.90 °C) 0
Rough coat, 2
chromodachryorrhea Abnormal (hypothermia: 1
Very rough coat, 3 <35.60°C or
piloerection, severe g hyperthernmla:
chromodachryorrhea >38.90°C)
Mucosal color
Normal 0 Hematocrit Normal (35.00 - 51.00%) 0
% t’ Mild anemic 1 ® & Abnormal (decreased:
i < 35.00% or increased: 1
Moderate anemic 2 v >51.00%)
Severe anemic (Euthanasia) 3 Urine specific gravity Normal (1.040 - 1.070) 0
Eyes, ears and whiskers Normal 0 k/
j i Partial closed eye, droopy 1 - - !_
ears, forward whiskers Abnormal (decreased: < 1
¢ o 1.040 or increased: > 1.070)
Complete closed eye, droopy 2

and curved ears, forward and
bunched whiskers
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The urinary bladder should be fixated in situ and the
male accessory sex glands are removed together, as
previously described by Talhada et al.33 Then, the prostate
lobes should be separated and weighed individually. The
organs may be immersed in 10.00% buffered formalin for
24 - 48 hr or frozen at -80.00 °C for posterior histop-
athological and biochemical analysis. In our protocol, the
animals were sacrificed at two different times: 35 or 61
weeks of age, which correspond to 4.5 or 10.6 months
after MNU administration (23 or 49 weeks of age,
respectively) after the beginning of the experiment, to
detect neoplastic lesions in different stages.

Prostate tumors’ histological analysis. The histo-
logical analysis is one of the last steps of our experiments,
but it is crucial for assessing the effects of carcinogens
and hormones on prostate tissue, as well as for
addressing the efficacy of the tested therapies. After
collection and fixation, the prostate samples should be
cut, embedded in paraffin, and 3.00 pm-thick trimmed
sections stained with Hematoxylin and Eosin (H&E) for
histopathological evaluation by experienced pathologists
in a blind essay. The prostate lesions should be classified
according to the classification established by the “Guides
for Toxicologic Pathology, STP/ARP/AFIP”3% At
histological analysis, acute and/or purulent inflammation,
small foci of stromal chronic inflammation, atypical
hyperplasia, prostatic intra-epithelial neoplasia (PIN),
and micro-invasive carcinomas were observed in the
prostate of our animals (Fig. 3). Furthermore, in addition
to the routine histopathological analysis, the samples
may also be immunostained to assess the expression of
hormone receptors, vascularization, proliferation, and
apoptosis, and studies of tumor microenvironment using
specific antibodies.

In conclusion, despite all the advances in disease
modeling, animal models will continue to constitute an
important tool for the investigation of cancer biopathology
and the search for new tailored therapies. Therefore,
considering our experience in cancer modeling, we are
providing readers with a complete and step-by-step
description of the procedures to implement the rat model
of prostate cancer, guaranteeing the quality of the results,
and facilitating comparison among different protocols.
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Fig. 3. Histopathological lesions in rat prostate using H&E staining. A) prostate with chronic inflammation and acute inflammation areas
(bar = 100 pm); B) atypical hyperplasia (bar = 200 um); C) prostatic intraepithelial neoplasia, (bar = 500 pm) and D) micro-invasive
carcinoma (bar = 100 pm).
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