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Abstract

Background: Breast cancer has remained a big challenge globally due to high numbers of individuals acquiring
the disease, whereby it was estimated that in 2020, about 2.3 million women were diagnosed with the disease and
685,000 deaths occurred globally. Due to the high incidence and prevalence of breast cancer, different methods
have been employed to illness. Some of the methods that are currently employed in the treatment of breast cancer
include surgery, radiotherapy and chemotherapy. However, most of these methods have limitations for example
surgery and radiotherapy are expensive and in addition to killing the cancer cells, they also damage the healthy cells.

Aim: The aim of the current study was to determine the antitumor effects of campesterol in N-methyl-N-
nitrosourea induced breast cancer in female mice.

Methods: Four groups of female mice had mammary cancer induced and then provided with feeds containing
different doses of campesterol. The mice were given feeds either containing 0% campesterol (control), 2%
campesterol, 4% campesterol or 6% campesterol for 14 weeks.

Results: The results of the present study showed that the two doses of campesterol (4% and 6% campesterol)
caused a significant decrease in tumor volume (p < 0.05) when compared to the control group. The results also
indicated that the dose of 4% campesterol reduced the tumor incidence by 25% while that of 6% campesterol
reduced the tumor incidence by 50% when compared to the control group. The results further indicated that the
three doses of campesterol reduced cellular proliferation in mammary tissues when compared to the control group.

Conclusion: The results of the present study showed that campesterol could reduce tumor size, tumor incidence,

number of tumors developed and mammary cellular proliferation in female mice.

Introduction

Many drugs and phytochemicals have been used for cancer
treatment [1]. Depending on the kind of cancer, the anticancer agents
have been developed for different targets during cancer treatment [1].
In some cases, the anticancer agents have been successful in cancer
treatment while others have failed [2]. There are many studies that have
been carried out about the antitumor effects of different substances. A
study conducted by [3] showed that gensinoside Rgl had the ability to
prevent tumor incidence, the total number of tumors, tumor volume,
and tumor burden in Sprague Dawley Rats induced with breast cancer.
In this study, it was found out that gensinoside Rgl reduced tumor
incidence by 50% (4/8), and the average tumor size in gensinoside
Rgl treated rats was 10.31 mm3 compared to 20.85mm3 in untreated
group. In another study conducted by [4], artonin reduced tumor size
in the mice induced with breast cancer. In this study, ten female mice
were induced with breast cancer and the average size of the breast
tumors was 10.22 mm3 in artonin-treated mice compared to 18.09
mm3 in the untreated group. Another study that intended to establish
the anticancer effect of salvianolic acid in rats, the results showed that
the substance was able to reduce tumor incidence by 60% (6/10), and
tumor size. The average tumor size in salvianolic acid-treated rats was
8.78 mm3 compared to 20.26 mm3 in the untreated group [5].

Furthermore, Annona muricata was found to reduce

tumor size but it was not able to reduce tumor incidence in 7,
12-dimethylbenzaanthracene (DMBA)-induced breast cancer in
female albino mice. The average tumor size in the Annona muricata-
treated mice was 10.12 mm3 compared to 22.66 mm3 in untreated
group [6]. In the study conducted by [7] about the chemo-preventive
potential of ferulic acid in 7,12-dimethylbenzaanthracene-Induced
mammary carcinogenesis in Sprague-Dawley rats, it was found out that
ferulic acid reduced tumor size and tumor incidence. The substance
reduced tumor incidence by 66% (8/12) and the average tumor size of
ferulic acid-treated rats was 11.64 mm3 compared to 20.68 mm3 in the
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untreated group.

In another study conducted by [8], it was found that rosmarinic
acid protected Swiss albino mice from 7, 12-dimethylbenz (a)
anthracene (DMBA) induced skin carcinogenesis. The results showed
that the substance reduced the incidence of tumor development
by 50% (5/10) while the average tumor volume in rosmarinic acid-
treated rats was 10.60 mm3 compared to 20.38 mm3 in the untreated
group. The substance paradol was found to reduce the incidence
of 7,12-dimethylbenz(a)anthracene induced hamster buccal pouch
carcinogenesis by 70% (7/10) according to the study carried out by
[9].The substance morin was found to provide protection against
ultraviolet-b radiation-induced skin photocarcinogenesis in mice.
The results of the study showed that the substance reduced the tumor
incidence by 30% (4/12) and the average tumor volume of the morin-
treated mice was 11.24 mm3 compared to 20.98 mm3 in the untreated
group [10].

Another study was carried out which showed that catechin
reduced the incidence of tumor development in mice by 50% (3/6) and
the average tumor volume was 10.06 mm3 in catechin-treated mice
compared to 18.84 mm3 in the untreated group [11]. Likewise, a study
was conducted a study which showed that Ginsenoside Rh2 reduced the
incidence of colorectal cancer development in mice by 60% (6/10) [12].
In the study conducted by [13] about the effect of ellagic acid on breast
cancer development, the results showed that the substance decreased
the incidence of tumor development by 70% (7/10) and the average
tumor volume was 11.86 mm3 in ellagic acid-treated rats compared
to 22.88 mm3 in untreated rats. In the study about the antitumor
effects of cinnamic acid and tanshinone in mice, [14] found out that
both substances had a protective effect. Cinnamic acid reduced the
incidence of tumor development by 50% (5/10) and the mean tumor
volume was 11.34 mm3 in cinnamic acid-treated mice compared to
22.68 mm3 in the untreated group. On the other hand, tanshinone
reduced the incidence of tumor development by 60% (6/10) and the
average tumor volume was 10.48 mm3 compared to 22.68 mm3 in the
untreated group.

Many diseases tend to cause disruption of the body especially at
tissue level [15]. Cancer is among the disorders that that affect the
normal integrity of the body tissues in the parts which are affected [16].
The anticancer agents tend to reverse the integrity of tissues from the
diseased state to a normal during or after recovery [17]. Many studies
have been conducted to investigate the effect of different substances on
the histomorphology of cancer-affected mammary tissues. In the study
conducted by [18], Orobanche crenata methanolic extract was found to
improve the histomorphology of the mammary tissue of mice that was
invaded by tumors from the diseased form characterized by reduced
sizes of cells, cell shrinkage and destruction of the monolayer in the
untreated group to the restoration of the normal cell size, cell integrity
as well as reconstruction of the monolayer and reduction in cellular
proliferation in the Orobanche crenata-treated group. In another study
conducted by [19], the aqueous extract of Brewers‘rice was found to
improve the histomorphology of mammary tissues in mice from the
cancerous form characterized by interlacing bundles of spindle cells
that developed from mammary ducts in the untreated group to a nearly
normal histomorphology where the cells are in the normal cuboidal
structure in the Brewers‘rice-treated group. Still [20] conducted a
study in which the methanolic extract of Manilkara zapota leaf was
found to be to reduce mammary cellular proliferation and reversed the
histomorphology of cancer invaded mammary tissues in albino mice
characterized by blende round epithelial cells and elongate spindle cells

in the group that never received the extract to normal cuboidal cells of
mammary tissues in the Manilkara zapota-treated group. Montanine,
an alkaloid was found to improve the histological appearance and
reduction in cellular proliferation of mammary tissues in mice invaded
by mammary tumors from the cancer form characterized by lobes
radiating from the epidermoid tissue in mice that were never treated
with the substance to the normal appearance of lobules with normal
cuboidal cells in the group treated with montanine [21]. Furthermore,
the methanolic extract of Manilkara zapota fruit was found to cause
an improvement of the histomorphology of mammary tissues in
mice affected by mammary gland carcinoma in which the extract
transformed the cancer form characterized by epidermoid formation in
the untreated group to normal lobular structures with normal cuboidal
cells in the Manilkara zapota-treated group, however, the substance was
not found to have any effect on cellular proliferation [22]. In the study
to determine the effect of Bidens pilosa on mammary cancer in mice,
the aqueous extract of the plant was found not to have any significant
effect on the histomorphology of mammary tissues affected by tumors
in mice, according to the study conducted by [23]. The cancer form
of mammary tissues was characterized by cysts formed by cuboidal
epithelium and the epithelial cells were interspersed with spindle cells
which gave the epithelial layer a variation in thickness. Another study
was carried out by [24] in which the results showed that anthocyanins
improved the histomorphology and reduced cellular proliferation of
mammary tissues in mice invade by tumors from the cancer form that
was characterized by varying degree of cyst formation, keratinization,
small-sized cells and paucity of mitotic figures in untreated group to
nearly normal ductile structure with cuboidal cells and fibroblasts in
the extracellular matrix. Temozolomide and N-(2-hydroxyphenyl)
acetamide (NA-2) were found to synergistically transform the
histomorphology of mammary tissues invaded by tumors to normal
one. The cancer form of mammary tissue was characterized by round
and oval nodules, cysts and central necrosis to normal tubular structure,
cuboidal cells and fibres in the extracellular matrix, however, no effect
on the cellular proliferation was noted [25]. In addition, the cancer
form of mammary tissue in mice characterized by hyperplastic nodules
made up of a large bunch of dividing acinar cells was transformed
by hydroalcoholic extract of Tabernaemontana divaricata to normal
lobular structure and the integrity of the mammary tissue extracellular
matrix was restored [26]. A study conducted by [27] showed that the
aqueous extract of Actinidia eriantha Benth root did not transform
the cancer form of mammary tissues in mice characterized by intra-
acinous and intraduct hyperplasia towards the normal mammary
histomorphology and did not have any effect on cellular proliferation.
Likewise, the ethyl acetate extract from Selaginella doederleinii
Hieron did not significantly transform the cancer form of mammary
tissue histomorphology in mice characterized by hyperplastic lesion
composed of budding alveolar tissue as well as overgrowth of fine ducts
towards the normal mammary tissues histomorphology [28].

Materials and methods

Study design

This was an experimental study that involved the induction
of mammary cancer in female mice followed by administration of
different doses of campesterol. The mice were obtained from Mbarara
University of Science and Technology while N-methyl-N-nitrosourea
and campesterol were obtained from Sigma-Aldrich Company,
Shangai-China.
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Study site

The animal experiment, taking measurements of tumor size
dimensions and the histomorphology of mammary tissues was done
at College of Veterinary Medicine, Animal Resources and Biosecurity
(CoVAB), Makerere University.

Study animals

Sixteen (16) female mice were used in this study, and the animals
were divided into four groups.

Feed preparation

The experimental diets were formulated using commercial
campesterol (Sigma-Aldrich, Shangai-China). The formulation of
experimental diets was done at Nuuma Animal feeds solution-Masaka
(U). The experiment involved formulation of four experimental
diets that included; one campesterol free diet, and the three that will
contain varying quantities of campesterol which were 2%, 4% & 6%
campesterol [29]. These concentrations were prepared by adding
different calculated amounts of campesterol to the base diet to get a
desired percentage. Campesterol free diet comprised of 25, 5, 6, 8, 11.4
and 7% protein, fat, fiber, total minerals, moisture and total vitamins
respectively, while carbohydrates constituted the remainder of the diet.
The diet containing 2% campesterol was formulated by adding 20g of
campesterol to 980g of the base diet to make 1 kg of the feed. Therefore,
the diet contained 2% campesterol, 25, 5, 6, 8, 11.4 and 7% protein,
fat, fiber, total minerals, moisture and total vitamins respectively, while
carbohydrates constituted the remainder of the diet. The diet containing
4% campesterol was formulated by adding 40g of campesterol to 960g
of base diet. Therefore, the diet contained 4% campesterol, 25, 5, 6,
8, 11.4 and 7% protein, fat, fiber, total minerals, moisture and total
vitamins respectively, while carbohydrates constituted the remainder
of the diet. The diet containing 6% campesterol was formulated
by adding 60g of campesterol to 940g of base diet. Therefore, the
diet contained 6% campesterol, 25, 5, 6, 8, 11.4 and 7% protein, fat,
fiber, total minerals, moisture and total vitamins respectively, while
carbohydrates constituted the remainder of the diet (Table 1) .

Care of experimental mice

Each group was housed in a cage 0.6m x 0.5m x 0.6m high. The cages
had wood shavings placed in them before the mice were introduced
there so as to provide a soft ground for the mice. The cages were placed
on the raised tables. The wood shavings would be removed after four
days and replaced with fresh ones. The mice were protected from any
external invaders by locking the laboratory in which the cages were
placed as well as locking the cages. Each group was given the respective
feed twice a day and adequate fresh water was available all the time.

Induction of mammary cancer and detection of cancer
development

Mammary cancer was induced by a single intraperitoneal injection
weekly for four weeks as described by [30]. The experimental mice were
administered with N-Methyl-N-Nitrosourea (NMU) as a chemical
carcinogen. The chemical was prepared into a solution a short time

Table 1: Treatment groups.

Group, n=4 Treatment

1 No campesterol + cancer induction (control)
2 2% campesterol + cancer induction

3 4% campesterol + cancer induction

4 6% campesterol + cancer induction

before it is administered and this was done by dissolving it in 4ml of
0.9% Sodium chloride solution. Then the solution was acidified with
acetic acid to pH 4. The resulting solution was used within 20 minutes
after its preparation and after use; another solution was prepared and
used until all animals were covered. The mouse to be administered
with the chemical solution was first anesthetized with a mixture of
ketamine-HCl and xylazine (150 and 10 mg/kg, respectively) which
would be given by intraperitoneal route. The animal would then be
positioned on dorsal recumbence on the table. Then the mouse would
be injected with 0.2ml of the solution along the ventral midline, half
way between the third and the fourth pairs of mammary glands by
intraperitoneal route. The development of breast tumors was detected
by palpation of the mammary gland in the thoracic, abdominal and
inguinal regions on the weekly basis beginning from the fourth week
after the injection of the chemical solution. This was then confirmed by
histological examination of the masses extracted from the mammary
glands.

Animal sacrifice, sample collection and disposal of sacrificed
mice

At the end of the experiment, the body weights of the mice
were taken using a digital scale before sacrifice. The mice were then
sacrificed by cervical dislocation which involved severing the spinal
cord. The euthanized mice were placed on dorsal recumbence for
tumor dimension measurements.

Determination of tumor size

This was done using Xenograft Tumor Volume Measurement
method as described by [31]. The Xenograft Tumor Volume
Measurement method involved the use of a Vernier calliper. The
dimensions of the tumors were measured by use of a digital Vernier
calliper and this was by putting it sufficiently all around the borders of
the tumor and later to identify the longest and the shortest sides. The
longest side was taken to be the length while the shortest side was taken
to be the width. The height of the tumor was considered to be equal
to the width. The volume of the tumor was then calculated using the
formula;

V=Lx W2/2,
Where,
V= Volume of the tumor
L= length of the tumor
W= Width of the tumor
Determination of histomorphology of mammary tissues

This was done with the procedure as described by [32]. This
procedure involved the removal of mammary glands and later placed on
the specific glass measuring 70mm x 45mm x 2mm. This was followed
by use of 10% phosphate buffered formalin to fix and dehydrate the
tissues overnight. It was later followed by use of toluene to clear of the
fat, rehydration and then staining using haematoxylin & eosin. The
staining was followed by dehydration of whole mounts using alcohol
and use of xylene to clear and then finally use of methyl salicylate
to bag the tissues. The whole mounts were then sliced to obtain the
microscopic lesions that were embedded in paraffin for examination of
histological appearance. The histological examination was done using
a Plus microscope and the capture of images was done using colour
digital camera.
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Data analysis

Data collected was sorted and statistically analyzed using graph
pad prism software 9.00, 121. The data was analyzed by calculation
of the means within the groups and these were written with standard
deviation. Statistical significance analysis across the groups was
done using one-way ANOVA followed by Turkey’s Post hoc test at a
confidence interval of 95%. The data for tumor incidence was analyzed
using Microsoft excel, 2010.

Ethical considerations

The research was conducted with respect to the principles of
refinement, reduction and replacement. During the period of research,
all principles of the Uganda National Council for Science and
Technology that intended to promote ethics in research were followed.

Adherence to COVID 19 regulations

It was my responsibility to get vaccinated against COVID 19 before
the start of data collection in order to minimize the spread of the disease.
Washing of hands all the time and use of alcohol-based sanitizers was
ensured, before, during after conduction of a session in the research
facility. The face mask was used to cover the nose and mouth while
in the research facility. Other personal protective equipment such as
gloves and clinical coats were used in addition to wearing closed shoes.
It was ensured that all facilities where the research was conducted were
sanitized. A social distance of at least two meters was be ensured in case
the number went beyond one person in the research facility. All the
above standard operating procedures applied to all the personnel who
were involved in the study.

Results

Tumor volumes of mice administered with different doses of
campesterol

The tumor volumes of mice were (Mean * SD) 20.53 + 0.94,
19.41 £ 0.77, 18.15 + 0.50 and 16.22 + 0.94 mm3 for groups treated
with campesterol free diet, 2% campesterol, 4% campesterol and 6%
campesterol respectively. The results in the current study showed
that the two doses of campesterol (4% & 6% campesterol) caused a
significant reduction (p < 0.05) on the tumor volumes of mice when
compared to the control group as shown in (Figure 1).
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Figure 1: Tumor volumes for mice administered with campesterol free diet and
different concentrations of campesterol. Bars with the same superscript (a, b or c)
have no significant differences between them (p > 0.05).

Number of tumors developed per mouse for groups
administered with different doses of campesterol

The number of tumors developed per mouse were (Mean + SD)
5.25 £ 0.96, 5.0 + 1.15, 4.75 = 0.96 and 3 + 0.82 for groups treated
with campesterol free diet, 2% campesterol, 4% campesterol and 6%
campesterol respectively. The results of the current study indicated that
the dose of 6% campesterol caused a significant (p < 0.05) decrease on
the number of tumors developed per mouse as shown in (Figure 2).

Tumor incidences of mice administered with different doses
of campesterol

The tumor incidences of mice were 100% (4/4), 100% (4/4), 75%
(3/4) and 50% (2/4) for the mice treated with 0% campesterol, 2%
campesterol, 4% campesterol and 6% campesterol respectively. The
results from the current study indicated that the dose of 4% campesterol
reduced the tumor incidence by 25% while the dose of 6% campesterol
reduced the tumor incidence by 50% when compared to the control
group as shown in (Figure 3).

Mammary histomorphology of mice administered with
different doses of campesterol

The three doses of campesterol showed a reduction in the
proliferation of mammary cells and the reduction was more pronounced
with increasing concentration of campesterol as shown in (Figures 4).

Discussion

Tumor volumes of mice administered with different doses of
campesterol

Among the crucial aspects in the staging of breast cancer is the size
of the tumor [33]. This aspect of the size of the tumor matters a lot
because it determines the chances of spread of the cancer cells given
the fact that the tumor size is directly proportional to the cancer cell
numbers, and the cell numbers are directly proportional to the chances
of metastasis [34]. For the tumor cells to survive and grow it needs
stimulation from substances from its microenvironment and these may
include cytokines which are among the growth factors [35].
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Figure 2: Number of tumors per mouse for groups administered with campesterol
free diet and different concentrations of campesterol. Bars with the same superscript
(a, or b) have no significant differences between them (p > 0.05).
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Figure 3: Tumor incidences for mice administered with campesterol free diet and
different concentrations of campesterol.
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Figure 4: Mammary histomorphology of mice induced with breast cancer and
administered with different doses of campesterol; AM: Mammary histomorphology
of a mouse administered with 0% campesterol (control); BM: Mammary
histomorphology of a mouse administered with 2% campesterol; CB: Mammary
histomorphology of a mouse administered with 4% campesterol; DM: Mammary
histomorphology of a mouse administered with 6% campesterol.

The tumor volumes of mice were (Mean * SD) 20.53 + 0.94,
19.41 + 0.77, 18.15 £ 0.50 and 16.22 + 0.94 mm3 for groups treated
with campesterol free diet, 2% campesterol, 4% campesterol and 6%
campesterol respectively. The results in the current study showed that
the two doses of campesterol (4% & 6% campesterol) caused a significant
reduction (p < 0.05) on the tumor volumes of mice when compared to
the control group. These were in agreement with the results obtained
by [4, 5]. The results of the current study could be an indication that
the concentrations of 4% campesterol & 6% campesterol had a negative
effect on the tumor microenvironment [35].

Number of tumors developed per mouse for groups
administered with different doses of campesterol

Tumorigenesis which is the transformation from the normal cells
to cancerous ones is accompanied with some changes that involve
different levels such as cytological level, level of the genes as well as
the level of epigenetics, and it is also associated with the abnormality
in the division of the parent cells [39]. The dysregulation of the genes
responsible for the balance of cellular growth is the determining factor
for uncontrollable cellular division. These genes include the proto-
oncogenes that enhance cellular growth and division and the tumor
suppressor genes that prevent cellular growth, or on the temporary
basis arrest the division of the cell so that DNA can be repaired [40].
Therefore, the transformation of the normal to cancerous cells follows
the mutation of these regulatory genes of cellular growth and division
[41].

The number of tumors developed per mouse were (Mean + SD)
5.25 + 0.96, 5.0 £ 1.15, 4.75 + 0.96 and 3 * 0.82 for groups treated
with campesterol free diet, 2% campesterol, 4% campesterol and 6%
campesterol respectively. The results of the current study indicated that
the dose of 6% campesterol caused a significant (p < 0.05) decrease on
the number of tumors developed per mouse.

These were in agreement with the results obtained by [3]. The
results of the current study could be an indication that the dose of 6%
campesterol had a positive effect on the tumor suppressor genes or a
negative effect on the proto-oncogenes [41].

Tumor incidences of mice administered with different doses
of campesterol

Tumor incidences are determined by the rate of genetic mutations
for oncogenesis [36]. On the other hand, some factors may have a
contribution on the advancement of the tumor and these may include
among others the internal defects of the cells of the immune system such
as fatigue of the T cells and the ability to tolerate the binding strength
of the antigens located on the tumor cells [37]. Reduction of tumor
incidences can also be through; suppression of the tumor by cytokines
of the immune system, enhancement of the tumor suppressor genes by
stimulating them, and a negative effect on the angiogenesis-stimulating
factors so as the prevent the tumors from spreading to distant areas
[38].

The tumor incidences of mice were 100% (4/4), 100% (4/4), 75%
(3/4) and 50% (2/4) for the mice treated with 0% campesterol, 2%
campesterol, 4% campesterol and 6% campesterol respectively. The
results from the current study indicated that the dose of 4% campesterol
reduced the tumor incidence by 25% while the dose of 6% campesterol
reduced the tumor incidence by 50% when compared to the control

group.

These were in agreement with the results obtained by [9, 11, 13].
However, the results differed from those obtained by [6]. The results of
the current study could be an indication that the concentrations of 4%
campesterol and 6% campesterol had a positive effect on the immune
system of the mice.

Mammary histomorphology of mice administered with
different doses of campesterol

The mammary gland is histologically composed of the ductal -
lobular system, stroma and the nipple [42]. The ductal-lobular system
is made up of large milk channels called lactiferous ducts. These ducts
have their opening at the nipple surface through the sinuses formed
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by lactiferous ducts. The lactiferous sinuses branch to form ductules
that make their termination on to the acini. The acini are combined
together to form clusters of lobules [43]. The ductal-lobular system is
made up of cuboidal to columnar epithelial lining surrounded by the
myoepithelial cells. The myoepithelial cells are variable in appearance
but most of them have a flattened structure [44].

The results of the current study showed that three doses of
campesterol reduced the proliferation of the tumor-invaded mammary
tissues. These were in agreement with the results obtained by [18, 19,
21]. However, the results differed from those obtained by [27, 28].
The results of the current study could be an indication that the three
concentrations of campesterol had a negative effect on the cytokines
produced by the tumor cells [35].

Conclusion

From the results of the study, it could be concluded that campesterol
significantly reduced tumor size, number of tumors developed and
tumor incidence. In addition, campesterol reduced proliferation of
mammary cells.
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