
Abstract. Background/Aim: The effects of mast cells on
carcinogenesis is not yet fully understood. This work aimed to
disclose the role of mast cells in mammary carcinogenesis in a
rat model. Materials and Methods: Mammary tumors were
induced by the administration of N-methyl-N-nitrosourea (MNU)
in three groups of rats. Animals from one group were treated
with ketotifen immediately after MNU administration, and
animals from another only received ketotifen after the
development of the first mammary tumor. The biochemical
profile was determined. Mammary tumors were evaluated by
histopathology and immunohistochemistry. Results: Animals
from ketotifen-treated groups developed fewer mammary tumors,
higher number of mammary lesions and had lower histamine
levels when compared to non-treated animals. Animals treated
with ketotifen immediately after MNU exhibited the lowest
proliferative and apoptotic indexes. Conclusion: The mainly
positive effect of the inhibition of mast cell degranulation seems
to be the reduction of tumor proliferation when the mast cell
degranulation was inhibited before tumor development.

Cancer is a multistage process that involves complex
interactions between malignant and non-malignant cells.

Lymphatic and vascular endothelial cells, pericytes,
adipocytes, mesenchymal stem cells, smooth muscle cells,
fibroblasts, myofibroblasts, myeloid cells and inflammatory
cells (B- and T-lymphocytes, neutrophils, dendritic cells,
eosinophils, basophils, natural killer cells, macrophages and
mast cells) are among the non-malignant cells that constitute
the tumor microenvironment (1). 

Mast cells are ovoid or elongated granular cells that arise
from the multipotent precursor CD34+ in the bone marrow (2).
They are complex, well-engineered and multifunctional cells
that play an important role in innate and acquired immunity (3,
4). Although mast cells were first described by Paul Ehrlich as
a normal component of connective tissue (5), nowadays it is
known that they are physiologically present in several tissues,
especially where the body interacts with the environment (skin,
respiratory tract, gastrointestinal tract, mucosal surfaces and
connective tissue) (6). They may also be occasionally seen in
the bone marrow but almost never in circulation (7). 

Over the years, mast cells have interested the scientific
community and their role has been studied in several
conditions, namely dermatitis, bullous pemphigoid, fibrotic
lung disease, psoriasis, rheumatoid arthritis, Crohn’s disease,
ulcerative colitis, interstitial cystitis, asthma, allergic rhinitis,
sinusitis and cancer (skin, breast, lung, kidney, stomach,
melanoma and multiple myeloma) (8, 9). Mast cells have
several bioactive substances with pro-apoptotic and anti-
apoptotic activity in their cytoplasmic granules. In the specific
case of cancer, histamine, tryptase and chymase promote
tumor angiogenesis, proliferation and metastasis; while
heparin, interleukin (IL)-1, IL21 and tumor necrosis factor
inhibit tumor growth (10-13). The association between the
presence of mast cells and the conversion of premalignant to
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malignant lesions in a rat model of chemically induced skin
and mammary tumors was reported (14), as well as the
correlation of the mast cell number in breast cancer with
tumor aggressiveness and poor prognosis in human (15) and
canine mammary tumors (16). Hence the idea that mast cells
are correlated with tumor progression arises and that inhibition
of their degranulation may suppress mammary tumor growth. 

Ketotifen is a benzocycloheptathiophene compound that
at low concentrations exerts antihistaminic activity (it is a
second-generation histamine 1 receptor antagonist) (17).
Additionally, ketotifen blocks calcium channels essential for
mast cell degranulation, stabilizing their membranes and
consequently inhibiting their degranulation (18, 19). 

As breast cancer remains a leading cancer type among
women worldwide (20), this study aimed to clarify the role of
mast cells in mammary carcinogenesis, through the inhibition
of mast cell degranulation by an antihistamine drug in a
recognized rat model of MNU-induced mammary cancer.

Materials and Methods

Animals. Thirty-four female Sprague-Dawley rats of 4 weeks of age
were used (Harlan Interfauna, Barcelona, Spain). Animals were
placed in the facilities of the University of Trás-os-Montes and Alto
Douro (UTAD) under controlled conditions of temperature
(23±2˚C), humidity (50±10%), air system filtration (10-20
ventilations/hour) and on a 12:12-hour light:dark cycle. Animals
were fed with a standard laboratory diet (4RF21; Mucedola, Settimo
Milanese MI, Italy) and tap water ad libitum. All procedures
followed the European and National legislation on the protection of
animals used for scientific purposes (European Directive
2010/63/EU and National Decree-Law 113/2013). The experimental
protocol was approved by the Ethics Committee of UTAD (CE_12-
2013) and by the Portuguese Ethics Committee for Animal
Experimentation (approval no. 008961).

Experimental protocol. After 1 week of quarantine and 2 weeks of
acclimatization to the laboratory conditions, animals were randomly
divided into five experimental groups as follows: group I: N-methyl-
N-nitrosourea (MNU); n=10, group II: MNU plus ketotifen-1; n=10,
group III: MNU plus ketotifen-2; n=10, group IV: ketotifen; n=2
and group V: control; n=2. At 7 weeks of age, all animals from
groups I, II and III received an intraperitoneal injection of MNU
(Isopac®; Sigma Chemical Co., Madrid, Spain) at a dose of 50
mg/kg. Animals from groups IV and V received a single
intraperitoneal injection of the vehicle (saline solution 0.9%). These
control groups were used in order to ensure that no histological
alterations occurred due to the experimental procedures, namely the
ketotifen administration. The first day of the experimental protocol
was defined as the day of the MNU administration. On the day after
the MNU or saline administration, animals from groups II and IV
received mast cell stabilizer ketotifen (Zaditen®, Defiante
Farmacêutica S.A., Portugal) in drinking water, at a concentration
of 1 mg/kg, 7 days/week for 18 weeks. Each animal from group III
only received ketotifen after the development of the first mammary
tumor. Animals from groups I and V received only water during the
protocol (Figure 1). 

Animals were observed twice a day throughout the experiment
in order to monitor their health status during the experiment.
Mammary chains from all animals were palpated once a week to
detect the development of mammary tumors. Food and water
consumption and animal body weight were measured weekly using
a top-loading scale (METTLER® PM 4000; LabWrench, Midland,
Canada). At the end of the experiment, body weight gain and
mortality index were calculated (21, 22).

Sample collection. At the seventh week after MNU administration,
blood samples were collected from the tail vein directly into capillary
tubes; the samples were centrifuged and the serum was stored at
−80˚C to determine the histamine level. Immediately before animal
sacrifice, urine samples were collected using metabolic cages, the
samples were centrifuged and the specific gravity of urine was
determined using a refractometer (Atago Co., Tokyo, Japan).

Sacrifice. Eighteen weeks after the MNU administration (animals
of 25 weeks of age), all surviving animals were humanely sacrificed
by intraperitoneal injection of ketamine (75 mg/kg Imalgene 1000;
Merial S.A.S., Lyon, France) and xylazine (10 mg/kg, Rompun 2%;
Bayer Healthcare S.A., Kiel, Germany), followed by exsanguination
by cardiac puncture as indicated by the Federation for Laboratory
Animal Science Associations (23). At that time, blood samples were
collected from the inferior vena cava directly into capillary tubes
and tubes with separator gel. The tubes were centrifuged for 5 min
at 5,000 × g, the serum was obtained and stored at −80˚C for
biochemical determinations. 

Animals were scalped and the skin was carefully evaluated under
a light in order to detect mammary tumors not previously identified
by palpation. Mammary tumors were removed, weighed and the
tumor volumes determined based on their weight (22). Accurate
animal body weight was obtained by the subtraction of tumor
weight from the final body weight. All tumors and organs were
collected, weighed and immersed in formalin for 24 h. 

Blood samples analysis. Hematocrit was determined immediately after
the centrifugation of the capillary tubes. Serum levels of histamine
were determined using a commercial Enzyme-Linked Immunosorbent
Assay (ELISA) kit (MBS494164, MyBioSource, San Diego, CA,
USA) according to the manufacturer’s instructions. Serum albumin,
total protein, cholesterol, glucose, triglycerides, creatinine, alanine
aminotransferase (ALT), creatine kinase, lactate dehydrogenase and
lactate were measured in duplicate on an AutoAnalyzer (PRESTIGE
24i; Cormay PZ, Holliston, MA, USA). C-Reactive protein (CRP) was
determined by immunoblotting using a rabbit monoclonal antibody to
CRP (ab32412; Abcam, Cambridge, UK). 

Histology and immunohistochemistry. After fixation, mammary
tumors were cut, included in paraffin and processed for routine
histological evaluation. Two μm-thick sections were stained with
hematoxylin and eosin (H&E). Mammary tumors were histologically
evaluated under light microscopy by a pathologist and classified
according to Russo and Russo (24). To determine mast cell density,
a section from each mammary tumor was stained with toluidine blue.
Mast cells were counted in 15 amplified fields (magnification of
×400) in each section and the mean number was determined (25).

The expression of Ki-67, and cleaved caspases -3 and -9 in each
mammary lesion was evaluated by immunohistochemistry. For this
purpose, the standard protocol of NovoLink Polymer Detection
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System (Leica Biosystems, Newcastle, UK) was used. Sections were
incubated with primary antibodies for Ki-67 (clone MIB-5; Dako,
Glostrup, Denmark), caspase-3 (clone Asp 175; Cell Signaling
Technology, Danvers, MA, USA) and caspase-9 (Asp 353; Cell
Signaling Technology) at a dilution of 1:50 overnight at 4˚C. The
immunoexpression of all markers was evaluated as the percentage
of stained cells in a total of at least 1000 neoplastic cells.

Statistical analysis. Data were statistically analyzed using SPSS®
version 23 (IBM Corp., Armonk, NY, USA). Continuous data were
compared among groups using analysis of variance (ANOVA).
Histological results were analyzed using chi-square tests.
Continuous data are expressed as mean±standard error (S.E.); p-
values lower than 0.05 were considered statistically significant.

Results
General data. One animal from group II (mortality index of
10%) died during the experiment. Data from this animal
were not included in the study. Statistically significant
differences were not found in food and water consumption
(data not shown), nor in animal body weight, ponderal gain

and organ weight among groups (p>0.05). Although the
differences did not reach the level of statistical significance,
final body weight was slightly lower in ketotifen-treated
animals previously exposed to MNU (groups II and III)
when compared with the remaining groups (Tables I and II).

Mammary tumors. As expected, animals from groups IV and
V did not develop any mammary tumor. The first mammary
tumors were simultaneously identified in all MNU-exposed
groups (groups I, II and III) 8 weeks after MNU
administration (Figure 2). 

An incidence of 60% (6/10) in group I, 89% (8/9) in group
II and 70% (7/10) in group III was observed at the end of the
experimental protocol. As the aim of the study was to evaluate
the effects of mast cells on mammary tumorigenesis, we only
considered the data from animals that actually developed
mammary tumors. A total of 58 mammary tumors were
counted at the end of the experiment: 21 tumors in group I
(3.5 tumors per animal), 19 tumors in group II (2.4 tumors per
animal) and 18 tumors in group III (2.6 tumors per animal)
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Figure 1. Schematic representation of the experimental protocol. MNU: N-methyl-N-nitrosourea; i.p.: intraperitoneal administration.



(Figure 2). The number of mammary tumors was not
statistically different among groups (p>0.05). Although the
mammary tumor volume and weight were higher in animals
that received ketotifen immediately after MNU administration
(group II) when compared with non-treated animals (group I)
and animals that only received ketotifen after tumor
development (group III), the differences among groups did not
reach the level of statistical significance (p>0.05) (Table I).

Blood and urine samples analysis. The serum level of
histamine was measured before (at the seventh week of the
experiment) and after the development of mammary tumors (at
the 18th week of the experiment) in all experimental groups.
The serum histamine level increased between the seventh and
the last week of the experimental protocol (p>0.05). Among
the animals that developed mammary tumors, the animals from
group II (MNU plus ketotifen-1) exhibited the lowest serum
histamine levels followed by animals from group III (MNU
plus ketotifen-2) (Table III). The majority of the biochemical
parameters were similar among groups (p>0.05) (Table IV).

Histological analysis. Histologically, it was verified that
mammary tumors exhibited more than one mammary lesion.
In this way, 35 mammary lesions in group I (MNU), 44
mammary lesions in group II (MNU plus ketotifen-1) and 48
mammary lesions in group III (MNU plus ketotifen-2) were

identified. The highest number of benign mammary lesions
was identified in group III (statistically higher than in group
I, p<0.05), while the highest number of malignant lesions
was observed in group II. No pre-neoplastic lesions were
identified in groups I and II. Papillary non-invasive
carcinoma was the malignant lesion most frequently
identified in all groups. The number of cribriform non-
invasive carcinomas was higher in groups II and III when
compared with group I (p<0.05) (Table V). 

Mast cells appeared as granular mononuclear cells in all
mammary tumors. The toluidine blue stained their granules
purple in color. The majority of mast cells were observed
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Table I. Initial and final accurate body weight (g), ponderal gain (%), and mammary tumor volume and weight in all experimental groups
(mean±S.E.). 

Group                                                  n                        Accurate body weight (g)                    Ponderal gain (%)                   Mammary tumors

                                                                                  Initial                             Final                                                          Weight (g)           Volume (cm3)

I (MNU)                                             6                188.27±3.78                  304.78±8.54                 38.10±1.27                3.24±0.66               3.08±0.63
II (MNU + ketotifen-1)                     8                178.40±3.26                 272.78±11.35                 33.75±3.09                5.40±1.40               5.11±1.32
III (MNU + ketotifen-2)                    7                187.69±4.88                  286.44±6.72                 34.39±1.46                2.62±0.74               2.48±0.70
IV (Ketotifen)                                    2               198.22±12.70                304.20±18.00                34.86±0.32                        -                               -
V (Control)                                         2                183.82±2.84                  295.98±9.78                 37.86±1.10                        -                               -

MNU: N-Methyl-N-nitrosourea. Statistically significant differences were not found (p>0.05).

Table II. Absolute organ weight (g) in all study groups (mean±S.E.). 

Group                                                  n                 Heart                  Lung                   Spleen                  Liver                 Left kidney            Right kidney

I (MNU)                                             6             1.15±0.08          1.74±0.09            0.99±0.10            9.18±1.01              1.16±0.03                1.21±0.03
II (MNU + ketotifen-1)                     8             1.17±0.09          1.62±0.06            1.20±0.14            9.37±0.55              1.16±0.06                1.21±0.03
III (MNU + ketotifen-2)                    7             1.13±0.03          1.65±0.05            2.03±0.96            9.78±0.35              1.28±0.06                1.30±0.03
IV (Ketotifen)                                    2             1.12±0.04          1.76±0.01            0.78±0.08            8.13±0.53              1.27±0.14                1.30±0.11
V (Control)                                         2             1.13±0.07          1.95±0.19            0.89±0.13            9.04±0.51              1.20±0.03                1.20±0.00

MNU: N-Methyl-N-nitrosourea. Statistically significant differences were not found (p>0.05).

Table III. Serum histamine levels (ng/ml) in all groups before tumor
development and at the end of the experimental protocol (mean±S.E.). 

Group                                           n           Serum histamine levels (ng/ml)

                                                                    7 Weeks              18 Weeks 
                                                                  after MNU           after MNU

I (MNU)                                      6           45.46±5.52        109.55±31.22
II (MNU + ketotifen-1)              8           46.53±3.19         91.16±32.84
III (MNU + ketotifen-2)             7           44.80±5.42        100.47±50.24

MNU: N-Methyl-N-nitrosourea. Statistically significant differences were
not found (p<0.05).



in the connective tissue around the tumor and were lower
in number in the tumor core (Figure 3A). The mean number
of mast cells was higher in mammary tumors when
compared with normal mammary gland (p<0.05).
Additionally, the mean number of mast cells was higher in
group II (MNU plus ketotifen-1) when compared with
groups I (MNU) and III (MNU plus ketotifen-2) (p<0.05)
(Figure 4). 

Immunohistochemistry. The proliferative index was higher in
groups I (MNU) and III (MNU plus ketotifen-2) when
compared with group II (MNU plus ketotifen-1) (p<0.05).
In the same way, the apoptotic index as evaluated by the
immunoexpression of caspase-3 and -9 was higher in groups
I and III, when compared with group II (statistically
significant differences were not observed, p>0.05) (Table VI,
Figure 3B-D). 

Discussion

In 2012, cancer was responsible for approximately 8.2
million deaths around the world (26). In this way, it is one
of the diseases most feared by humans and a disease of a
great concern among the scientific community. As an attempt
to find new preventative and therapeutic strategies, persistent
research, mainly using animal models such as rats and mice,
has been performed in this field. 

After several years studying carcinogenesis in distinct
organs, such as urinary bladder, liver, skin, and more
recently mammary gland, our research team observed a

marked infiltration of mast cells in these types of cancer. The
question therefore arose of what is the role of mast cells in
cancer? Do they favor tumor progression or do they help the
host against the neoplasia? Indeed, the existence of mast
cells and their presence near tumors was first described by
Paul Ehrlich many years ago (5). Since then, mast cells have
long intrigued the scientific community. However, the data
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Figure 2. Graphic representation of the number of mammary tumors in groups I, II and III and the respective week of their appearance (p>0.05).

Figure 3. Mean number of mast cells in mammary tumors from animals
that received the carcinogen N-methyl-N-nitrosourea and in the normal
mammary gland. Values with different letters are statistically different
(p<0.05).
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Table IV. Characterization of animal response to ketotifen administration: biochemical profile (mean±S.E.).

Parameter/group                                                      I (MNU)                                    II (MNU + ketotifen-1)                         III (MNU + ketotifen-2)

Hematocrit (%)                                                     48.50±1.77a                                           48.75±1.11a                                             44.86±0.86a
Albumin (mg/dl)                                                   29.13±0.61a                                           27.47±1.34a                                             29.60±0.93a
Total protein (mg/dl)                                            58.12±1.36a                                           57.59±2.58a                                             61.11±1.80a
Cholesterol (mg/dl)                                              65.03±6.96a                                           55.25±3.89a                                             68.34±7.37a
Glucose (mg/dl)                                                  164.90±7.24a,b                                       152.58±15.80a                                        226.34±16.29b
Triglycerides (mg/dl)                                          111.87±14.63a                                         77.33±7.23a                                           116.31±11.30a
Creatinine (mg/dl)                                                 0.67±0.06a                                             0.77±0.13a                                               0.58±0.08a
ALT (U/l)                                                              18.53±2.74a                                           15.16±1.67a                                             17.13±3.24a
Creatine kinase (U/l)                                           71.67±11.32a                                        147.69±31.83a                                          84.76±11.74a
Lactate dehydrogenase (U/l)                            1312.93±254.18a                                   1878.24±310.48a                                    1164.26±157.17a
Lactate (mg/dl)                                                     31.67±2.60a                                           43.38±4.11a                                             31.17±2.12a
CRP (AU)                                                          3632.26±23.35a                                    36313.53±54.04a                                     3524.61±47.34a
Urine specific gravity                                            1.02±0.00a                                             1.03±0.00a                                               1.02±0.00a

MNU: N-Methyl-N-nitrosourea. aStatistically different from group III (MNU+ketotifen-2).   

Table V. Histological classification of mammary tumors developed by animals from experimental groups that received the carcinogen agent 
N-methyl-N-nitrosourea (MNU).

Lesions                                                                                                                                                  Number of lesions

                                                                                                                                I (MNU)           II (MNU + ketotifen-1)         III (MNU + ketotifen-2)

Benign
   Intraductal papilloma                                                                                                1                                   1                                               5
   Tubular adenoma                                                                                                       0                                   2                                               3
   Fibroadenoma                                                                                                            1                                   1                                               1
                                                                                         Total:                                   2a                                  4                                               9
Preneoplastic
   Intraductal proliferation                                                                                            0                                   0                                               2
Malignant
   Papillary non-invasive carcinoma                                                                         14                                 16                                             13
   Cribriform non-invasive carcinoma                                                                         3b,c                             11                                             12
   Papillary invasive carcinoma                                                                                   6                                   6                                               7
   Cribriform invasive carcinoma                                                                                 9                                   7                                               4
   Comedo invasive carcinoma                                                                                    1                                   0                                               1
                                                                                         Total:                                 33                                 40                                             37

                                                                         Total number of lesions:                  35                                 44                                             48

Statistically different from agroup III (p=0.035), bgroup II (p=0.033), cgroup III (p=0.020).

Table VI. Immunohistochemical evaluation of proliferation and apoptosis of mammary tumors developed by animals from experimental groups that
received the carcinogen N-methyl-N-nitrosourea (MNU).

Antibody                                  Parameter                                                                                           Group

                                                                                                      I (MNU)                         II (MNU + ketotifen-1)                  III (MNU + ketotifen-2)

Ki-67                             Proliferation index (%)                        8.78±1.94a                                  4.22±0.77b                                       8.08±1.70a
Caspase-3                        Apoptotic index (%)                           4.16±0.76                                   3.14±0.50                                         4.08±0.48
Caspase-9                        Apoptotic index (%)                           3.24±0.53                                   2.38±0.37                                         3.03±0.52

aStatistically different from group III (MNU+ketotifen-2) (p<0.05).



on their role have been contradictory and inconclusive,
probably due to the different models in which they have been
studied. In the present work, we intended not only to
evaluate the effects of mast cell inhibition before the
beginning of carcinogenesis (preventative approach), but also
after the development of mammary tumors (therapeutic
approach). In this way, we decided to administer the well-
known and frequently used antihistamine drug ketotifen.
This drug was selected not only for its inhibitory action of
histamine by the blockage of H1 receptors, but also because
it stabilizes mast cell membrane, avoiding the release of
other substances contained in their granules that may act as
both pro- and antitumoral agents. In previous work,
promising results such as clotting of blood vessels, hypoxia
and tumor cells apoptosis were observed after the treatment
of mouse models of mammary adenocarcinoma and

pancreatic cancer with the mast cell stabilizing drug
disodium cromoglycate (cromolyn), even administered after
the tumor initiation. However, this mast cell stabilizer drug
is a weak inhibitor of human mast cells and is not used in
humans (27).

Mammary tumors chemically induced by the carcinogen
MNU in female Sprague-Dawley rats have long been used
for the study of mammary carcinogenesis (28). In the present
study, mammary tumors were successfully induced 8 weeks
after MNU administration in animals exposed to this
carcinogen. However, conversely to the 100% incidence
previously observed in work performed by our research team
using the same model, in the present work a maximum
incidence of 89% was reached. This difference is probably
related to the duration of the experimental protocol: in the
first study, the animals were sacrificed 35 weeks after MNU
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Figure 4. Mast cells stained with toluidine blue appearing purple in color in a papillary carcinoma MNU-induced (A). Immunohistochemical staining
for Ki-67 (B), caspase-3 (C) and caspase-9 (D) in a mammary cribriform carcinoma induced by MNU in female rats. Mast cells stained with
toluidine blue appearing purple in color in a papillary carcinoma induced by N-methyl-N-nitrosourea. Immunopositive cells in images stained with
caspase-3 and -9 are indicated by arrows. Magnification of 40× in all images.



administration, while in the present one, they were sacrificed
18 weeks after MNU administration (28, 29). Although the
number of mammary tumors at the end of the experiment
was slightly lower in animals from group III that only
received the ketotifen after the development of the first
mammary tumor, the mean number of mammary tumors per
animal was lower in group II, i.e. in animals that received
the ketotifen immediately after the MNU administration.
Tumors from animals of group II exhibited higher weight
and volume when compared with tumors from group III
(MNU plus ketotifen-2) (p>0.05), which seems to indicate
that the inhibition of mast cell degranulation before tumor
development favors tumor growth. 

Ketotifen was administered at a dose of 1 mg/kg per os
because it was previously demonstrated as being effective in
the reversal of anaphylactic reaction in rats (30) and it had
been observed that at low concentration ketotifen inhibits
histamine release but the converse occurs at higher
concentrations in human conjunctival mast cells (31).
Although changes in lipid profile have long been associated
with malignancies, as lipids play a key role in maintenance
of cell integrity (32), in the present study significant changes
were not observed.

Histologically, a higher number of mammary lesions was
observed in ketotifen-treated groups (groups II and III) when
compared with non-treated group I (MNU). Uniformly
among groups, the majority of lesions were classified as
malignant. As previously reported, an intense mast cell
infiltrate was observed in all rat chemically-induced
mammary tumors, mainly in peri-tumoral fibrous tissue
rather than in tumor core (33). Similarly to that reported, the
mean number of mast cells in all grades of mammary tumors
was higher when compared with normal mammary gland
(34). Although it was previously described that as the
severity of mammary tumors increased the mast cell count
decreased, in the present work it was observed that the group
that exhibited the highest number of malignant mammary
lesions also exhibited the highest mean number of mast cells
(group II, MNU plus ketotifen-1) (35). Similarly to previous
observation in a study of rat intestine and mesenterium
(ketotifen injected i.v.), where it was observed that ketotifen
did not reduce the number of mast cells (36, 37), in the
present work the ketotifen inhibited mast cell degranulation
(lower histamine concentration) but did not reduce the
number of mast cells. Although the mast cells number was
not reduced, their activity was inhibited. 

Ki-67 is involved in cellular proliferation, being considered
an important proliferative marker in mammary cancer (38).
Caspases-3 and -9 act as effector and initiator, respectively, in
both extrinsic and intrinsic pathways of apoptosis that
culminate with the degradation of cellular structures and
formation of apoptotic bodies (39). As a higher
immunoexpression of Ki-67 (proliferative index) was observed

in groups I (MNU) and III (MNU + ketotifen-2) when
compared with group II (MNU plus ketotifen-1), a lower
immunoexpression of caspase-3 and -9 (apoptotic index) was
expected in these groups. Surprisingly, both proliferative and
apoptotic indices were lower in group II (MNU plus ketotifen-
1) where mast cell degranulation was inhibited before tumor
development. These data suggest that the inhibition of mast cell
degranulation may inhibit or at least reduce the proliferation of
mammary tumors, having a positive effect for the host. 

Conclusion

As far as we are aware of, this study was the first to evaluate
the effects of mast cell degranulation inhibition on the model
of chemically-induced mammary cancer in female Sprague-
Dawley rats. The results seem to indicate that the inhibition
of mast cell degranulation did not change tumor progression
(number of mammary tumors and lesions). The main positive
effect seems to be the reduction of tumor proliferation (lower
proliferative index) when mast cell degranulation was
inhibited before tumor development. 
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