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Abstract
Mammary gland tumors are the most common neoplasms in female intact dogs and share some biological and histopatholog-
ical aspects with those in women with breast cancer, making them a good model in comparative oncology. Resveratrol is a 
polyphenol found in several plants, and some studies have indicated that it acts in the neoplastic process as an anticancer drug. 
Viscum album is a hemiparasitic plant widely used as an adjuvant treatment for cancer in some countries. Thus, this study aimed 
to evaluate the antitumor potential of resveratrol and homeopathic Viscum album together and separately using two previously 
characterized canine mammary tumor cell lines (UNESP-CM9 and UNESP-CM60). The cell viability test (MTT) was performed, 
which revealed an IC50 of 3.11 μl/100 ml for UNESP-CM9 and 2.993 μl/100 ml for UNESP-CM60 for Viscum album, and 
for resveratrol, the IC50 was 281.6 μM for UNESP-CM9 and 105.5 μM for UNESP-CM60. The combination of both natural 
compounds led to tumor cell death at a lower IC50. The cell migration assay demonstrated an increase in cell migration time 
with both treatments. UNESP-CM9 closed 35.66% of the wounds in the control group and 15.51% of the wounds in the viscum 
group, while UNESP-CM60 closed 39.46% of the wounds in the control group and 19.95% of the wounds in the viscum group 
and 2.41% of the wounds in the resveratrol group. Thus, these two compounds have antitumor potential, making them possible 
alternatives to conventional treatments.
Keywords: comparative oncology, natural compounds, dogs, biocompounds.
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Introduction

In the last 10 years, there has been a significant 
increase in comparative oncology investigations, given that 
canine and human mammary tumors present several similar-
ities at both the pathological and molecular levels (14), such 
as spontaneous occurrence, age of onset, histopathology, and 
response to therapy (1, 13). Mammary gland tumors are the 
most commonly diagnosed type of cancer worldwide and 
are the main cause of cancer-related death in women (1, 10). 
It is the most common neoplasm in female intact dogs, with 
30–54% malignant tumors (15), and some subtypes are highly 
metastatic, with the possibility of dissemination to regional 
lymph nodes reaching 50% (7).

Multidrug resistance is considered a major impedi-
ment to cancer treatment, as most cancer-related deaths are 
from metastasis or resistance to chemotherapy (17). One of the 
causes of resistance to chemotherapy is tumor stem cells, and 
current research has shown that natural compounds, mainly 
phytochemicals, have the ability to reach these cells (5). Nat-
ural products, several of which originate from natural sources, 
such as plant-derived vincristine and paclitaxel, have played a 
key role in the history of anticancer drug discovery (9).

Resveratrol is a polyphenol that can be found in many 
plants, such as peanuts, grapes, and berries. It is known to have 
important pharmacological effects and is considered a potent 
anti-inflammatory and antioxidant agent (2). It acts in four 
stages of carcinogenesis—initiation, promotion, progression 
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and metastasis—through the modulation of pathways that 
control cell division and growth, apoptosis, inflammation and 
angiogenesis (2, 19). It has already been successfully used to 
treat cancer both in vitro and in vivo, and its mechanisms of 
action are related to the inhibition of migration and invasion 
through the PI3K/Akt and Wnt/β-catenin pathways, inhibition 
of the epithelial–mesenchymal transition through TGF-β1 and 
increased sensitivity to chemotherapy (25).

Viscum album is a hemiparasitic plant of several tree 
species, and the components of its extract include mainly 
flavonoids, triterpenes, lectins, polysaccharides, amino acids, 
viscotoxins and various alkaloids (18, 23). The use of V. al-
bum in the treatment of cancer is well known, and the effects 
attributed to mistletoe extracts are based on stimulation of 
the immune system and direct cytotoxicity (16). Lectins and 
viscotoxins are identified as the main antitumor agents re-
sponsible for inducing apoptosis in these cells (18, 23).

These compounds have been studied in vitro, in vivo, 
and in clinical trials, alone or in combination, to develop new 
therapies for humans. To the best of our knowledge, these prom-
ising agents have not yet been reported in canine models. The aim 
of this study was to describe the cytotoxic potential of V. album 
and resveratrol in two canine mammary carcinoma cell lines.

Materials and Methods

Materials and chemicals

Antibiotic antimycotic solution (AA-S): Gibco™, 
Thermo Fisher Scientific. Dimethylsulfoxide (DMSO): PA 
ACS – Dinâmica. Sigma–Aldrich®. Dulbecco’s modified 
Eagle’s medium Ham F-12 (DMEM): Merck Sigma–Al-
drich®. Dulbecco’s Phosphate Buffered Saline (DPBS): LGC 
Biotecnologia®. Fetal bovine serum (FBS): Nova Biotecno-
logia®. Gentamicin solution: Gibco™, Thermo Fisher Sci-
entific. Trypsin-EDTA solution (tripsin): Gibco™, Thermo 
Fisher Scientific. 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphe-
nyl-2-H-tetrazolium bromide (MTT): Invitrogen™, Thermo 
Fisher Scientific. Resveratrol: Merck Sigma–Aldrich®. V. al-
bum D3: InjectCenter, São Paulo, Brazil

Cell lines and cell culture

The UNESP-CM9 and UNESP-CM60 cell lines were 
previously established and characterized by Lainetti et al. 
(6), and cell growth was evaluated according to (6). The cells 
used were in the logarithmic growth phase in all experiments.

In vitro cytotoxicity assay

A colorimetric MTT assay was used to determine the 
cytotoxic effects of resveratrol and homeopathic V. album. 
For this purpose, 1x104 UNESP-CM9 and UNESP-CM60 cells/

well were seeded in a 96-well plate at different drug concentra-
tions. After 24 hours of seeding in DMEM supplemented with 
10% FBS, the media was replaced with DMEM without BFS 
plus four concentrations of the tested drugs under the same 
conditions and for the same period of time (24 hours). For V. 
album at UNESP-CM9 and UNESP-CM60, concentrations 
of 1, 2, 3 and 4 μL/100 μL were tested. For resveratrol at 
UNESP-CM9, concentrations of 200, 230, 260 and 300 μM 
were tested. For UNESP-CM60, concentrations of 50, 100, 
125 and 200 μM were tested. The combination of Viscum and 
resveratrol was tested using the isolated IC50 of each natural 
compound. Homeopathic V. album was used at different di-
lutions in distilled water. Resveratrol was diluted in DMSO.

The MTT assay (Invitrogen™, Thermo Fisher Sci-
entific, USA) was performed according to the manufacturer’s 
instructions, and Spectro colorimetric analysis was performed 
in a microplate reader (570 nm range). All the compounds 
were tested in triplicate at four concentrations made in a serial 
dilution, guided by control groups.

Cellular migration

Cellular migration was tested by a wound healing 
test after treatment with the IC50 doses of resveratrol and V. 
album. The cells were seeded in a 6-well plate (1x105 cells/
well) until they reached 80% confluence. After that, a 100 μL 
pipette tip was used to generate a linear wound. To remove 
the detached cells, the plates were double washed with DPBS 
(500 μL) and agitated for 5 min.

For reference, each well of the plate was photo-
graphed at the time the wound was made and after 7 hours. 
During this time, the cells were incubated in fresh DMEM 
(without FBS), and the test compound was added. Wound heal-
ing was measured in three different regions using the GIMP 
2.10.14 program. The mean distance for each cell line was 
calculated as the mean and standard deviation. All compounds 
and the control group were tested in triplicate.

Data analysis

The IC50 values of all the tested drugs were obtained 
by plotting the spectrum colorimetric data in a dose–response 
curve after the application of data normalization and a non-
linear regression method in GraphPad Prism 8.0.1 software. 
The values presented are the means and standard deviations 
of triplicate tests, and statistical significance (p< 0,05) was 
determined by a comparison of each tested group with the 
control (vehicle) group by independent t tests and ANOVA.

For the cell migration analysis, the mean and standard 
deviation were calculated. Wound healing (difference) was mea-
sured by the formula D0-D1, where D0 was the first measure-
ment and D1 was the initial measurement. The treated groups 
and controls were compared using the Mann–Whitney test, 
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considering p<0.05 as an indicator of statistical significance, 
which was performed with GraphPad Prism 8.0.1 software.

Results

Cellular viability

In both canine mammary carcinoma cell lines (UN-
ESP-CM9 and UNESP-CM60), resveratrol and homeopathic 
V. album decreased cellular metabolic activity in a dose-de-
pendent manner (Table 1 and Fig. 1). When Viscum album 
was combined with resveratrol, the concentrations of both 
compounds were lower than the IC50 values in both cell lines, 

and the concentration of V. album was maintained at a fixed 
value of 1 μl/100 μl. The treated groups and the control were 
compared by individual t tests, with all groups compared to 
the control having p < 0.05 considered significant.

Cellular migration

Viscum album and resveratrol in both canine mam-
mary carcinoma cell lines (UNESP-CM9 and UNESP-CM60) 
increased the time to wound closure in a cell migration assay (Ta-
ble 2 and Figs. 2 and 3). Both treatments were significantly differ-
ent from DMEN, delaying wound closure and cell proliferation.

Discussion

Resveratrol and V. album have already been widely 
tested as antitumor drugs in several tumor cell lines, including 

Table 1. IC50 of the drugs tested in UNESP-CM9 and 
UNESP-CM60, two canine mammary carcinoma cell lines:

DRUG
UNESP-CM9 UNESP-CM60

IC50 IC50

Resveratrol 281.60 μM 105.50 μM

Viscum album 3.11μl/100 μl 2.99μl/100 μl

Figure 1. Cytotoxicity assay (MTT - 24 h) of the canine 
mammary carcinoma cell lines UNESP-CM9 (left) and 

UNESP-CM60 (right). A- Note the decrease in cell viability 
as the Viscum album concentration increased for both cell 
lines. B- Note the toxic effect of resveratrol on both cell 

lines in a dose-dependent manner. C- Note the synergistic 
effect of Viscum album and resveratrol on both cell lines, 

at the highest dose, all cells died, with 0% viability.

Table 2. Wound healing test measurements. The mean 
size of the wound at 0 and 7 hours and the percentage 

of wound closure at 7-h intervals. The groups 
were compared using the Mann–Whitney test.

CELL GROUP
Wound size(μm)                 Healing

0 h 7 h % p Value

CM9

DMEM 47.83 17.06 35.66%

Viscum album 45.13 7.00 15.51% 0.0051

Resveratrol 43.90 3.83 8.72% 0.0007

CM60

DMEM 43.66 17.23 39.46%

Viscum album 44.76 8.93 19.95% 0.0112

Resveratrol 64.70 1.56 2.41% 0.0023

Figure 2. Wound healing test in the tested and 
control groups at 0 and 7 h in the UNESP-CM9 

canine mammary gland carcinoma cell line.
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mammary tumors, but they have not yet been tested in canine 
mammary carcinoma cells. Considering that dogs are valuable 
natural models for comparative oncology, we tested these two 
compounds in two canine mammary carcinoma cell lines.

Resveratrol, a polyphenol found in several foods, 
such as grapes, blueberries and peanuts, showed cytotoxic 
activity in both cell lines, with an IC50 ranging from 105.5-
281.6 μM, similar to the findings of Behroozaghdam et al. 
(2), who reported that resveratrol prevented the development 
of skin tumors in mice by inducing apoptosis and inhibiting 
the growth of metastatic melanoma cells.

In contrast to our results, in a study carried out by 
Horgan et al. (8) on human breast carcinoma cells (MCF-7 
and ZR-75-1) at a dose of 10 μM, resveratrol did not exhibit 
cytotoxicity; however, when its active analogs were tested 
at the same concentration, there was a significant reduction 
in cell viability, negatively regulating the transcription of 
estrogen receptor mRNA and inhibiting the expression of 
cell cycle and cell proliferation genes such as TP53 and p21.

In our study, in both canine mammary carcinoma cell 
lines, there was a decrease in cell migration “in vitro” after 
treatment with resveratrol. Sun et al. (25) demonstrated the 
inhibition of cell migration in a human breast carcinoma cell 
line (MDA231) by decreasing the secretion of matrix metal-
loproteinases, MMP-2 and MMP-9, in addition to altering the 
expression of proteins such as E-cadherin and vimentin, which 
are essential in the process of epithelial–mesenchymal transition, 
which is one of the initial steps in the process of tumor invasion 
and metastasis. Chin et al. (15) previously showed this anti-
proliferative effect in MDA-MD-231 cells at a dose of 10 μM, 
which induced apoptosis through the mechanisms of p53 action.

For V. album, we obtained an IC50 of 2.993-
3.11 μl/100 ml, with a decrease in viability in a dose-depen-
dent manner, which was also observed by other researchers 

(24), (28) and (18) in different human mammary carcinoma 
lines (MCF-7, HCC-1428 and BT-474). The main mechanism 
of apoptosis induction was described based on SRC inhibi-
tion and STAT3 phosphorylation and the negative regulation 
of ROS, p21 and p53, which also prevent the activation of 
Eek1/2, p38 and STAT3 (18, 24). In addition to human cell 
lines, V. album has also been tested in a murine mammary 
carcinoma line (4T1), in which apoptosis is induced through 
the inhibition of STAT3 phosphorylation, in addition to the 
downregulation of forkhead box M1 (FOXM1), RAD51 and 
survivin, which are DNA repair proteins (12).

In our study, homeopathic V. album inhibited the 
proliferation of both canine mammary carcinoma cell lines. 
Robev et al. (20) also showed this effect in two human 
mammary carcinoma cell lines (MCF-7 and MDA-MB-231) 
through a decrease in the motility and proliferation capacity 
of tumor cell lines and a less pronounced antiproliferative 
effect on human mammary gland cells (MCF-10A). The anti-
proliferative effect of V. album on other tumor types, such as 
osteosarcoma, was demonstrated at different concentrations 
ranging from 1.5 ng/mL to 50 μg/mL through the induction 
of apoptosis by activating CASP8, CASP9 and CASP3 (11).

In addition to in vitro trials, V. album has also been 
tested in vivo (27) in a randomized study conducted with 95 
patients with breast tumors to test the effectiveness of Viscum 
in combination with chemotherapy versus chemotherapy 
alone. The group that received the combination of both drugs 
achieved an improvement in quality of life, in addition to 
reducing the side effects of chemotherapy, but the study 
was not blinded, which could generate bias. Although other 
studies have also been conducted clinically with V. album 
(21, 22, 27) with promising results, additional in vitro and 
in vivo studies must be carried out to prove its effectiveness 
in treating different types of cancer.

In conclusion, the agents V. album and resveratrol 
proved to be effective in vitro in canine mammary cell lines 
with antitumoral effects, as they decreased cell viability and 
migration, suggesting that these natural compounds are prom-
ising agents for further in vivo studies using dogs as a natural 
model for mammary carcinoma clinical trials.
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