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Introduction The use of mesenchymal stem cells (MSC) in cytotoxicity tests is an in-vitro
alternative model for predicting initial doses. Homeopathic medicines may stimulate the
immune system to combat a pathology effectively and have been used for over two
centuries. Viscum album (VA) extracts are widely used in the treatment of cancer, due to
their immunomodulatory, cytotoxic and pro-apoptotic properties.
Objective This study aimed to evaluate the in-vitro growth kinetics of canine MSC in
relation to cytotoxicity, cell differentiation and expression of pluripotentiality markers,
using a VA preparation at the D1D2 (110 1, 110 2 potency (VAD1D2).
Methods MSC were obtained from adipose tissue sampled from a healthy dog that was
undergoing an elective veterinary procedure and with its owner’s permission. The experiments were performed in three groups: MSC treated with VAD1D2 or diluent or untreated
(control). The cytotoxicity was evaluated by MTT assay. The differentiation was induced in
three lineages, and apoptotic cell labeling was performed by an Annexin-V test.
Results At the concentration of 10 μL/mL of VA, the number of cells after in-vitro
culture was maintained when compared with the control (untreated) group. A
signiﬁcant and gradual decrease in cell viability was recorded as VA concentrations
increased. The apoptosis analysis showed that VA at 20 μL/mL presented absolute
percentages of initial apoptosis twice as high as at 10 μL/mL, which was similar to the
control (untreated group).
Conclusion The results suggest that the use of efﬁcient methods to assess the in-vitro
cytotoxicity of VA-based homeopathic medicines using MSC lineages may predict the
potential action at different concentrations. These ﬁndings demonstrated that
VAD1D2 interferes with canine MSC growth kinetics.
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Introduction

Methods

Homeopathic medicines may stimulate the body’s immune
system to combat a particular pathology. Though the mechanism of action remains unknown, some studies have demonstrated that these preparations can retain biological
properties from their starting vegetal extracts.1–3 The use
of Viscum album (VA; mistletoe) extract in the treatment of
cancer diseases has been reported over the years, due to its
immunomodulatory, cytotoxic, pro-apoptotic, anti-angiogenic, and DNA-stabilizing properties.4,5
The mechanism of action of VA varies according to its
composition and has been of growing interest since its
cytotoxic and immunomodulatory properties were ﬁrst
documented.6,7 Its metabolic activity is mediated by biologically active compounds, especially viscotoxins and lectins,8–11 which exert a direct cytotoxic effect on tumor
cells,12 and by triterpenes, which enhance the activity of
natural killer cells by selectively activating their anti-tumor
capacity and apoptotic properties.13–15 Moreover, its
bioactive compounds induce anti-inﬂammatory activity by
the selective inhibition of cyclooxygenase-2 (COX-2), which
is transcriptionally activated in response to various proinﬂammatory cytokines,16 showing a synergistic effect on
the anti-angiogenic process, which is fundamental in tumor
regression and metastasis inhibition.17
The biophysical properties of homeopathically diluted
preparations of VA remain active. Such preparations create
an upper layer of nanoparticles that retain the energy of
matter after several dilution steps, a process known as
dynamization.18 Despite the controversy on this topic, the
use of complementary or alternative medicines in the treatment of cancer has increased in recent years,3,19–21 and
studies have reported clinical cases that support the beneﬁcial effects of VA as a complementary cancer therapy.22 In
this context, in-vitro studies can contribute to excluding any
placebo effect of homeopathic medicines.23
Despite the intense use of complementary therapies in
recent decades, the intrinsic cellular mechanisms involving
the anti-tumor action of VA are still poorly understood.24 The
diversiﬁed preparations and different methods of application lead to a variability of therapeutic responses,25 which
may contribute to the poor elucidation of the cellular mechanisms of action caused by homeopathy. Furthermore, the
intrinsic complexity of cancer itself and of the VA composition represent limitations for animal clinical trials. However,
safety trials are urgently needed to reduce side effects, to
validate the efﬁcacy, and to understand the mechanism of
action of this medicine more deeply.26
The deﬁnitive inclusion of mistletoe (VA) therapy is thus
challenging due to the presence of few controlled evaluations
of anti-tumor activity and cellular cytotoxicity tests. Therefore, this study aimed to evaluate the interaction between
canine mesenchymal stem cells (MSC) and a preparation of
VA at the D1D2 potency. This was performed by analyzing the
cytotoxicity, apoptosis, cell differentiation, and expression of
pluripotentiality markers of these cells when cultured in the
presence of different concentrations of the VA preparation.

Product Tested
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The VA at the D1D2 ( 110 1, 110 2) potency consists of
the combination of equal parts of two potencies, based on the
’potency chords’ concept, which suggests that the combination of two potencies could be more effective than the use of
the isolated potencies.27 VAD1D2 was obtained from the
company Injectcenter (Ribeirão Preto, São Paulo, Brazil) and
comprised 1.1 mL ampoules. The preparation of injectable
VA D1D2 was performed according to the international
compendium, the German Pharmacopoeia. Brieﬂy, the basic
dosage form Mother Tincture (MT) is taken as a starting
point. Following the Hahnemannian decimal method, one
part of the MT was added to nine parts of the inert ingredient
(sterile isotonic solution), succussing 10 times and thus
obtaining VA D1 ( 10 1). Then, one part of the preparation
VA D1 was added to nine parts of the inert ingredient,
succussing 10 times, and obtaining VA D2 ( 10 2). To obtain
VAD1D2, one part of VA D1 was added to one part of VA D2.
Each preparation was packaged in 1.1 mL ampoules, in a
classiﬁed and certiﬁed area. The process is validated, thus
guaranteeing the sterility and quality of the ﬁnal product.28

Tissue Sample Collection, Isolation and Cultivation of
MSC
The experiment that involved an animal in this study was
approved by the Ethics Committee on Animal Use, Catholic
University of Brasilia (CEUA - UCB), Brazil (CEUA No.
002/1619)—(►Supplementary ﬁle S1, available online
only). The adipose tissue samples were obtained from a
healthy canine donor that was undergoing an elective castration procedure by a licensed veterinarian. A signed consent form was obtained from its owner in advance.
Anesthesia was induced by intravenous propofol 6 mg/kg
(Propovan, Cristália Produtos Químicos e Farmacêuticos
Ltda., Itapira, Brazil) and sustained with inhalational isoﬂurane (Vetﬂurano, Virbac, São Paulo, Brazil). A small incision
(5 cm) was made at the base of the animal’s lumbar region,
where a small amount of fat (20 g) was removed (►Fig. 1A).
The procedure for collecting the stem cells took approximately 8 minutes and the skin was then sutured with 3–0
nylon thread, with two separate simple stitches, at the
incision site. The stitches were removed after 7 days, and
the castration stitches were removed after 10 days. The
animal’s post-operative period was uneventful, and it completed recovery in 1 week, with no apparent ill effects, since
it had been submitted to elective castration and the cell
collection procedure was secondary to that.
The dog was free of any infectious or parasitic symptoms
and was submitted to hematological and biochemical tests to
certify its health status, according to protocols previously
described by De Francesco et al.29 The animal was handled,
and all the procedures were performed, in accordance with
European Directive 2010/63/EU.
After collection, the adipose tissue was mechanically
fragmented and submitted to enzymatic digestion with
collagenase II (1 mg/mL) for 30 minutes. The cell solution
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Fig. 1 Experimental organization chart of the isolation stage and cultivation of MSC. (A) Collection of adipose tissue fragments during
veterinary anesthesia; (B) fragmentation and enzymatic digestion; (C) plating and cultivation; (D) MSC cryopreservation; (E) distribution of
experimental groups for in-vitro cultivation. All procedures were conducted by a licensed veterinarian.

obtained was double ﬁltered through a 100 µm and 40 µm
mesh, and then centrifuged at 1,250 rpm for 3 minutes
(►Fig. 1B). The cell pellet obtained was then washed twice
in Dulbecco’s Modiﬁed Eagle’s medium (DMEM) supplemented with 10% of fetal bovine serum and 0.02% of amikacin, which was then deﬁned as base MEDIUM.
The pellet was re-suspended, and cells were plated at a
concentration of 2.5  103 cells/mL of medium on 25 cm2
ﬂasks and cultured in vitro at 37.5°C, 5% CO2, and saturated
humidity (►Fig. 1C). The MEDIUM was replaced after
24 hours, and subsequent changes were performed every 2
to 3 days, along with the evaluation of cell morphology and
conﬂuence state under an optical microscope. Upon reaching
70% conﬂuence, the cells were dissociated using TrypsinEDTA (Sigma-Aldrich) reagent and then expanded to
the second passage (P2), cryopreserved in 0.25 straws
(1  106 cells/straw) and stored in liquid nitrogen
(►Fig. 1D). To evaluate cell morphology, MSC quantiﬁcation
and the cytotoxicity of VAD1D2, the MSC (P2) were cultured
in base MEDIUM for 72 hours in the following experimental
groups: control (no addition of saline or VA); diluent (addition of saline at concentrations 10, 20, 30, 40, and 50 μL/mL);
and VA (with addition of VAD1D2 at concentrations of 10, 20,
30, 40, and 50 μL of VA/mL) (►Fig. 1E). The in-vitro culture
base MEDIUM, exchange volume, and experimental conditions were similar to those previously cited.

MSC Characterization by Flow Cytometry Immunophenotyping
Canine MSC (P2) cultured in the absence (control group) or the
presence (VA groups) of VA before and after cryopreservation
were subjected to characterization by ﬂow cytometry immunophenotyping with image quantiﬁcation (ImageStream Mark II
Amnis—Millipore, Seattle, Washington, United States).

Data were analyzed using the IDEAS software. For this
purpose, MSC from each experimental group were individually incubated with ﬂuorochrome-conjugated antibodies for
15 minutes at room temperature, protected from light. These
MSC were used for multiplex analysis with cell membrane
surface markers anti-CD29 (rat anti-human CD29-RD1),
anti-CD44 (rat anti-equine CD44-FITC), and anti-CD105
(rat anti-human CD105-AF647). Cell undifferentiation
markers were used for anti-SOX2 intranuclear proteins
(primary SOX2 rabbit anti-human and DL488-conjugated
rat anti-rabbit IgG) and anti-OCT3/4 (rat anti-human
OCT3/4 and DL488-conjugated rabbit anti-rat IgG).

Multilineage Differentiation
MSC (P2) were cultured in-vitro in the base MEDIUM for
24 hours for homogenization and stabilization. They were
then induced to differentiate into chondrogenic, osteogenic,
and adipogenic lineages using commercial differentiation
kits (A10064–01—StemPro, Gibco Life Technologies, United
States), following the manufacturer’s instructions. As a negative control, MSC were cultured in the base MEDIUM for 14
or 21 days according to the medium replacement regimen
and in-vitro culture conditions.
(a) Chondrogenic: For chondrogenic differentiation, 1.3  106
cells/mL were plated and cultured in a 24-well plate
containing 500 µL of Chondrogenesis Differentiation
Medium. A 5 µL droplet of cell solution was added to
the center of the well and allowed to settle and stabilize
for 2 hours in an incubator, for micromass formation.
After this procedure, 500 µL of differentiation medium
was added, which was replaced every 3 to 4 days for
14 days. At the end of the culture period, the cells were
ﬁxed in 4% paraformaldehyde for 30 minutes, washed in
Homeopathy

© 2022. The Faculty of Homeopathy. All rights reserved.

Effects of Viscum album on Mesenchymal Stem Cell Growth
PBS, and stained with Alcian Blue for optical microscopy
evaluation (400 magniﬁcation) to identify glycosaminoglycans present in the matrix of chondrogenic cells derived
from the synthesis of proteoglycans by chondrocytes.
(b) Osteogenic: For osteogenic differentiation, 1.3  106
cells/mL were cultured in monolayers in 24-well plates
containing 500 µL of MSC Growth Medium per well. After
the cells reached 70% conﬂuence, the medium was
replaced by the Osteogenesis Differentiation Medium,
and the cells were cultured for 21 days, replacing the
medium every 3 to 4 days. At the end of the culture period,
the cells were ﬁxed in 4% formaldehyde for 30 minutes and
subjected to Alizarin Red S staining (pH 4.2).
(c) Adipogenic: For adipogenic differentiation, 1.3  106 cells/mL
were cultured in monolayers in 24-well plates using 500 µL of
MSC Growth Medium per well. After the cells reached 70%
sub-conﬂuence, the medium was completely replaced by the
Adipogenesis Differentiation Medium, and the cells were
cultured in-vitro for 14 days, replacing the medium every 3
to 4 days. At the end of the culture period, the cells were ﬁxed
in 4% formaldehyde and stained with Oil Red for 20 minutes to
evaluate the presence of lipid droplets.
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carded, the cells re-suspended in Annexin-V mix, and then
incubated for 15 minutes, protected from light. The cells
were re-washed and placed in 500 µL of PBS for immediate
evaluation. Data were obtained using Amnis imaging ﬂow
cytometry (Millipore, Seattle, Washington, United States).
The population of intact cells in early apoptosis, late apoptosis and necrosis was evaluated. The experiment was
performed in triplicate.

Statistical Analysis
Statistical analyses of cell counts were performed using SAS
software (v.9.4, Cary, North Carolina, United States) and
based on a 5% signiﬁcance level. Data from the cell viability
test were subjected to Normality analysis using the ShapiroWilk test. They were then evaluated for differences between
the experimental groups by Wilcoxon test. Data were subjected to regression analysis (PROC REG) for the relevant
polynomial regressions. The results of the MTT assays were
analyzed using GraphPad Prism 7.04 software, using the
Tukey test for multiple comparisons.

Results

MTT Assay

Morphology and Quantiﬁcation of MSC

MSC were cultured in 96-well plates containing 5  104
cells/mL in 100 µL of base MEDIUM at 37.5°C, 5% CO2, for
24 hours for cell stabilization and adhesion. This procedure
was performed in two separate plates: half the plates would
be used for the MTT assay and the other half for quantiﬁcation. After this period, the base MEDIUM was replaced, and
the evaluation factor, which contained the diluent and/or VA
D1D2 at different concentrations, were added to each group.
MSC from all experimental groups and one untreated group
(control) were cultured for a further 48 hours. The culture
medium was then removed from half of the plates, and 20 µL
of the solution containing 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (Catalog: Sigma N. M2128) at
0.5 mg/mL was added to each well and incubated for 4 hours
at 37.5°C, protected from light. Subsequently, the supernatant was removed, 100 µL of DMSO was added to each well,
homogenized, and absorbance then recorded at 570 nm on a
microplate spectrophotometer (Molecular Devices, Sunnyvale, California, United States) for identiﬁcation of viable
cells. In the other half of the plates, after treatment of each
cell group, the cells were harvested by trypsinization and
quantiﬁed using a Neubauer chamber observed under microscopy, all performed by the same technician. The experiment was performed in triplicate and repeated three times.

The effect of different VA concentrations on dynamized D1D2
and the effect of its diluent on MSC viability after 72 hours of
in-vitro culture are shown in ►Fig. 2. The number of cells did
not change after in-vitro culturing for 72 hours, regardless of
the diluent concentration used, when compared with the
control group. Moreover, it was observed that VA at 10 µL/mL
did not inﬂuence the MSC proliferation pattern, resulting in
the same values as in the control and the diluent used at the
same concentration. However, a signiﬁcant decrease in the
number of MSC was observed after 72 hours of in-vitro
culture with VA at 20 and 30 µL/mL concentration when
compared with control and with diluent at the same concentrations. Suppression of cell proliferation was observed at
VA concentrations of 40 and 50 µL/mL, resulting in the
absence of MSC at the end of the in-vitro culture period.
Similar MSC morphological characteristics over 24, 48, and
72 hours of in-vitro culture were observed between the
control group (►Fig. 3A) and the group with 10 µL/mL of
VA (►Fig. 3B).

Apoptotic Cell Labeling by Annexin-V
Apoptotic cell labeling was performed using the Annexin-V
kit (Annexin/Alexa Fluor 488 and Propidium Iodide/PI—
ThermoFischer Scientiﬁc). MSC from the culture groups,
namely control, diluent 10 µL/mL, and VA 10 µL/mL and
20 μL/mL, in addition to previously cryopreserved MSC,
were used for this assay. Cells were washed twice in
200 µL buffer followed by centrifugation at 1,500 rpm for
5 minutes. After centrifugation, the supernatant was disHomeopathy
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MSC Characterization
(a) Immuno-phenotyping
Protein expression data for the MSC characterization
were conﬁrmed for all experimental groups by the positive expression of CD29, CD44, SOX2, and OCT3.4.
In ►Fig. 4, the positive triple-expression analysis for
CD44, CD29 and CD105 labeling for both the control
group and the VA treatment provide conﬁrmation that
96% and 98% of the MSC, respectively, retained their
potential for undifferentiation. Furthermore, the MSC
showed positive expression of SOX2 and OCT3/4,
evidencing the pluripotentiality-regulating transcription
factors in the control and VA-treated groups.

Effects of Viscum album on Mesenchymal Stem Cell Growth

Valle et al.

Fig. 2 MSC quantiﬁcation after 72 hours of in-vitro culture in the control group, diluent group (addition of saline at concentrations of 10, 20, 30,
40, and 50 µL/mL) and VA group (addition of VA at 10, 20, 30, 40, and 50 µL/mL). Different letters indicate signiﬁcant differences between
treatments (VA and diluent).  Indicates signiﬁcant differences in relation to the control group (p < 0.05).

Fig. 3 Morphological characteristics of the MSC cultured in vitro, showing adhered cells with ﬁbroblast-like format in the groups, control (A) and
VA 10 µL/mL (B) after 24 hours (1), 48 hours (2), and 72 hours (3)

(b) Cell Differentiation in Multilineages
All the evaluated groups showed the expected morphology and positive markings for cell differentiation after
induction in multilineages (chondrogenic, osteogenic
and adipogenic), conﬁrming their multipotency. Morphological changes that are typical of the chondrogenic,
osteogenic and adipogenic differentiation process can be
observed in ►Fig. 5A, B, and C, respectively, after cell
exposure to VA at the concentration of 10 µL/mL.
For chondrogenic differentiation (►Fig. 4A), MSC were
positively labeled with Alcian Blue in the cell-matrix

identiﬁcation of chondrocyte glycosaminoglycans. After
osteogenic differentiation, differentiated MSC presented
positive staining for Alizarin Red (►Fig. 5B), demonstrating
the formation of calcium deposits in the extracellular
matrix. MSC exposed to the adipogenic differentiation
medium were positively labeled with Oil Red (►Fig. 5C)
on lipid droplets in adipocytes. The uninduced cells of the
control group were maintained in culture for the same
period of the multilineage differentiated cells and presented all negative marking characteristics with the three
evaluated lineages.
Homeopathy
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Fig. 4 Flow cytometry immunophenotyping of MSC after 72 hours of culture in the absence (control) and presence of VA at the concentration of
10 µL/mL (VA group) in in-vitro culture for 72 hours. Triple-, double-, and single-positive expression percentages of the CD44, CD29, and CD105
markers, and single-positive expression percentage of SOX2 and OCT3/4.

MTT Assay
As illustrated in ►Fig. 6, there was a signiﬁcant and gradual
decrease in cell viability as VA concentration increased,
except for 30 and 40 µL/mL, which showed similar values.
The presence of VA in the in-vitro culture medium had
deleterious effects on cell viability, to a lesser extent when
low concentrations were used.

(10 µL/mL) and VA (20 µL/mL) groups. Regarding the percentages of MSC in initial apoptosis, 8.1, 0.5, 1.6 and 2.3% were
obtained respectively in the control, diluent, VA (10 µL/mL)
and VA (20 µL/mL) groups. Additionally, the percentages of
cells in ﬁnal apoptosis were 0.1, 6.7, 1.7 and 5.4% respectively
in the control, diluent, VA (10 µL/mL) and VA (20 µL/mL)
groups. The number of cells in necrosis was below 2% in all
treatments analyzed.

Annexin-V Apoptosis Assay
To evaluate apoptosis in MSC after in-vitro culturing, an
average of 4,000 cells per treatment were analyzed by ﬂow
cytometry, and the percentages of intact cells, and cells in
initial and ﬁnal apoptosis and necrosis, were quantiﬁed
(►Table 1). A total of 92.0, 90.9, 96.2 and 91.5% of intact
cells were obtained respectively in the control, diluent, VA

Discussion
The use of MSC in cytotoxicity tests constitutes an alternative
model by which to predict initial doses of acute systemic
toxicity, as recommended by international authorities, and
so it is a promising in-vitro test.30 In the present study, this

Fig. 5 In-vitro differentiation of MSC in multilineages after the 10 µL/mL VA treatment. (A) Blue coloration (Alcian blue) positive for alkaline
phosphatase, showing cell differentiation for chondrogenic lineage. (B) Brownish marking (positive) demonstrated by Von Kossa staining in a
mineral deposition, characterizing osteogenic differentiation. (C) Cytoplasmic lipid droplets observed in red color (Oil Red), demonstrating
adipogenic differentiation.
Homeopathy
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Fig. 6 MTT Assay in the absence (control) or presence of different VA
concentrations (10, 20, 30, 40, and 50 µL/mL) in the MSC culture
medium. Letters indicate signiﬁcant differences between treatments
(p <0.05).

Table 1 Cellular apoptosis in control, diluent, and VA groups
Experimental
group

Control

Diluent

VA 10
µL/mL

VA 20
µL/mL

Final apoptosis/
initial
necrosis (%)

0.1

6.7

1.7

5.4

Initial apoptosis (%)

8.1

0.5

1.6

2.3

Necrosis (%)

0.0

1.7

0.8

0.6

Intact cells (%)

92.0

90.9

96.2

91.5

Abbreviation: VA, Viscum album.

model was used to evaluate VA D1D2 toxicity using concentrations between 10 and 50 μL/mL. This medicine seems to
act directly on the multiplication potential of the cell by
reducing the in-vitro growth kinetics of the canine MSC
when used at a starting concentration of 20 μL/mL. Similarly,
other studies reported the VA extract to be an efﬁcient
maturation inducer in human dendritic cells at concentrations evaluated as non-toxic (0.5 and 0.06 μg/mL).31
Homeopathic medicines may induce an active immune
response, with low overexpression of inﬂammatory mediators compared to conventional medicines.1,32 In the present
study, the 10 μL/mL concentration maintained the cell viability and in-vitro proliferation potential, which may suggest
the medicine’s suitability for safety trials. This method of invitro study can be used as an initial screening in medicinal
therapies, with a predictive capacity similar to other cell
types (immortalized and neoplastic). It is a reasonable
alternative due to its easy availability (of animal fat tissue),
its physiological relevance (of self-renewal capacity), its invitro differentiation potential (multilineages), and the ease
of cellular isolation and characterization.30–32
Regardless of its mechanism of action, the activity of VA in
cancer cells, its clinical efﬁcacy, and its survival beneﬁt still
need validation.33 The use of VA originated as a treatment
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deﬁned by anthroposophical medicine, which is indicated for
cancer patients, whether or not in association with conventional treatments such as surgery, radiotherapy, chemotherapy or hormone therapy.34 In the case of associated
treatments, VA is used prior to conventional therapies
with the aim of reducing adverse reactions. It can also be
used later to improve the patient’s quality of life.35 In-vitro
studies have shown that VA’s action is based on the multimodal therapy concept, with a direct effect on tumor cells
and modulation of supplemental pathways.36 Improvement
of the patient’s health may be aided by immune system
modulation through macrophage stimulation in the tumor
microenvironment37 and by suppression of carcinogenic
effects due to anti-angiogenic activity.38
The use of other homeopathic medicines as complementary therapies has been reported but, as with VA, there have
been few in-vitro studies. 39 Thuja occidentalis, Carcinosinum
and Ruta graveolens have all been shown to have antineoplastic properties associated with immunomodulatory
effects.1 The latter effects include an increase in bone marrow cell proliferation and, more speciﬁcally, in the number of
differentiated stem cells, showing stimulation of the hematopoietic system. Preparations of T. occidentalis, Carcinosinum
and R. graveolens have been shown to possess anti-neoplastic activity in in-vitro tumor cell lineages in mice2 by
inducing apoptotic pathways mediated by the positive
regulation of pro-apoptotic genes, such as p53 and caspases,
with simultaneous downregulation of anti-apoptotic genes,
such as Bcl-2.40
Mitochondrial activity, which was assessed in the MTT
assay, was directly proportional to the increase in VA concentrations in the in-vitro tests using MSC. It was also
conﬁrmed by the Annexin-V-labeled apoptosis assays in
the 10 μL/mL VA treatment. The induction of apoptosis is
well deﬁned through mechanisms exerted by lectins in VA.40
Since lectins can inhibit protein biosynthesis at the ribosomal level, 41 the induction of initial apoptosis in-vitro could
have been caused by the intracellular ribotoxic stress response pathways that directly affect mitochondria.
The inhibition of cell proliferation and apoptosis induction has been veriﬁed in a study analyzing the effects of VA
extract at concentrations of 10 to 40 ng/mL in cancer cell
lineages.42 This potential cytotoxic effect of VA may be
mediated by a cytokine-induced cellular apoptosis mechanism.43 Though the present study did not evaluate in-vitro
generated cytokines under VA stimulation in MSC, a signiﬁcant decrease in cell viability was observed by MTT assays as
the VA concentration increased. Apoptosis induction under
VA action, as demonstrated in our study, may vary with the
particular
medicine
preparation
and
cell
type
evaluated.44–46
When the VA concentration was increased to 20 μL/mL,
MSC viability decreased. The number of cells in initial
apoptosis increased, causing cell death, which may be due
to the release of cytochrome C to the cytosol, along with
proteolytic activation of caspase-8, -9, -3 and -2, with a
consequent reduction in the expression of anti-apoptotic
molecules, as described in other studies.12,47,48 However,
Homeopathy
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VA’s mechanisms of action require speciﬁc evaluation. Moreover, the origin of VA alters the composition of its active
components, such as lectin, which is capable of enhancing VA
cytotoxicity at high concentrations49 by inhibiting the activity of the cytochrome P450 enzyme involved in oxidative
biotransformation catalysis. However, that observation was
only recorded in concentrations of VA extracts higher than
100 μg/mL.50 Furthermore, the amount of lectins in the
extract is capable of generating an immune response due
to cytokine release.51
Despite the reduction of in-vitro growth kinetics at concentrations above 20 μL/mL and the reduction of MSC viability
analyzed by the MTT assay in this study, the in-vitro development pattern of cells was preserved due to the expression of
pluripotentiality and undifferentiation-related proteins in all
treatments evaluated. In addition, the differentiation potential
of MSC in multilineages was maintained when they were
induced, which effectively characterizes the pattern of the
cultured cell lineages. Due to their immunomodulatory effects,
MSC constitute a group of cells with important activity for use
in cellular therapies in degenerative diseases.52 These cells are
sensitive to various types of reagents during proliferation and
differentiation, and are considered as an alternative for in-vitro
testing of substances with tumorigenic activity.53 In this study,
in-vitro culture of MSC preserved the proliferation potential in
the presence of a low concentration of VA (10 μL/mL), showing
no direct cytotoxic effect.
This in-vitro study is the ﬁrst to report that a low-diluted
preparation of VA, often used in complementary cancer therapies, was capable of preserving the potential for cell multiplication without altering their characteristic undifferentiation.
Irrespective of the in-vitro effect of VA on MSC viability, the
potential for multilineage differentiation remained unchanged, even at concentrations above 10 μL/mL, which is
considered to be toxic to cell viability and to induce apoptosis.
This cell lineage is a promising alternative for in-vitro toxicity
tests. It can be used for speciﬁc tissue tests when induced for
differentiation, and it contributes to a precise evaluation of
methods and compounds that promote cellular alterations
according to the period of exposure and concentration.54–57
Cancer treatments include surgical removal, chemotherapy and radiotherapy. However, relapsing tumors are often
resistant to conventional approaches.42 This circumstance
supports the judicious use of complementary therapies,
which have been reported since 1920,58 informed also by
the promising effects of VA that have been observed since
then on different tumor cell lineages in in-vitro and in-vivo
studies, and also in clinical trials. However, systemic homeopathic treatment may interact with multicellular organisms
and can interfere with the developmental pattern of both
tumor and normal cell lineages. This potential interaction
justiﬁes the development of efﬁcient alternative methods,
using MSC that are capable of validating in-vitro studies for
testing of modern therapies, as well as allowing the evaluation of species-speciﬁc lineage cells, whether in humans or
animals,59 and also here reported.
Other studies on the anti-tumor activity of VA, especially regarding its action in the tumor microenvironment
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and involving the release of immunomodulatory cytokines, need to be performed. Besides that, contributions
involving the evaluation of molecular mechanisms, and
controlled and randomized in-vivo studies, are also
necessary.
Though the literature includes meta-analyses of randomized clinical trials which conclude that the clinical effects of
homeopathy are superior to the placebo effect, there is still a
lack of homeopathic clinical research data demonstrating the
effectiveness of homeopathic treatment in a generalized
way. The use of MSC as an in-vitro model for studying the
effectiveness of homeopathic medicine helps resolve biases
related to the placebo effect. Indeed, the major limitation of
the present study is the lack of elucidation of the mechanism
of action involved in the toxicity of VA D1D2 or of the
characterization of the active compounds present in the
VAD1D2 used. Therefore, in future studies involving toxicity
and the induction of apoptosis by ultra-diluted VA, molecular
analysis and characterization of the ultra-diluted VA preparations should be performed.

Conclusion
Though several studies have reported positive effects of
homeopathic preparations of VA, in-vitro validations have
not been available to date. Our results suggest that the use
of efﬁcient methods for evaluating in-vitro cytotoxicity of
VA-based homeopathic medicine using MSC lineages may
characterize this compound’s potential action at different
concentrations. Thus, in-vitro studies using different cell
lineages may contribute to elucidating mechanisms that
involve the effect of the medicine evaluated.
Highlights
• Mesenchymal stem cells are a reliable source of cells to
evaluate cytotoxicity of drugs.
• The differentiation capacity of mesenchymal stem cells
can be altered by cell treatments with low-diluted
Viscum album.
• A low dilution of homeopathic Viscum album promoted
a decrease in mesenchymal stem cell viability in-vitro.

Supplementary material
Supplementary ﬁle 1. Ethics Committee approval
certiﬁcate

Authors’ Contributions
A.C.V.V. conceptualized the study, and contributed to the
methodology, investigation, formal analysis, and writing
—original draft H.d.S.S.B. contributed to methodology,
investigation, formal analysis, and writing—original draft.
B.S.L.D. did the formal analysis and co-wrote the original
draft. L.S.R. contributed to conceptualization, investigation, and acquisition of resources. P.F.M. contributed to

Effects of Viscum album on Mesenchymal Stem Cell Growth
conceptualization and investigation, formal analysis, and
writing—original draft. R.R. contributed to conceptualization and writing—review and editing. R.A.C. contributed to co-writing—review and editing. R.V.A. contributed
to conceptualization, methodology, supervision, and project administration. All authors critically reviewed the
manuscript, contributed to its revision, and approved
the ﬁnal version submitted.
Funding
This research and the manuscript preparation did not
receive any funding. RAC received a post-doctoral scholarship from Coordenação de Aperfeiçoamento de Pessoal de
Nível Superior (CAPES/PNPD protocol 88882.315167/
2019–01).
Conﬂict of Interest
None declared.

12 Khil LY, Kim W, Lyu S, Park WB, Yoon JW, Jun HS. Mechanisms

13

14
15

16

17

18

19

Acknowledgements
The authors thank the company BioCell Cell Therapy for
providing its facilities for conducting part of the
experiments.

References

20

21

1 Remya V, Kuttan G. Homeopathic remedies with antineoplastic

2

3

4

5

6

7

8

9

10

11

properties have immunomodulatory effects in experimental animals. Homeopathy 2015;104:211–219
Preethi K, Ellanghiyil S, Kuttan G, Kuttan R. Induction of apoptosis of
tumor cells by some potentiated homeopathic drugs: implications on
mechanism of action. Integr Cancer Ther 2012;11:172–182
Frenkel M, Mishra BM, Sen S, et al. Cytotoxic effects of ultradiluted remedies on breast cancer cells. Int J Oncol 2010;
36:395–403
Ostermann T, Raak C, Büssing A. Survival of cancer patients
treated with mistletoe extract (Iscador): a systematic literature
review. BMC Cancer 2009;9:451
Menke K, Schwermer M, Schramm A, Zuzak TJ. Preclinical evaluation
of antitumoral and cytotoxic properties of Viscum album fraxini
extract on pediatric tumor cells. Planta Med 2019;85:1150–1159
Kissel D, Jurin M, Zarcovic N. Über die zytostatischen und immunologischen Effekte von Viscum album. Erfahrunsheilkunde
1990;39:973–988
Gabius HJ, Gabius S, Joshi SS, et al. From ill-deﬁned extracts to the
immunomodulatory lectin: will there be a reason for oncological
application of mistletoe? Planta Med 1994;60:2–7
Lyu SY, Park WB. Mistletoe lectin transport by M-cells in
follicle-associated epithelium (FAE) and IL-12 secretion in
dendritic cells situated below FAE in vitro. Arch Pharm Res
2010;33:1433–1441
Zarković N, Kališnik T, Loncarić I, et al. Comparison of the effects of
Viscum album lectin ML-1 and fresh plant extract (Isorel) on the
cell growth in vitro and tumorigenicity of melanoma B16F10.
Cancer Biother Radiopharm 1998;13:121–131
Schötterl S, Huber SM, Lentzen H, Mittelbronn M, Naumann U.
Adjuvant therapy using mistletoe containing drugs boosts the Tcell-mediated killing of glioma cells and prolongs the survival of
glioma bearing mice. Evid Based Complement Alternat Med 2018;
2018:3928572
Schaller G, Urech K, Grazi G, Giannattasio M. Viscotoxin composition of the three European subspecies of Viscum album. Planta
Med 1998;64:677–678

Valle et al.

22

23

24

25

26

27
28

29

30

31

involved in Korean mistletoe lectin-induced apoptosis of cancer
cells. World J Gastroenterol 2007;13:2811–2818
Lee C-H, Kim J-K, Kim H-Y, Park S-M, Lee S-M. Immunomodulating
effects of Korean mistletoe lectin in vitro and in vivo. Int Immunopharmacol 2009;9:1555–1561
Nazaruk J, Orlikowski P. Phytochemical proﬁle and therapeutic
potential of Viscum album L. Nat Prod Res 2016;30:373–385
Delebinski CI, Twardziok M, Kleinsimon S, et al. A natural combination extract of Viscum album L. Containing both triterpene
acids and lectins is highly effective against AML in vivo. PLoS One
2015;10:e0133892
Hegde P, Maddur MS, Friboulet A, Bayry J, Kaveri SV. Viscum
album exerts anti-inﬂammatory effect by selectively inhibiting
cytokine-induced expression of cyclooxygenase-2. PLoS One
2011;6:e26312
Komath SS, Kavitha M, Swamy MJ. Beyond carbohydrate binding:
new directions in plant lectin research. Org Biomol Chem 2006;
4:973–988
Chikramane PS, Suresh AK, Bellare JR, Kane SG. Extreme homeopathic dilutions retain starting materials: a nanoparticulate
perspective. Homeopathy 2010;99:231–242
Maha N, Shaw A. Academic doctors’ views of complementary and
alternative medicine (CAM) and its role within the NHS: an
exploratory qualitative study. BMC Complement Altern Med
2007;7:17
de Almeida Andrade F, Schlechta Portella CF. Research methods in
complementary and alternative medicine: an integrative review. J
Integr Med 2018;16:6–13
Evans M, Shaw A, Thompson EA, et al. Decisions to use complementary and alternative medicine (CAM) by male cancer
patients: information-seeking roles and types of evidence used.
BMC Complement Altern Med 2007;7:25
Augustin M, Bock PR, Hanisch J, Karasmann M, Schneider B. Safety
and efﬁcacy of the long-term adjuvant treatment of primary
intermediate- to high-risk malignant melanoma (UICC/AJCC stage
II and III) with a standardized fermented European mistletoe
(Viscum album L.) extract: Results from a multicenter, comparative, epidemiological cohort study in Germany and Switzerland.
Arzneimittelforschung/Drug Res 2005;55:38–49
Lima LF, Rocha RMP, Alves AMCV, et al. Comparison between the
additive effects of diluted (rFSH) and diluted/dynamized (FSH 6
cH) recombinant follicle-stimulating hormone on the in vitro
culture of ovine preantral follicles enclosed in ovarian tissue.
Complement Ther Med 2016;25:39–44
Bonamin LV, de Carvalho AC, Waisse S. Viscum album (L.) in
experimental animal tumors: a meta-analysis. Exp Ther Med
2017;13:2723–2740
Christen-Clottu O, Klocke P, Burger D, Straub R, Gerber V. Treatment
of clinically diagnosed equine sarcoid with a mistletoe extract
(Viscum album austriacus). J Vet Intern Med 2010;24:1483–1489
Cesar B, Abud APR, de Oliveira CC, et al. Activation of mononuclear
bone marrow cells treated in vitro with a complex homeopathic
medication. Micron 2008;39:461–470
Pedalino CMV. Homeopathic medicines in “potency chords”.
Cultura Homeopática 2006;16:18–21
Schnädelbach D. Die dritte Ausgabe des Europäischen Arzneibuchs und das Deutsche Arzneibuch. Pharm Unserer Zeit 1997;
26:76–80
De Francesco F, Ricci G, D’Andrea F, Nicoletti GF, Ferraro GA.
Human adipose stem cells: from bench to bedside. Tissue Eng
Part B Rev 2015;21:572–584
Abud APR, Zych J, Reus TL, et al. The use of human adipose-derived
stem cells based cytotoxicity assay for acute toxicity test. Regul
Toxicol Pharmacol 2015;73:992–998
Rostock M, Huber R, Greiner T, et al. Anticancer activity of a lectinrich mistletoe extract injected intratumorally into human pancreatic cancer xenografts. Anticancer Res 2005;25(3B):1969–1975
Homeopathy

© 2022. The Faculty of Homeopathy. All rights reserved.

Effects of Viscum album on Mesenchymal Stem Cell Growth

Valle et al.

32 Morrison B, Lilford RJ, Ernst E. Methodological rigour and results

Viscum album L. extracts or mistletoe lectins. Anticancer Drugs
1997;8:S3–S8
Hoessli D, Ahmad I. Mistletoe lectins: carbohydrate-speciﬁc
apoptosis inducers and immunomodulators. Curr Org Chem
2008;12:918–925
Bantel H, Engels IH, Voelter W, Schulze-Osthoff K, Wesselborg S.
Mistletoe lectin activates caspase-8/FLICE independently of death
receptor signaling and enhances anticancer drug-induced apoptosis. Cancer Res 1999;59:2083–2090
Doehmer J, Eisenbraun J. Assessment of extracts from mistletoe
(Viscum album) for herb-drug interaction by inhibition and
induction of cytochrome P450 activities. Phytother Res 2012;
26:11–17
Engdal S, Nilsen OG. In vitro inhibition of CYP3A4 by herbal
remedies frequently used by cancer patients. Phytother Res 2009;
23:906–912
Steinborn C, Klemd AM, Sanchez-Campillo AS, et al. Viscum
album neutralizes tumor-induced immunosuppression in a human in vitro cell model. PLoS One 2017;12:e0181553
Kim MJ, Shin KS, Jeon JH, et al. Human chorionic-plate-derived
mesenchymal stem cells and Wharton’s jelly-derived mesenchymal stem cells: a comparative analysis of their potential as
placenta-derived stem cells. Cell Tissue Res 2011;346:53–64
Choi JH, Lyu SY, Lee HJ, Jung J, Park WB, Kim GJ. Korean mistletoe
lectin regulates self-renewal of placenta-derived mesenchymal
stem cells via autophagic mechanisms. Cell Prolif 2012;45:420–429
Bellin M, Marchetto MC, Gage FH, Mummery CL. Induced pluripotent stem cells: the new patient? Nat Rev Mol Cell Biol 2012;
13:713–726
Behar RZ, Bahl V, Wang Y, et al. A method for rapid dose-response
screening of environmental chemicals using human embryonic
stem cells. J Pharmacol Toxicol Methods 2012;66:238–245
Rajamohan D, Matsa E, Kalra S, et al. Current status of drug
screening and disease modelling in human pluripotent stem cells.
BioEssays 2013;35:281–298
Coleman RA. Human-based systems in drug and chemical safety
testing—toward replacement, the ’single R’. Altern Lab Anim 2014;
42:357–366
Melzer J, Iten F, Hostanska K, Saller R. Efﬁcacy and safety of
mistletoe preparations (Viscum album) for patients with cancer
diseases. A systematic review. Forsch Komplementmed 2009;
16:217–226
Halle W. The Registry of Cytotoxicity: toxicity testing in cell
cultures to predict acute toxicity (LD50) and to reduce testing
in animals. Altern Lab Anim 2003;31:89–198

33
34

35

36

37
38

39
40

41

42

43

44

45

46

of clinical trials of homoeopathic remedies. Perfusion (Nürnberg)
2000;13:132–138
Horneber MA, Bueschel G, Huber R, Linde K, Rostock M. Mistletoe
therapy in oncology. Cochrane Database Syst Rev 2008:CD003297
Marvibaigi M, Supriyanto E, Amini N, Abdul Majid FA, Jaganathan
SK. Preclinical and clinical effects of mistletoe against breast
cancer. BioMed Res Int 2014;2014:785479
Estko M, Baumgartner S, Urech K, et al. Tumour cell derived effects
on monocyte/macrophage polarization and function and modulatory potential of Viscum album lipophilic extract in vitro. BMC
Complement Altern Med 2015;15:130
Laszczyk MN. Pentacyclic triterpenes of the lupane, oleanane and
ursane group as tools in cancer therapy. Planta Med 2009;
75:1549–1560
Cassetta L, Cassol E, Poli G. Macrophage polarization in health and
disease. ScientiﬁcWorldJournal 2011;11:2391–2402
Strüh CM, Jäger S, Kersten A, Schempp CM, Schefﬂer A, Martin SF.
Triterpenoids amplify anti-tumoral effects of mistletoe extracts
on murine B16.f10 melanoma in vivo. PLoS One 2013;8:e62168
Ahmad S, Rehman T, Abbasi WM. Homoeopathic approach for the
treatment of cancer. Indian J Res Homoeopath 2018;12:157–163
Sunila ES, Kuttan R, Preethi KC, Kuttan G. Dynamized preparations
in cell culture. Evid Based Complement Alternat Med 2009;
6:257–263
Müthing J, Meisen I, Bulau P, et al. Mistletoe lectin I is a sialic acidspeciﬁc lectin with strict preference to gangliosides and glycoproteins with terminal Neu5Ac alpha 2-6Gal beta 1-4GlcNAc
residues. Biochemistry 2004;43:2996–3007
Twardziok M, Kleinsimon S, Rolff J, et al. Multiple active compounds from Viscum album L. synergistically converge to promote apoptosis in Ewing sarcoma. PLoS One 2016;11:e0159749
Choi SH, Lyu SY, Park WB. Mistletoe lectin induces apoptosis and
telomerase inhibition in human A253 cancer cells through dephosphorylation of Akt. Arch Pharm Res 2004;27:68–76
Duong Van Huyen Sooryanarayana J-P, Delignat S, Bloch M-F,
Kazatchkine MD, Kaveri SV. Variable sensitivity of lymphoblastoid cells to apoptosis induced by Viscum album Qu FrF, a
therapeutic preparation of mistletoe lectin. Chemotherapy
2001;47:366–376
Möckel B, Schwarz T, Zinke H, Eck J, Langer M, Lentzen H. Effects of
mistletoe lectin I on human blood cell lines and peripheral blood
cells. Cytotoxicity, apoptosis and induction of cytokines. Arzneimittelforschung 1997;47:1145–1151
Ribéreau-Gayon G, Jung ML, Frantz M, Anton R. Modulation of
cytotoxicity and enhancement of cytokine release induced by

Homeopathy

© 2022. The Faculty of Homeopathy. All rights reserved.

47

48

49

50

51

52

53

54

55

56

57

58

59

