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Introduction: Zinc is an essential trace elements necessary for life maintenance. Tradi-

tional and complementary medicines use zinc-based formulations to treat different clas-

ses of diseases. Basic research on homeopathic preparations of zinc are rare, there are a

few published clinical cases describing its effects on patients. The use of cell-based

models in drug screening is a reliable source evidence.

Methods: We sought to investigate experimental end-points using cell-based models

to determine the effects of dilutions of Zincum metallicum prepared according to the

Brazilian Homeopathic Pharmacopoeia. Murine macrophages, RAW 264.7, and mela-

noma B16-F10 cell lines were cultured according to standard procedures. Cells were

treated with either 5c, 6c or 30c Zincum metallicum and control cells with its respective

vehicle (5c, 6c, or 30c Lactose). Macrophages activation by CD54 immunolabeling, intra-

cellular reactive oxygen species (ROS) using DCFH-DA, and cytokines production using

CBA were detected by flow cytometry. Phagocytic capacity was quantified by light mi-

croscopy. Features ofmelanoma cellswere analyzed by colorimetric assays to determine

melanin content and cell proliferation rate. All obtained data were submitted to

normality test followed by statistical analysis.

Results: Zincum metallicum 6c shifted high ROS-producing macrophages to a low

ROS-producing phenotype. Positive CD54macrophages were increased by Zincummet-
allicum 5c. No changes in cytokine production and endocytic index were observed.

Conclusions: Differing responses and non-linearity were found on macrophages chal-

lenged with Zincum metallicum high dilutions. Melanoma cells were not affected by

any treatment we tested. Customised assays using target cells can be useful to describe

high dilutions effects. Other cell types and conditions should be investigated.
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Introduction
The increase in understanding of cell structure and func-

tion has improved patients’ chances of cure as scientists
develop new therapies targeting specific molecules and
cells. According to U.S. Food and Drug Administration
(FDA), the drug development process must follow several
steps, including basic research in association with clinical
trials, directed to test drugs safety and efficacy.1 Investiga-

tive toxicology is nowadays focused on defining better ap-
proaches to drug testing, including in vitro and surrogate
models, molecular toxicology, ‘omics’ technologies, trans-
lational safety biomarkers, as well as preclinical imaging.2

Cell-based models containing one or few cell lines are nor-
mally used in drug screening as a reliable source of safe ev-
idence,3 although it must be analyzed taking its limitations
into consideration.4

It is long known that biological reaction rely not only on
hydrogen, carbon, oxygen, nitrogen, and sulfur to properly
run, but also an appropriate balance of trace elements are
essential for life.5 Zinc is one of the essential trace ele-
ments that plays important roles6 in several proteins struc-
ture and functions such as metalloproteases,7 DNA related
proteins,8 and oxidative stress.9 Zinc transporters are
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normally found in cell membranes directing this element to
inner cell compartments where it is required to maintain
physiological functions. Any misbalance or dysregulation
associated to these transporters can lead to loss of health
and progress to several diseases.10

Homeopathy was originated late on the 18th century
directed to healing process, and since then has been used
by patients all around the world. The first basic research
experiment was reported on the 19th century. Although
over the past 3 decades the number of peer reviewed pub-
lications in this field has increased 3.5 fold,11 researchers
still need to determine how high dilutions work at cellular
and molecular levels and must perform replications by in-
dependent groups.
Despite the fact that zinc has long been used in tradi-

tional and complementary medicine, few cases are pub-
lished describing its effects when homeopathic
preparations are used. Gibson, in 1967, described clinical
features of Zincum metallicum including physiognomy,
psychology, physiology, and pathology.12 In a case study
of diabetic peripheral neuropathy, a patient was subjected
to different protocols and the best results were observed
with Zincum met 6.13 Badulici and colleagues have re-
ported significant improvement in patients suffering from
liver cirrhosis after Zincum metallicum 5c treatment,
improving serum zinc levels, and favoring immunoglob-
ulin G and M modulation.14 Experimental models were
also reported. In vivo treatment of mice bearing induced
Ehrlich tumor ascites showed that Zincum met 200c
increased animals life span.15 More recent, induced park-
sonian rats presented amelioration on locomotor activity
after Zincum metallicum 6c treatment, in addition to
restored antioxidants defense.16

Normal and affected cells were already described by
several groups to be sensitive to highly diluted com-
pounds,17 and our group has been working with cell-
based assays for some time.18e22 Thus, we sought to
investigate common experimental end-points using cell-
based models to determine the effects of Zincum metalli-
cum in different potencies. Primary macrophages, Raw
264.7, and B16-F10 cell lines were used to test 5c, 6c,
and 30c Zincum metallicum, along with its grinding
mixture e Lactosee in the same potencies. Intrinsic prop-
erties of each cell type were observed and changes in these
parameters were analyzed.

Materialandmethods
Testing solutions, cell culture and treatments

Zincum metallicum was prepared in lactose according to
The Brazilian Homeopathic Pharmacopoeia, and kindly
provided by Dr Carla Holandino Quaresma from Universi-
dade Federal do Rio de Janeiro. Potencies of 5c, 6c, and
30c were achieved diluting original zinc solution in cell
culture grade water (SigmaeAldrich, St. Louis, MO,
USA e #W3500). Dynamization was performed in 15 ml
sterile polypropylene tubes (Corning, Corning, NY, USA)
using DENISE automated machine (AUTIC, Campinas,

SP, BR). Solutions were 100 times succussed between dilu-
tions, yielding in a centesimal solution dilution. Final solu-
tions were filtered sterilized by 0.22 mm syringe filter
(Millipore, Billerica, MA, USA) and stored protected
from light at room temperature. Lactose potencies were
prepared the same way and used as controls.
RAW 264.7 murine macrophage cell line (ATCC, Man-

assas, VA, USA e #TIB-71) and primary macrophages
were maintained in complete Dulbecco’s modified Eagle’s
Medium e DMEM (SigmaeAldrich, St. Louis, MO, USA
e #D6429), containing 3.7 g/L sodium bicarbonate (Gibco,
Waltham, MA, USA e #25080-094), supplemented with
10% heat inactivated fetal bovine serum (Gibco, Waltham,
MA, USA e #12657029). B16-F10 murine melanoma cell
line (BCRJ, Rio de Janeiro, RJ, BR e #0046) was main-
tained in complete DMEM, containing 1.5 g/L sodium bi-
carbonate, supplemented with 10% non inactivated fetal
bovine serum. All media were supplemented with 1 U/ml
penicillin, and 1 mg/ml streptomycin (Gibco, Waltham,
MA, USA e #15140-148) and cells were maintained at
37�C in humidified atmosphere containing 5% CO2. Cell
lines were kept under 70% confluence for no more than
10 passages.
In general, cells were plated at optimal assays concentra-

tions in cell culture appropriate flasks or plates (Sarstedt,
N€umbrecht, DE). Six hours later, the cells received 20%
v/v of fresh-succussed treatment. An 1% v/v booster dose
was added every following 24 h, until completion of 48,
72, or 96 h of treatment for macrophages or melanoma
cell lines.

Macrophages assays

Cell activation features by flow cytometry: RAW 264.7
cells previously stimulated or not with 200 ng/ml LPS (Sig-
maeAldrich, St. Louis, MO, USAe #L4391) for 18 h were
treated for 48 h and cells surface ICAM-1 (CD54) was de-
tected by flow cytometry. Cells were scraped off, washed
with PBS, and one million cells per group were incubated
for 45 min with CD54-PE anti-mouse antibody (BD Bio-
sciences, Franklin Lakes, NJ, EUA e #553253) at 4�C,
and fixed in 2% paraformaldehyde.
Also, 48 h treated RAW 264.7 cells pre-treated or not

with 200 ng/ml LPS were used to determine intracellular
reactive oxygen species (ROS) production using flow cy-
tometry.23 One million cells per group were washed with
37�C PBS and incubated with 1 mM DCFH-DA probe so-
lution (SigmaeAldrich, St. Louis, MO, USA e #35845)
for 30 min at 37�C, 5% CO2 atmosphere. As a positive con-
trol, cells were incubated with 3 mM hydrogen peroxide
(12,5 M H2O2 e Vetec, Duque de Caxias, RJ, BR e
#194) for 5 min. Cells were scraped off and washed with
PBS before flow cytometry reading.
Cytokine production by primary murine peritoneal mac-

rophages was evaluated as previously described.21 Macro-
phages were collected from untreated mice (sham group)
of in vivo experiment previously approved by the ethics an-
imal experiment committee of UFPR (number 694),
reducing animal use in experimentation. Briefly,
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