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ABSTRACT
Topical administration is a simple and comfortable form of cutaneous administration of drugs.
However, in this route of administration the drug needs to overcome the barrier posed by the skin
to reach an effective concentration. For this reason, many topical formulations are developed with
a cationic component. The promotion of absorption occurs due to the disruption of the stratum
corneum. But this cationic component has also high irritating potential to the skin. The
biotherapics are medicines prepared from a toxic product or etiologic agent, following the
homeopathic pharmacopoeia technique, and they are used mainly in cases of hipersensitization.
In this experiment, high dilutions (HD) obtained from a cationic formulation were prepared and
evaluated considering cell viability in “in vitro” mouse fibroblast (L929) culture cells model by a
colorimetric MTT assay. No signs of toxicity were observed, which demonstrates the safety of
these HD preparations to the healthy cells. The effectiveness of these HD was also investigated in
cells damaged by cationic formulations. The results demonstrated that the HD 30c was the most
effective preparation in preventing the cell damage caused by the tested irritating product,
increasing cell viability from 56.6% (damaged cells) to 100% (similar to negative control group,
p>0.05). These results provide evidence of the positive action of high dilutions against the
exposure to a cytotoxic agent.
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Introduction
The administration of compounds in the skin is extremely attractive, because it has a local effect (topical
administration) which is effective and safe – as well as a systemic effect (transdermal administration),
combining the patient’s convenience with the absence of hepatic first-pass effects and systemic adverse
effects. However, the penetration of macromolecules through the skin is difficult because of the tissue’s
barrier properties exerted mainly by the stratum corneum [1].
The surface of any tissue, including the stratum corneum, has a cellular membrane constituted of anionic
domains, resulted from the presence of negative charged phospholipids and proteoglycans, which gives the
skin characteristics of a negatively charged membrane [2,3]. One way of enhancing penetration of molecules
through the skin is by the use of compounds which give a residual positive charge to the formulation. By
electrostatic interactions, the formulation positive compounds interacts with the negative charge of the
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membrane, favoring the adsorption of the particle into the skin surface[4,5]. On the other hand, this efficacy
in promoting the cutaneous absorption is also followed by in vitro and in vivo toxicity[6].
Several researchers who have studied the structural properties of this positive charge associate this toxicity
with some effects caused by primary amines, such as: enhance of permeability as a result of the change of the
membrane’s fluidity, caused by the interaction between the cationic particle and cell surface, which breaks
the bilayer integrity due to disruption of tight junction[2,3]; change of critical intracellular processes;
disruption protein kinase C function; and the effect of amines on intracellular organelles[7].
Despite the lack of information regarding the exact mechanism that leads to toxicity, there are many reports
which correlate dose of cationic compound / cellular toxicity, suggesting that the high positive charge density
is one of the factors of toxicity[7-11].
Therefore, in one hand, the use of cationic formulations may increase the permeation of a drug, favoring the
treatment and, on the other hand, the toxicity derived from these formulations may limit their use, causing
cutaneous irritation and discomfort to the patient.
A major area of research in homeopathy is related to the use of high dilutions (HD) of substances, notably
allergens or irritant compounds, in order to prevent or to cure the same allergy or irritation[12]. When these
compounds are diluted and agitated, they are called biotherapics. The biotherapics have a much more specific
application than other homeopathic medicines, usually for a particular disease, rather than having a broad
indication for the mental, emotional and physiological aspects. Its use in the treatment or prophylaxis of
diseases has been investigated by many researchers who have reported a beneficial effect on disease
progression [13-19].
Hence, experimental results obtained with HD of Trypanosoma cruzi [18,20] indicate that its administration
in mice, as a preliminary step to infection by parasites, was able to stimulate the immune system of the
treated animals [21,22] leading to the infection control.
The biotherapics are more easily tested because unlike classical homeopathy, the same remedy is
administrated to all patients (in contrast with the system of individualized homeopathy). This makes the
analysis of the results simpler and reproducible [23], and enables the in vitro study [24,25].
The similia principle, in its most basic form, can be tested at the cellular level by the determination of the
extent of cell recovery when stimulated by a small dose of the substance which, at first – at high
concentrations- is responsible for deregulating the system. What must be assessed is whether the stimulus is
able to increase survival cells [26].
The aim of this study was to develop a HD through a topical cationic formulation and to evaluate the efficacy
of this HD in reducing the in vitro toxicity of this cationic formulation. For such study, it was employed
culture of mouse fibroblast cells (L929), which is classically described as a model for safety assessment of
topical drugs [27].
Materials and methods
All experiments were performed at the University of São Paulo, Faculty of Pharmaceutical Sciences of
Ribeirão Preto, after being previously authorized by the professors responsible for each laboratory where the
research took place.
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Preparation of the high dilutions
The high dilutions were prepared following the instructions of the Brazilian Homeopathic Pharmacopoeia (3 rd
Edition) for soluble substances. Two scales were used. A first dilution was prepared using 1mL of cationic
formulation, previously obtained with polyethylenimine (PEI) by Mano [28] and using 9mL of sterile distilled
water, in order to make the first dilution (1:10 dilution - scale x). This 1:10 sample was submitted to 100
manual agitations, so as to produce the first decimal dilution (1x). One mL of this solution was diluted in 9mL
of water, after 100 manual agitations another dilutions was prepared. This procedure was successively
repeated until it was obtained an 11x. Another dilution adopted was prepared using 0,1mL of cationic
formulation and using 9,9mL of sterile distilled water (1:100 dilution – scale c). The sample was also
submitted to 100 manual agitations, until 29c dilutions. The HD of the last dilution in each scale was
prepared in culture medium Dulbecco’s Modified Eagle Medium (DMEM, Gibco).
Cell line and cell culture
Mouse fibroblasts cell line (L929) were selected for this study. Cells were cultured in DMEM supplemented
with 100µg/mL streptomycin, 100 units/mL penicillin and 10% fetal bovine serum (FBS - Gibco, Invitrogen,
USA), in a humidified, 5% (v/v) CO2 atmosphere. The cultures were grown in monolayer at 37°C until reach
confluence.
Incubation of L929 cells with HD
Confluent L929 cells were seeded into a 96-well plate (0.5 x 105 cells/well) and kept in incubation for 24 hours.
The HD 30c or 12x was applied every 4 hours, comprising, at the end of the study, 15% of the final volume of
the culture well. The experimental protocol was:


Group 1/ negative control: cells without any treatment



Group 2/ positive control: cells with irritant cationic preparation



Group 3/ cells incubated with HD 12x



Group 4/ cells incubated with HD 30c

At the groups 2, 3 and 4 it was applied 20µL of topic cationic formulation (diluted 1:50 in phosphate buffer
solution, PBS pH 7,2) after confluence cells. Note that the cells that were not treated with the HD received
5µL of culture medium every 4 hours.
Cells Viability
The viability of the cell line as a response to previous incubation of cells with HD was evaluated by the MTT
assay, using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT, Sigma-Aldrich).
The MTT method measures the mitochondrial activity of viable cells. This method is sensitive to measure the
viability and cellular activity. The principle of this method consists in the absorption of salt MTT by the cells,
which is reduced inside the mitochondria to a product called formazan. This product has purple coloration and
it is accumulate inside the cell. After the solubilization of formazan in solvent dimethylsulfoxide (DMSO), it
can be quantified in a spectrophotometer ELISA reader (ƛ=570nm). Changes in cell mitochondrial activity
result in changes in the amount of formazan produced. This change in the amount of formazan produced
results in a change of absorbance, which allows quantifying mitochondrial activity of L929 cells in the
different experimental condition [29].
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Under the experimental conditions tested, after a period of contact with the cationic topical formulation, it
was added 20µL of MTT (5.0mg/mL in PBS) for 4 hours at 37°C in the absence of light. Then, the supernatant
was removed and formazan crystals were dissolved with 200µL of DMSO. The absorbance was measured in
each well in 570nm (µQuant, Biotek Instruments Inc.) [30,31]. The cell viability of each group was expressed
as a percentage relative to the negative control group (Group 1) considered as 100% cell viability.
Morphological Changes of Cell Culture
Morphological features of treated and untreated cells were assessed through microscopy. For the analysis of
cellular changes, a higher density of cells (1 x 10 6 cells/well) was seeded on coverslips in 6-well plate.
However, it was used the same experimental protocol adopted in the determination of cell viability.
The coverslips were examined with a light microscope (model Axio Imager A1, Carl Zeiss AG, Germany)
coupled to a camera with image analysis software (AxioVision Model, Carls Zeiss) using the objective of 20
times.
Statistical Analysis
Data is presented as the mean + SEM. Multiple comparisons were performed using one-way of variance
(ANOVA) followed by Newman-Keuls test in order to determine the level of significance of the differences.
The results have 95% as a minimum confidence, a significant difference being greater than 0.05 (p<0,05).
Results
Cell viability with HD
The results obtained with the MTT assay were determined by a control (Group 1: cells that did not receive
any treatment). This method showed that incubation with HD does not change cell viability (Figure 1), since
there was no statistically significant difference (p>0.05) between groups incubated with HD and the control
cells.

Figure 1: Effect of incubation with high dilutions at cell viability of the strain fibroblasts L929. The results
represent the average of six determinations + SEM. Statistical analysis performed by nonparametric
Newman-Keuls.
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After the incubation with HD, the cells were treated with a cationic formulation. Then, after 24 hours, the
MTT assay was performed. The cell viability was analyzed as a response to the contact with the cationic
formulation (Figure 2). These results showed that the incubation with HD (in the two potencies analyzed)
before the contact with cationic formulation promoted a protection in cell. The group that did not receive the
HD (Group 2) had the reduction on cell viability. However, the groups which were incubated with HD showed
resistance to the stress: Group 3 (HD 12x) had an increase in cell viability, and Group 4 (HD 30c) did not alter
the cell viability.

Figure 2: Effect of incubation with high dilutions at cell viability of the strain fibroblasts L929 after contact
with cationic formulation. The results represent the average of six determinations + SEM. Statistical analysis
performed by nonparametric Newman-Keuls, *p < 0.001 compared to control (untreated cells).
Morphological Changes of Cell Culture
In order to analyze the morphology of cell culture, the cells were observed under the microscope. Observation
of these cell showed that cell morphology changes after the cells were exposed to the formulation (Figure 3).
Only the incubation with the HD was not able to change the morphology (as it was showed in A, B or C in
Figure 3). It can be observed cytoplasmic spindle in these cells (as shown by arrows), since L929 fibroblast is
an adherent type of cell. The cell viability was reduced after the use of cationic formulation, which was
observed in cell morphology too. Figure 3 A’ shows less amounts of cells and also many of these cells are
spherical (indicated by circles), which indicates stress. Additionally, it can be observed a reduced cytoplasmic
spindle, since the cell death consequently reduces adherence. Once the cell dies, it loses the adherence with
the culture vessel and stays in suspension. In Figure 3 B’ the number of cells is larger than the control, and
the morphology of these cells shows the cells in a proliferation phase, with bigger nucleus. Lastly, in Figure 3
C’ the number of cells is visually the same of the control (Figure 3 A), but with morphological changes, the
cells are thinner and there are smaller cytoplasmic spindle cells.
It is important to consider that the cell viability in Group 4 is almost equal to the control (Group 1), even after
the addition of a cationic formulation. So, it shows that in this case the cells have the tendency to support the
stress and not to have so strong response in comparison with Group 3. Group 2 demonstrates the cell death as
a consequence of irritating cationic formulation and group 3 shows a burst of proliferation. Based on these
findings it could be suggested that 30c is the best HD studied.
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Figure 3: Microscope characteristic of cell line L929 incubated with high dilutions, after treatment with
cationic formulation. Increased 20x. Cell culture of fibroblasts control (no incubation with HD) (A) cells at
incubation with HD12x (B) and with HD30c (C). (‘) indicates the respective cells after receiving the cationic
formulation for 24h.
Discussion
Cell viability with HD
When the HD was incubated with cells, the cell survival did not change in comparison with the control
(Figure 1). Therefore, when the HD was added to cell culture the response of this cell culture did not change
demonstrating that HD preparations are safety for topical application. This result is important because it
proves that any cell response comes after a cell aggression, after the contact with cationic formulation and
that the damage observed were not related to HD preparations.
Effect of HD on cells damaged with cationic formulation
The propensity of mammalian cells to internalize positive charge with the intracellular traffic, allowing a
direct entry into the cell, can weaken the membrane’s structure and the function of organelles [31], and may
induce apoptosis because of the destabilization mitochondrial membrane [34]. Cells with stress or damage
suffer changes in homeostatic balance, which results in enhanced sensitivity [32,33]. Due to this enhanced
sensitivity, cells react to stimuli to which they normally would not react [33]. The cell viability was analyzed
as a response to the contact with the cationic formulation (Figure 2), since this formulation is related to a
cellular toxicity effect [7-11, 35].
The positive control cells that received culture medium every four hours (Figure 2 – Group 2) and received
cationic formulation in the end, have a cellular viability of 56.6% + 7.7. Contrarily, the cells which were
previously incubated with HD of this formulation, after being in contact with the cationic formulation, had
higher cell viability results. This analysis showed that the L929 cells, after receiving the stimulation of the
HD formulation, had their cellular respiration rate significantly increased. So, it indicates an activation of
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mitochondrial enzymes when cells are under the stimulus of HD. When HD is diluted in 30c, cell viability was
(100 + 17)%, showing no significant difference compared to control (cells not receiving the formulation).
Therefore, incubation with the dilution form of the formulation protected the cells against aggression caused
by the contact with the formulation. After using dilution of 12x, cell viability was (138 + 15) %, showing a cell
proliferation compared to untreated control. This proliferation is a result of the increase in oxidative
metabolism, often a temporary effect, after which the cell returns to its normal metabolism [24,36]. The
similia principle occurs at the cellular level by a correlation between the stress caused (the symptom in
molecular terms) and the degree of stimulation of the self-recovery [37,38].
The homeopathic stimulus is able to induce a secondary response in the body, causing a change in its
metabolic parameters, which are able to intervene in how biological defense and recovery will be adjusted, by
stimulating the recovery process and increasing resistance [26,39,40]. Thus, the results of the MTT
experiments in L929 cells incubated with HD suggest the ability to activate the Krebs cycle, causing an
increase in energy production as well as in the generation of amino acids for protein synthesis, common
situations to cells that have increased rates of proliferation, protecting cells from death [41,42].
Morphological Changes of Cell Culture
In Figure 3 it is possible to see the morphological characteristic of fibroblasts. Fibroblasts are spindle cells
with central nucleus and typical cytoplasmic processes. It could be observe that there was no morphological
changes after cells were incubated with HD (Figures 3 B and C).
After being in contact with the cationic formulation it could be observed that the cell morphology has changed.
In Figure 3 A’ one can see spherical cells (circles in the figure). The refringence displayed in the image
indicates cellular metabolism, but the cell could be heading towards cell death, which can be inferred by the
loss of cytoplasmic extension and the cell in suspension. Figure 3 B’ (cell incubated with HD 12x) shows the
cell growth stimulated after being in contact with the aggressor factor (cationic formulation), as seen in MTT,
which can be perceived by morphological appearance of the cells. In this image the fusiform format cells is
kept and the nucleus has a larger volume, suggesting cell division. Incubation of cells with HD 30c (Figure 3
C’) also caused the change of their morphology. However, morphological change is less pronounced. It is still
possible to see the cytoplasmic spindle (arrows in Figure 3C´) and the fusiform format but with a low
cytoplasmic volume.
In order to assess whether the stress suffered by the cell is reversible, after cell treatment with the
formulation, cells were washed with saline and they were left in culture medium under optimal conditions for
growth. Cell growth was then monitored. Through this analysis we found that cellular stress, which leads to
morphological changes, was temporary. After removing the cellular toxicity factor, the cells began to grow
again, though at a slower pace. The cells returned to their characteristic morphology 2 days faster in cells that
were incubated with HD, in comparison with cell control, which receive just medium culture (cells with HD
spent 3 days to begin to grow again, while positive control cells started to grow again in 5 days). This analysis
shows that the cells are viable after being in contact with the cationic formulation.
Conclusion
The conventional chemical characterization of formulation, which means the dosing of the drug, cannot be
accomplished in a HD. Despite this limitation, the assay involving culturing fibroblast cells showed the
activity of HD when examined in cell viability after being exposed to a cytotoxic agent. It was demonstrated,
in this model, that both HD preparations evaluated were safe to cell culture and additionally, cationic
formulations tested in high dilutions offered protective effects in fibroblast cells culture damaged with
irritating formulation, especially 30c. Therefore, the effects of HD can be demonstrated by scientific methods.
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These promising results show the biological effects of high dilutions, which suggest the possibility of future
studies in clinical trials.
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