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Abstract

Encephalitozoon cuniculi (E.cuniculi) is a fungus that acts as an intracellular pathogen and
infects different cell types. In the rabbit and immunosuppressed animals from other species,
including humans, it parasites neural tissues and cause a very characteristic neurological
syndrome, being this infection a zoonotic concern. Herein, the aim was to evaluate the activity
of macrophages infected with E. cuniculi after treatment with high dilutions of phosphorus in
vitro. For this, co-cultures of macrophages RAW 264.7 and E. cuniculi exposed to different
high dilutions of Phosphorus were analyzed according the following parameters:
phagocytosis, lysosome activity, cytokines/chemokines production and ultrastructure analysis.
The control solution was the vehicle used to produce the matrix of the tested medicines (30%
alcohol diluted 1:100 in water, being 0.06% the final alcohol concentration). Evaluations were
performed at 01 and 24 hours post-infection. Phagocytosis and the lysosome activity were
evaluated using, respectively, calcofluor and acridine orange staining methods, followed by
automatic image analysis (Ofline Metamorph®). The cytokine production was evaluated
using the MAGPIX-LUMINEX system. The experiments were done in triplicate. The vehicle
itself could increase IL6, TNF alpha and MCP1 production (p<0.04), reducing the number of
phagocyted parasites (p<0.001). A transitory increase of RANTES was seen after 1 hour of
treatment with Phosphorus 200cH, followed by increase of the lysosome activity in the first
and 24 hours of treatment (p<0.002). The ultra-structural features of internalized parasites
after Phosphorus 200cH treatment show evidences of more intense parasite digestion activity
in relation to the cells treated with the vehicle only. The results show that the treatment of
infected macrophages with Phosphorus 200cH causes significant changes in their activity,
suggesting some mechanisms to understand the clinical improvement of sick animals, seen

after the treatment with this medicine.

Key words: Encephalitozoon cuniculi, macrophages, Phosphorus, in vitro models,

homeopathy.



1. Introduction

The microsporidian Encephalitozoon cuniculi is an extremely important pathogen for your
zoonotic and opportunist power. It affects both domestic rabbits as laboratory, causing a
severe and chronic granulomatous interstitial nephritis with fibrosis and granulomatous
encephalitis [1]. Since, in Europe and in Asian countries there is a tradition of consuming the
meat of domestic rabbit (Oryctolagus cuniculus), for reasons of public health, is very

important to monitor possible infections of the meat or the transmission from animals to man

[2].

The encephalitozoonosis in humans cause local infections able to spread to systemic
infections. The competence of the host immune response and the species involved is what
directs the pathogenic aspects of the disease. [3,4]. According to Wasson, rabbits infected
with E. cuniculi via ingestion or inhalation of spores, as well as via transplacental. During the
acute phase of the disease, which lasts an average of 30 days, the microsporidian replicates in
the lungs, liver and kidneys [5]. This phase is usually asymptomatic, and lesions are limited
[6]. We can classify the clinical signs in 3 groups: neuronal signals with vestibular syndrome
(including head tilt), kidney failure and eye injuries. Among the neuronal signals, we can
highlight: vestibular syndrome, weakness, paresis of the hind limbs and ataxia. It is not easy
to diagnose encefalitozoonosis in vivo, but is crucial to determine the possible zoonotic risks
[7-8].

According to Abu-Akkada and Oda, the oral administration of Fenbendazole was only
effective in a prophylactic way, in a context of an experimental infection model, but without
significant effects when it was used therapeutically [9]. In fact, there is no treatment for
encefalitozoonosis. Considering the difficulty to establish an effective therapeutic protocol,
the search for alternatives is crucial.

Face to this scenario, we hypothesize that homeopathy could be a viable therapeutic
possibility. Several studies have been carried out showing the effects of homeopathic
medicines in animals of different species [10, 11], under different nosologically conditions,
however, the understanding of the mechanisms involved, is still very poor [12]. Since in vitro
studies have more chances to observe intracellular mechanisms involved, especially when the

macrophage interaction and the pathogen is essential in pathogenesis of the disease, we have



chosen this cell type as a model. Indeed, our team have previously demonstrated the
involvement of macrophages and their modulation in the activity of different homeopathic
treatments, after experimental infections. These experimental studies have shown that high
diluted medicines do not exterminate the microorganisms in their hosts, but facilitates the
organization of the immune response to a more effective pattern, improving the process of

adaptation of the organism faster than it could be done naturally [13-23].

The homeopathic medicine chosen to be tested was elected by the traditional concept of
“genius epidemicus”, in which, a population is affected by an infectious disease and is treated
with a single homeopathic medicine, considering the main symptoms expressed by most of its
members [24,25]. The previous clinical experience observed by one of the co-authors of this
paper endorsed our choice. A property of 40 rabbits presented 03 animals affected by
encefalitozoonosis. All of 40 rabbits were treated with Phosphorus (Phos) 200cH, weekly,
and the symptoms of the 03 sick animals disappeared in few weeks. Phos was the chosen due
to its similarity of symptoms described in the homeopathic materia medica and those
described in the rabbits bearing encephalitozoonosis. The three most important symptoms are:
cataract, weakness of limbs and torticollis [7, 8]. This criterion of choosing the medicine is
also a way to challenge the “similia principle” in an experimental condition. Thus, since there
are no effective therapeutic protocols to this disease, this finding was very suggestive and
inspired the organization of this in vitro systematic study. An important remark is that

Homeopathy is an official veterinarian specialization in Brazil, since 1997.

The aim of this study was evaluating the mechanisms of interaction between macrophages and

E. cuniculi in vitro after the treatment with different homeopathic dilutions of Phosphorus.



2. Materials and methods

2.1. Preparation of homeopathic medicine, quality control and blinding

Phos itself is an insoluble substance, so it must be tritured in lactose under heat, in a serial
sequence, before to be diluted in 70% hydro-alcoholic solution. This drug was prepared in
accordance with the guidelines described in Brazilian Homeopathic Pharmacopoeia — 3rd
Edition, 2011 [26]. After sequential 1:100 dilutions, followed by 100 succussions (vertical
agitations), the matrix dilutions were prepared using 30% ethanol solution (Phos 5 cH, 29 cH
and 199 cH). This step of the preparation was made in a commercial pharmacy accredited by
the National Health Surveillance Agency — Brazil (ANVISA). The final dilutions (Phos 6 cH,
30 cH and 200 cH) were made in our own laboratory, using pure water under sterile
conditions, one day before the cell assays. Before to be used in the cell cultures, this final
dilution was still filtered in a 22 micra filter (Millipore®) and the flasks received codes by the
staff not involved in the experiment laboratory, with the aim to warrant blinded procedures

until the statistical analyses were completed.

After coding and before using the medicines in the experiments, a fast test of quality control
was made. Samples of each dilution were examined in a scanning electronic microscope to
proceed the identification of suspended microparticles, followed by the analysis of their
chemical nature using a EDS (Energy Dispersion Spectroscopy) system. Since contaminant
micro and nanoparticles are expected in the water, this analysis was useful to eliminate any
possibility of a predominant element be the responsible by the effects described. The
identification of suspended contaminant microparticles contained in the tested solutions was
performed by means of the micro-evaporation method, followed by scanning electron
microscopy (SEM) under 10-kV working conditions and by energy dispersive X-ray
spectroscopy (EDX) (JSM 6510, JEOL Ltd, Tokyo, Japan). The details of this procedure and

the elements found are described in Box 1.
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Box 1. Methodological steps of microparticle profile of the tested medicines using a
SEM+EDS system.

Micro-tubes containing samples of each tested solution were centrifuged at 5000 rpm for 30
minutes for the microparticles to sediment. A single drop of 10 pl was harvested from the
bottom of each tube and placed on a stub. The stubs were previously cleansed with 70%
acetone and dried in a closed recipient. The stubs were then kept within a closed Petri dish to
ensure that only particles obtained through centrifugation of the tested solutions were
analyzed. The drops were left to dry naturally on the stubs up to the time of microscopic
analysis. Images were taken with a 10-pm scale. The samples were harvested only once from
each tube, because in a pilot study we found that the second and third drops were almost
particle-free. Thirty microparticles deposited on the stubs were randomly chosen for EDX
analysis; for samples that did not reach this number, all the deposited particles were analyzed.
As the stubs were made of copper, this element was not considered in analysis to avoid false

positive results.

This quality control revealed that vehicle and Phos 200cH presented microparticles in
suspension measuring between 0.5 to 1.0 uM. Traces of Cl, Pr, Ca and Na (1 to 8%), Zn and
Si (7 to 14%), Au (4 to 14%) were randomly found in the composition of particles isolated
from the vehicle and traces of Na (35-86%), Zn (15%), Pr (0-12%) and Pb (2-27%) were seen
in the composition of particles obtained from Phos 200cH. This random distribution of
elements in the microparticles was also seen in the other dilutions, such as Phos 6cH,
presenting particles of 1 to 5 uM containing S (12%), Ca (4-48%), Pr (1-23%), Zn (2-6%), Au
(3-14%), Pb (50-70%); and Phos 30cH, presenting particles of 1 to 5 uM containing Ca (7-
43%), Au (14-22%), Al (0.5 — 4%). This random distribution of elements among the particles,
in all tested preparations, shows that no predominant element was present, which could be
related to the observed biological effects.

After all these steps, the treatment of infected cells was performed according to the following
design: two experimental series were performed, being the first one after 1 hour of infection
and the second one analyzed after 24 hours, to verify the internalization of the fungi by the
macrophages in different steps. These times were chosen due to the fast digestion activity of
RAW 264.7 cells. For each 24 wells plate, wells were distributed in parts: 2 wells containing

only macrophages and other 2 wells containing macrophages + E. cuniculi, both without
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treatment. These samples were used to define the baseline values for each studied parameter
and were not included in the statistical analysis. The remaining wells were divided in such a
way that each medicine and the vehicle (samples A, B, C, D) were tested in quadruplicate.
The volume of the medicines and vehicle was equal to 20% of the total liquid volume in each
well (500 pl), being 34pul of E. cuniculi suspension + 100 pl medicine + 366 ul RPMI with
10% BFS.

2.2. Culture of macrophages

RAW 264.7 lineage macrophages were purchased from the Cell Bank of Rio de Janeiro and
kept frozen in a -80°C freezer. After thawing, they were expanded in RPMI medium
(Cultilab, Campinas, Brazil) enriched with 10% BFS in cell culture bottles. For plating the
cells, round coverslips were added to the 24-well sterile plates, being one coverslip for each

well.

When the confluence of the cells (macrophages) reached 90% in the bottles, the cells were
washed with serum-free PBS for the removal of any dead cells in the supernatant. Then, 5ml
of RPMI medium were added to make the cell detachment, using a cell scraper. With a
Pasteur pipette, the bottle was washed, up to the complete removal of detached cells. The cells
were transferred to a Falcon tube and their viability was checked automatically, in the

Countess® automatic counting (Life Tech, USA), using 0.4% Trypan Blue dye.

The cells were held on ice and centrifuged for 3 min at 1000 rpm. The supernatant was
discarded, and the pellet was homogenized in RPMI. After suspension, cells were plated out
(5 x 10° macrophages per coverslip) in 50 microliters of RPMI. They were dispensed in the
center of the coverslip and gently moved for a homogeneous distribution of the cells. Before
the incubation, 250 pl of RPMI enriched with 10% BFS were added to each well. The plate
was incubated at 37°C for at least 2 hours, for complete adherence of the macrophages. Then,

the inclusion of E. cuniculi spores was performed, in a 2:1 ratio, in relation to macrophages.

E. cuniculi spores were previously cultured in RK (rabbit kidney) cells. RK cells were kept in
Eagle’s medium (Cultilab, Campinas, Brazil) supplemented with bovine fetal serum (BFS)
(Cultilab, Campinas, Brazil), non-essential amino acids and 10% pyruvate, with penicillin-
streptomycin (Sigma-Aldrich, St Louis, USA) and incubated with 5% CO, at 37°C. Every
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seven days, cultures supernatants were collected and centrifuged for 30 minutes at 500 g to
obtain spores, that were further kept at 4°C in PBS 1x. Spores of E. cuniculi were counted in a
Neubauer chamber [3], before to be incubated with macrophages. The cells were treated at the

moment of infection, according to the protocol described above.

2.3. Analysis of parasite internalization

The analyses of the number of parasites internalized (by endocytosis and phagocytosis) was
measured from digital photomicrographs made in a fluorescence microscope (OLYMPUS 60i,
Japan) of the non-fixed cells adhered to the coverslip and stained by Calcofluor — White Stain
(Sigma®) (10 microliter per coverslip) after 1 and 24 hours of infection and treatment. In this
method, the spores become blue and fluorescent, due the capacity of the dye to interact with
their chitin wall. Ten microscopic fields by each coverslip were recorded using a 40x
objective, then, the captured images were analyzed by the manual counting tool in the Offline
Metamorph® software (Molecular Devices, USA), to calculate the number of internalized

spores per macrophage.

2.4. Determination of cytokines and chemokines

Culture supernatants were harvested after different times, for subsequent centrifuging and
freezing at -80°C. The dosage was made by the MAGPIX method-Luminex (MILLIPORE®,
USA,; Kit e-Bioscience, USA), following the manufacturer's instructions. The Kit includes the
detection of the following cytokines: IL-1 alpha, IL-1 beta, IFN-gamma, IL-10, IL-6, VEGF-,
TNF-alpha, RANTES/CCL5, GM-CSF, 1L12-p40, 1L12-p70, MIP -1 beta/CCL4, MCP-
1/CCL2. Those peptides that exhibit values bellow the detection limits of the method (defined

in the manufacturer manual) were excluded from the statistical analysis.

2.5. Lysosome activity by fluorescence microscopy

After 1 and 24 hours, coverslips containing adherent macrophages infected with E. cuniculi
were incubated with acridine orange dye, for 20 minutes at 37°C, to check the lysosome
activity in real time. After incubation, coverslips were washed in PBS and mounted on slides,
using a drop of PBS as adherent. The quantitative analysis was automatically made by Offline

Metamorph® software (Molecular Devices, USA), in which the brightness intensity of the
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orange color exhibited by the vacuoles was measured. To warrant trustful results, the color
filter of the software was standardized and adjusted to: measurement of light area; color
model: HIS; Hue: 19-20; Intensity: 89-90. The principle of this method is based on the

capacity of the dye to increase its orange intensity in acid mediums.

2.6. TEM

A replication of the experiment was made after the opening of the codes and two treatments
were chosen to be submitted to the transmission electronic microscopy (TEM), that are:
vehicle and Phos 200cH. At this time, the treatment was made in the culture bottle instead of
plates, in such a way that, after 24 hours of treatment, the cells were detached from the bottom
of the bottle with a cell scraper and suspended in cacodylate buffer (0.2 M, pH = 7.2) for 10 h
at 4°C and fixed in 2% glutaraldehyde. After centrifugation (1500 RPM for 5 minutes), the
pellet obtained in the bottom of each microtube was post fixed in buffered 1% OsO, for 2
hours, treated in crescent concentrations of propylene oxide and embedded in Epon resin. The
material was previously checked in an optical microscope after the preparation of semi-slim
cuts, stained with toluidine blue, aqueous uranyl citrate and lead citrate. The ultra-structural
images were captured in an electronic microscope Tecnai FEI G20, with tomographic
capacity, equipped with a high-resolution camera (Eagle 4kx4k).

2.7. Statistical analysis

The statistical analysis was performed using IBM SPSS programs, version 21.0 and GraphPad
Prism, version 6.0, for Windows™. Normality was assessed using Shapiro-Wilk test and
evaluated by inspection of quartile-quartile plots (Q-Q plots). The homogeneity of the
variances was evaluated by Levene test and Welch correction was applied to ANOVA in
cases of non-homogeneity. Outliers were evaluated by Q-Q plot inspection and removed if

necessary.

The results were evaluated through one-way ANOVA and post-test of Dunnett or Games-
Howell, according to the case. The partial eta-square (%), a measure of effect size, has also
been reported. This parameter is particularly useful for variables presenting large deviation
values and p-value analyzes that could lead to type | errors (rejection of a true null

hypothesis) or type Il errors (retention of false null hypotheses). Results were presented as
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mean + standard error and values of p<0.05 were considered significant. Figures were made

using Prism 5.0 software.

3. Results

The internalized micro-organisms presented different patterns in function of the treatment. As
seen in Figure 1, the number and size of internalized fungi are very reduced in all treatments

after 24 hours, including vehicle, being more evident in Phos 200 cH treated cells.

The quantification of this parameter in the image analysis system confirmed this observation
(Figure 2). The images obtained from TEM and semi-slim cuts also corroborate these
findings (Figures 3 and 4). Thus, the ultra-structure seen in Phos 200cH treated cells shows
no undigested parasite. Instead, thinly and abundant parasite debris were seen in the
cytoplasm of these cells, some of them presenting degeneration morphology. On the other
hand, in vehicle treated cells many preserved units of fungi could be seen attached to the

external surface of the cells (Figure 4).

The acridine orange assay put in evidence the increase of brightness intensity in fluorescent
cytoplasmic vacuoles of cells treated with Phos 200 cH, in relation to the other treatments and
to the untreated control. This pattern was seen in 1 and 24 hours of observation (Figures 5
and 6).

The increase in IL-6, MIP 1B, TNFa and MCP-1 in the supernatant was seen after 1 hour of
observation (and 24 hours for MCP-1) in vehicle-treated cells, being considered as unspecific
vehicle-dependent effect. The transitory peak of RANTES, instead, can be seen as specific

effect, since only Phos 200 cH could exhibit this pattern (Tables 1 and 2; Figure 7).
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Figure 1. Photomicrograph of macrophages adhered on coverslips and infected with E.
cuniculi after 24 hours - untreated control or treated with vehicle or treated with Phos
in different dilutions. Arrows: spores marked by the blue fluorescent dye Calcofluor-

White, due to their chitin wall. Objective 200x.
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Figure 2. Number of spores inside macrophages marked with Calcofluor-White staining
method and observed at a fluorescence microscope. The counting was made by the
Offline Metamorph® software, using a manual counting s%/stem. After one hour:

*ANOVA, Games-Howell, F (4, 25.422) = 9.663, p<0.001, n

= 0.486 in relation to

control. After 24 hours: * ANOVA, Games-Howell, F (4, 21.232) = 9.387, p<0.001, nz =
0.744. Values are represented by mean and standard error. Control = untreated infected

macrophages.
,_—T‘m . IR ’ i ; - ’ *
B - Bty ¢ = |k ‘4 all - U A
- . ' " 2 ’ Ao LS o ""' ‘
S o o ' ™t Y N -
‘" R - “ oY s Q\Ei &
‘ ..‘ \1 P X .'t e a
. ’ J b4 ’ o '.‘ » -~ "
.. ? Lm0 0% joeke d
s & o TS 4 ' AV -
b& :)p o . - "
: .
E’ 3 }i L T { y . "o & _
-, y t .
& . .. - y ‘\4/ o
8 r P AN ‘ '
i 4 ) L Fo BN ¥
A B

Figure 3. Semi-slim cuts of the macrophage pellet obtained from a fixed cell pellet
embedded in Epon resin. The cuts were stained by toluidine blue, aqueous uranyl citrate
and lead citrate. A) Untreated control; B) Phos 200 cH treated cells. Objective: 100x.
Arrows: infected cells. Stars: degenerated, probably apoptotic cells.
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Figure 4. Ultramicrography of macrophages infected with E. cuniculi and treated with
vehicle and Phos 200cH. A, B and C are images captured from cells treated with vehicle;
D, E, F are images captured from cells treated with Phos 200cH. (A) Macrophage
treated with vehicle containing multiple vacuoles of digestion with debris of the parasites
inside. Magnificence: 3500x; (B) E. cuniculi attached to a macrophage membrane at the
time of internalization. Magnificence: 14500x; (C) E. cuniculi attached to a macrophage
membrane at the time of internalization. Magnificence: 7800x; (D) Macrophages treated
with Phos 200cH containing multiple vacuoles of digestion with debris of the parasites
inside. Magnificence: 1700x; (E) Macrophage treated with Phos 200cH containing
multiple vacuoles of digestion with thinly debris of the parasites inside. Magnificence:
6500x; (F) Detail of multiple and thinly debris of parasites inside a degenerated
macrophage treated with Phos 200cH. Magnificence: 6500x. Arrows: parasites (units
and debris). Star: macrophage pseudopods.
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Figure 5. Photomicrograph of macrophages adhered on coverslips and infected with E.
cuniculi after 24 hours - untreated control or treated with vehicle or treated with Phos
in different dilutions. The cells cytoplasm exhibits different degrees of brightness due to
the orange fluorescent stained lysosomes (arrows), marked by the Acridine orange dye,
after 20 minutes of incubation at 37°C. Objective 200x.
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Figure 6. Average of fluorescence intensity (pixels) of macrophages stained with acridine
orange and observed at a fluorescence microscope. The measures were made by the
Metamorph® off-line software, using automatic counting system. After one hour:
*ANOVA, Games-Howell, F (4, 23.653) = 6.060, p=0.002, n2 = 0.390 in relation to
control. After 24 hours: * ANOVA, Games-Howell, F (4, 21.150) = 53.624, p<0.001, n2 =
0.522. Values are represented by mean and standard error.
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Figure 7. Concentration of relevant peptides in the supernatant of macrophage infected
with E. cuniculi after 1 _hour (A) and 24 hours (B) of treatment with different
homeopathic dilutions of Phosphorus. (A) *ANOVA, Tukey, F (4, 11) = 3.372, p=0.05, n2
= 0.574 in relation to control. (B) ANOVA, Games-Howell, F (4, 4.027) = 4.585, p=0.084,
12 = 0.378. Values are represented by mean and standard error.
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Table 1. Cytokines, chemokines and VEGF concentration in the supernatant of the
macrophages infected with E. cuniculi after 1 _hour of treatment with different
homeopathic dilutions of Phosphorus. The values are represented by mean and standard
deviation, level of significance and eta-squared (effect size, n2). *ANOVA, Games-

Howell in relation to control.

Peptide Mean + Standard deviation p value
UNTR VEHICLE Phos Phos Phos n2
CONT 6cH 30cH 200cH
IL 1o 14,08 £5.41 30.08 £7.80 2859 + 16.63 25,95+ 15.75 26.94 £ 17.52 0.786 0.135
IFNy 4.94 +0.39 5.33+0.56 4.45 +0.68 4.21+0.76 5.50 £ 2.88 0.464 0.162
IL6 3.52+0.71 6.83+1.69* 5.79 +0.65 555+1.29 5.13+0.46 0.035 0.582
IL 10 2147 £8.40 51.98 £ 26.02 49,57 +19.93 45.78 + 24.26 50.09 = 29.08 0.602 0.191
IL 12p40 6.23+1.04 6.61 + 2.46 570+ 0.48 4.96 £ 0.55 5.95 + 3.06 0.502 0.134
IL 12p70 8.10 £ 3.05 17.43 £13.12 16.69 £ 8.04 14.34 £ 8.32 5.04+2.14 0.332 0.319
MCP 1 7175+21.92 1816.0+128.29 1942.0+228.93 1633.75+131.20 1774.33+721.21 p<0.001 0.629
* * *
MIP 18 6036 + 10959.0 £ 10087.75 8896.75 £ 7624.0 + 0.062 0.358
1193.59 816.67 * 732.64 633.61 5719.37
RANTES 849+ 155 14.17 £ 4.09 14.17 £ 4.09 11.64 +2.85 21.65 +4.01 * 0054 0574
VEGF 2650 3.06 +£0.41 3.13+£0.13 2.93+0.33 3.01+£0.83 0.769 0.131
TNF« 1887 + 23205+ 2374.75 = 2208.75 = 1865.0 + 0.046 0.359
57.98 177.48 * 331.05 99.66 1071.80
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Table 2. Cytokines, chemokines and VEGF concentration in the supernatant of the
macrophages infected with E. cuniculi after 24 hours of treatment with different
homeopathic dilutions of Phosphorus. The values are represented by mean and standard
deviation, level of significance and eta-squared (effect size, n2). **ANOVA, Games-

Howell in relation to the other groups.

Peptide Mean + Standard deviation p value
UNTR VEHICLE Phos Phos Phos n2
CONT 6cH 30cH 200cH
IL 1 78.19+£4.78 56.09 £ 26.46 72.69 £1.83 84.50 £ 11.31 90.01 £ 11.46 0.332 0.562
IFNy 5.97 £ 0.22 4.02 £1.86 5.58 +1.33 6.59 + 2.54 7.30 £ 2.56 0.406 0.332
IL 6 5.40 £ 0.27 20.36 £5.76 10.64 £ 6.30 23.04 £17.55 26.67 £9.28 0.191 0.461
IL 10 48.01 £ 2.20 46.59 + 25.81 49.64 + 16.18 54.69 + 30.09 51.73 £ 26.98 0.994 0.022
IL 12p40 5.56 £ 0.29 5.02+1.42 5.46 £ 1.40 5.92 +2.08 8.55 + 2.58 0.222 0.438
IL 12p70 5.37+£0.80 3.88+0.88 6.82 £ 3.50 7.86 £ 3.63 6.01£1.25 0.428 0.321
MCP1 4981.0 £ 9025.66 + 9406.66 + 9736.0 = 9752.66 £ 0.014 0.717
1544.32 ** 411.07 1287.16 1681.37 1096.79
MIP 1B 16289.5 £ 14912.0 15956.66 + 16640.66 = 16252.67 + 0.752 0.175
331.63 2834.04 1472.71 1302.29 395.93
RANTES 8428+ 1.28 218.66 +163.22 113.38 £13.50 252.66 £ 165.71 292.66 +122.83 0.084 0.378
VEGF 2.65+0.26 2.86 £ 0.32 3.00+0.48 2.91+0.47 3.03+£0.42 0.864 0.121
TNF« 3154.0 £ 2207.0 7030.0 = 2619.0 + 2735.66 £ 0.450 0.384
216.37 936.05 5963.97 895.76 367.45
4. Discussion

A general view of the results shows that the effects of the treatments can be classified in two
types: specific and unspecific, according to the effects observed for each treatment in relation
to vehicle (specific vehicle independent effects) and those observed in the vehicle treated
cells, in relation to untreated control (unspecific vehicle dependent effects). Thus, the
unspecific vehicle-dependent effects could be listed as: reduction of the number of
internalized parasites and increase of 1L-6, MIP 1B, TNFa and MCP-1. The specific vehicle-
independent effects would be: increase in lysosome activity after 01 and 24 hours - being the
effects of Phos 200cH more evident after 24 hours - and the transitory peak of RANTES seen

after one hour of infection in Phos 200cH treated cells. This peak decreased after 24 hours.
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In both cases, there was no correlation between these findings and the patterns of size and
chemical composition of the contaminant microparticles suspended in all homeopathic
preparations. Instead, a complete random distribution of elements was seen in all medicines
and vehicle, as described in methods. Although these particles are always present, as
previously described by other authors [27-30], there is no evidence that they could participate
of the biological effects in this case. In fact, previous results described by our group lead us to
the same conclusion [31]. Anyway, the physico-chemical control of the medicines done
before the execution of the experiments was useful to exclude any possibility of unspecific
effects due to the predominance of contaminant elements in sufficient quantity to produce
biological changes.

On the other hand, the cell mechanisms to homeopathic treatments have been very well
described in the last years and are related to the epigenetic control of specific genes, in
function of the nature of the medicines and dilutions [16, 17, 32-36]. In our previous
experience, macrophages can respond to specific homeopathic stimuli by the expression of
cytokines and chemokines involved in the experimental context, i.e., the blockage of MCP- 1
production induced by Antimonium crudum 30cH on macrophages infected with Leishmania
amazonensis was in accordance to the anti-inflammatory action of this medicine in vivo [13,
25]. In the present study, the specific (vehicle independent) effects were seen after Phos
200cH treatment and are represented by changes in lysosome activity after 1 and 24 hours
from treatment and a peak of RANTES (CCLJ5) after 1 hour of treatment that persisted after
24 hours, but without statistical significance, indicating to be a transitory effect.

This peak of RANTES has a significant biological meaning. During acute infections, the
chemokin RANTES (CCLJ5) is expressed in different hematopoietics and non-hematopoietics
cell types, which presents a very important function in the migration of memory T cells and
effector T cells. Moreover, the biggest goal of HIV drugs is the RANTES receptor, CCR5,
blocking the viral entry. However, problems in RANTES or their receptors (CCR5) may
impair immunity in acute infections in animal models and aggravate disease in humans
infected with West Nile virus (WNV) [37]. According to Kawai and colleagues, it is probable
that RANTES — CCR5 interaction promotes diapedesis of Thl adhesion cells so, the

improvement of selective migration of Th1 could be explained in this case [38].
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In the context of E. cuniculi infection, RANTES among other chemokines, has an important
role in granulocytes and T cell migration. As reported by Fisher and colleagues, in the
infection by E. cuniculi, the expression of countless chemokines responsible for the
recruitment of granulocytes (CXCL1, CXCL2, CXCL3, CXCL5 and CXCLS8) occurs,
confirming the hypothesis that other cellular types are present at the infection site [39].
Patients infected with HIV1 that exhibit higher serum levels of RANTES are partially
protected against the infection [40].

Herein, the transient increase of RANTES can be the result of the monoculture: as there is no
NK cells or lymphocytes in co-culture with macrophages in vitro, no feedback for further
production of RANTES was possible. Maybe in vivo the production of RANTES could be
more durable. This is a hypothesis that must be checked in the future. Curiously, the specific
increase in RANTES after the treatment with Phos 200cH is in accordance with the biological
context involving E. cuniculi infection, that is, immunosuppressive conditions in which the
capacity of patients to secrete RANTES is related to a better prognosis [40]. This context
could be “translated” to the traditional concept of “ground” or “susceptibility”, as described
by Hahnemann in the beginning of the X1X century [41]. On the other hand, the fast digestion
of the parasites inside macrophages could also explain the short period of RANTES

identification in the supernatant.

About the increase of lysosome activity, the analysis of the infected cells using a quantitative
and automatic method (Metamorph®) allowed to determine its intensity with high sensibility.
This finding was corroborated by the images got by TEM, in which the parasite debris inside
the cytoplasm were clearly seen. Thus, the decrease of parasite internalization induced by the
vehicle itself is probably related more to the increase in parasite digestion than to the decrease
in the phagocytosis or endocytosis. In this sense, intact parasites were seen only in vehicle
treated cells, but in Phos 200cH treated cells almost all macrophages presented an impressive
number of thinly fragments of parasite inside the digestion vacuoles, suggesting a more
efficient capacity to do it. The reason by which the vehicle itself is able to increase the
parasite digestion in relation to the untreated control is not known, but one plausible
hypothesis is the generation of multiple nanobubbles inside the liquid submitted to serial
succussion during the manufacture process of the remedy [42], which could stimulate the

exudative activity of macrophages in the culture plate, leading to the increase of digestion
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process and the production of inflammatory cytokines and chemokines, such as IL 6, MCP-1
and MIP 1beta, as seen in Tables 1 and 2.

These findings corroborate the previous clinical experience, as reported in the introduction,
and give a mechanistic explanation to it. Although it is still a first systematic study about the
use of Phos 200 cH in the treatment of encefalitozoonosis, the results open a new line of
research toward further clinical controlled trials and give perspectives to an unsolved problem

regarding to infections by opportunistic agents.
5. Conclusion
These in vitro results could explain the mechanism behind the clinical benefits of Phos 200
cH in cases of encefalitozoonosis due to the following findings:
a) Production of RANTES (and putative organization of Thl response against the
infected cells in vivo);
b) Increase of lysosome activity and increase of micro-organism digestion in the
macrophages.
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