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ABSTRACT 

Recent evidence includes apoptosis as a defense against Trypanosoma cruzi infection, 

which promotes an immune response in the host induced by T cells, type 1, 2 and 17. 

Currently, there is no medicine completely preventing the progression of this disease. 

We investigated the immunological and apoptotic effects, morbidity and survival of 

mice infected with T. cruzi and treated with dynamized homeopathic compounds 13c: 

Kalium causticum (GCaus), Conium maculatum, (GCon), Lycopodium clavatum (GLy) 

and 7% alcohol solution (control, vehicle compounds, GCI). There was significant 

difference in the increase of apoptosis in the treated groups, compared with GCI, which 

might indicate action of the compounds in these cells. Infected animals treated with 

Lycopodium clavatum presented better performance compared with other groups. GLy 

showed a higher amount of hepatocytes and splenocytes undergoing apoptosis, higher 

number of apoptotic bodies in the liver, predominance of Th1 response, increased TNF-

α and decreased IL-6, higher survival, lower morbidity, higher water consumption, body 

temperature, tendency to higher feed intake and weight gain compared with GCI. 

Conium maculatum had worse results with increased Th2 response with increased IL-4, 

worsening of the infection with early mortality of the animals. Together, these data 

suggest that highly diluted medicines modulate the immune response and apoptosis, 

affecting the morbidity of animals infected with a highly virulent strain of T. cruzi, 

being able to minimize the course of infection, providing more alternative approaches in 

the treatment of Chagas disease. 

 

Keywords 

Apoptosis, cytokine, homeopathy, Lycopodium clavatum, Trypanosoma cruzi.  

 

Abbreviations 

Th1, T helper cell type 1; Th2, T helper cell type 2; TNF-α, tumor necrosis factor alpha; 

IFN-γ, IL-6, Interleukin 6; IL-4, Interleukin 4. 

 

1. INTRODUCTION 

Approximately 7-8 million people in the Americas are estimated to be carriers of 

Chagas disease, with approximately 12,500 deaths per year in the last two decades [1]. 

Recently, the largest multi-center clinical study ever conducted regarding Chagas 

disease, BENEFIT, demonstrad that the currently available drug is not able to protect 
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the progression of infection, stimulating new researches [2]. The search for a compound 

that stimulates the immune system has been the research subject for new therapies for 

this infection [3]. 

Trypanosoma cruzi infection releases numerous chemical mediators [4] with the 

participation of T-cells that, by expressing TNF-α, become highly susceptible to 

undergo apoptosis in order to control the morbidity of infection [5]. Expression of IL-4 

signals increased susceptibility of the host against T. cruzi infection [6], and increased 

Th17 intensifies the infection [7]. Therefore, some biomarkers such as chemokines and 

cytokines are associated with progression of infection and lower survival [8,9,10], while 

the stimulus of defense cells, megakaryocytes and Kupffer cells, are related to higher 

survival of the host [3]. 

The host cell integrity allows the survival of the pathogen [11]. Activation of the 

programmed cell death seems to limit the progression of infection [12]. The 

involvement of the innate immune response and activation of caspase-8 as a mechanism 

of cellular defense against the spread of the parasite in infected organ were recently 

demonstrated [13,14], using the counterbalance of this pathway with less aggressive 

power when compared to other mechanisms of cell death, where there is release of 

several inflammatory mediators [15,16]. 

The use of dynamized, highly diluted compound, i.e., above the Avogadro constant 

(6.02x1023), has been shown to stimulate the immune system in mice infected with T. 

cruzi, maintaining homeostasis, positively altering the course of infection [3,17]. 

Modulation of Th1, Th2 and Th17 responses and apoptotic profile has been the subject 

for therapeutic approaches [10,18]. However, some mechanisms still remain 

unanswered [19] and a broad understanding of the immune response is required for 

proposing strategic interventions, minimizing injuries in infected hosts [20]. 

The resistance to infection involves immunoregulatory mechanisms that can be induced 

to maximize response against the parasite, for example apoptosis. However, 

immunomodulation of host in activation of apoptotic signaling pathways remains a 

challenge in the search for the proposition of effective protection against T. cruzi 

infection [14,20]. Thus, in this study we evaluated the levels of cytokines Th1, Th2, 

Th17 and the biological response profile of apoptosis in survival of mice infected with 

Trypanosoma cruzi and treated with different highly diluted compounds, above the 

Avogadro constant. 
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2. MATERIALS AND METHODS 

2.1. Experimental design 

The experiment was performed twice as a blind, controlled, and randomized trial. 

Healthy, eight weeks-old, Swiss male mice, from the Central Vivarium at the 

Universidade Estadual de Maringá, were used. The experimental procedures were 

approved by the ethics committee, conducted in accordance with animal testing research 

and humane endpoint guidelines (protocol 54/2011- CEAE/UEM). The research 

adhered to the principles enunciated in the 8th Edition of the Guide for the Care and Use 

of Laboratory Animals, National Research Council, 2011. The animals were kept in the 

sectorial experimentation laboratory for one week before the beginning of the 

experiment, for adaptation. Temperature and humidity conditions were controlled, with 

artificial lighting photoperiod of 12 h (light/dark), with water and food ad libitum. The 

groups were randomly divided, so that the average weight of each group was not 

statistically different from each other. The animals were infected intraperitoneally with 

1,400 blood trypomastigotes of T. cruzi - Y strain [22]. Groups according to treatment 

with dynamized homeopathic compounds 13c (dilution 1:1026): GCaus - Group treated 

with Kalium Causticum 13c (n=10), GCon - Group treated with Conium maculatum 13c 

(n=11), GLy - Group treated with Lycopodium clavatum 13c (n=10), GCI - Group 

treated with the vehicle for medicine preparation (alcohol solution 7%) (n=11). 

 

2.2. Dynamized compounds 

Compounds selection 

The compounds were selected by repertorization, in healthy animals [23,24], by 

observing the idiosyncratic characteristics of the group, considering general behavior, 

socialization and physiology. The observation of the animals was performed by three 

homeopaths for 30 minutes in a silent environment, from 19:00 to 19:30, considering 

the nocturnal activity for rodents. The characteristics were added to the Lynx Expert 

System Software (Albuquerque, USA), which recorded three compounds: (1) Kalium 

Causticum, (2) Conium maculatum, (3) Lycopodium clavatum. The compounds were 

selected considering the Law of Similitude in accordance with conventional 

homeopathic clinical practice described by Hahnemann [25]. The most notable 

collective characteristics in the animals were coexistence, fear, conscientiousness, 

shyness, high frequency in water intake in small quantity, diminished vision, hearing 

and keen sense of smell. The compounds Kalium causticum, Conium maculatum and 
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Lycopodium clavatum encompassed these characteristics to reestablish the balance of 

the biological system against considerable disturbances in the bioimmunophysiological 

system [25], caused, in this case, by T. cruzi infection. In Homeopathic Materia Medica 

[24], these compounds may be related to clinical conditions similar to pathological 

events observed in T. cruzi infection. Kalium causticum may be correlated to 

myasthenia; Conium maculatum, with anorexia. In addition, Lycopodium clavatum may 

be correlated with bowel disease [24] showing an effect in the treatment of rats infected 

with Trypanosoma cruzi, protecting intestinal neurons and modifying the immune 

response profile in treated animals [26]. The compounds were prepared in dynamization 

13c (dilution 1:1026), by understanding the experimental murine infection by T. cruzi as 

an acute pathology and considering Swiss mice as small animals [27]. 

 

Preparation of compounds  

The compounds Kalium causticum, Conium maculatum and Lycopodium clavatum were 

prepared from the mother tincture diluted in grain alcohol at 70% (Agro-Industrial 

Tarumã Ltda, São Pedro do Turvo, Brazil) until 12c dynamization [27]. The 

dynamization used for the compounds was prepared (13c) in 7% alcohol, using 

mechanical dynamizer (AUTIC® Mod. Denise). 7% Alcohol, the vehicle for 

compounds, was used as control. 

 

Biological risk 

Biological risk was determined by inoculating five healthy mice/group, male, 8 weeks 

old, with 0.1 mL of each compunds (Kalium causticum, Conium maculatum and 

Lycopodium clavatum) intraperitoneally, to assess the possible biological response to 

the medicine. For 30 days, mice were assessed for weight, temperature, fur appearance, 

appearance of feces and mortality [28,29]. No biological effects from the compounds 

studied were found in these healthy mice. 

 

Treatment regimen 

The treatment was administered orally, diluted in water (1mL/100mL), offered ad 

libitum in amber bottle, overnight, two days before infection and for three days after 

infection, every 48 hours, in order to stimulate the biological system and ensure the 

action of the compound on the immune system before and after the presence of the 
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parasite [30]. The GCI received only 7% hydroalcoholic solution, also diluted in water 

(1 mL/100 mL), in the same treatment regimen. 

 

2.3. Parameters evaluated 

Survival 

Survival was evaluated up to 90 days after infection and the average lifespan for each 

group was calculated, considering the humane endpoint (minimal pain and suffering 

prior-to-death and well-being, in survival of the animals) for groups GCI (n=8) GCaus 

(n=7), GCon (n=8), GLy (n=7). 

Clinical parameters  

The animals were clinically assessed for five days before the infection, on the day of 

infection and on the 23 consecutive days after infection at a fixed time 09h00min [31]. 

Quantitative analysis: Weight - expressed in grams, it was individually evaluated on 

BEL engineering® - Class Mark II 500g digital balance; Temperature - expressed in 

degrees centigrade (ºC), it was individually measured in the anterior region of the left 

thigh (less fur) using Icel, infrared digital thermometer, model TD-920.0387; Water 

and feed consumption - expressed in milliliters (mL) and grams (g), respectively. 

These parameters were collectively evaluated, considering the initial value for each 

group subtracted from the measured value after a day of consumption. The value 

obtained was divided by the number of animals in order to estimate the individual 

values; Amount of excreta - expressed in grams (g), it was collectively evaluated and 

obtained by weighing the cage beds before use, subtracted from the weight obtained 

after one day of use. Feces and urine were considered together. All the sawdust to be 

used as bed in the experiment was dried in a kiln first. Qualitative analysis: it was 

performed using numerical category scaling, defined as: 0 for no, and 1 for yes, and we 

analyzed whether the animal was asleep at 8:00h, presence of diarrhea (by observing the 

anal region), scrotal swelling, presence of abdominal edema, fur appearance (bristly), 

agitation in the cage, naturally and with handling. Behavioral alterations of 

physiological signals were also evaluated through atypical, unpredictable alterations, 

without the addition of stimuli, as well as social inhibition and presence of convulsion. 

 

Cytokines and Ratios Th1/Th2, Th1/Th17 

 The cytokines IL-2, IL-4, IL-6, IL-10, IL-17, IFNγ and TNFα were measured (pg/ml) 

in serum (aseptic cardiac puncture) on the 8th day of infection (peak of parasites), using 
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3 animals per group. The measurement performed using the commercial kit BDTM 

Cytometric Bead Array Mouse Th1/Th2/Th17 (CBA) (BD Biosciences Pharmingen, 

San Diego, USA), with analysis by flow cytometer (BD FCS CantoII) following the 

manufacturer's instructions. Quantitation of each cytokine was obtained by using 

specific software (FCAP Array – Becton & Dickinson). 

The ratios of cytokines Th1/Th2 (IL-2/IL-4, IL-2/IL-10, IL-6/IL-4, IL-6/IL-10, TNFα-

/IL-4, TNF-α-/IL-10, INF-γ/IL-4, INF-γ/IL-10) and Th1/Th17 (IL-2/IL-17, IL-6/IL-17, 

TNF-α-/IL-17, INF-γ/IL-17) were calculated by dividing the values obtained for 

cytokines Th1 by the values of cytokines Th2 or Th17 of each animal, calculating the 

mean after. 

 

Apoptosis - In situ detection of DNA fragmentation  

On the 8th day of infection, three animals from each group were euthanized and the 

spleen and larger lobe of the liver were collected and fixed in 10% formol for 24 hours. 

Subsequently, the organs were dehydrated, diaphanized and immersed in paraffin. Each 

organ was subjected to 4 semi-serial sections with 5µm thickness, with 20µm of 

separation between them (microtome SLEE MAINZ model CUT 5062 - Mainz, 

Germany), and fixed in slides pre-prepared with poly-L-lysine. Detection of apoptosis 

was performed by the TUNEL method [32] using a commercial kit for detecting 

apoptosis (ApopTag® Peroxidase-Chemicon). The number of apoptotic bodies (cells 

containing apoptotic material phagocytosed in the liver), and splenocytes and 

hepatocytes undergoing apoptosis were compared. Counterstaining with Harris 

hematoxylin was performed. For quantitative analysis of the sections, 20 and 10 random 

microscopic fields/section were counted, totaling 240 and 120 fields per group, from the 

liver and spleen, respectively, with 40X objective in Olympus CBA microscope (Tokyo, 

Japan). 

 

2.4. Statistical analysis  

Statistical analysis was performed by comparing the different parameters between the 

treated groups and control group, using Student "Z" test for qualitative variables 

(parametric data) and the Mann-Whitney test for quantitative variables (nonparametric 

data) using Software Statistica 8.0. Survival analysis was performed using Logrank test 

and Kaplan-Meier analysis - software R.3.0.2. The significance level used for the tests 

was 5%. 
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3. RESULTS 

3.1. Survival  

GLy presented the longest survival time (50.1 ± 37.3) compared with GCI (26.8 ± 25.6) 

(p=0.02), GCaus (17.4 ± 2.1) (p=0.00) and GCon (15.4 ± 1.9) (p=0.00). GCon group 

(15,4 ± 1,9) presented early mortality compared with GCI (26.8 ± 25.6) (p=0.03). There 

was no significant difference between GCI (26.8 ± 25.6) and GCaus (17.4±2.1) 

(p=0.63). By the Kaplan-Meier estimator, the probability of the treated animal in GLy 

group surviving up to 22 days is 42.9% (CI 95% = 18% to 100%). In the GCon group, 

in turn, the probability of surviving up to 17 days is 12.5% (CI 95% = 2% to 78.2%); in 

GCaus group, the probability of surviving up to 18 days is 33.3% (CI 95% = 10.8% to 

100%) and the probability of surviving 21 days is 12.5% (CI 95% = 2% to 78.2%) in 

GCI (Table 1 and Figure 1). 

 

3.2. Clinical parameters 

In the overall average of the clinical parameters, all the compounds presented a 

significant increase in temperature compared with GCI (p<0.05) (Table 1). However, in 

average divided by periods of infection, only the GLy group presented a significant 

increase in temperature from the 6th-23rd day of infection, while GCaus presented a 

decrease in this parameter (p<0.05) (Figure 2). GCon presented decreased feed intake 

from the 6th-9th day of infection compared with GCI (p<0.05), and GCaus presented 

decrease in body weight compared with GCI from the 10th to the 13th day of infection 

(p<0.05) (Figure 2). GLy presented higher water consumption compared with GCI from 

the 2nd-5th day of infection and from the 10th-13th day (p<0.05) (Figure 2). In this 

comparison, it was observed that the animals treated with Ly showed no decrease in 

water or food consumption, presenting better performance than the other groups, which 

had significant decrease in these parameters. 

The amount of excreta and presence of diarrhea had no significant difference between 

the groups. In the analysis of qualitative clinical parameters, GLy and GCaus presented 

greater drowsiness, greater genital edema and greater agitation, naturally and during 

handling. The bristliest fur was observed in GCon and GLy (Table 2). Social inhibition 

was not observed during the experiment. On the 4th day of infection, 14% of the 

animals (1/7) in GCaus had clonic convulsion, with observation of muscle spasms in the 

lower limbs. 
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3.3. Cytokines and Ratio Th1/Th2, Th1/Th17  

Animals treated with L. clavatum presented predominance of Th1 response by increased 

TNF-α. This group also showed a significant increase in IL-10 and decrease in IL-6, 

compared with the control group (p<0.05). GCon had predominance of Th2 response by 

the increase of IL-4 and GCaus presented decreased Th1 response by the decrease in IL-

2 and IFN-γ, both compared with the control group GCI (p<0.05) (Figure 3). 

Figure 4 presents details of the Ratio Th1/Th2, Th1/Th17 for the proposed groups. The 

animals treated with L. clavatum presented a Th1 response predominantly due to an 

increase in TNF-α (TNF-α/IL-4 and TNF-α/IL-17), while GCaus and GCon presented a 

decrease in Th1/Th2 ratio and GCaus in Th1/Th17 ratio. 

 

3.4. Apoptosis - In situ detection of DNA fragmentation 

Detection of cells undergoing apoptosis on the eighth day of infection with T. cruzi in 

mice treated with different highly diluted compounds is described in Figure 5. GLy and 

GCcon groups had a higher number of splenocytes and hepatocytes undergoing 

apoptosis compared with GCI (p<0.05). However, GCon presented a decrease in 

apoptotic bodies in liver compared with GCI (p<0.05), while GLy had a significant 

increase in apoptotic bodies in the liver compared with GCI (p<0.05). GCaus only 

presented a higher number of hepatocytes in apoptosis when compared with GCI 

(p<0.05) (Figures 5, 6 and 7). 

 

4. DISCUSSION 

The murine model of infection with the Y strain of T. cruzi is a reference and is widely 

described in literature [33]. The use of this model may be useful for developing new 

treatments and understanding the mechanisms by which new tested compounds act 

[34,35]. In this study with highly diluted compounds, for the first time, it was possible 

showing the increased apoptosis, production of Th1 cytokines, clinical improvement 

and higher survival in mice infected with Trypanosoma cruzi. Our data complement 

studies regarding the compound Lycopodium clavatum, showing its positive effect on 

bio-immune-physiological responses with increased survival in animals susceptible to 

infection by highly pathogenic strain of T. cruzi [17, 36]. 

The clinical evaluation [31] of the animals infected with T. cruzi was an important 

factor to characterize and compare the morbidity in different experimental groups. 
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However, the assessment of clinical parameters divided into the period between the 

beginning of infection until the end of the patent period (23rd day of infection) was 

more efficient in evidencing the occurrence of clinical improvement. In GLy this 

improvement was significant throughout the infection, observed by the increase in 

temperature. A recent study, by adopting clinical evaluations during the course of 

infection, also observed the effect of highly diluted Lycopodium clavatum in mice 

experimentally infected with the parasite Toxoplasma gondii [37]. These findings help 

us to understand the importance of analyzing different periods of infection and not just 

the average of a given parameter as a whole, because the overall average of one 

parameter may mask the results obtained. 

Although infection of Swiss mice by Y strain of T. cruzi is a good experimental model 

[38], the virulence of this strain for this lineage of mice is very high. This characteristic, 

in addition to the fact that Swiss mice do not constitute isogenic lineage and to the fact 

of having the number of experimental animals currently limited to the minimum for 

ethical reasons, prejudices the statistical demonstration of clinical benefits of the 

treatment on the experimental model used, which was definitively proved by the 

increased survival observed in GLy group. 

In this study, aiming to statistically prove the beneficial effects of the highly diluted 

compounds, the evaluations of individual parameters (water and feed consumption, 

temperature and body weight), were performed at different periods of infection. The 

highest water consumption was presented by GLy (2nd-5th and 10th-13th day of 

infection); the lowest body weight (10th-13th day of infection) and lowest water 

consumption (18th-23rd day of infection) in GCaus; and lower feed intake in GCon (6º- 

9th day of infection), show the different clinical effects of highly diluted compounds in 

the biological system, since GLy represents the establishing of a greater physiological 

balance, promoting a more comfortable situation in physical and mental performance 

[39,40], resulting in increased motor coordination and faster cognitive reflexes [41]. The 

latter were also proven by the observation of increased motor activity in this group of 

animals, demonstrated by increased agitation which was detected, naturally and during 

handling, consistent with improved clinical condition. 

The increased temperature indicates benefit to the host [42,43]. This increase will 

generate macrophages when necessary [44]. In a recent publication, it was demonstrated 

that the increase of macrophages (megakaryocytes and Kupffer cells), promoted greater 

survival in mice infected with T. cruzi [3]. Thus, these data can suggest that the 
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medication diluted beyond the Avogadro constant, indicated within the homeopathic 

precepts, might contribute to the activation of the immune response in mice. 

The immune modulation between inflammatory and anti-inflammatory cytokines has a 

crucial role in controlling the response against the parasite and tissue damages [13], 

while a high level of TNF-α increased disproportionately can cause tissue damage [18], 

IL-10, on the other hand, acts as a factor of growth and differentiation of B cells, 

modulating the production of cytokines secreted by Th1 cells, i.e., promoting the cross-

regulation of Th cells, modulating the intensity of response [44]. The diluted and 

dynamized compounds have the ability to modulate the immune system in mice infected 

with T. cruzi, controlling the Th1 response, not exacerbating the concentration of TNF-

α, reducing the inflammatory state of the infection by this protozoan [6], causing an 

improvement in morbidity [3,17,44], as observed in our results through clinical 

improvement and increased survival. Thus, Lycopodium clavatum provided homeostasis 

information to the organism susceptible to infection, through the predominance of Th1 

response, counterbalancing the Th2 response, since it was able to change information 

regarding the response against infection (i.e., “disease pattern”), improving the 

morbidity of the animals infected with a highly pathogenic strain. The balance between 

the cytokines with predominance of Th1 response in GLy can be clearly observed when 

we look at figure 3, and we found increased Th1 response (by the increase in TNF-α and 

decrease in Th17), and when comparing the ratio of cytokines in figure 4. We noticed 

that the Th1/Th17 ratio increased by increasing Th1, whereas the Th2 response was 

released to promote the immune balance due to the immunoregulatory action of IL-10 

[3,44].    

The action of cytokines on Trypanosoma cruzi infection is not completely elucidated 

[21,45]. In this work, we demonstrate predominance of Th1 response counterbalancing 

the Th2 response, while we observed increased apoptosis, clinical improvement with 

higher survival rate in animals treated with Lycopodium clavatum. These results are 

consistent with recent studies [6, 46]. 

IL-6, for being able to present both anti-inflammatory and proinflammatory activity 

[47], possibly signaled activation of the classical pathway in this model, acting as Th2 

response (anti-inflammatory), demonstrating less tissue damage in the same 

experimental model [17]. This happens because in conditions in which less 

inflammation occurs, a lower amount of this interleukin is observed, i.e., its reduction, 

as observed in the GLy group, causes fewer cytotoxic effects [48,49]. 
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In GCon, increase of Th2 response, by increased IL-4 and decrease of ratio Th1/Th2 

(IL-6/IL-10, IL-2/IL-10, TNF-α/IL-4, TNF-α/IL-10, INF-α/IL4, IFN-γ/IL10), 

demonstrates modulation that contributes to the pathogenesis of infection [50]. When 

comparing the ratio TNF-α/IL4 for GCon and GLy, opposite results are observed, which 

is consistent with the early mortality in GCon and increased survival in GLy. 

Furthermore, the positive balance of Th1/Th2 response and higher concentration of 

TNF-α, proved to be a favorable condition to the increased survival of animals treated 

with Lycopodium clavatum, which may also be associated with less inflammation and 

lower cytotoxicity [17, 36]. 

It is suggested that the increase in IL-17 (Th17) might be related to the worsening of 

Chagas disease [51] and Th1 expression might be related to resistance to infection [52]. 

Although there are still contradictions regarding the role of cytokines as modulators of 

T. cruzi infection [21], emphasizing the role of dynamic Th1/Th17 is important to 

understand the mechanism of progression or improvement of the infection by this 

protozoan [53,54]. Our results demonstrate greater benefit in GLy, expressed by the 

increased ratio Th1/Th17 (TNF-α/IL-17) due to increase in TNF-α. On the other hand, 

the decrease in ratio Th1/Th17 observed in GCaus (IL-2/IL-17, IL-6/IL-17, IFN-γ/IL-

17) by decreased IL-2 and INF-γ (Th1), and no significant reduction in IL-6, was not 

related to increased survival compared with the control group. These data indicate that 

there was activation of Th1 response for GLy, while no inhibition of this immune 

response occurred in GCaus. 

Immunosuppressive drugs have the ability to reduce the concentration of circulating IL-

2 [55]. It can be understood that Kalium causticum promoted immunosuppression, since 

in GCaus there was downregulation of IL-2. This result may be related to the 

unfavorable clinical course and unaltered survival observed in this group compared with 

GCI, contrasting with the positive results observed in GLy. 

Although the mechanisms of action of highly diluted compounds are not known, 

evidence suggests that they are related to homeostasis [56,57] by increased apoptosis 

and reduced inflammation in animals infected with T. cruzi [58]. When this induction of 

apoptosis does not occur, the body may use more aggressive ways to cause cell death, 

such as autophagy and necrosis, which damage other tissues, mainly by increased 

inflammation and secretion of a number of mediators [15,16]. 

The mechanism of apoptosis is a general mechanism of programmed cell death, in 

response to different stimulus, depending on the balance of the host-parasite 
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relationship. In this experiment the results might indicate a more beneficial and 

balanced way to deal with the infection [16]. Thus, only GLy had significant, persistent 

increase in hepatocytes and splenocytes undergoing apoptosis compared with other 

treatments, in addition to hepatocytes with apoptotic bodies inside, which might indicate 

action of this compound on the cell. In future research it would be important to analyze 

whether apoptosis occurs in infected cells of animals not infected with T. cruzi in vivo 

as well in vitro experiments using culture of cells infected and not infected by the 

protozoan. 

Highly diluted compounds are capable of regulating the immune system, preserving 

organs [59] and destroying cells with alterations [60]. Treatment with GLy activated 

converging pathways towards immune responses, mediated by expression and inhibition 

of cytokines with predominance of Th1 response and increased apoptosis, providing 

greater resistance to the animals, demonstrated by clinical improvement and increased 

survival in this group. 

In summary, compounds diluted above the Avogadro constant and dynamized regulated 

the cytokines differently, increasing apoptosis and interfering with the morbidity with a 

difference in the survival of mice infected with T. cruzi. Lycopodium clavatum 

presented a better course of action with predominance of Th1 response by TNF-α 

increase counterbalancing the Th2 response and increased apoptosis, clinical 

improvement and higher survival, while Kalium causticum and Conium maculatum had 

decreased Th1 response. Conium maculatum promoted early mortality with increase of 

Th2 response by increased IL-4. Among the compounds studied, L. clavatum modified 

the functioning of the host’s organism, promoting benefits, raising the possibility of 

using highly diluted compounds for the treatment of Chagas disease. 

 

Conflict of Interest: 

The Authors declare no conflict of interest. 

 

ACKNOWLEDGEMENTS 

This work was supported by the Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior – CAPES/PROAP (no. 68/7-1), and Convênio Fundação Araucária-UEM (no. 

251/12, protocol no. 22.390). 

 

REFERENCES 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
[1] Dias JCP, Ramos Jr. NA, Gontijo ED, Luquetti A, Shikanai-Yasuda MA, Coura JR, 

Torres RM, et al. II Consenso Brasileiro em doença de Chagas, 2015, Epidemiol. Serv. 

Saúde 25 (2016) 7-86. 

[2] Morillo CA, Marin-Neto JA, Avezum A, Sosa-Estani S, Rassi, Jr. A, Rosas F, et al. 

Randomized Trial of Benznidazole for Chronic Chagas’ Cardiomyopathy, N. Engl. J. 

Med.373 (2015) 1295-1306. 

[3] Falkowski-TemporiniGJ, Lopes CR, Massini PF, Brustolin CF, Sandri PF, Ferreira 

EC, Aleixo DL, Pala NR, de Araújo SM. Predominance of Th1 response, increase of 

megakaryocytes and Kupffer cells are related to survival in Trypanosoma cruzi infected 

mice treated with Lycopodium clavatum, Cytokine 88 (2016) 57-61. 

[4] Machado FS, Souto JT, Rossi MA, Esper L, Tanowitz HB, Aliberti J, et al. Nitric 

oxide synthase-2 modulates chemokine production by Trypanosoma cruzi - infected 

cardiac myocytes, Microbes Infect. 10(14-15) (2008) 1558-1566. 

[5] Chaves AT, Estanislau JASG, Fiuza JA, Carvalho AT, Ferreira KS, Fares RC, 

Guimarães PH, et al. Immunoregulatory mechanisms in Chagas disease: modulation of 

apoptosis in T-cell mediated immune responses, BMC Infect. Dis. 16 (2016) 191. 

[6] Ferraz FN, da Veiga FK, Aleixo DL, Ciupa L, de Abreu Filho BA, da Silva SS et al. 

Biotherapies of rabbit serum modulate the immune response and decrease parasite load 

in mice infected with Trypanosoma cruzi, SS, J. Appl. Biomed. 14(3) (2016) 187-197. 

[7] dos Santos JSC, Menezes CA, Villani FN, Magalhães LM, Scharfstein J, Gollob KJ 

et al. Captopril increases the intensity of monocyte infection by Trypanosoma cruzi and 

induces human T helper type 17 cells, Clin. Exp. Immunol. 162(3) (2010) 528-536. 

[8] Rigazio CS, Hernández M, Corral RS. Cardiopathogenic mediators generated by 

GATA4 signaling upon co-activation with end othelin-1 and Trypanosoma 

cruzi infection, Microb. Pathog. 73 (2014) 47-52. 

[9] Sherbuk JE, Okamoto EE, Marks MA, Fortuny E, Clark EH, Galdos-Cardenas G, et 

al. Biomarkers and mortality in severe Chagas cardiomyopathy, Glob Heart 10(3) 

(2015)173-180. 

[10] Böhme J, Roßnagel C, Jacobs T, Behrends J, Hölscher C, Erdmann H. Epstein-Barr 

virus-induced gene 3 suppresses T helper type 1, type 17 and type 2 immune responses 

after Trypanosoma cruzi infection and inhibits parasite replication by interfering with 

alternative macrophage activation, Immunology 147(3) (2016)338-348. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
[11] de Souza EM, Araujo-Jorge TC, Bailly C, Lansiaux A, Batista MM, Oliveira GM, 

et al. Host and parasite apoptosis following Trypanosoma cruzi infection in vitro and in 

vivo models, Cell Tissue Res. 314(2) (2003) 223-235. 

[12] Hasnain SE, Begum R, Ramaiah KV, Sahdev S, Shajil EM, Taneja TK, et al. Host-

pathogen interactions during apoptosis, J. Biosci. 28(3) (2003) 349-358. 

[13] Liempi A, Castillo C, Carrillo I, Muñoz L, Droguett D, Galanti N, et al. A local 

innate immune response against Trypanosoma cruzi in the human placenta: The 

epithelial turnover of the trophoblast, Microb. Pathog. 99 (2016) 123-129. 

[14] Carrillo I, Droguett D, Castillo C, Liempi A, Muñoz L, Maya JD, et al. Caspase-8 

activity is part of the BeWo trophoblast cell defense mechanisms against Trypanosoma 

cruzi infection, Exp. Parasitol. 168 (2016) 9-15. 

[15] Zuma AA, Mendes IC, Reignault LC, Elias MC, de Souza W, Machado CR, et al. 

How Trypanosoma cruzi handles cell cycle arrest promoted by camptothecin, a 

topoisomerase I inhibitor, Mol. Biochem. Parasitol. 193(2) (2014) 93-100. 

[16] Kumar D, Tewari-Singh N, Agarwal C, Jain AK, Inturi S, Kant R, et al. Nitrogen 

mustard exposure of murine skin induces DNA damage, oxidative stress and activation 

of MAPK/Akt-AP1 pathway leading to induction of inflammatory and proteolytic 

mediators, Toxicol. Lett. 235(3) (2015) 161-171. 

[17] Lopes CR, Falkowski GJS, Brustolin CF, Massini PF, Ferreira EC, Moreira NM, et 

al. Highly diluted medication reduces tissue parasitism and inflammation in mice 

infected by Trypanosoma cruzi, Homeopathy 105(2) (2015) 186-193. 

[18] Basso B. Modulation of immune response in experimental Chagas disease, World 

J. Exp. Med. 3(1) (2013) 1-10. 

[19] Bonney KM, Engman DM. Autoimmune pathogenesis of Chagas heart disease: 

looking back, looking ahead, Am J Pathol. 185(6) (2015) 1537-1547. 

[20] Rodrigues AA, Notário AF, Teixeira TL, e Silva RT, Quintal AP, Alves RN, et al. 

A high throughput analysis of cytokines and chemokines expression during the course 

of Trypanosoma cruzi experimental oral infection, Acta Trop. 157 (2016) 42-53. 

[21] Nascentes GA, Hernández CG,  Rabelo RA, Coelho RF, Morais FR, Marques T, et 

al. The Driving of Immune Response by Th1 Adjuvants in Immunization of Mice 

with Trypanosoma cruzi marinkellei Elicits a Controversial Infection Control, Vector 

Borne Zoonotic Dis. 16(5) (2016) 317-325. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
[22] Pereira da Silva LH, Nussenweig V. Sobre uma Cepa de Trypanosoma cruzi 

Altamente Virulenta para o Camundongo Branco, Folia Clin. Biol. 20(3) (1953) 191-

208. 

[23] Zandvoort R. The Complete Repertory. Institute for Research in Homeopathic 

Information and Symptomatology. In: Leidschendam AJ. The Netherlands; 1994-1996. 

[24] Allen TF. The Encyclopedia of pure materiamedica. Repr., Jain B. Publishers, New 

Delhi, 1982. 

[25] Hahnemann CFS. Organon der Heilkunst. In: 6th ed., Heidelberg: Haug, 1989. 

[26] Araújo SM, Brustolin, CF; Massini, PF, Moreira, NM, Fontes, CER; Aleixo, DL. 

Exploring the modelo f murine infection by Trypanosoma cruzi to investigate treatment 

with highly diluted drugs: the influence of Lycopodium clavatum or Phosphorus in 

Wistar rats, Homeopathy (105) (2016) 17-18. 

[27] Bellavite P, Signorini A, Marzotto M, Moratti E, Bonafini C, Olioso D. Cell 

sensitivity, non-linearity and inverse effects, Homeopathy 104 (2015) 139-160. 

[28] Brasil. Farmacopéia Homeopática Brasileira. In: 3th ed., Comissão da Farmacopéia 

Brasileira, 2011. 

[29] Braga-Silva C, Suhett CSR, Drozino RN, Moreira NM, Sant’Ana DMG, Araújo 

SM. Biotherapic of Toxoplasma gondii reduces parasite load, improves experimental 

infection, protects myenteric neurons and modulates the immune response in mice with 

toxoplasmosis, Eur J Integr Med 8 (2016) 865-874. 

[30] Aleixo DL, Ferraz FN, Ferreira EC, de Lana ML, Gomes ML, de Abreu Filho BA, 

et al., High dituted medication reduce parasitemia and improves experimental infection 

evolution by Trypanosoma cruzi. BMC Res. Notes. 5 (2012) 352. 

[31] Falkowski GJS, Aleixo DL, Sandri PF, Araujo SM. Parameters for evaluation of 

clinical Trial in mice infected by Trypanosoma cruzi, Arq. Bras. Med. Vet. Zootec. 

64(6) (2012) 1539-1546. 

[32] Gavrieli Y, Sherman Y, Bem-Sasson SA. Identification of programmed cell death 

in situ via specific labeling of nuclear DNA fragmentation, J. Cell Biol. 119(3) (1992) 

493-501. 

[33] Coura JR. Tripanosomose, doença de chagas, Cienc. Cult. 55 (2003)1-7. 

[34] DNDi – Drugs for Neglected Diseases initiative. About Chagas disease: What is 

Chagas disease?, http://www.dndi.org/diseases-projects/chagas/.  

[35] Calabrese EJ. Hormesis: principles and applications, Homeopathy104 (2) (2015) 

69-82. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
[36] Samadder A, Das S, Das J, Paul A, Boujedaini N, Khuda- Bukhsh AR. The 

potentized homeopathic drug, Lycopodium clavatum (5C and 15C) has anti-cancer 

effect on hela cells in vitro, J. Acupunct. Meridian. Stud.6 (2013) 180-187. 

[37] Pereira AV, Lera KRJL, Miranda MM, Drozino RN, Falkowski-Temporini GJ, 

Góis MB, et al. Safety and efficacy of Lycopodium clavatum 200dH in Toxoplasma 

gondii infected mice. Eur. J. Integr. Med.8(4) 2016 540-545. 

[38] Araújo-Jorge TC, Modelos experimentais para o estudo in vivo da doença de 

Chagas: Camundongo, In: Araújo-Jorge TC, Castro SL, eds. Doença de Chagas: Manual 

de experimentação animal. Fiocruz Inc., 2000; 133-139. 

[39] Ritz P, Berrut G. The Importance of Good Hydration for Day-to-Day Health, Nutr. 

Rev.63 (2005) 6-13. 

[40] Armstrong LE, Ganio MS, Casa DJ, Lee EC, McDermott BP, Klau JF, et al. Mild 

dehydration affects mood in healthy young women, J. Nutr. 142(2) (2012) 382-388. 

[41] Ganio MS, Armstrong LE, Casa DJ, McDermott BP, Lee EC, Yamamoto LM, et 

al. Mild dehydration impairs cognitive performance and mood of men, Br. J. 

Nutr.106(10) (2011) 1535-1543. 

[42] Bryant RE, DesPrez RM, VanWay MH, Rogers DE. Studies on human leukocyte 

motility I. Effects of alterations in pH, electrolyte concentration, and phagocytosis on 

leukocyte migration, adhesiveness, and aggregation, J. Exp. Med. 124(3) (1966) 483-

499. 

[43] Aleixo DL, Benvenutti MJ, Lera KRJL, Ciupa L, Ferraz FN, de Araújo SM. The 

Association of Ponderal Benznidazole with its Ultra-high Dilutev d Formula Reduces 

the Toxic Effects and Allows Increasing of Dose in Dose-dependent Protocol in Mice 

Infected with Trypanosoma cruzi, Int. J. High Dil. Res.14(3 (2015)10-19. 

[44] Male D, Brostoff J, Roth DB, Roitt I. Immunology. In: 7th ed., Elsevier: Mosby, 

2007, p. 26-159. 

[45] Kumar S, Tarleton RL. Antigen-specific Th1 but not Th2 cells provide protection 

from lethal Trypanosoma cruzi infection in mice, J. Immunol. 166 (2001) 4596-4603. 

[46] Ferraz FN, Veiga FK, Aleixo DL, Silva SS, Conchon-Costa I, Pavanelli WR, et al. 

Modulation of IFN-γ, IL-4 and IL-17 Cytokines is Related to Parasitemia Control in 

Mice Infected by Trypanosoma cruzi and Treated with Biotherapy, J. Biol.Sci., 15 

(2015) 251-259. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
[47] Scheller J,Chalaris A, Schmidt-Arras D, Rose-John S.The pro- and anti-

inflammatory properties of the cytokine interleukin-6, Biochim. Biophys. Acta. 1813(5) 

(2011) 878-888. 

[48] Zygner W, Zygner OG, Bąska P, Długosz E. Low T3 syndrome in canine 

babesiosis associated with increased serum IL-6 concentration and azotaemia. Vet. 

Parasitol. 211(1-2) (2015) 23-27. 

[49] Dittrich A, Hessenkemper W, Schaper F. Systems biology of IL-6, IL-12 family 

cytokines. Cytokines Growth Factor Rev. 26(5) (2015) 595-602. 

[50] Luzina IG, Keegan AD, Heller NM, Rook GAW, Shea-Donohue T, Atamas SP. 

Regulation of inflammation by interleukin-4: a review of “alternatives”, J. Leukoc. 

Biol. 92(4) (2012) 753-764. 

[51] Rodriguez DAL, Echeverría LE, González CI, Martin J. Investigation of the role of 

IL-17A gene variants in Chagas disease, Genes and Immun. 16(8) (2015) 536-540. 

[52] Aliberti JC, Souto JT, Marino AP, Lannes-Vieira J, Teixeira MM, Farber J, et al. 

Modulation of chemokine production and inflammatory responses in interferon-gamma 

and tumor necrosis factor-R1-deficient mice during Trypanosoma cruzi infection. Am. 

J. Pathol. 158(4) (2001) 1433-1440. 

[53] Bonney KM, Taylor JM, Daniels MD, Epting CL, Engman DM. Heat-killed 

Trypanosoma cruzi induces acute cardiac damage and polyantigenic autoimmunity. 

PLoS One 21(6) (2011) e14571.  

[54] Cobb D, Smeltz RB. Regulation of proinflammatory Th17 responses 

during Trypanosoma cruzi infection by IL-12 family cytokines, J. Immunol. 188(8) 

(2012) 3766-3773.  

[55] Nazary M, van der Zee HH, Prens EP, Folkerts G, Boer J. Pathogenesis and 

pharmacotherapy of Hidrandenitis suppurativa, Eur. J. Pharmacolol. 672(1-3) (2011) 1-

8. 

[56] Sikdar S, Mukherjee A, Ghosh S, Khuda-Bukhsh AR. Condurango glycoside-rich 

components stimulate DNA damage-induced cell cycle arrest and ROS-mediated 

caspase-3 dependent apoptosis through inhibition of cell-proliferation in lung cancer, in 

vitro and in vivo, Environ. Toxicol. Pharmacol. 37 (2014) 300-314. 

[57] 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. 11 (2012) 172-182. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
[58] Sandri P, Aleixo DL, Sanchez Falkowski GJ, Nascimento Júnior AD, Gomes 

ML, Hernandes L, et al. Trypanosoma cruzi: Biotherapy made from trypomastigote 

modulates the inflammatory response. Homeopathy, 104(1) (2015) 48-56. 

[59] Telleria J, Tibayrenc M. American Trypanosomiasis: Chagas disease one hundred 

years of research. In: Truyens C and Yves C (Coord.). Immunology: Host - Parasite 

Interacion, Elsevier, London, UK, 2010, p. 601-641. 

[60] Tang L, Shen H, Li X, Li Z, Liu Z, Xu J, et al. MiR-125a-5p decreases after long 

non-coding RNA HOTAIR knockdown to promote cancer cell apoptosis by releasing 

caspase 2,  Cell Death Dis. 7 (2016) e2137. 

TABLES AND FIGURES LEGENDS 

 

Tab. 1. Quantitative clinical parameters and overall survival (probability probability) 
evaluated in Swiss male mice, 8 weeks-old, inoculated with 1400 trypomastigotes of the 
Y strain of Trypanosoma cruzi, in groups GCI, GCaus, GCon and GLy. 
 
Data presented as mean ± standard deviation.  
* Significative differences compared with GCI (p<0.05); GCaus: group treated with 
Kalium Causticum 13c; GCon: group treated with Conium maculatum 13c; GLy: group 
treated with Lycopodium clavatum 13c; GCI: group treated with 7% alcohol (vehicle 
medicine). 
CI = confidence index of 95%. 
 
Fig. 1. Kaplan-Meier curve of mice infected with 1,400 blood trypomastigotes of Y 
strain of T. cruzi, treated with 7% alcoholic solution of highly diluted compounds 
(GCI), Kalium causticum 13c (GCaus), Conium maculatum 13c (GCon) and 
Lycopodium clavatum 13c (GLy). 
 

Tab. 2. Qualitative clinical parameters evaluated in Swiss male mice, 8 weeks-old, 
inoculated with 1400 trypomastigotes of the Y strain of Trypanosoma cruzi, for the 
groups GCI, GCaus, GCon and GLy. 

GCI = control of infection group, treated with 7% hydroalcoholic solution of the highly 
diluted compounds; GCaus = treated with Kalium Causticum 13c, GCon = treated with 
Conium maculatum 13c; GLy = treated with Lycopodium clavatum 13c. 
n/N: n= number of observations; N=overall number of elements in the group throughout 
infection. 
*p significant by the Z test compared with GCI 
Ref – Reference 
 

Fig. 2. A: Average body weight (g) from the 1st to the 23rd days of infection; B: 
Average feed intake (g) from the 1st to the 23rd day of infection; C: Average water 
consumption (mL) from the 1st to the 23rd day of infection; D: Average body 
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temperature (ºC) from the 1st to the 23rd day of infection of Swiss male mice, 1,400 
blood trypomastigotes of Y strain of T. cruzi, treated with 7% alcoholic solution (GCI) 
of highly diluted compounds, Kalium causticum 13c (GCaus), Conium maculatum 13c 
(GCon) and Lycopodium clavatum 13c (GLy). * p<0.05 compared with GCI. 

 
Fig. 3. Serum concentration (pg/ml) of IL-2, IFN-γ, TNF-α, IL-6, IL-4, IL-10 and IL-17 
on the 8th day after infection in Swiss male mice, 1400 blood trypomastigotes of the Y 
strain of T. cruzi treated with 7% hydroalcoholic vehicle of highly diluted compound 
(GCI), Kalium Causticum 13c (GCaus), Conium maculatum 13c (GCon) and 
Lycopodium clavatum 13c (GLy). n=3 animals per group; * p<0.05 compared with GCI 
between groups for the same cytokine. 
 
Fig. 4. Ratios of IL-6/IL-4, IL-6/IL-10, IL-2/IL-4, IL-2/IL-10, TNFα/IL-4, TNFα/IL-10, 
IFNγ/IL-4, IFNγ/IL-10, IL-2/IL-17, IL-6/IL-17, TNFα/IL-17, IFNγ/IL-17 (balance 
Th1/Th2 and Th1/Th17) on the 8th day after infection in Swiss male mice, 1400 blood 
trypomastigotes of the Y strain of T. cruzi treated with 7% hydroalcoholic vehicle of 
highly diluted compound (GCI), Kalium Causticum 13c (GCaus), Conium maculatum 
13c (GCon) and Lycopodium clavatum 13c (GLy). n=3 animals per group; *p<0.05 
compared with GCI between groups for the same relationship between cytokines. 
Letters a, b, c, d, e, f = individualized citokines with better definition. 
 
Fig. 5. Mean of the number of hepatocytes TUNEL+, splenocytes TUNEL + and 
apoptotic phagocytosed bodies (Liver) in histological sections of Swiss male mice, 8 
weeks-old, inoculated with 1400 trypomastigotes of the Y strain of Trypanosoma cruzi 
on the 8th day after infection (40X magnification). Immunohistochemistry method: 
Terminal deoxynucleotidyl transferase-mediated UTP Nick end labeling (TUNEL) and 
APOPTAG (Millipore). n=3 animals per group; *p<0.05 compared with the GCI for 
each parameter. 
Hepatocytes TUNEL +: liver cells undergoing apoptosis. 
Splenocytes TUNEL +: Spleen cells undergoing apoptosis. 
Apoptotic bodies: cells containing apoptotic material in the liver. 
GCI = control of infection group, treated with 7% hydroalcoholic solution of the highly 
diluted compound; GCaus = treated with Kalium Causticum 13c, GCon = treated with 
Conium maculatum 13c; GLy = treated with Lycopodium clavatum 13c. 
 
Fig. 6. Section of liver of Swiss male mice, 8th day of infection with 1400 blood 
trypomastigotes of the Y strain of T. cruzi treated with 7% hydroalcoholic vehicle of 
highly diluted compound (GCI), Kalium causticum 13c (GCaus) , Conium maculatum 
13c (GCon) and Lycopodium clavatum 13c (GLy). n=3 animals per group; Technique 
used: Terminal deoxynucleotidyl transferase-mediated UTP Nick end labelling 
(TUNEL) - APOPTAG (Millipore). 40x objective. Arrow (→): hepatocytes undergoing 
apoptosis; Oval shape (о): apoptotic bodies - phagocytic cells with phagocytic vacuole 
with apoptotic material. 
 
Fig. 7. Section of spleen of Swiss male mice, 8th day of infection with 1400 blood 
trypomastigotes of the Y strain of T. cruzi treated with 7% hydroalcoholic vehicle of 
highly diluted compound (GCI), Kalium causticum 13c (GCaus), Conium maculatum 
13c (GCon) and Lycopodium clavatum 13c (GLy). n=3 animals per group; Technique 
used: Terminal deoxynucleotidyl transferase-mediated UTP Nick end labeling 
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(TUNEL) - APOPTAG (Millipore). 40x objective. Arrow (→): splenocytes undergoing 
apoptosis. 
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Tab. 1.  
Groups Temperature 

( ºC) 
Body weight 

(g/day) 
Feed 

Consumption  
(g/day) 

Water 
Consumption 

(mL) 

Overall survival, 
probability (95% CI) 

GCI 32,61±2,2 42,7±4 6,8±2,7 6,8±2,8 12% (2%-78%) 
GCaus 33,19±2,5* 41,2±4,5 6,5±2,3 7,6±2,4 33% (10%-100%) 
GCon 33,74±1,2* 43,4±3,8* 7,3±2,7 7,5±2,2 12% (2%-78%) 
GLy 33,04±3,2* 41,8±4,2 7,2±2,7 7,6±2,9 42% (18%-100%) 
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Tab. 2.  

Groups 
Sleepiness 

Genital 
Edema 

 

Abdominal  
Edema 

 

bristly  
Fur 

 

Natural  
Agitation 

 

Agitation with 
Handling 

n/N (%) P n/N (%) P n/N (%) P n/N (%) p n/N (%) P n/N (%) P 

GCI 
166/226 
(73,5) 

Ref 
74/226 
(32,7) 

Ref 55/226 (24,3) Ref 
78/226 
(34,5) 

Ref 6/226 
(2,7) 

Ref 
67/226 
(29,6) 

Ref 

GCaus 
150/166 
(90,4) 

0,0000* 
85/166 
(51,2) 

0,0000* 52/166 (31,3) 0,0230* 
99/166 
(59,6) 

0,9999 12/166 
(7,2) 

0,0000* 
71/166 
(42,8) 

0,0399* 

GCon 
136/205 
(66,3) 

0,9999 
53/205 
(25,9) 

0,9999 34/205 (16,6) 0,9999 
37/205 
(18,0) 

0,0174* 8/205 
(3,9) 

0,9999 
61/205 
(29,8) 

0,9999 

GLy 
184/224 
(82,1) 

0,0000* 
74/224 
(36,1) 

0,0000* 75/224 (36,6) 0,0000* 
79/224 
(38,5) 

0,0266* 11/224 
(5,4) 

0,0000* 
79/224 
(38,5) 

0,0266* 
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Highlights 
 

• Lycopodium clavatum increase apoptosis, clinical improvement and higher 

survival; 

• Lycopodium clavatum causes predominance of Th1 response; 

• Kalium causticum and Conium maculatum causes decrease Th1 response; 

• Conium maculatum promoted early mortality with increase of Th2 response. 


	Binder1.pdf
	gr1
	gr2
	gr3
	gr4
	gr5
	gr6
	gr7


