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ABSTRACT
Zootherapy (the use of the therapeutic potential of animals) is at least 6,000 years old, and has been kept active throughout 
generations until modern days. Animal fat is commonly used in the zootherapeutic folk medicine from South America, 
specially the green anaconda’s fat, which is widely promoted as a natural medicine to treat wounds, even though there is no 
scientific evidence showing its efficacy. In this study we compared the total healing time and the proportional daily reduction 
of dorsal epithelial incisions in adult male Wistar rats treated with nitrofural (a commercial cicatrizing ointment) and with 
anaconda fat. We applied the treatments every two days and measured the incision diameter daily, during ten consecutive days. 
Differences among the groups in the total healing time and in the proportional daily reduction of the incision consistently 
showed that the fat-based treatment resulted in a faster healing process compared to the commercial ointment tested. The 
literature suggests that the efficacy of animal fat on healing may be primarily related to the presence of fatty acids, which have 
been widely demonstrated to be important for biochemical reactions involved in healing processes. Our findings are widely 
socially relevant, considering that traditional Amazonian communities that use anaconda fat in folk medicine do not have 
easy access to pharmacies and hospitals.
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Zooterapia amazônica: uso de gordura de sucuri (Eunectes murinus) como 
cicatrizante natural
RESUMO
Práticas ancestrais de zooterapia (uso das potencialidades terapêuticas da fauna) existem há pelo menos 6000 anos, e têm sido 
mantidas ao longo de gerações até os tempos modernos. Gordura de animais é comumente utilizada na zooterapia tradicional 
da América do Sul, e a gordura de serpentes sucuris é amplamente comercializada como cicatrizante natural, embora não 
existam evidências científicas que mostrem sua eficácia terapêutica. Neste estudo comparamos o tempo de cicatrização epitelial 
total e a redução proporcional diária de uma incisão dorsal em ratos Wistar machos adultos, entre um grupo controle, um 
grupo tratado com nitrofural (uma pomada cicatrizante comercial) e um grupo tratado com gordura de sucuri. Nós aplicamos 
os tratamentos a cada dois dias e medimos o diâmetro da incisão diariamente por dez dias consecutivos. Diferenças entre os 
grupos no tempo de cicatrização total e na redução proporcional diária da incisão consistentemente mostraram que gordura 
de sucuri teve ação cicatrizante mais eficiente que a pomada comercial testada. A literatura sugere que a eficácia de gordura 
animal em processos de cicatrização pode estar principalmente relacionada à presença de ácidos graxos, os quais têm sido 
amplamente demonstrados como importantes para reações bioquímicas envolvidas em processos de cicatrização. Os resultados 
têm ampla relevância social, considerando que as comunidades tradicionais amazônicas que utilizam a gordura de sucuris 
como zooterápico não têm acesso fácil a farmácias e hospitais.
PALAVRAS-CHAVE: etnozoologia, medicina popular, serpentes, Wistar 
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INTRODUCTION
Human health and biodiversity have been intrinsically 

connected over thousands of years through popular 
phytotherapy and zootherapy practices (Gray 1997).  In 
many cultures around the world, native people have learned 
to use regional biodiversity for purposes beyond food, such 
as sources of medicine and protection (Alves et al. 2013a), 
although ancestral practices of folk medicine are often 
associated with mythological beliefs (MacKinney 1946; 
Chemas 2010). Zootherapy may have been originated after 
the incorporation of animal protein into the human diet 
(Holzman 2003), but accurate estimates regarding time of 
origin are hampered by the lack of archaeological evidence 
(Wing 2000). Zootherapy may also have played an important 
role in the developing of non-nomadic human cultures, 
because, in addition to providing treatments for humans, it 
has also been used to treat diseases in domestic animals (Souto 
et al. 2011a, b; Ferreira et al. 2012, Ferreira et al. 2013; Alves 
et al. 2013a, b; Souto et al. 2013).

Evidence of ancient folk medicine is available in modern 
times, since popular medicine practices are maintained over 
generations in remote regions such as the rainforests in South 
America (e.g. Costa-Neto 2000; Alves and Souto 2011). For 
instance, data from questionnaires and experimental tests have 
shown that more than 350 animal species are used as sources 
of zootherapeutic products in Brazil (Alves et al. 2013a). These 
studies have shown that the ancestral zootherapy in Brazil 
consists mainly in the use of fat extracted from animals, such as 
jaguar (Panthera onca) and black caiman (Melanosuchus niger) 
for treating respiratory diseases, electric eel (Electrophorus 
electrus) for treating rheumatism, giant South American 
turtle (Podocnemis expansa) for protection against sunburnt, 
tucuxi Amazon dolphin (Sotalia fluviatilis) for treating 
asthma, and anaconda snake to heal epithelial wounds (Silva 
2008). The fat from some South American native reptiles 
has been experimentally demonstrated to have effective anti-
inflammatory action (Ferreira et al. 2010; Ferreira et al. 2013), 
but the potential pharmacological properties of anaconda fat 
has never been tested experimentally.

The green anaconda Eunectes murinus (Boidae) is a giant 
aquatic snake, widely distributed through South America 
(Murphy and Henderson 1997). Due to its impressively large 
body size, many legends are maintained through generations 
of Amerindians and mestizos, as stories told by the oldest 
people in the villages (e.g., Silva 1999; Cascudo 2001; 
Taylor 2008). Anacondas eat relatively large prey (Fraga et 
al. 2013), which generates energy accumulation in large fat 
deposits that are commonly used throughout Amazonia as a 
homemade natural therapy (Alves and Pereira-Filho 2007). In 
fact, anaconda fat is the most commercialized product for 
zootherapeutic use in public markets in the larger Amazonian 

cities (Pinto and Maduro 2002; Silva 2008).  Considering 
folk medicine practices as a major cause for an unsustainable 
global biodiversity overexploitation (Alves and Rosa 2007), 
long-term trade may generate concerns regarding the impact 
of overexploitation on wild populations (Alves and Pereira-
Filho 2007; Alves et al. 2008).

According to the traditional knowledge in the Amazon, 
it is believed that the anaconda fat has anti-inflammatory 
properties, which optimize healing processes (Alves et al. 
2007; Ferreira et al. 2013). In this study we test some of the 
potential pharmacological properties of the anaconda fat 
through an experiment with rats. Specifically, we propose a 
comparison between anaconda fat and an industrialized and 
widely marketed ointment based on nitrofural regarding total 
epithelial healing time and the progressive reduction of dorsal 
epithelial incisions in Wistar rats.

MATERIALS AND METHODS
Extracting anaconda fat

All the anaconda fat used in the experiment was collected 
by veterinarians of the Brazilian Army, from an adult 
individual who died in captivity at the CIGS (Centro de 
Instruções de Guerra na Selva) Zoo, kept by the Brazilian 
Army in Manaus, Amazonas, Brazil. The anaconda fat was 
experimentally used by permission of the Instituto de Proteção 
Ambiental do Amazonas - IPAAM (process nr. 2972/T/16), 
and all procedures were approved by the Ethics Committee 
on Animal Use of the Instituto Nacional de Pesquisas da 
Amazônia - CEUA/INPA (process nr. 033/2016).

We used a generic method for the preparation of animal 
fat-based remedies, which consists of a topical ointment made 
by liquefied and filtered fat (Alves and Rosa 2007; Alves and 
Alves 2011). We removed the solid fat in natura and we 
liquefied it in a pan over fire (~70 oC). The liquid fat was 
filtered using a 2 mm sieve, stored and decanted in a sealed 
plastic container, at non ar-conditioned room temperature. 
This method is widely used in folk medicine, and it seems 
to converge among different cultures around the world, 
including Amerindians (see Dias 2013; Ferreira et al. 2014; 
Verma et al. 2014).

Experiment with rats
We used three groups of Wistar rats, each containing eight 

adult males. Each rat was anesthetized with intraperitoneal 
ketamine-hydrochloride injection at 82.5 mg kg-1 and 
xylazine-hydrochloride at 5.75 mg kg-1.  The anesthetized 
rats were immobilized in ventral decubitus and we used 
disposable punch and sterile forceps to make an epithelial 
dorsal incision, with 3.75–5.48 mm in diameter and 
2–2.5 mm in depth. This method is commonly used in 
pharmacological testing, because it prevents fast healing of 
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the superficial skin layers, which may bias the estimated 
difference in healing time between treatments, and does not 
cause serious inflammatory processes (Janning et al. 2011). 
Rats were individually housed in bed cages with constant feed 
and water supply, and postoperative analgesia was done using 
Ketofen-Citoprofen 50 mg kg-1 for each rat. The control-group 
received no external stimulus for healing, but asepsis was done 
every two days with 70% ethanol to reduce the probability of 
infection. One of the treatment-groups had a topical 2-mg 
nitrofural wound-healing medication applied every two days 
on the wound, in an amount sufficient to cover the incision. 
Nitrofural has antibiotic effects, being primarily indicated for 
burn treatments, and also widely used for general epithelial 
healing by stimulating granulation and tissue re-epithelization. 
Nitrofural-based drugs have been reported to be more efficient 
for epithelial healing compared to iodopovidone, silver 
sulfadiazine (Weber et al. 1977), vaseline (Jeffords and Hagerty 
1957), and hexachlorophene soap (Sandifer 1970). The other 
treatment-group had anaconda fat applied every two days 
on the wound in an amount sufficient to cover the incision.

We monitored the healing process daily and measured the 
incision diameter using a digital caliper (0.01 mm accuracy). 
The experiment was completed in 10 days, when all rats were 
completely healed. The experiment was carried out in a sterile 
environment of the vivarium, and the whole procedure was 
monitored by a veterinarian and a technologist from the INPA 
Central Vivarium (Manaus, Brazil).

Data analysis
The difference in time to complete healing among the three 

groups was analyzed using a Kruskal-Wallis test. We opted 
for a non-parametric test because the diameter values of the 
incision did not follow a normal distribution (Shapiro-Wilk 
W = 0.83; p = 0.001). In addition, we used a Tukey test to 
compare the healing time between pairs of groups. One of 
the rats in the nitrofural group had the initial diameter of 
the incision considerably larger than the average (5.48 mm, 
average = 3.99 mm). So, to avoid biased results, we repeated 
the same analyses excluding this observation.

Because there was variation in the initial incision 
diameter, we converted the daily values of incision diameter 
to proportions in relation to the initial diameter. To compare 
the daily grading processes of healing between the groups, we 
used averages between proportional values of incision diameter 
per rat and averages between rats per group. Differences in 
daily gradual healing process between groups were tested by 
paired t-test.

RESULTS
At the beginning of the postoperative treatment some rats 

presented inflammatory processes and behavioral expressions 

of discomfort. Such response probably resulted from stress, 
but all the rats recovered quickly and remained alive until the 
end of the experiment. We observed adverse reactions in the 
nitrofural and control groups throughout the first four days of 
the experiment, such as the presence of inflammatory secretions 
and blood clots on the incision. The group treated with 
anaconda fat had no visible signs of inflammatory processes.

The total healing time per rat ranged from seven to 10 
days, with lowest average time for the group treated with 
anaconda fat (Table 1). The average time to complete healing 
was significantly different between groups (Kruskal-Wallis chi 
-square = 8.3; p = 0.01). This finding was mainly related to 
the lowest healing time for the group treated with anaconda 
fat (Figure 1). The exclusion of the observation from the 
nitrofural group that had excessively larger value of initial 
incision diameter did not affect the results (Kruskal-Wallis 
chi-square = 7.92; p = 0.01).

Table 1. Healing process indicators of epithelial incisions in two treatment 
groups and a control-group of Wistar rats. Each group contained eight 
adult male rats. The total duration of the experiment was ten days, and the 
treatments were applied every two days. Values are averages followed by the 
standard deviation.

Group
Total healing  
time (days)

Daily reduction  
of incision (%)

Anaconda fat 8.00 ± 0.92 10.36 ± 0.96

Nitrofural 9.25 ± 0.07 10.12 ± 1.39

Control 9.37 ± 0.91 10.16 ± 1.08

Figure 1. Total time (days) for healing of epithelial incisions in three groups 
of Wistar rats (two treatments and one control). Each group contained eight 
adult male rats. The bold line indicates the median, the boxes show the upper 
and lower quartiles, and the whiskers indicate the data ranges.
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Comparisons between pairs of groups revealed a significant 
difference in the total healing time between anaconda fat and 
nitrofural (p = 0.009) and between anaconda fat and control (p 
= 0.01). However, we found no significant difference between 
the nitrofural and control groups (p = 0.96). Results were very 
similar when we removed the extreme observation from the 
nitrofural group with initial incision diameter larger than the 
average, with significant differences between the anaconda fat 
and nitrofural groups (p = 0.01) and the anaconda fat and 
control groups (p = 0.03), and non-significant difference 
between the nitrofural and control groups (p = 0.89) (Table 2).

Anaconda fat was also more efficient as estimated by the 
daily mean proportional reduction of the incision, although 
the differences between the groups were not very large. The 
average proportional reduction in the incision diameter was 
significantly higher for the anaconda fat when compared to the 
nitrofural group (t = 3.69, p = 0.004) and control (t = 2.77, p 
= 0.02). However, there was no significant difference between 
the nitrofural and control groups (p = 0.5). We observed that 
the slope of the progression curve of the daily reduction in the 

proportional incision diameter was consistently steeper for the 
anaconda fat group throughout the experiment (Figure 2). In 
the nitrofural group the curve tended to be steep in the first 
days of the experiment, but the progression of the incision 
reduction was lower than the control group between the sixth 
and seventh days of the experiment. During this period the 
control group showed similar results to the group treated 
with anaconda fat.

DISCUSSION
Our results showed that anaconda fat can be efficiently 

used as a homemade medicine for healing epithelial 
wounds. In general, the fat-induced healing process was more 
efficient compared to a widely-used industrialized drug and 
a control-group.  This finding is expected to be associated 
with anti-inflammatory properties of fatty acids acting on 
healing, which has been experimentally demonstrated to 
be present in the fat of some reptiles such as Boa constrictor, 
rattlesnakes Crotalus durissus (Ferreira et al. 2013) and tegu 
lizards Salvator merianae (Ferreira et al. 2010). We have no 
reason to suggest that the therapeutic potential of anaconda 
fat also includes antibiotic properties, because studies have 
shown that reptilian fats by themselves lack effective action 
in immune responses against bacterial infection (Ferreira et 
al. 2009; Ferreira et al. 2011).

The effectiveness of the anaconda fat as a natural medicine 
to healing wounds is probably related to the presence of 
fatty acids in its biochemical composition, which stimulate 
different processes involved in wound healing, such as muscle 
contraction, chemotaxis, adhesion, diapedesis, activation and 
cell death (Hatanaka and Curi 2007). Additionally, fatty acids 
are important modulators of cell signaling for calcium (Soldati 
et al. 2002) and protein kinase C (May and Calder 1993), and 
they are precursors of lipid mediators such as prostaglandins, 
thromboxanes and leukotrienes, that stimulate blood vessel 
constriction and platelet aggregation (O’Shea et al. 2004). 
Fatty acids also accelerate tissue granulation by leukocyte 
stimuli (Silva et al. 2002; Magalhães et al. 2008; Manhezi et 
al. 2008), and they are also precursors of arachidonic acid, 
which induces gene expression in B lymphocytes. These cells 
are directly involved in repair of damaged tissues (Verlengia 
et al. 2003). Fatty acids have been found to be effective in 
topical treatments for healing wounds (Calder 2003), because 
their rapid tissue uptake and metabolism stimulate neutrophils 
to secrete cytokines responsible for apoptosis, which reduces 
the amount of necrosed cell around the incision (Hatanaka 
et al. 2006). We emphasize that chemical analyses (e.g. gas 
and high performance liquid cromatography) are necessary 
to properly test the pharmacological properties of fatty acids 
from anaconda fat.

Table 2. Summary of a Tukey test applied to compare the time for total healing of 
epithelial incisions in three groups of Wistar rats (control, treated with nitrofural, 
treated with anaconda fat). Each group contained eight adult male rats.

Group pairs Difference
Confidence  

interval (95%)
p

Fat – control -0.15 -0.28 -0.03 0.009

Fat – nitrofural 0.14 0.12 0.27 0.01

Nitrofural – control -0.01 -0.13 0.11 0.96

Figure 2. Progressive reduction in the average diameter of epithelial incisions 
in three groups of Wistar rats (one control and two treatments). Each group 
contained eight adult males. 
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Although the sample size was relatively small (eight rats 
per group), it was sufficient to capture differences in the 
healing process among the groups, which were consistent 
across different statistical approaches. This result shows that it 
is possible to obtain reliable results on pharmacological tests, 
without submitting large amounts of rats to experimentation, 
although larger samples may lead to lower standard deviations 
(e.g. Barros et al. 2014). The variation in the initial incision 
diameter also did not represent a sampling bias, since results 
were consistent even when we removed the observation with 
an outlier value for the initial incision diameter.  Finally, 
similarities in the healing processes between the nitrofural and 
the control groups may be explained by the posology adopted 
in this study, which differs from the posology suggested in 
the nitrofural ointment package. The nitrofural manufacturer 
suggests applying an ointment-soaked gauze on the lesion. 
However, nitrofural has been identified as most effective for 
healing epithelial wounds in cases with severe inflammation, 
and it may show no difference in efficacy when compared 
to simple sterilization by povidone-iodine in cases without 
complication (Weber et al. 1977). Although some rats in 
the nitrofural group showed visual signs of inflammatory 
processes, these symptoms lasted for up to four days, and no 
severe inflammation was observed.

The average total healing time differed slightly between 
groups, less than two days. This finding shows that anaconda 
fat is not much more efficient than an industrialized healing 
ointment, considering the overall process of epithelial 
healing. However, rats treated with anaconda fat showed no 
signs of postoperative inflammatory process and their wounds 
healed significantly faster, which was probably related to fatty 
acids present in the anaconda fat, as discussed above. These 
results are important from a social point of view because the 
anaconda fat is mainly used in folk medicine by traditional 
Amazonian people, who generally live in remote regions 
without easy access to hospitals and pharmacies. Natural-
resource based folk medicine practices have been shown to be 
preferred among traditional people, because they are cheaper 
and more affordable than the orthodox medicine (Sofowora 
1993; Luoga et al. 2000), or simply because the strong social 
and cultural relationships that traditional people maintain 
with natural resources (Tabuti et al. 2003) generate resistance 
against modern urban medicine (Boltanski 1989). In fact, 
folk medicine may be expected to be a relevant practice even 
among urbanized populations, because about 80% of the 
world’s population primarily depends on animal and mainly 
plant-based medicines (WHO, IUCN and WWF 1993).

The present study was based on a widespread traditional 
knowledge that has been scientifically poorly explored, 
although it probably existed for thousands of years and persists 
presently among native people from the Amazon rainforests 

(Gordon and Neuberger 1949; Lev 2003; Lidgard 2005). Our 
results need to be confirmed through further studies involving 
larger-scale laboratory and clinical tests, including comparative 
analyses with other commercially available wound-healing 
and anti-inflammatory products, as well as the evaluation of 
collateral effects, the chemical analysis of anaconda fat, and 
the observation of the fat action at histological levels.

CONCLUSIONS 
The present study produced evidence that anaconda fat is 

a more efficient healing method compared to an industrialized 
nitrofural drug, which was probably related to the presence of 
fatty acids in the biochemical structure of the fat. Our results 
showed consistently shorter total healing time and faster 
daily proportional reduction of epithelial incisions inflicted 
on Wistar rats as compared to rats treated with nitrofural 
ointment. Rats treated with anaconda fat also showed no signs 
of postoperative inflammatory process, which was observed in 
both the control and nitrofural-treated groups. Although our 
sample size was small (eight rats per experimental group), low 
within-group variances suggest that the responses observed 
were robust. Our results are relevant in the context of rural 
and traditional communities in the Amazon region, because 
we provide scientific evidence for the effectiveness of a 
traditional folk medicine that has been used for centuries to 
treat wounds among people that have little or no access to 
hospitals and pharmacies.
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