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a  b  s  t  r  a  c  t

This research  contributes  to the  study of  substances  present  in homemade  remedies  used  by  the  river-
ine  communities  of  the Amazon,  which  are  the  result  of  insect–mineral–vegetable  oil-interaction.  The
results  of the  analyses  show  the  main  components  (inorganic  and  organic  components)  of the  “caba-leão”
wasps  nests  (Sceliphron  sp.,  Sphecidae)  used  by  “caboclos”  as a topical  medication  to treat  mumps  and
earaches.  The  ethnopharmacological  data  collection  consisted  of  samples  of wasps  nests  and  soil,  as  a
source of  inorganic  elements,  from  the  Jaú  and  Unini  Rivers,  in  the  River  Negro  basin,  Amazon,  Brazil.  The
samples  were  qualitatively  analyzed  by  infrared  spectroscopy  (organic  and  inorganic  composition)  as
well  as  by  X-ray  diffraction  (to identify  minerals).  Quantitative  chemical  analyses  for  ten major  common
elements  were  determined  by  X-ray  fluorescence.  The  inorganic  components  are  formed  by minerals
(quartz,  kaolinite,  illite  and  gibbsite),  identified  by X-ray  diffraction  and  Infrared  spectroscopy,  which are
common  in  the  soil of the  region.  The  analyses  by X-ray  fluorescence  indicate  that  the  most  common
oxides  are  SiO2, Al2O3, and  Fe2O3 within  minerals.  This  research  contributed  to the  study  of  substances
found in  homemade  remedies  used  by the  riverine  communities  of  the  Amazon,  which  are  the  result  of
insect–mineral–vegetable  oil-interaction.

© 2018  Sociedade  Brasileira  de  Farmacognosia.  Published  by  Elsevier  Editora  Ltda.  This  is an  open
access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Most ethnopharmacological studies have been dedicated to
the registration of various plant species during field work and to
descriptions of lists, materials and preparations of medicinal herbs.
In addition, several studies have provided lists of animals and their
derived products as therapeutic agents and their potential applica-
tions in traditional medicine (Adeola, 1992; Anageletti et al., 1992;
Lev and Amar, 2000; Pieroni et al., 2002; Pieroni et al., 2005; Lev,
2003; Mati and de Boer, 2011; Ritter et al., 2012; Rigat et al., 2013;
Antonio et al., 2013). Some authors have emphasized the medicinal
use of these elements from the perspective of historical literature,
demonstrating the importance of these reports to ethnopharmacol-
ogy (Kujundžić et al., 2008; Liu et al., 2011). In a review of new drugs
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from natural products, Harvey (2008) reported 24 drugs based on
animals and 108 based on plants, which suggests that animals are
still poorly studied. Moreover, many pharmacological studies of
animals did not report use of ethnographic information (Mayer and
Gustafson, 2003).

The medicinal use of insects and derived products is an ancient
practice recorded by several authors (Cheesman and Brown, 1999;
Costa-Neto, 2002). Their uses can be varied, for example, in nature,
they can be cooked as well as used in infusions, in plasters
or ointments for curative and preventive medicines, e.g.,  honey
and propolis, which are products derived from Apis mellifera.
Several studies have confirmed their antiseptic, anticancer and
anti-HIV effects (Calderon Espina, 1989; Fernandes-Silva et al.,
2014; Lopez et al., 2015). Immunological, analgesic, anaesthetic and
antirheumatic proprieties have been described, and the presence
of various substances, such as proteins, terpenoids, sugar, poly-
ols, saponins, glycosides, cyanogenic glycosides and alkaloids, have
been confirmed by several authors according to Alves and Rosa
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(2013). Costa-Neto (2002) reported that, in Brazil, insects have
been used in healing for millennia by native indigenous popula-
tions and more recently, in the last five centuries, by descendants
of Europeans and African slaves. The same author reported on thir-
teen Brazilian states, covering different regions South, Southeast,
Midwest, North and Northeast – with records of approximately 48
ethnospecies of insects and their uses, including such wasps as the
“mud wasp” (Sphecidae) and the “paper wasp” (Protopolybia exigua
exigua, Brachygastra lechiguana, Polybia sericea and Apoica pallens).
The author explained that bathing with the smoke from a burning
nest of Protopolybia exigua exigua prevents the “evil eye”. The smoke
from burning of the Polybia sericea nest is used to treat “had stroke”
(air sickness), and the nests of Apoica pallens,  which are cooked in
water and then consumed, are used for the treatment of asthma.
The study, however, did not reveal the compositions of wasps’
nests or indicate whether they are essentially formed by organic or
inorganic compounds. The hypothesis of universal zootherapy, for
example, postulates that every human culture that has developed a
medical system utilizes animals as a source of medicine (Marques,
1994).

Sphecidae is an extremely diverse group of wasp species that
exhibit a wide range of shapes and nesting habits, from digging
nests in the soil to the construction of air nests with the use of clay or
vegetable fibres (Peruquetti and Del Lama, 2003; Hook, 2004; Starr,
2004). From this perspective, the nests can contain different types
of elements in their composition, from organic components, such
as parts or vegetable fibre fragments or insects themselves (legs,
wings or saliva), to inorganic components, such as minerals from
the soil. Some studies have reported the use of insect saliva in the
composition of nests, with Brian (2012) reporting on the ant Cre-
matogaster impressa (Emery, 1899) as well as another ant species,
Camponotus senex (Fr. Smith, 1858), but it is not always possible to
make such claims. In the case of wasps, for example, controversial
descriptions have appeared of the presence of saliva in the com-
position of their nests (Grandi, 1961; Pezzi, 1998; Polidori et al.,
2005). The local population uses these nests mixed with olive oil to
make a pasty material, which is used as an external topical medica-
tion to treat mumps  and earaches. The potential of this treatment
has been reported in ethnographic studies conducted by us among
river-dwellers living in the Jaú (Rodrigues, 2006) and Unini (Santos
et al., 2012) Rivers, which are located in the region of the Mid-
dle Negro River, Amazon, Brazil. This study aims to contribute to

the list of organic, inorganic and mineral substances used in home
remedies, present in wasps’ nests.

Materials and methods

Study area and collection of ethnopharmacological data

The Jaú and Unini Rivers are located in the River Negro basin,
Amazon, Brazil, between the municipalities of Novo Airão and
Barcelos (1◦90′ S to 3◦00′ S–61◦25′ W to 63◦50′ W),  Fig. 1. Accord-
ing to the Brazilian Institute of Geography and Statistics (IBGE), the
area presents a tropical rainforest climate, with an average annual
rainfall of 2500 mm and an average annual temperature of 24 ◦C,
controlled by the action of the trade winds, equatorial low pres-
sures, and the Intertropical Convergence Zone (ITCZ). The soils of
this region, which are considered attractive sources for the building
of nests, have variations in lateritic covers, classified as hydromor-
phic lateritic soils (FVA/IBAMA, 1998). Kaolinite and iron oxides
are present in their clay fraction. The sandy fraction is composed
primarily of quartz (Coelho et al., 2002; Maia and Marmos, 2010).

Ethnopharmacological surveys were conducted among the 59
expert healers of the “caboclos” river-dwellers, who  live in 36 com-
munities along the Jaú and Unini Rivers over sixteen months of
fieldwork, using an ethnographic approach, as described in our
previous publications (Rodrigues, 2006; Santos et al., 2012). A
total of 899 homemade treatments were recorded. Many of these
treatments consisted of poly-ingredients, involving interactions
between plants, animals and soil origin materials.

Soil origin materials were found in only five of these treatments.
Three of them contain sand, mud  and a termite colony, associ-
ated with seeds of some plants – one of them was  an indication
of topical use for the treatment of stingray stings. The fourth
treatment is for use in labour. Clay shavings are added to water,
together with lemon grass roots (Cymbopogon citratus (DC.) Stapf,
Poaceae), black pepper seeds (Piper nigrum L., Piperaceae) and
cachaç a “a distilled spirit made from sugar cane” and is ingested to
increase uterine contractions at the time of birth. Finally, to treat
mumps, a disease that is called “papeira” among the “caboclos”
river-dwellers, a wasp nest (Sceliphron sp., Sphecidae) is crushed
and mixed with olive oil to form a paste. A handful of this paste
should be applied topically below the patient’s ear daily until the

TAPITRA
W

N
E

S

U
N
I
N
I

R
I
V
E
R

10.8 km

RORAIMA

UNINI RIVER NEGRO RIVER

MANAUS
154 Km

N

W

S

E

AMAZON STATE

BRAZIL

Fig. 1. The Unini and Jaú Rivers located in the River Negro basin, Amazon forest, Brazil, between the municipalities of Novo Airão and Barcelos, Tapiira Community (•).

Source: Rodrigues (2006).
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symptoms disappear, i.e.  inflammation shown by swelling around
the neck, malaise, headache and fever.

Ethics and legal aspects

All necessary permits were obtained for the study, including a
permit access to the Conservation Units, to ensure the collection
of samples, the transport of biological material and access to asso-
ciated traditional knowledge as well as prior informed consent of
the informants (SISBIO No. 16805-2, CGEN/MMA No. 47/2009 and
CEP-UNIFESP/EPM, No. 1354/08).

Sample collection

Two samples of nests of wasps, Fig. 2 indicated by the “caboclos”,
were collected on 11/11/2010 in the Tapiira community (located
at 01◦59′59.46′′ S and 62◦59′59.14′′ W),  as shown in Fig. 1. A soil
sample was also collected from the same site as the likely source
of the inorganic elements. The samples were packed in brown
paper bags and labelled with the date and location. The wasps col-
lected received the voucher number JFLS021 and were identified as
Sceliphron sp., Sphecidae by the zoologist Henriques, A. L., from the
National Institute for Amazonia Research (INPA). The wasps were
then deposited in the collection of the Institute.

Analyses of samples

Two samples of nests (labelled CL1 and CL2), and one sample
of soil (labelled S) were collected for the qualitative determination
of the organic and inorganic composition by infrared spectroscopy
and of the mineral composition by X-ray diffraction.

Additional quantitative data concerning the ten major chemical
elements, expressed by the percentage of oxides, analyzed by X-ray
fluorescence spectrometer, are also presented.

Infrared spectroscopy

Infrared spectroscopy (IR) involves the interaction of infrared
radiation with matter and has been used to identify several

chemical compounds, including organic and inorganic materials
(solid, liquid, or gas). A typical IR spectrum can be visual-
ized in a graph of infrared light absorbance/transmittance vs.
frequency/wavelength The infrared (IR) spectra recorded to con-
duct this work were recorded at room temperature over the
500–4000 cm−1 range, on a Perkin Elmer FT-IR spectrophotometer
(Waltham, Massachusetts, USA), equipped with a KBr beam splitter
and DTGS (Detector for Fourier Transform Spectroscopy). The sam-
ples of soil (S) and nests (CL1 and CL2) were analyzed using KBr
pellets.

X-ray diffraction

X-ray diffraction (XRD) analysis identifies minerals and mineral
clay by characterizing its crystalline structure. The process results
from X-ray scattering by the electrons of the crystal atoms, with-
out wavelength change. A diffracted beam is produced by scattering
when only some geometric conditions are satisfied by the Bragg law
(n! = 2d sin"), where n is an integer, ! is the wavelength, d is the
distance between successive parallel planes in the structure and "
is the angle of incidence and diffraction of an X-ray beam relative to
a given atomic plane. The result of this type of analysis is presented
in the form of a graph (diffractogram), whose variables are the angle
2" (horizontal axis) versus the intensity of the diffracted peaks (ver-
tical axis). The diffractogram peaks are produced when, for a given
value of ", a given atomic plane has an interplanar distance (d)
that satisfies the Bragg law. The peak heights are proportional to
the intensities of the diffraction effects. Each crystal structure pro-
duces a characteristic diffraction pattern. Therefore, to interpret
the results, a database is used, and a comparison is made with the
patterns produced by known and previously analyzed structures
(Moore and Reynolds Jr, 1997).

To identify the clay minerals present in the soil and nests,
the clay fraction of the samples was prepared using hydrogen
peroxide for the removal of organic matter and using dithionite-
citrate-bicarbonate for the removal of iron oxides. The following
treatments were performed on the pre-treated samples to differ-
entiate the clay minerals (i.e., expandable and non-expandable):

Fig. 2. The “caba-leão” wasps nests (Sceliphron sp., Sphecidae).

Source: archives of photographs from corresponding author.
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saturation with K+, heating at 350 and 500 ◦C, saturation with
Mg2+ (at 25 ◦C), and saturation with Mg2+ in an atmosphere of
ethylene glycol. Thereafter, these samples were analyzed by
X-ray diffraction (Miniflex II) in the Laboratory of Soil Mineralogy
(Argilab-Esalq-USP). The samples were prepared on oriented
blades, and the sweep amplitude used was 5–45◦ (2"◦) with
Cu-K! radiation (1.540562 Å). The interpretation of diffraction
was performed using the software Powder Diffraction File.

X-ray fluorescence spectroscopy

The X-ray fluorescence (XRF) is a technique which can identify
and quantify the elemental composition of several solid materials
using X-rays, allowing for a chemical characterization of the ana-
lyzed material and correlation with other properties (Fitton, 1997).
The chemical compositions of major elements were determined
by X-ray fluorescence (XRF) in the Laboratory of Technological
Characterization from the Polytechnic School of the University of
São Paulo. The values presented were determined in a sample
fused with anhydrous lithium tetraborate in the calibration ROC-1
(Rocks), relative to the quantitative analysis comparing them with
certified reference materials in an X-ray fluorescence spectrome-
ter, PANalytical, Zetium model. The Loss on Ignition was carried out
at 1020 ◦C for 2 h. The major oxides are expressed as percentage by
weight (wt%).

Results

The infrared spectrum of the soil sample (S) is shown in Fig. 3.
Strong bands at 3436 and 1027 cm−1, corresponding to O–H
stretching and Si–O–Si fundamental vibrations, respectively, were
observed. These data, associated to the presence of a weaker
O–H bending vibration at 1636 cm−1, indicated the presence of

Table 1
Major-element contents of the nests of “Caba-Leão” wasps studied.

Oxides (wt.%) Nests of “Caba-leão 1”
(CL1)

Nests of “Caba-leão 2”
(CL2)

SiO2 84.4 76.7
Al2O3 8.09 7.91
Fe2O3 1.23 3.26
MnO  <0.10 <0.10
MgO  0.12 <0.10
CaO  <0.10 <0.10
Na2O <0.10 <0.10
K2O 0.47 0.22
TiO2 0.94 1.27
P2O5 0.10 0.14
LOI 4.16 9.67

LOI, loss on ignition.

silicate material (Athawale and Kulkarni, 2011). Otherwise, the
IR spectra of nests (CL1) and (CL2) (Fig. 2) showed, in addition
to the bands assigned to silicate material, broad intense peaks
of approximately 3412 cm−1, characteristic of hydroxyl groups,
as well as weak symmetrical and asymmetrical stretching peaks
near 1600 and 1400 cm−1, respectively, characteristic of carboxyl
groups (Khondkar, 2009).

The mineralogy of the soil (S) and nests (CL1 and CL2) are
indicated by the X-ray diffractograms in Fig. 4. The analysis of
the diffraction peaks indicate the minerals quartz (SiO2), kaolinite
(Al2Si2O5(OH)4), illite (K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,H2O]
and gibbsite Al(OH)3. The results of X-ray analysis of wasp nests
samples revealed that the silicates were quartz, kaolinite and illite,
confirming the results obtained by infrared spectroscopy. The
X-ray diffractograms also indicated that the main source of the
minerals present in wasp nests came from the soil.
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Fig. 3. IR spectra of analyzed materials in KBr pellets. Samples: (S), soil; (CL1 and CL2), “caba-leão” wasps nests.
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Table 1 presents the ten major chemical elements of the wasps
nests by X-ray fluorescence spectrometer. Silica is the most abun-
dant major oxide, followed by the oxides of aluminium and iron.
The chemical elements composing the nests were derived mainly
from the minerals quartz (SiO2), kaolinite (Al2Si2O5 (OH)4), illite
(K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,H2O] and gibbsite Al(OH)3.
Iron may  also be present as impurities in minerals such as quartz
or as an amorphous element in the soil and in wasps nests. Other
oxides of major elements are found in trace quantities. Loss on igni-
tion shows a significant loss of volatile elements, between 4 and 9
(wt%).

Discussion

Wild and domestic animals and their products and by-products
such as hooves, skins, bones, feathers, prey, body secretions and
excrement, or materials such as cocoons and nests are impor-
tant ingredients to prepare preventive, protective and curative
medicine (Adeola, 1992; Unnikrishnan, 1998). In our fieldwork,
the nests were mixed with another ingredient, which was  olive
oil, obtained from the plant Olea europaea L., Oleaceae. According
to Eidi et al. (2012), olive oil also has antinociceptive and anti-
inflammatory effects in mice. The antinociceptive effects of the oil
were studied using formalin, a hot plate and writhing tests in mice,
while its acute anti-inflammatory effects were studied using the
xylene ear oedema test. Olive oil (1, 5 and 10 ml/kg body wt.) was
injected intraperitoneally. Other authors have also observed such
effects during pharmacological trials (Bitler et al., 2005; Esmaeili-
Mahani et al., 2010; Süntar et al., 2010). Moreover, from the topical
point of view, two studies demonstrate anti-inflammatory effects
of this oil. Thus, Cui et al. (2015) evaluated that olive oil signifi-
cantly decreased the intensity of acute dermatitis in patients with
nasopharyngeal carcinoma (NPC) when submitted to chemora-
diotherapy. De la Puerta et al. (2000) found anti-inflammatory
effects of olive oil when applied topically, inhibiting the prostanoid
production and neutrophil influx which might contribute to the
potential biological properties reported for this oil. These data
reinforced the statements made by the practitioners of local folk
medicine regarding the treatment of mumps  and ear pain.

The analyses showed that the soils of the region are the main
attractive source for the wasps to build their nests, and the miner-
alogical and chemical properties are present in the pasty material
that is used as a homemade medicine for the treatment of mumps
and ear pain. Costa-Neto (2002) reported the use of insects and
their products in folk medicine in Northeastern Brazil, and some
therapeutic use was recorded for the mud  wasp (“marimbondo-
de-barro” or “caç ador”, Sphecidae) among Pankararé Indians and in
rural communities; the same use recorded by us among the “cabo-
clos” from Unini and Jaú River. These cultures in general melted the
nests in water and/or oils and applied the mixture to the mumps;
in which minerals could be present.

Although it is difficult to obtain lists of minerals and clay miner-
als used in therapeutic treatments from the literature, Williams and
Haydel (2010) comment on the traditional uses of clay, mud  and
soils in traditional medicine for different applications, citing exam-
ples of treatments and healing for ulcers, tumours, cysts, cancers,
osteoporosis and others.

The multifaceted role of clay minerals in pharmaceuticals is pre-
sented by Khurana et al. (2015). The authors include a summary
of the pharmacological activities of some clay minerals, such as
kaolinite, talc, palygorskite and smectites, which are used for thera-
peutic purposes in pharmaceutical formulations as active principles
or excipients used in paste to treat mumps

Additionally, Carretero (2002) indicated the therapeutic actions
of clay regarding its antiseptic, analgesic, detoxifying, mineralizing,
thermal, and energy balancing, anti-inflammatory, antibacterial

and healing properties. However, there is a lack of information in
the literature about the types of clays present in therapeutic treat-
ments, including clay minerals and their chemical components.

Mumps  is an infectious, contagious disease that affects the sali-
vary glands located near the ears. The treatment of mumps aims to
only relieve symptoms using analgesics and antipyretics because
the body itself is responsible for fighting the infection by form-
ing specific antibodies against the virus that causes the disease.
In this regard, according to the therapeutic uses mentioned in the
Manual of Applied Geotherapy (2000), the use of this home rem-
edy is justified for both mumps  and earaches, as indicated in local
medicine.

Conclusion

This research contributes to the study of substances present
in homemade remedies used by the riverine communities of the
Amazon, especially emphasizing the presence of minerals in the
composition of homemade paste to treat mumps. kaolinite presents
the main chemical components (Si and Al) investigated in wasps
nests, in addition to quartz and illite mica. All these components,
added to the olive oil, form the paste manipulated by the “cablo-
cos” for topic use. According to Khurana et al. (2015), kaolinite has
anti-inflammatory properties and adheres to the skin, forms a pro-
tective film and absorbs secretions, promoting a gentle antiseptic
action.

Finally, new studies should be improved to contribute to the
applications and uses of minerals in traditional medicine in order
to also try to establish possible connections with pharmaceutical
properties. This research contributed to the study of substances
found in homemade remedies used by the riverine communities
of the Amazon, which are the result of insect-mineral-vegetable
oil-interaction.
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