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Abstract

The fruit of the “pequi” (Caryocar coriaceum Wittm.) is popularly used for the treatment of infectious and parasitic dis-
eases. Chemically, the fruit is rich in oils consisting mainly of saturated and unsaturated fatty acids. In this study, C. cori-
aceum fixed oil was evaluated for its activity against Leishmania infantum strains. Ripe fruits were collected in the mu-
nicipality of Jardim (Ceard, Brazil) and subjected to cooking in a similar way to the production of extractive oil. After
obtaining the oil, the product was evaluated at concentrations of 1,024 and 8,192 pg/mL against promastigote forms of
Leishmania infantum (C8) strains for 24, 48, and 72 h. After growth, viable cell counts were performed in a Neubauer
mirror chamber. At the end of the experiments, the results were subjected to a one-way analysis of variance followed by
the Tukey test. Median inhibitory concentrations (ICso) by non-linear regression analysis were also calculated. It was
demonstrated that C. coriaceum oil has no leishmanicidal effect at concentrations of clinical relevance since its IC50 was
7,300 pg/mL in 24 h of exposure. Although the 8,192 pg/mL oil treatment inhibited the growth of L. infantum pro-
mastigotes within 72 h, the concentration is clinically irrelevant. Despite the ethnomedicinal use of fixed oil from the
fruits of C. coriaceum being used for the treatment of infectious and parasitic diseases, this study demonstrated that this
product is ineffective at concentrations of pharmacological interest against strains of L. infantum.
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1. Introduction

Among the nosocomial diseases, those caused by protozoa are the most neglected, since the public health sectors focus
on bacterial, fungal, and viral infections. However, some studies point out that parasitic protozoa play an important role
in nosocomial infections, especially in immunosuppressed and immunosuppressed patients, since they affect 1% of in-
fections acquired in a hospital environment [1,2,3]. Several protozoa are related to nosocomial infections, among them
Leishmania spp. Trypanosoma cruzi, Trichomonas vaginalis, Toxoplasma gondii, Plasmodium sp., Babesia sp. Acan-
thamoeba spp., Naegleria fowleri, Giardia spp. and Entamoeba histolytica [2].

Of these, the first group, Leishmania spp., is composed of heteroxenic unicellular protozoan parasites that present mor-
phological variation in their life cycle, and may present a flagellum (promastigote forms), when present in the vector, or
not present such structure (amastigote), when present. are parasitizing mammals. The presence of such parasites in ac-
cidental hosts, such as humans, causes the set of diseases known as leishmaniasis, which can be cutaneous/mucosal or
visceral, depending on the species of Leishmania [4, 5, 6].

The first set, also known as American Cutaneous Leishmaniasis (ACL) is a zoonotic disease that affects humans and sev-
eral domestic animals in the wild. As it is a polymorphic disease, it has several clinical forms, mainly affecting the skin
(cutaneous) and mucous membranes [5, 7, 8]. In Brazil, the Leishmania species capable of causing the mucous form are
Leishmania amazonensis, Leishmania braziliensis, Leishmania guyanensis, and Leishmania lainsoni. This clinical form is
characterized by the host presenting ulcerative, painless, single, or multiple lesions.
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In the mucocutaneous form, the host may present aggressive and irreversible lesions in the nasopharyngeal regions and
is caused by the infection of L. braziliensis and L. guyanensis. Finally, the diffuse form is recognized for being disseminat-
ed throughout the host's body and forming non-ulcerated nodules, with L. amazonensis as the etiologic agent [9, 10, 11,
12].

The second set of diseases is known as American Visceral Leishmaniasis (AVL), being more popularized as “kala-azar”.
Clinically, this disease causes a series of complications for the host, including lymphadenopathy, hepatomegaly, spleno-
megaly, pallor, anemia, leukopenia, thrombocytopenia, fever, night sweats, weakness, anorexia, asthenia, skin pigmenta-
tion and weight loss [13, 14]. Currently, three species of the Leishmania complex capable of causing AVL have been de-
scribed, being Leishmania donovani, Leishmania tropica, and Leishmania infantum, this being the only one that occurs in
Brazilian territory [5, 15].

Such etiological agents are vectorially transmitted by female sandflies of the genera Phlebotomus and Lutzomyia, known
as “birigui”, “tatuquira” and “mosquito-palha”, during their blood meal [16]. At this moment, the insect transmits the pro-
mastigote forms to the host, which will interact with the membrane of the cells of the phagocytic mononuclear system, to
be phagocytosed. After phagocytosis, the promastigote strains surrounded by the phagocytic vacuole will undergo bio-
chemical changes until they lose the flagellum and transform into amastigote forms. These will be able to carry out their
reproduction by binary division, occupying the entire intracellular space until breaking the cell and infecting new healthy

cells, restarting the cycle in the host, or being ingested by the host [17].

This set of diseases has a worldwide distribution, occurring in tropical and subtropical regions, mainly in underdevel-
oped and developing countries, being classified as a neglected tropical disease [18, 19]. Because it is neglected by public
authorities, this disease affects millions of people, since more than 2 million new cases occur annually, and despite hav-
ing treatment in some cases, more than 70,000 annual deaths still occur [4].

Thus, it is evident that the search for bioactive natural or synthetic products becomes of paramount importance to dis-
cover new drugs with action on protozoa. Such products can be fixed oils, essential oils, resins, botanical extracts, waxes,
etc,, all related to the chemical separation of plants [20]. An oilseed tree species that stands out in the investigation of its
antiparasitic potential is Caryocar coriaceum Wittm. (Caryocaraceae), which is known in Brazil as “pequi” or
“pequizeiro”. Its oil is extracted by extractivist from Chapada do Araripe and sold for food and medicinal purposes.
Among the medicinal uses of the fixed oil of C. coriaceum by the communities that live around Chapada do Araripe, are
indigestion, flu, bronchitis, scalp affections, eczema, cough with secretions, wound healing, and sore throat [21, 22, 23,
24].

Some studies have already corroborated the antiparasitic potential of C. coriaceum. Alves et al. [25], demonstrated that
ethanolic extracts from the bark and pulp of C. coriaceum showed significant and promising results against the pro-
mastigote forms of Leishmania amazonensis (Leishmania), with IC50 of 38 pg/mL and 30 pg/mL respectively, is consid-
ered significant since the same effects of the positive controls were observed. Tomiotto-Pellissier et al. [26], evaluated
the apolar (ethyl acetate) and polar (methanol) extracts of the leaves of C. coriaceum against the promastigote forms of
Leishmania (Leishmania) amazonensis and showed that the strains are susceptible to the extracts by late apoptosis medi-
um, which showed an IC50 (pg/mL) of 5.25 and 58, respectively.

Based on traditional medicine and the studies mentioned above, the present study hypothesizes that the fixed oil of C.
coriaceum marketed by extractivists has activity against protozoa that cause parasitosis. Thus, this work aimed to evalu-
ate the effect of fixed oil from C. coriaceum fruits against promastigote strains of Leishmania infantum.

2. Methodology
2.1 License and Collection of Botanical Material

Ripe and healthy fruits of C. coriaceum (Figure 1) were collected in the afternoon (3:00 pm) in February 2021 in an Envi-
ronmental Protection Area (APA) of Chapada do Araripe, belonging to the municipality of Jardim - CE, Brazil under the
coordinates 07° 29' 269" S and 39° 18' 050" W at an altitude of 925 m. As it is a conservation area, licenses for the collec-
tion and use of genetic heritage were registered in the National System for the Management of Genetic Heritage and As-
sociated Traditional Knowledge (SisGen) under registration A4848B1 and the Biodiversity Authorization and Infor-
mation System (SISBio) under registration 77450-1.

2.2 Fixed Oil Obtaining

To obtain C. coriaceum oil, the method used by extractivists from Chapada do Araripe was followed, as detailed in the
work by Cavalcanti et al. [27]. For that, 1,000 fruits were submitted to manual extraction by a technique called "rolling",
which consists of moving a sharp object (knife) against the fruit to remove and discard the peel, consisting of the epicarp
and external mesocarp. The remaining parts of the fruits (internal mesocarp, endocarp, and seed) were placed in boilers
containing 200 L of drinking water and subjected to constant boiling for 5 h.
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After this period, inside the boilers, the fruit parts were rubbed on an artisanal metal grater to separate the inner meso-
carp from the other parts of the fruit. At the end of this step, the pits (epicarp + seed) were washed with potable water to
remove the impregnated residues, after which the pits were discarded. The boilers remained for another five hours in
boiling and constant manual agitation to agglutinate the oil on the surface. The oil was collected, transferred to a contain-
er, and boiled for two hours. Subsequently, the oil was filtered with hydrophilic cotton and placed in an amber container
at a temperature of 10 °C.

Figure 1: Ripe fruits of Caryocar coriaceum Wittm.
collected in an Environmental Protection Area in the municipal-
ity of Jardim - CE (Brazil).

2.3 Antiparasitic Activity
2.3.1 Parasitic strain

To evaluate the antiparasitic effect of C. coriaceum oil, the promastigote strain Leishmania infantum (C8) isolated from a
dog with visceral leishmaniasis was used. Strain identification was performed by genetic sequencing with the aid of an
ABI 3500® Genetic Analyzer (Applied Biosystems, Thermo Fisher Scientific, Foster City, CA, USA). The strain was cul-
tured in Schneider medium (Vitrocell-Embriolife, Sio Paulo, Brazil) supplemented with 10% fetal bovine serum (FBS),
2% sterile human urine, and antibiotics (100 U/mL penicillin and 100 pg/mL streptomycin) (Vitrocell-Embriolife, Sdo
Paulo, Brazil) at 26 °C [28].

2.3.2 Anti-Leishmania Assay

Initially, fixed oil of C. coriaceum was diluted in DMSO (Merck, Darmstadt, Germany), obtaining an initial concentration of
15 mg/mL, which was further diluted in phosphate-saline buffer (pH 7.0) to reduce the concentration of DMSO, so that it
does not exert any activity on the test cells. The promastigote forms of L. infantum were cultivated in 96-well plates
(Kasvi, Sdo José do Pinhais, PR, Brazil) under the same conditions mentioned above and incubated in triplicate in the
presence or absence of oil at concentrations ranging from 1,024 to 8,192 pg/ ml. After 24, 48, and 72 h of growth, viable
promastigote strains were counted in a Neubauer mirror chamber [28].

2.4 Chemical Composition of C. coriaceum fixed oil

Initially, the oil from the fruits of C. coriaceum was subjected to transesterification reactions using methanol and KOH as
a catalyst. Subsequently, the methyl esters were analyzed using a gas chromatograph coupled to mass spectrometry [29].

The gas chromatography (GC) analysis was performed with Agilent Technologies 6890N GC-FID system, equipped with a
DB-5 capillary column (30 m x 0.32 mm; 0.50 um) and connected to an FID detector. The thermal programmer was 60 °C
(1 min) to 180 °C at 3 °C/min; injector temperature 220 °C; detector temperature 220 °C; split ratio 1:10; carrier gas He-
lium; flow rate: 1.0 mL/min. The injected volume of methyl esters of C. coriaceum fixed oil was 1 pL diluted in chloroform
(1:10). Two replicates of samples were processed in the same way. Component relative concentrations were calculated
based on GC peak areas without using correction factors.

Identification of the constituents was performed based on retention index (RI), determined concerning the homologous
series of n-alkanes, C7-Cso, under identical experimental conditions, compared with the mass spectra library search
(NIST and Wiley), and with the mass spectra literature date Adams [30]. The relative amounts of individual components
were calculated based on the CG peak area (FID response).

2.5 Statistical analysis

All tests were performed in triplicate, and their averages and their respective standard errors were calculated. Subse-
quently, they were submitted to a one-way analysis of variance (One-way ANOVA) using the Tukey test with 95% relia-
bility. Median inhibitory concentrations (IC50) were calculated using non-linear regression analysis. All analyzes were
performed using GraphPad Prism 6.0 software (GraphPad Software, San Diego, CA, United States).
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Results & Discussions

After 24 h of observation, the fixed oil from the fruits of C. coriaceum showed no anti-Leishmania effect at concentrations
of clinical relevance (Figure 2a), having an IC50 of 7,300 pg/mL. Total inhibition of the growth of the promastigote forms
of L. infantum was observed in 72 h of observation at the highest concentration evaluated. However, according to Hough-
ton et al. [31], concentrations greater than 1,000 ug/mL are not considered clinically relevant.
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Figure 2: Percentage of antipromastigote activity of
Caryocar coriaceum Wittm fixed oil. against strains of Leishma-
nia infantum (C8). Values are means # standard error (n = 3).
*¥#*=p < 0.001 and ****=p < 0.0001 (Tukey, test). A: 24 h expo-
sure to C. coricaeum oil; B: 48 h exposure to C. coriaceum oil; C:
72 h of exposure to C. coriaceum oil.

Although the fixed oil of C. coriaceum has no leishmanicidal effect, [25] showed that ethanol extracts from the bark and
pulp of C. coriaceum showed significant and promising results against the promastigote forms of Leishmania
(Leishmania) amazonensis (MHOM/BR/1989/166M]0). Which had an IC50 of 38 pg/mL and 30 pg/mL respectively.
These results were significant, as they had the same effects as the positive controls (pentamidine and meglumine antimo-
niate).

The gas chromatography revealed that the fixed oil of C. coriaceum has unsaturated and saturated fatty acids as the main
compounds, oleic acid (59.46%) and palmitic acid (33.58%). Totaling 93.04% of the chemical composition of the fixed oil
(Table 1).

Table 1- Chemical composition of the fixed oil of Caryocar coriaceum Wittm.

Fatty acid Yield (%)
Palmitic acid (C16:0) 33.58
Stearic acid (C18:0) 2.96

Oleic acid (C18:1) 59.46
Linoleic acid (C18:2) 2.33

Chemically, the oil from the fruits of C. coriaceum has saturated and unsaturated fatty acids, including oleic acid, palmitic
acid, stearic acid, linoleic acid, and behenic acid, lignoceric acid, 11-eicosenoic acid and methyl 18-methyl-nonadecanoate
[29, 32]. There are no studies evaluating the chemical compounds present in the oil of C. coriaceum fruits in isolation
against L. infantum, however, there are studies evaluating the leishmanicidal effect of these fatty acids against other
Leishmania species.
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As, for example, Saini and Rai [33], demonstrated that linoleic acid alone can protect macrophages by providing an im-
mune response against Leishmania donovani infection. Such acid acts by inhibiting the release of microvesicles derived
from such protozoa, thus promoting a Th-1-type immune response in macrophages.

Conclusion

Despite the ethnomedicinal use of fixed oil from the fruits of C. coriaceum for the treatment of infectious and parasitic
diseases, including wound healing, one of the clinical manifestations of leishmaniasis, this study demonstrated that this
product is ineffective against the species of L. infantum. Such inefficiency can be justified by the fact that this parasite
causes the visceral form, and not the tegumentary form, which is caused by Leishmania braziliensis, Leishmania guyanen-
sis, and Leishmania amazonenses. Therefore, studies evaluating the action against these parasites should be carried out.

Conflict of Interest

The authors declare no conflict of interest.

References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

Aygun, G., Yilmaz, M., Yasar, H., et al. Parasites in nosocomial diarrhoea: are they underestimated?. Journal of Hospital
Infection 2005, 60, 283-285.

Flirnkranz, U., Walochnik, ]. Nosocomial infections: Do not forget the parasites!. Pathogens 2021, 10, 238-245.

Vincent, ]. L., Rello, ]., Marshall, |, et al. International study of the prevalence and outcomes of infection in intensive
care units. Jama 2009, 302, 2323-2329.

Oryan, A., Akbari, M. Worldwide risk factors in leishmaniasis. Asian Pacific journal of tropical medicine 2016, 9, 925-
932.

Steverding, D. The history of leishmaniasis. Parasites & vectors 2017, 10, 1-10.

Torres-Guerrero, E., Quintanilla-Cedillo, M. R., Ruiz-Esmenjaud, |., et al. Leishmaniasis: a review. F1000Research 2017,
6,750-762.

Aronson, N. E,, Joya, C. A. Cutaneous Leishmaniasis. Infectious Disease Clinics of North America 2019, 33,101-117.
Gurel, M. S., Tekin, B., Uzun, S. Cutaneous leishmaniasis: A great imitator. Clinics in dermatology 2020, 38, 140-151.

Brito, M. E. F. D,, Andrade, M. S., Dantas-Torres, E, et al. Cutaneous leishmaniasis in northeastern Brazil: a critical ap-
praisal of studies conducted in State of Pernambuco. Revista da Sociedade Brasileira de Medicina Tropical 2012, 45,
425-429,

Goto, H., Lindoso, ]. A. L. Cutaneous and mucocutaneous leishmaniasis. Infectious Disease Clinics 2012, 26, 293-307.

Scorza, B. M., Carvalho, E. M., Wilson, M. E. Cutaneous manifestations of human and murine leishmaniasis. Interna-
tional journal of molecular sciences 2017, 18, 1-26.

Scott, P, Novais, F. 0. Cutaneous leishmaniasis: immune responses in protection and pathogenesis. Nature Reviews
Immunology 2016, 16, 581-592.

Maeda, K., Sadoughi, S., Morimoto, A., et al. Hepatomegaly Associated with Non-Obstructive Sinusoidal Dilation in Ex-
perimental Visceral Leishmaniasis. Pathogens 2021, 10, 1-11.

Van Griensven, J., Diro, E. Visceral leishmaniasis: recent advances in diagnostics and treatment regimens. Infectious
Disease Clinics 2019, 33, 79-99.

Reis, L. L. D, Balieiro, A. A. D. S., Fonseca, F. R, et al. Changes in the epidemiology of visceral leishmaniasis in Brazil
from 2001 to 2014. Revista da Sociedade Brasileira de Medicina Tropical 2017, 50, 638-645.

Amorim, R. D. F, Lima, M. A. P, Souza, S. Characterization of the sand fly fauna in Barbalha, one of the municipalities
with the highest leishmaniasis rates in Brazil. Parasitology international 2021, 80, 102245.

Dutarij, L. C,, Loaiza, ]. R. American cutaneous leishmaniasis in Panama: a historical review of entomological studies
on anthropophilic Lutzomyia sand fly species. Parasites & vectors 2014, 7, 1-10.

Hotez, P. ], Pecoul, B,, Rijal, S., et al. Eliminating the neglected tropical diseases: translational science and new tech-
nologies. PLoS neglected tropical diseases 2016, 10, e0003895.

Ready, P. D. Epidemiology of visceral leishmaniasis. Clinical epidemiology 2014, 6, 147.

Bernuci, K. Z., Iwanaga, C. C., Fernandez-Andrade, C. M. M,, et al. Evaluation of chemical composition and antileishma-
nial and antituberculosis activities of essential oils of Piper species. Molecules 2016, 21, 1698.

SVOA Microbiology

57


https://pubmed.ncbi.nlm.nih.gov/15949620/
https://pubmed.ncbi.nlm.nih.gov/15949620/
https://pubmed.ncbi.nlm.nih.gov/33669761/#:~:text=Nosocomial%20infections%20(NIs)%20pose%20an,growing%20proportion%20of%20immunocompromised%20patients.
https://jamanetwork.com/journals/jama/fullarticle/184963
https://jamanetwork.com/journals/jama/fullarticle/184963
https://pubmed.ncbi.nlm.nih.gov/27794384/#:~:text=Important%20drivers%20for%20the%20emergence,traveling%20to%20endemic%20regions%20and
https://pubmed.ncbi.nlm.nih.gov/27794384/#:~:text=Important%20drivers%20for%20the%20emergence,traveling%20to%20endemic%20regions%20and
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-017-2028-5
https://pubmed.ncbi.nlm.nih.gov/30712756/
https://pubmed.ncbi.nlm.nih.gov/32513395/
https://www.researchgate.net/publication/230573342_Cutaneous_leishmaniasis_in_northeastern_Brazil_A_critical_appraisal_of_studies_conducted_in_state_of_Pernambuco
https://www.researchgate.net/publication/230573342_Cutaneous_leishmaniasis_in_northeastern_Brazil_A_critical_appraisal_of_studies_conducted_in_state_of_Pernambuco
https://www.researchgate.net/publication/230573342_Cutaneous_leishmaniasis_in_northeastern_Brazil_A_critical_appraisal_of_studies_conducted_in_state_of_Pernambuco
https://pubmed.ncbi.nlm.nih.gov/28629171/
https://pubmed.ncbi.nlm.nih.gov/28629171/
https://www.nature.com/articles/nri.2016.72
https://www.nature.com/articles/nri.2016.72
https://pubmed.ncbi.nlm.nih.gov/30712769/
https://pubmed.ncbi.nlm.nih.gov/30712769/
https://pubmed.ncbi.nlm.nih.gov/33217550/
https://pubmed.ncbi.nlm.nih.gov/33217550/
https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-7-218
https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-7-218
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0003895
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0003895
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4014360/
https://pubmed.ncbi.nlm.nih.gov/27973453/
https://pubmed.ncbi.nlm.nih.gov/27973453/
https://sciencevolks.com/microbiology/

The Fixed Oil from the Fruits of Pequi, Popularly Used as An Antiparasitic, has No Activity Against Strains of Leishmania Infantum

21.Agra, M. D. F, Silva, K. N,, Basilio, 1. ]. L. D, et al. Survey of medicinal plants used in the region Northeast of Brazil. Re-
vista brasileira de farmacognosia 2018, 18, 472-508.

22.Bitu, V. D. C. N., Matias, E. F. F, Lima, W. P, et al. Ethnopharmacological study of plants sold for therapeutic purposes in
public markets in Northeast Brazil. Journal of Ethnopharmacology 2015, 172, 265-272.

23.Lemos, L. C. S., Delmondes, G. A, Santos, A. D. F, et al. Ethnobiological survey of plants and animals used for the treat-
ment of acute respiratory infections in children of a traditional community in the municipality of Barbalha, Cear4, Bra-
zil. African journal of traditional, complementary and alternative medicines 2016, 13, 166-175.

24.Magalhies, K. N., Guarniz, W. A. S,, S3, K. M,, et al. Medicinal plants of the Caatinga, northeastern Brazil: Ethnopharma-
copeia (1980-1990) of the late professor Francisco José de Abreu Matos. Journal of ethnopharmacology 2019, 237,
314-353.

25.Alves, D. R,, Morais, S. M., Tomiotto-Pellissier, F., et al. Flavonoid composition and biological activities of ethanol ex-
tracts of Caryocar coriaceum Wittm., a native plant from Caatinga biome. Evidence-Based Complementary and Alter-
native Medicine 2017, 1-7.

26.Tomiotto-Pellissier, F., Alves, D. R., Miranda-Sapla, M. M., et al. Caryocar coriaceum extracts exert leishmanicidal effect
acting in promastigote forms by apoptosis-like mechanism and intracellular amastigotes by Nrf2 /HO-1 /ferritin de-
pendent response and iron depletion: Leishmanicidal effect of Caryocar coriaceum leaf exracts. Biomedicine & Phar-
macotherapy 2018, 98, 662-672.

27.Cavalcanti, M. C. B. T., Campos, L. Z. 0., Sousa, R. S, et al. Pequi (Caryocar coriaceum Wittm., Caryocaraceae) oil produc-
tion: A strong economically influenced tradition in the Araripe region, northeastern Brazil. Ethnobotany Research and
Applications 2015, 14, 437-452.

28.Carneiro, R. F.,, Aguiar, E. S., Santos, V. F,, et al. Elucidation of the primary structure and molecular modeling of Parkia
pendula lectin and in vitro evaluation of the leishmanicidal activity. Process Biochemistry 2021, 101, 1-10.

29.0liveira, M. L. M., Nunes-Pinheiro, D. C. S., Tomé, A. R,, et al. In vivo topical anti-inflammatory and wound healing activ-
ities of the fixed oil of Caryocar coriaceum Wittm. seeds. Journal of Ethnopharmacology 2010, 129, 214-219.

30.Adams, R. P. Identification of essential oil components by gas chromatography/mass spectrometry. Carol Stream: Al-
lured publishing corporation 2007, 456, 544-545.

31.Houghton, P. ]., Howes, M. ], Lee, C. C,, et al. Uses and abuses of in vitro tests in ethnopharmacology: visualizing an
elephant. Journal of Ethnopharmacology 2007, 110, 391-400.

32.Serra, D. S, Sousa, A. M., Andrade, L. C. S,, et al. Effects of fixed oil of Caryocar coriaceum Wittm. Seeds on the respirato-

ry system of rats in a short-term secondhand-smoke exposure model. Journal of Ethnopharmacology 2020, 252,
112633.

33.Sainj, S., Rai, A. K. Linoleic acid inhibits the release of Leishmania donovani derived microvesicles and decreases its
survival in macrophages. Frontiers in cellular and infection microbiology 2020, 10, 406.

Citation: Almeida-Bezerra JW, da Silva CGL, Silva Souza RO, Generino MEM, dos Santos LT, da Silva VB, de Souza MA, da
Silva NC, Filho AOM, Rocha M], de Alencar Ulisses VR, da Cruz MF, Coutinho HDM, Morais-Braga MFB. “The Fixed Oil
from the Fruits of Pequi, Popularly Used as An Antiparasitic, has No Activity Against Strains of Leishmania Infantum”
SVOA Microbiology 2022, 3:4, 53-58.

Copyright: © 2022 All rights reserved by Almeida-Bezerra JW.,, et al. This is an open access article distributed under
the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

SVOA Microbiology
58


https://www.scielo.br/j/rbfar/a/fC7snvLkwzzFsMv3mfVRGNc/?lang=en&format=pdf
https://www.scielo.br/j/rbfar/a/fC7snvLkwzzFsMv3mfVRGNc/?lang=en&format=pdf
https://www.sciencedirect.com/science/article/abs/pii/S0378874115004316
https://www.sciencedirect.com/science/article/abs/pii/S0378874115004316
https://pubmed.ncbi.nlm.nih.gov/28852733/
https://pubmed.ncbi.nlm.nih.gov/28852733/
https://pubmed.ncbi.nlm.nih.gov/28852733/
https://www.sciencedirect.com/science/article/abs/pii/S0378874118329830
https://www.sciencedirect.com/science/article/abs/pii/S0378874118329830
https://www.sciencedirect.com/science/article/abs/pii/S0378874118329830
https://www.hindawi.com/journals/ecam/2017/6834218/
https://www.hindawi.com/journals/ecam/2017/6834218/
https://www.hindawi.com/journals/ecam/2017/6834218/
https://pubmed.ncbi.nlm.nih.gov/29294453/
https://pubmed.ncbi.nlm.nih.gov/29294453/
https://pubmed.ncbi.nlm.nih.gov/29294453/
https://pubmed.ncbi.nlm.nih.gov/29294453/
https://www.researchgate.net/publication/288179698_Pequi_Caryocar_coriaceum_Wittm_Caryocaraceae_Oil_Production_A_strong_economically_influenced_tradition_in_the_Araripe_region_northeastern_Brazil
https://www.researchgate.net/publication/288179698_Pequi_Caryocar_coriaceum_Wittm_Caryocaraceae_Oil_Production_A_strong_economically_influenced_tradition_in_the_Araripe_region_northeastern_Brazil
https://www.researchgate.net/publication/288179698_Pequi_Caryocar_coriaceum_Wittm_Caryocaraceae_Oil_Production_A_strong_economically_influenced_tradition_in_the_Araripe_region_northeastern_Brazil
https://www.sciencedirect.com/science/article/abs/pii/S1359511320309922
https://www.sciencedirect.com/science/article/abs/pii/S1359511320309922
https://pubmed.ncbi.nlm.nih.gov/20332017/
https://pubmed.ncbi.nlm.nih.gov/20332017/
https://www.cabdirect.org/cabdirect/abstract/20083116584
https://www.cabdirect.org/cabdirect/abstract/20083116584
https://pubmed.ncbi.nlm.nih.gov/17317057/
https://pubmed.ncbi.nlm.nih.gov/17317057/
https://pubmed.ncbi.nlm.nih.gov/32001275/
https://pubmed.ncbi.nlm.nih.gov/32001275/
https://pubmed.ncbi.nlm.nih.gov/32001275/
https://pubmed.ncbi.nlm.nih.gov/32850500/#:~:text=Survival%20in%20Macrophages-,Linoleic%20Acid%20Inhibits%20the%20Release%20of%20Leishmania%20donovani%20Derived%20Microvesicles,doi%3A%2010.3389%2Ffcimb.
https://pubmed.ncbi.nlm.nih.gov/32850500/#:~:text=Survival%20in%20Macrophages-,Linoleic%20Acid%20Inhibits%20the%20Release%20of%20Leishmania%20donovani%20Derived%20Microvesicles,doi%3A%2010.3389%2Ffcimb.
https://sciencevolks.com/microbiology/

