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APRESENTAÇÃO

A coleção “Farmácia na Atenção e Assistência à Saúde” é uma obra que tem como 
foco principal a apresentação de trabalhos científicos diversos que compõe seus capítulos, 
relacionados às Ciências Farmacêuticas. O volume abordará de forma categorizada e 
interdisciplinar trabalhos, pesquisas, relatos de casos e/ou revisões que transitam nas 
diversas áreas de atuação do profissional Farmacêutico.

O objetivo central foi apresentar de forma sistematizada e objetivo estudos 
desenvolvidos em diversas instituições de ensino e pesquisa do país. Em todos esses 
trabalhos a linha condutora foi o aspecto relacionado à atenção e assistência farmacêutica, 
farmácia clínica, produtos naturais, fitoterapia e áreas correlatas. Estudos com este perfil 
são de extrema relevância, especialmente para a definição de políticas públicas de saúde 
e a implementação de medidas preventivas na atenção à saúde. 

Temas diversos e interessantes são, deste modo, discutidos aqui com a proposta 
de fundamentar o conhecimento de acadêmicos, mestres e todos aqueles que de alguma 
forma se interessam pelas Ciências Farmacêuticas, pois apresenta material que demonstre 
estratégias, abordagens e experiências com dados de regiões específicas do país, o que 
é muito relevante, assim como abordar temas atuais e de interesse direto da sociedade.

Deste modo a obra “Farmácia na Atenção e Assistência à Saúde” apresenta uma 
teoria bem fundamentada nos resultados obtidos pelos pesquisadores que, de forma 
qualificada desenvolveram seus trabalhos que aqui serão apresentados de maneira concisa 
e didática. Sabemos o quão importante é a divulgação científica, por isso evidenciamos 
também a estrutura da Atena Editora capaz de oferecer uma plataforma consolidada e 
confiável para estes pesquisadores exporem e divulguem seus resultados. 

Débora Luana Ribeiro Pessoa
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ABSTRACT: Ruellia angustiflora Lindau ex 
Rambo is a shrub of the Acanthaceae family, 
order Lamiales, commonly known as flower-
of-fire. This study investigated the nematicidal 
and trypanocidal activities of extracts of R. 
angustiflora obtained by supercritical fluid 
extraction using carbon dioxide (SFE-CO2) and 
by ultrasound-assisted extraction using ethanol 
(EAU-EtOH). On average, dilutions of the SFE-
CO2 and the UAE-EtOH extracts eliminated 75% 
and 77%, respectively, of nematode Meloidogyne 
javanica J2 larvae. The tested concentrations of 
the SFE-CO2 extract, 500, 125 and 31.25 µg/ml, 
and of the UAE-EtOH extract, 62.5, 15.6 and 1.9 
µg/ml, killed Trypanosoma evansi by 100% within 
the experimental period (9 h). Such findings 
indicate that R. angustiflora has a functional 
utility in medicine. Further studies are required to 
assess its use as an active ingredient in new drug 
formulations intended for clinical application.
KEYWORDS: Ruellia angustiflora, Nematicide, 
Trypanocidal, Ultrasound-assisted extraction, 
Supercritical fluid extraction
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AVALIAÇÃO DA ATIVIDADE NEMATICIDA E TRIPANOCIDA DE DIFERENTES 
EXTRATOS DE Ruellia angustiflora

RESUMO: Ruellia angustiflora Lindau ex Rambo é um arbusto da família Acanthaceae, ordem 
Lamiales, comumente conhecido como flor-de-fogo. Este estudo investigou as atividades 
nematicida e tripanocida de extratos de R. angustiflora obtidos por extração com fluido 
supercrítico utilizando dióxido de carbono (SFE-CO2) e por extração assistida por ultrassom 
com etanol (EAU-EtOH). Em média, as diluições dos extratos SFE-CO2 e UAE-EtOH 
eliminaram 75% e 77%, respectivamente, das larvas do nematóide Meloidogyne javanica 
J2. As concentrações testadas do extrato SFE-CO2, 500, 125 e 31,25 µg/ml, e do extrato 
UAE-EtOH, 62,5, 15,6 e 1,9 µg/ml, mataram o Trypanosoma evansi em 100% no período 
experimental (9 h). Esses achados indicam que R. angustiflora tem utilidade funcional na 
medicina. Mais estudos são necessários para avaliar seu uso como ingrediente ativo em 
novas formulações de medicamentos para aplicação clínica.
PALAVRAS-CHAVE: Ruellia angustiflora, Nematicida, Tripanocida, extração assistida por 
ultrassom, extração por fluido supercrítico.

1 |  INTRODUCTION
The chemical composition of the extracts of Ruellia angustiflora obtained by 

supercritical fluid extraction using carbon dioxide (SFE-CO2) and by ultrasound-assisted 
extraction using ethanol (EAU-EtOH) was investigated in a previous study; the SFE-
CO2 extract was characterized by fatty acids, triterpenes, tetraterpenes, tocopherols and 
phytosterols, while the EAU-EtOH extract presented compounds of phenolic origin, as 
phenolic acids and flavonoids (Pires et al. 2020). Besides, satisfactory results were achieved 
when examining medicinal activities of these extracts, such as the antioxidant, antimicrobial 
and healing potentials (Pires et al. 2020).

Nematodes belonging to the genus Meloidogyne are phytopathogens which affect 
crops and compromise production and quality of agricultural products (Martins; Santos, 
2016). Meloidogyne javanica is the second most common species for having several 
damaging effects; it presents a wide geographic distribution and may invade numerous host 
plants (Guimarães, 2012). In this context, nematicides derived from plants have received 
increasing attention, since chemical control is expensive, generally ineffective and may 
leave residues in food, thus producing environmental hazards and impacting human health 
(Moreira; Ferreira, 2015; Nile et al. 2017).

Trypanosoma evansi is the causative agent of trypanosomiasis, an animal disease 
which is commonly known as “Mal das cadeiras” or “Surra”. Infection with trypanosomes 
is transmitted by hematophagous insects to a large range of domestic and wild species 
(Baldissera et al. 2014; Baldissera et al. 2016; Boushaki et al. 2019). Rapid weight loss, 
weakness, progressive anemia, intermittent fever and edema of the lower parts of the body 
are the clinical manifestations which characterize the disease (Desquesnes et al. 2013, 
Baldissera et al. 2014; Boushaki et al. 2019). The only treatment available in Brazil is 



 
Farmácia na Atenção e Assistência à Saúde 2 Capítulo 8 69

based on diminazene aceturate, but it may not always be effective. Mortality and disease 
recurrence have been associated with failure of the drug to cross the blood-brain barrier in 
a sufficiently effective dose (Baldissera et al. 2014; Baldissera et al. 2016). Such limitations 
presented by the conventional therapy have prompted the search for alternative drugs 
against T. evansi. In this scenario, the effectiveness of plant extracts in trypanosomiasis 
management has been investigated.

Considering the above-mentioned potentials, the plant species and the theme 
involved, this study aimed to investigate the nematicidal and trypanocidal activities of the 
chemically characterized extracts of R. angustiflora.

2 |  EXPERIMENTAL

2.1 Samples
R. angustiflora leaves were collected in Santo Antão District, in the Municipality of 

Santa Maria, RS, Brazil (S 29º 37´ 18.6´´ W 053º 51´ 35.6) in March 2017. The voucher 
specimen was deposited in the Herbarium of the Botanical Garden of the Federal University 
of Santa Maria (SMDB) under registration number 17547. The samples were dried in an 
oven (Quimis, São Paulo, Brazil) at 40 °C until constant mass was attained. Next, they were 
grinded in a knife mill (Marconi, SP, Brazil) and maintained at -12 ºC pending extractions.
2.2 Extractions

R. angustiflora SFE-CO2 and UAE-EtOH extracts were obtained as described in 
Pires et al. (2020). 
2.3 Evaluation of the Nematicidal Activity

2.3.1 Obtention and preparation of Meloidogyne javanica inoculum

The nematode inoculum was obtained from roots of greenhouse-grown tomatoes. 
Eggs were extracted from the infected root systems following the technique of Hussey 
and Berker (1973), modified by Boneti and Ferraz (1981). The resulting suspension was 
calibrated with a microscope and Peters chamber. Then, a hatching chamber was set up to 
obtain the second stage juveniles (J2s) used in the trials.

2.3.2 Action of Ruellia angustiflora extracts on Meloidogyne javanica J2 
larvae

To perform the biological tests, the solvents were evaporated and the residue was 
resuspended in sterile distilled water and Tween 80 for the SFE-CO2 extract, and sterile 
distilled water for the UAE-EtOH extract. Next, serial dilutions of 1:2, 1:4, 1:6 and 1:8 were 
made from the initial concentration of 70 mg/mL of both extracts.
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An aliquot of 100 µL of each extract as well as 100 µL of a suspension containing 
30 M. javanica J2s were added to previously sterilized Elisa plates. Control treatment 
followed the same protocol using distilled water instead of the extracts. The plates were 
incubated at 26 ºC for up to 48 h, then the number of live nematodes was evaluated within 
48 h. Quantification was performed using a camera attached to an Olympus CX41 optical 
microscope (20x).

2.3.3 Statistical analysis

Data are expressed as mean ± SD of four repetitions and analyzed by one-way 
analysis of variance (ANOVA) followed by the Tukey test. The significance threshold was 
set at 0.05. Analyses were carried out using SigmaPlot version 14.0.

2.4 Evaluation of the anti-Trypanosoma evansi activity

2.4.1 Trypanosoma evansi isolation and testing 

The methodology cited in Baldissera et al. (2013) was followed to conduct the trials. 
Rats were experimentally infected with T. evansi trypomastigotes obtained from a naturally 
infected dog which had been cryopreserved in liquid nitrogen. When parasitemia was high 
(1 x 107 trypanosomes/μl), the rodents were anesthetized with isoflurane in an anesthetic 
chamber and blood was collected through cardiac puncture, with the samples being stored 
in tubes containing EDTA (10% ethylenediaminetetraacetic acid). Then, 200 μl of blood 
was diluted in 200 μl of culture medium (diluted v/v) and spun at 400 rpm (21 ºC, 10 min) 
to separate the trypanosomes. The supernatant was collected and the protozoa were 
counted in a Neubauer chamber. Animals were used according to the guidelines of the 
Committee on Care and Use of Experimental Resources (protocol number 2391230516) of 
the Universidade Federal de Santa Maria (UFSM).

Adaptations were made in the culture medium described in Baltz et al. (1985) for the 
current experiment; minimal essential medium (MEM) without glutamine (0.376 g), glutamine 
(0.016 g), sodium bicarbonate (0.088 g), glucose (0.04 g), sodium-free HEPES (0.238 g), 
non-amino acid solution essential (200 µL), penicillin (1596 U/mL) and streptomycin (100 
µg/mL) were dissolved and homogenized in 30 mL of water, with the pH being adjusted 
to 7.1 with NAOH. Then, ultrapure water was used to obtain a volume of 42 mL, and the 
osmolarity was checked (0.30). The culture medium was then sterilized by filtration (0.22 
µm) and kept in a refrigerator. For the tests, an aliquot of 10 mL was transferred to a falcon 
tube; 1 µL/mL of 50 mM hypoxanthine (dissolved in 0.1 M NaOH) and 2 µL/mL of 1.2 mM 
2-mercaptoethanol were added, and equilibration was carried out for 2 h (37 ºC with 5% 
CO2). Subsequently, the culture medium containing the parasites was placed in microtiter 
plates (270 μl/well), and 5 μl of each extract of R. angustiflora (diluted in DMSO) was 
added. The SFE-CO2 extract was used at 500, 125 and 31.25 µg/mL, and the UAE-EtOH 
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extract at 62.5, 15.6 and 1.9 µg/mL. Two negative controls (DMSO and culture medium + 
trypanosome) were similarly evaluated at 5 μl. Testing was performed simultaneously in 
triplicate and the protozoa were counted in a Neubauer chamber at 1, 3, 6, and 9 h after the 
beginning of the assays (BALTZ et al. 1985).

2.4.2 Statistical analysis

All analyses were performed in triplicate. Data are expressed as mean ± SD.

3 |  RESULTS AND DISCUSSION

3.1 Nematicidal Activity
The relationship between the action of different concentrations of R. angustiflora 

SFE-CO2 and UAE-EtOH extracts and the number of live M. javanica J2 larvae compared 
to the negative control is shown in Figures 1 and 2, respectively. Results indicate an 
average death of 75% and 77% of M. javanica J2s compared to the negative control when 
subjected to the SFE-CO2 (Figure 1) and the UAE-EtOH (Figure 2) extracts, respectively, at 
concentrations varying from 70 to 8.75 mg/ml.

Of the tested concentrations of the SFE-CO2 extract, only 8.5 mg/ml presented 
significant difference from 35 and 70 mg/ml (p<0.05) (Figure 1). In the case of the UAE-
EtOH extract, 8.5 and 11.6 mg/ml differed from 35 and 70 mg/ml, and 17.5 mg/ml differed 
from 70 mg/ml (p<0.05) (Figure 2).

A review of the relevant literature did not disclose any results about the nematicidal 
activity of R. angustiflora; nevertheless, the present findings are in line with those obtained 
in surveys focusing on other plant species. Gardiano et al. (2009), for instance, evaluated 
the aqueous extract of some plant species and found that 100 mg/ml of Mentha sp., Ricinus 
communis and Arctium lappa extracts was effective for controlling M. javanica. Lopes 
(2017), in turn, conducted in vitro tests with the methanol extracts of Hancornia speciosa, 
Stryphnodendron adstringens, Caryocar brasiliense, Hymenaea stigonocarpa and Solanum 
lycocarpum to determine their effectiveness against M. javanica; the extract of S. adstringens 
displayed the greatest activity at 100 mg/ml, causing the highest mortality (80%) of J2s.

Al-Marby et al. (2016) evaluated the nematicidal activity of several plant extracts 
against Steinernema feltiae; the extract from Solanum incanum was antagonistic towards 
the nematode at all tested concentrations, thus presenting the greatest activity among all 
the investigated products. The authors suggested that phytocompounds which have been 
identified in the tested species were accountable for their nematicidal activity: β-sitosterol, 
stigmasterol and Kaempferol in S. incanum; flavonoids and terpenoids in Commiphora 
myrrha; terpenes, flavonoids as apigenin and luteolin, some phenols and fatty acids in 
Anthemis nobilis; and β-sitosterol, stigmasterol and flavonoids in Achillea biebersteinii. It 
must be highlighted that chemical constituents with nematicidal power present in the plant 
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species evaluated by Al-Marby et al. (2016) were also found by Pires et al. (2020) in the 
SFE-CO2 and the UAE-EtOH extracts of R. angustiflora.

A literature review carried out by Ohri and Pannu (2010) revealed that the nematicidal 
effect of phenolic compounds has been reported in several studies. Among the phenolic 
compounds determined in R. angustiflora EAU-EtOH extract (Pires et al., 2020), caffeic and 
ferulic acids are described as having a high mortality effect on Meloidogyne incognita (Ohri; 
Pannu, 2010). Such findings may thus explain the nematicidal activity recorded for the UAE-
EtOH extract in the current evaluation.

3.2 Trypanocidal Activity
Figures 3 and 4 show the number of live trypanosomes after 9 h exposure to different 

concentrations of R. angustiflora SFE-CO2 and UAE-EtOH extracts, respectively, compared 
to the negative control (without treatment) and DMSO. Regarding the SFE-CO2 extract, all 
concentrations decreased the number of trypanosomes within 1 h; there was no survival 
after 1 h exposure to 500 µg/ml, and death occurred in 3 and 6 h when the trypomastigotes 
were subjected to 125 and 31.25 µg/ml, respectively (Figure 3). As for the UAE-EtOH 
extract, exposure to 62.5, 15.6 and 1.9 µg/ml caused death of 100% of the protozoa after 3, 
6 and 9 h, respectively; the highest concentrations, 62.5 and 15.6 µg/ml, led to a reduction 
in the number of trypanosomes in 1 h, while the lowest one, 1.9 µg/ml, triggered a reduction 
only after 1 h of exposure (Figure 4). All concentrations of both extracts showed trypanocidal 
action within the experimental period (9 h), causing death of 100% of T. evansi (Figures 3 
and 4).

No reports have been found in the scientific literature regarding the trypanocidal 
activity of R. angustiflora, but the current results are in keeping with those obtained when 
other plant species were screened. The action seen for R. angustiflora SFE-CO2 extract 
against T. evansi (Figure 3) is supported by studies which demonstrated the trypanocidal 
activity of compounds and/or compound classes detected in this extract. Hoet et al. (2007), 
for instance, isolated triterpenoids and sterols in leaves of Strychnos spinose, and these 
constituents showed activity against Trypanosoma brucei. Likewise, Saeidnia et al. (2014) 
reported the trypanocidal activity of β-sitosterol against T. brucei. Furthermore, Ibrahim et al. 
(2015) concluded that the combination of α-tocopherol and a phenolic-rich fraction of Khaya 
senegalensis stem bark may be a therapeutic option against T. brucei. Lastly, Baldissera 
et al. (2016) reported the trypanocidal effect of terpenes against T. cruzi, T. brucei and T. 
evansi. Thus, the presence of tocopherols, phytosterols and terpenes in R. angustiflora 
SFE-CO2 extract (Pires et al. 2020) may be accountable for its efficacy in reducing the 
number of trypomastigotes in this in vitro assay (Figure 3).

Baldissera et al. (2014) observed trypanocidal activity against T. evansi after 1 h 
exposure to 1000 and 500 μg/ml of the aqueous, methanolic and ethanolic extracts of 
Achyrocline satureioides; 100 and 50 μg/ml killed the protozoa after 9 h, thus characterizing 
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a dose-dependent behavior. Chemical analyses of such extracts confirmed the presence 
of flavonoids with recognized trypanocidal activity; these compounds cause death of 
trypanosomes by different mechanisms (Tasdemir et al. 2006; Mamadalieva et al. 2011; 
Baldissera et al. 2014). Luteolin and apigenin are among the flavonoids identified by 
Tasdemir et al. (2006) and Mamadalieva et al. (2011), and they were also detected in the 
UAE-EtOH extract of R. angustiflora by Pires et al. (2020). The present results corroborate 
those in Baldissera et al. (2014): the highest concentrations of the extracts showed activity 
in a shorter exposure time, thus indicating a dose-dependent effect (Figure 4). Moreover, 
both studies describe the presence of flavonoids such as caffeic acid, quercetin, kaempferol 
and rutin, which is the major flavonoid of R. angustiflora and A. satureioides. Therefore, the 
reduction in the number of trypomastigotes observed when testing R. angustiflora UAE-
EtOH extract in vitro (Figure 4) was most likely due to the flavonoids which have been 
identified in this product by Pires et al. (2020).

4 |  CONCLUSION 
All dilutions of R. angustiflora SFE-CO2 and UAE-EtOH extracts tested against M. 

javanica eliminated more than 70% of the J2s. Additionally, both extracts led to 100% death 
of T. evansi within the experimental period. The present findings suggest that R. angustiflora 
has a functional utility in medicine, so its use as an active ingredient in new drug formulations 
ought to be the aim of further research.

Fig. 1. Number of live Meloidogyne javanica second stage juveniles (J2s) after exposure to the 
SFE-CO2 extract of Ruellia angustiflora.
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Fig. 2. Number of live Meloidogyne javanica second stage juveniles (J2s) after exposure to the 
UAE-EtOH extract of Ruellia angustiflora.

Fig. 3. Trypanocidal activity of the SFE-CO2 extract of Ruellia angustiflora against Trypanosoma 
evansi.
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Fig. 4. Trypanocidal activity of the UAE-EtOH extract of Ruellia angustiflora against 
Trypanosoma evansi.
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