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Resumo  

No Brasil, Spondias purpurea L. é popularmente usada para tratamentos na medicina para 

problemas gastrointestinais, diabetes, colesterol alto e pressão alta. O objetivo deste estudo foi 

avaliar a atividade antimicrobiana e citotóxica de S. purpurea. O extrato bruto etanólico (CE) 

das folhas de S. purpurea e suas frações (FA, FB, FC e FC) foram testados como antifúngico e 

antibacteriano usando o teste de concentração inibitória mínima (CIM). Mutantes da levedura 

Saccharomyces cerevisiae relacionados com danos oxidativos (cttΔ, ctaΔ, sod1Δ, sod2Δ) foram 

testados com CE. A letalidade e toxicidade foi determinada com o teste Artemia salina e Allium 

cepa. Os resultados mostram que cepas de fungos foram sensíveis a pelo menos umas das 

frações testadas. Entretanto, CE e FA foram os extratos com melhor ação antifúngica. As 

bactérias não foram sensíveis ao CE e frações. Os mutantes sod1Δ, sod2Δ e cttΔ apresentaram 

sensibilidade quando submetidos ao CE. The CE e frações indicaram toxicidade moderada 

contra A. salina e A. cepa. Os resultados indicaram o uso de S. purpurea para o tratamento de 

infecções fúngicas causadas por Candida e possível atividade antitumoral; contudo, estudos in 

vivo devem ser conduzidos a fim de avaliar sua toxicidade e uso como agente terapêutico. 

Palavras chave: atividade antifúngica, potencial medicinal, plantas brasileiras, toxicidade. 
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Abstract 

In Brazil, Spondias purpurea L. is commonly used in the system of medicine for treatment of 

gastric problems, diabetes, high cholesterol and high blood pressure. This study evaluated S. 

purpurea for its antimicrobial and cytotoxic activities. The ethanol crude extract (CE) from the 

leaves of S. purpurea and its four fractions (FA, FB, FC and FC) were assayed for antifungal 

activities and bactericidal activities using minimal inhibitory concentration (MIC). The yeast 

Saccharomyces cerevisiae mutant related oxidative stress (cttΔ, ctaΔ, sod1Δ, sod2Δ) was treated 

with CE. The lethality and toxicity, Artemia salina and Allium cepa were used. The results 

showed that the fungal strains tested were susceptible to at least one of the fractions tested. 

However, CE and FA were the best antifungal fractions. The bacteria showed no sensitivity 

against the crude extract and fractions. The mutants sod1Δ, sod2Δ and cttΔ showed sensitivity 

when submitted to the CE. The CE and fractions indicated moderate toxicity against A. salina 

and A. cepa. These results indicated the use of S. purpurea to treat fungal infections caused by 

Candida and possible antitumor activity; however, in vivo studies should be performed in order 

to assess its exploitation as therapeutic agent toxicity. 

Keywords: antifungal activity, medicinal potential, brazilian plants, toxicity. 

 

1. Introduction  

It is of great interest that experimental studies of new drugs are conducted using 

ethnopharmacology, i.e., the study of biological activities of plants with medicinal use 

supported by popular knowledge (Rehecho et al., 2011), since this approach has a great potential 

to find new bioactive substances (Sousa et al., 2012). 

Substances from plants are being used as alternatives in the treatment against different 

pathogens, as they produce several bioactive metabolites, which are sources for the synthesis 

of therapeutic drugs, pharmaceutical products (Newman & Cragg, 2007; Moura et al., 2019). 

The development of new antifungal and antibacterial agents, preferably naturally occurring 

with novel mechanisms of action, is an urgent medical need (Vicente et al., 2003; Guimarães et 

al., 2010). Currently, there are several test organisms to assess the bioactivity of plant extracts 

(Ostrosky et al., 2008). 

Candida species have the ability to grow under various environmental conditions, are 

susceptible to drugs in varying ways, even within the same species, and certain species may 

develop resistance to common prescribed antifungal agents (Nordin et al., 2013). The yeast 

Saccharomyces cerevisiae is also an alternative tool for biological assays, as it mimics superior 

mammalian cells. This characteristic makes these cells important tools in research (Treusch et 

al., 2011). There are several methods that can be used to predict the in vitro sensitivity of 

bacteria to antimicrobial agents. Currently, these methods have been widely used in research 

looking for new antimicrobial agents. To quantitatively assess the in vitro activity of an 
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antimicrobial agent against a certain bacterial isolate, the Minimum Inhibitory Concentration 

(MIC) can be determined (Balouiri et al., 2016). 

The search for substances with potentially cytotoxic and anticancer activity has always been 

a priority for the medicinal chemistry and a large number of different approaches are being used 

in this search. However, the discovery of selective antitumor substances remains a goal in 

cancer research (Hoelder et al., 2012). The A. salina Leach (brine shrimp) is well correlated 

with antitumor activity (cytotoxicity) and can be used to monitor the activity of bioactive natural 

products (Arcanjo et al., 2012). The toxicity of a plant can be assessed in vitro relatively easily 

using the A. cepa test. In this test, the effect of the toxic substance is evidenced by macroscopic 

changes such as color, shape, size and root deformity and microscopic changes such as changes 

in the mitotic index and chromosomal and interphasic aberrations, in addition to its ease and 

speed of execution, is a reliable test (Arrares & Longhin, 2012).  

S. purpurea L. which belongs to the Anacardiaceae family is widely found in the 

northeastern part of Brazil (Ceva-antunes et al., 2006). This plant is popularly known as 

“seriguela”, which is used in the Brazilian folk medicine (Engels et al., 2012) and has been 

described with antifungal and antibacterial activity (Bautista-Baños et al., 2000; Pizana et al., 

2010; Miranda-Cruz et al., 2012). Hence, this study aimed to investigate the in vitro antifungal 

activity and antibacterial, and antitumor/cytotoxic activities of ethanol crude extract and its 

derived fractions of S. purpurea. 

 

2. Material and Methods  

Extracts Preparation 

The plant S. purpurea was collected from Bahia. Voucher specimens were identified and 

deposited in the herbarium at UESB (number 6457). The leaves were extracted with ethanol, 

the crude extract (CE). One gram of CE was fractionated based on the polarity change 

(Harborne, 1984); the following ratios of solvent combinations were sequentially used in the 

elution process; chloroform 100%, chloroform: methanol 3:1; ethyl acetate 100%. This 

fractionation resulted in four fractions [chloroform fraction (FA), chloroform-methanol fraction 

(FB), methanol extract (FC) and ethyl acetate fraction (FD)]. The solvent was removed by 

rotary evaporation and the extracts were dissolved in ethanol for bioassay. 

 

Antimicrobial Test 
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Micro-organisms 

Nine strains of bacteria used were Enterecoccus faecalis (ATCC29212), Enterecoccus 

faecalis (ATCC51299), Escherichia coli (ATCC 35218), Escherichia coli (ATCC 25922), 

Klebsiella pneumoniae (ATCC 700603), Staphylococcus aureus (ATCC25921), 

Staphylococcus aureus (ATCC43300), Pseudomonas aeruginosa (ATCC27853), 

Staphylococcus saprophyticus (ATCC35552) and five fungal Candida Albicans (ATCC 10231), 

C. krusei (ATCC 6258), C. albicans (ATCC 90028), C. parapsilosis (ATCC 90018) and C. 

parapsilosis (ATCC 22019). All bacterial strains were cultivated in Mueller Hinton Agar, while 

fungi were cultivated in RPMI 1640 medium.  

 

Broth Microdilution Assay 

The minimum inhibitory concentration (MIC) and minimum bactericidal or fungicidal 

concentration (MBC/MFC) were determined by the micro broth dilution method (NCCLS, 

2007) in Mueller Hinton (MH) or RPMI 1640 medium (NCCLS, 2002). To determine MIC, the 

bacteria cells (103 UFC/mL) and yeast cells (106 UFC/mL) were inoculated in 96-well micro 

dilution plates in the presence of crude extract and fractions at 62.5-1000 μg/mL concentrations. 

After 24 h of incubation at 37 °C for bacteria and 28 °C for fungi, the lowest concentration 

showing no visible growth was considered as the MIC and the inhibitory concentration of 50% 

growth (IC 50%), defined as the lowest concentration of extract that can inhibit 50% of visible 

microbial growth, has been determined. In cases of complete growth inhibition, for the 

determination of MBC/MFC and to define the lowest extract concentration that could 

completely eliminate the microorganism, it was confirmed by re-inoculation in MH and 

Sabouraud Dextrose Agar, in which there was no visible growth. Controls on growth, sterility 

of the medium, sterility of the extract, as well as negative (at the same concentrations of 

solvents) and positive controls (riphampicin 45 μg/mL and amphotericin B at 10 μg/mL) were 

simultaneously conducted. All trials were performed in triplicate. 

 

Saccharomyces cerevisiae Test 

The yeast S. cerevisiae mutant related oxidative stress (cttΔ, ctaΔ, sod1Δ and sod2Δ) was 

treated for 24 h with CE of S. purpurea leaves, in concentrations ranging from 7, 14 and 21 

mg/mL. The cells were appropriately diluted (five serial 1:10 dilutions) and 5 μl of each dilution 

was plated on YPD medium (2% glucose and peptone, 1% yeast extract) in drop test and 

incubated at 30°C for 2-3 days. The photographs represent one of at least three similar 

triplicates. 
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Bioassay with Artemia salina 

The assessment of bioactivity of extract was carried out following the methodology 

described by Meyer et al. (1982) with modifications. In order to obtain crustacean cysts, it was 

incubated in sea water at room temperature, under direct light, for 24-26 h. The preparation of 

solutions with different concentrations (1 - 1000 μg/mL) of CE was performed by diluting the 

working solution in sea water. These solutions were dispensed in 24-well plates to which ten 

nauplii have been added, and plates were incubated at room temperature, under direct light. 

After 24 h, the number of survivors was counted so as to determine the lethal concentration 

capable of eliminating 50% of organisms (LC50). Ethanol was the negative control (1%) and 

positive controls were K2Cr2O7 (0.33 mM). The assays were performed in triplicate. LC50 was 

calculated using the Probit method (BioStat, 2009) with a 95% confidence interval. 

 

Bioassay with Allium cepa  

The six bulbs of A. cepa were treated with the leaves extracts at 1 – 100 μg/mL 

concentrations of EC. The test tubes were kept in at room temperature. Several of the newly 

formed root tips were then cut from each bulb and examined for any visible morphological 

abnormalities. The bulbs with satisfactory root lengths (2-2.5 cm) were used in the study, while 

those with exceptionally long or short roots were discarded (on average 2-3 bulbs). Therefore, 

individual set of five bulbs were used for each extract sample. Water was used as a negative 

control. After 24 h of exposure, several root tips were removed from the bulbs, fixed in 3:1 (v/v) 

ethanol: glacial acetic acid and stored overnight at 4 °C. The next day they were placed in 70% 

(v/v) aqueous alcohol and refrigerated until used. An average of five slides was made for each 

bulb using five root tips which hydrolyzed in 1 N hydrochloric acid (HCl) for 3 min and 

microscope slides were prepared by squashing the stained root tips in 2% (w/v) acetic orcein. 

Five slide was prepared per bulb, and each slide was examined using at a total magnification of 

40 × 10. Were used for determination of cytotoxicity the mitotic index (MI) calculated as the 

ratio between the number of mitotic cells and the total number of cells scored and expressed as 

percentage. Statistical analyses were performed using the assistant software program. The 

mitotic index compared using analysis of variance (ANOVA) to confirm the variability of the 

data and validity of results. Differences between corresponding controls and exposure 

treatments were considered statistically significant at p < 0.05. 

 

3. Results  
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In this study, the fungal growth inhibition for the extract and fractions was measured and 

represented in Table 1. Considering the reading of IC 50%, three extracts are regarded as very 

important against at least one organism. However, we can highlight that Candida krusei was 

the most sensitive fungus in this study with the highest growth inhibition for CE and fractions 

A and C together can promote synergy and enhance the activity. However, regarding action, 

fraction A is highlighted, the fraction was active against Candida strains, whereas fractions B 

and D did not show any activity. 

 

Table 1. The MIC and IC50 values of Spondias purpurea ethanol crude extract (CE) and 

fractions. 

Fungi 
MIC/IC50 (mg/mL) 

CE 
Fraction 

A 

Fraction 

B 

Fraction 

C 

Fraction 

D 

Amphotericin 

B 

Candidaalbicans 

(10231) 
-/0.5 -/1 -/- -/- -/- 0.01 

Candida krusei  

(6258) 
1/0.5 0.5/0.25 -/- 0.5/0.25 -/- 0.01 

Candida albicans 

(90028) 
-/1 -/- -/- - - 0.01 

Candida parapsilosis 

(90018) 
-/- -/0.5 -/- -/- -/- 0.01 

Candida parapsilosis 

(22019) 
-/- -/1 -/- -/- -/- 0.01 

 

However, none of the nine evaluated bacteria showed sensitivity in the presence of EC and 

fractions of S. purpurea. 

One investigated the oxidant activity of CE in yeast mutants related to deficiency in 

oxidative stress (cttΔ, ctaΔ, sod1Δ and sod2Δ). And observed that this plant has antifungal 

activity related to the damage involved (Figure 1), as can be noted by the sensitivity of the 

mutants sod1Δ, cttΔ, sod2Δ in concentration of 21 mg/mL.  

 

 

Figure 1. Drop test of the sensitivity of the mutants against the ethanol crude extract (CE) of S. 

purpurea. 
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This study of S. purpurea showed biologic activity in this bioassay of A. salina. LC50 values 

for evaluated extracts are shown in Table 2. FA, FB, FD and CE showed biological activity 

LC50 below 500 μg/mL, thus indicating toxicity. FC showed denote moderate toxicity when 

compared to the standards described by Meyer et al. (1982). 

 

Table 2. Illustration of % age mortality of brine shrimps at different concentrations of extract 

and fractions and respective LC50 values using Probit. 

% Mortality at various concentrations 

Extracts 
1000 

µg/mL (%) 

100µg/mL 

(%) 

10µg/mL 

(%) 

1µg/mL 

(%) 

LC50 

(µg/mL) 

CE 100 100 10 3 30 

FA 100 100 63 0 9 

FB 100 40 16 13 130 

FC 70 43 36 10 509 

FD 100 100 40 26 15.6 

CE (crude extract), FA (Fraction A), FB (Fraction B), FC (Fraction C), FD (Fraction D) 

 

The cytotoxicity was emphasized by the decrease of the Mitotic Index (MI) in the 

concentrations of 100 μg/mL (Table 3).  

 

Table 3. Treatments and number of cells in the cell cycle (interphase, prophase, metaphase, 

anaphase, telophase) in root tips of A. cepa treated with the extract of S. purpurea. 

EC 

concentration 

Interphas

e cells 

Division cells Mitotic 

index 

(%) Prophase Metaphase Anaphase Telophase 

Control 4620 3.049 1.200 628 503 53.8% 

100 µg/mL 8096 1.100 321 273 210 19.04* 

10 µg/mL 7308 1.593 484 342 273 26.92% 

1 µg/mL 6680 1.991 608 399 322 33.2% 

*Difference between corresponding controls and exposure treatments were considered 

statistically significant at p < 0.05. 

 

4. Discussion  
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The extract and fractions showed antifungal activity, these results are important, 

considering that the main group of fungi that cause opportunistic infections in humans is related 

to the genus Candida. This genus causes invasive infections that are associated with high 

morbidity and high mortality in affected patients. The appearance of these infections may be 

related to the resistance of these microorganisms to conventional antifungals (Viera & Santos, 

2017), and currently multidrug-resistant microorganisms have been reported, especially in 

immunosuppressed individuals, being a major public health problem, so it is essential to search 

by alternative therapies, preferably naturally occurring with new mechanisms of action 

(Chatterjee et al., 2016; Vicente et al., 2003). 

Studies by Marisco et al. (2017) report the antifungal activity of these crude extract and 

fraction against Moniliophthora perniciosa, plant pathogenic fungus, suggesting that activity 

with the presence of terpenoids; the major components were identified as spathulenol (14,2%), 

linolenic acid (8.4%), trans-caryophyllene (6,9%) and alpha-muurolene (6,9%). Phytochemical 

studies showed the relation of antifungal activity with in the presence of terpenoids, thus 

exhibiting excellent activity against C. albicans yeast and hyphal form (Zore et al., 2011).  

However, none of the nine evaluated bacteria showed sensitivity in the presence of EC and 

fractions of S. purpurea. These data differ from results obtained by Caceres et al. (1990), who 

used leaves; however, the dose employed for inhibiting the sensitivity was 10gm/ml in 

Escherichia coli, Shigella flexneri and Salmonella typhi. In the study by Miranda-Cruz et al. 

(2012) leaves showed activity against Bacillus cereus at a dose of 7.5 mg/mL. In the results 

shown by Santos et al (2017), the aqueous extract of this plant showed antibacterial activity, 

with an inhibition halo and MIC against the bacteria S. aureus and E. coli. According to Ríos 

& Recio (2005), when fractions and compounds have no activity, rather than invalidating the 

results, this should confirm the known anti-infection properties of the plant. 

 One investigated the oxidant activity of CE in yeast mutants related to deficiency in 

oxidative stress (cttΔ, ctaΔ, sod1Δ and sod2Δ). These data corroborate studies found by 

Marisco et al. (2017), who indicates that oxidative activity via free radical production. 

This study of S. purpurea showed toxicity (FC) when compared to the standards described 

by Meyer et al. (1982). Similar tests in S. purpurea were reported and it was observed that the 

ethanol extract of the leaves exposed for 48h showed toxic activity against A. salina (Dantas, 

2012), but the seeds of this plant showed no toxicity (Fonseca et al., 2013). In the study by 

Santos et al. (2017), the aqueous extract showed toxicity at the dose of 10 µg/mL. 

Studies showed that secondary metabolites may be toxic, thus plants in toxicity studies are 

necessary (Hullatti & Murthy, 2010; Dutra et al., 2012). The A. salina bioassay to determine 
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biological activity of medicinal plants commonly used by different people and ethnic groups is 

useful to evaluate their potential therapeutic indications and safety profile (Arcanjo et al., 2012).  

Substances submitted to A. salina bioassay, which led to the death of half of the specimens 

at a lethal concentration of up to 1000 μg/mL (LC50), are considered active, and thus a good 

potential for antitumor activity (McLaughlin et al., 1998), and to evaluate the use of medicinal 

plants (Lira et al., 2014; Jeda et al., 2014). Therefore, it represents an increase in assessing new 

drugs and developing new medicines (Arcanjo et al., 2012). 

The inhibition of cell division observed through the values of the mitotic index in S. 

purpurea demonstrates that this plant has potential for antiproliferative capacity. This response 

may be associated with the presence of terpenes detected in phytochemical analysis performed 

with the extract of S. purpurea (Marisco et al., 2017). 

The analysis of the mitotic index is important because it allows to verify the interference 

of compounds produced by plants in the cell proliferation of many species (Dias et al., 2014). 

This ability to reduce the mitotic index is desirable for extracts for the purpose of use as anti 

carcinogenic, since they negatively interfere with cell proliferation (Sturbelle et al., 2010) and 

the A. cepa plant test system is one of the most used, since, among other advantages, it offers a 

good correlation with results of mammalian test systems (Herrero et al., 2012). 

 

Conclusion 

The S. purpurea in this study exhibited good antifungal activity and capacity promising 

natural bioactive agent; however, it did not show any against the tested bacteria. Based on the 

results obtained, one suggests the isolation of these components to evaluate the antifungal 

activity or to determine if there is synergy between the major components. Furthermore, the 

development of a biotechnological product with therapeutic action against Candida sp. can be 

produced, even more with the presence of multiresistant strains. 

In addition, the studies on antitumor activity deserve attention after the results of A. salina 

and A.cepa. Thus, it is suggested that in vivo toxicity and evaluate the antitumor activity tests 

be conducted. 
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