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INTRODUCTION

Parasitic infections caused by 
gastrointestinal nematodes in goats remain as a global 
challenge (JABBAR et al., 2006; NABUKENYA 
et al., 2014). These infections are responsible 
for a significant economic impact due to weight 
loss, reduced milk production and delayed growth 
(ROEBER et al., 2013). Development of nematode 
resistance to drugs commercially available encouraged 
the search for products of plant origin (FERREIRA 
et al., 2013). Such products can provide potential 
alternatives to the use of synthetic nematicides 
because they degrade to non-toxic products and cause 
fewer side effects to non-target organisms and within 
the broader environment.

Succinic acid (SA) is a product of the 
metabolism of plants and micro-organisms (WANG 
et al., 2011) and has shown biological activities, such 
as anxiolytic (CHEN, 2003; VOLCHEGORSKII et 
al., 2015), and the induction for IL-8 production in 
inflammatory processes (GRAHAM et. al., 2013). 
CHUNGSAMARNYART & JANSAWAN (2001) 
reported the action of SA, isolated from the fruit of 
Tamarindus indicus (tamarind), on engorged females 
of Rhipicephalus (Boophilus) microplus. In this 
sense, previous studies of short-chain organic acids  
revealed nematicide action (SANTOS et al., 2007; 
NGUYEN et al., 2013). 

Agave sisalana (sisal) is of a great 
economic interest because it is a source of fiber in 
semi-arid areas. Brazil is the largest producer and 
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ABSTRACT: This study was conducted to evaluate the in vitro anthelmintic activity of the succinic acid (SA) isolated from sisal waste against 
gastrointestinal nematodes of goats, using the egg hatching and larvae motility assays. In addition,  potential cytotoxicity of SA on Vero cell 
cultures was investigated by means of MTT (3-4,5-dimethylthiazol-2-yl, 2,5diphenyltetrazolium bromide) test. The SA induced a significant 
inhibition of egg hatching (P<0.05) at all concentrations tested (60 to 250µg mL-1), and the concentrations to inhibit 50% (EC50) and 90% 
(EC90) values (mean ± standard deviation) were 90.3±2.8 and 130.6±3.5µg mL-1, respectively. The SA has not shown larvicidal activity. The 
SA was less toxic to the Vero cells, with the mean percentage of cell viability equal to 85±6.2% at the concentration of 130µg mL-1. The results 
suggested that SA has potential anthelmintic effect; although, more research is needed to confirm its activity in vivo.
Key words: Agave sisalana, sisal waste, succinic acid, anthelmintic, goats.

RESUMO: O objetivo deste estudo foi avaliar a atividade anti-helmíntica in vitro do ácido succínico (AS) isolado do resíduo de sisal 
sobre nematódeos gastrointestinais de caprinos, utilizando os ensaios de inibição da eclosão de ovos e motilidade larval. Além disso, a 
citotoxicidade do AS em culturas de células Vero foi investigada empregando-se o teste de MTT (brometo de 3-4,5-dimetiltiazol-2-ilo, brometo 
de 2,5-difeniltetrazólio). O AS promoveu redução significativa no percentual de eclosão de ovos (P<0,05) em todas as concentrações testadas 
(60 a 250μg mL-1). As médias (± desvio padrão) da CE50 e CE90 (Concentração efetiva 50% e 90%) sobre ovos foram de 90.3±2.8 e 130±3.5μg 
mL-1, respectivamente. O AS não apresentou atividade larvicida. O AS foi menos tóxico para as células Vero, com média do percentual de 
viabilidade celular igual a 85±6.2% na concentração de 130μg mL-1. Os resultados sugerem que o AS tem potencial efeito anti-helmíntico, 
embora sejam necessários a realização de estudos in vivo para confirmar seu uso terapêutico.
Palavras-chave: Agave sisalana, resíduos de sisal, ácido succínico, anti-helmíntico, caprinos.
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exporter of sisal fibers worldwide (IBGE, 2013), 
where 4% of the sisal leaves produce fiber and the 
remaining material (waste) is discarded (SHARMA 
and VARSHNEY, 2012). Our research group has 
investigated the biological activity of different 
extracts and fractions obtained from sisal waste 
against nematodes of goats. In the context, the 
flavonoid and saponin fractions from ethyl acetate 
extract showed ovicidal and larvicidal effects, 
respectively (SILVEIRA et al., 2012; BOTURA et. 
al., 2013; SANTOS et al., 2015). In a continuous 
study, we described the evaluation of the in vitro 
anthelmintic and cytotoxicity activity of the SA 
isolated from the same extract on eggs and larval 
stage (L3) of nematodes of goats, and on African 
green monkey´s kidney cell line (Vero).

MATERIALS   AND   METHODS

Materials
Ethyl acetate, ethanol and methanol 

(analytical grade) from VETEC were used. Analytical 
thin-layer chromatography (TLC) was performed on 
commercial aluminum plates coated with silica gel 
(0.025mm) (Merck, Darmstadt, Germany). Spots 
were visualized by spraying with 1M H2SO4 and 
heating to 100°C. Silica gel (Kielselgel 60, 70-230 
mesh) was used for open-column chromatography. 
Carbon-13 Nuclear Magnetic Resonance (13C NMR) 
spectra were obtained using a Varian Gemini 300 
equipment. 

Plant material
The Agave sisalana waste was collected 

after the process of decortication of the leaves, on a 
sisal farm located in Valente, in the state of Bahia (S 
11°24’53.4”), in May 2012. 

Obtaining of succinic acid
The obtaining of succinic acid from 

sisal waste was performed using the methodology 
described by SANTOS et al. (2015). Briefly, the 
ethyl acetate extract was subjected to open-column 
chromatography packed with silica gel to yield the 
succinic acid in fractions eluted with EtOAc (100%) 
and EtOAc/MeOH (8:2). Crystals obtained were 
identified with 1H NMR (Proton Nuclear Magnetic 
Resonance) and 13C NMR (Carbon Nuclear Magnetic 
Resonance).

Anthelmintic activity
All early-life stages of trichostrongylids 

used in this study were obtained from goats 

naturally infected and kept at the School of 
Veterinary Medicine, Federal University of 
Bahia. The generic identification of the nematode 
population was determined according to UENO 
and GONÇALVES (1998). The feces cultures of 
those animals indicated the presence of 86% of 
Haemonchus spp., 10% Oesophagostomum spp. 
and 4% Trichostrongylus spp. 

Egg hatching assay (EHA)
Eggs were isolated from feces of 

goats naturally infected with gastrointestinal 
nematodes as described by HUBERT and 
KERBOEUF (1992). The bioassay was performed 
following COLES et al. (1992). Egg suspension 
was distributed in 96-well plates (100 fresh 
eggs  100µL-1/well) and mixed with the same 
volume of the SA dissolved in distilled water at 
different concentrations (60; 90; 130; 180 and 
250µg mL-1). Negative and positive controls 
were distilled water and thiabendazole (25µg 
mL-1), respectively. After a 48-hour incubation at 
25°C, egg hatching was blocked by the addition 
of Lugol’s iodine solution. Number of eggs 
and larvae L1 per well was counted. Inhibition 
percentage of egg hatching was determined using 
the following ratio: [Number of eggs/(number of 
eggs + number of L1 larvae)] x 100. 

Larval motility assay
For the larval motility assay, a suspension 

of infective larvae (L3) was distributed in 24-well 
plates (50 larvae/100µL/well) and added with the 
succinic acid (1,000µg mL-1) in the same volume 
(100µL) (FERREIRA et al., 2013). Both a negative 
control with distilled water and a positive control 
with levamisole (250µg mL-1) were also prepared. 
The results were expressed as the percentage of 
mobile larvae.

Cytotoxicity assay
The commercial Vero cell line (Vero - 

ATCC® CCL-81TM) was obtained from African 
Green Monkey´s (Cercopithecus aethiops) 
kidney and maintained in RPMI (Roswell Park 
Memorial Institute) medium supplemented 
with penicillin G (100UI mL -1), streptomycin 
(100mg/mL) and 10% fetal equine serum. 
Cells were cultured at 37ºC in a humidified 5% 
CO2 incubator.

In the moment of the experiments, 
cells were placed in 96-well plates at a density 
of 3.5 x104 cells mL-1 and were cultured for 24h 
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prior to treatment. Thereafter, cells were treated 
with succinic acid diluted in RPMI medium (60; 
90; 130; 180 and 250µg mL-1). Negative control 
group was treated only with RPMI. Plates were 
kept in an incubator for an additional 24h and then 
the assessment of cell viability was performed by 
means of the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) test according 
to HANSEN et al. (1989). 

After the treatment period, the 
culture medium was removed and MTT (1mg 
mL-1, 100µL) was equally added to each well. 
After three hours of incubation, lysis buffer 
containing 20% sodium dodecyl sulfate (SDS) 
and 50% dimethylformamide (DMF) was added, 
maintaining the plates incubated for another 
12h. Optical absorbance was measured using a 
wavelength (405-600nm) plate reader. Results 
were expressed as percentages of  viability of  
treated groups related to the control group. 

Statistical analysis
Results are expressed as mean ± 

standard deviation (S.D.). The data were analyzed 
using an ANOVA and were compared using 
Tukey´s test (5%). For each biological assay, 
three independent experiments were performed, 
with five repetitions for each concentration and 
controls. The EC50 and EC90 for the ovicidal tests 
were individually calculated for each experiment 
using a non-linear regression analysis All 
statistical analyses were performed with the 
GraphPrism version 5.0.

RESULTS   AND   DISCUSSION

The succinic acid (SA) was isolated 
from the ethyl acetate extract from sisal waste in 
accordance with SANTOS et al. (2015) and its 
chemical characterization was made using NMR 
data. The 13C NMR (Figure 1) showed only three 
signals attributed to the two methylenic carbons and 
two carbons of the carboxylic acid.

The SA inhibited egg hatching in a 
concentration-dependent manner. The mean 
percentage inhibition of egg hatching ranged from 
15.2 to 97.2% (Figure 2). The mean and standard 
deviations of EC50 and EC90 of the three experiments 
were 90.3+2.8 and 130.6+3.5µg mL-1, respectively. 
In the larval motility assay, the mean percentage of 
mobile larvae observed in the group treated with SA 
(82±7.7%) did not differ statistically (P>0.05) from 
the negative control (98.2±1.5%).  

The SA was effective in preventing 
the development of the eggs. According to 
VERCRUYSSE et al. (2001), a synthetic product 
is effective when it promotes anthelmintic activity 
above 90%. The mean value reported for the EC90 
(130.6μg mL-1) was, respectively, equal and higher to 
those reported by BOTURA et al. (2013) for the ethyl 
acetate extract (130μg mL-1) and for flavonoid fraction 
(70µg mL-1) obtained in this same sisal residue 
extract. The authors attribute this ovicidal activity 
to the presence of homoisoflavonoids detected in the 
chemical analysis of flavonoid fraction (BOTURA et 
al., 2013). Bearing in mind that the succinic acid used 
in this study was also obtained from the ethyl acetate 

Figure 1 - 13C NMR analysis of succinic acid from sisal waste in DMSO-d6 at 300MHz.
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extract from the sisal liquid residue, the results 
suggested a possible synergistic or additive action of 
the SA with these flavonoids.

Ovicidal activities of isolated organic 
acids from plants have been reported. Research 
results performed by SANTOS et al. (2007) have 
demonstrated the action of oleanolic acid obtained 
from the Rheedia gardneriana fruit on the egg 
hatching of Meloidogyne incognita, yet with low 
percentage of hatching inhibition (63.5%) after ten 
days of treatment using the concentration of 800µg 
mL-1, which was six times greater than the mean of 
EC90 (130.6µg mL-1) reported in this study.

The succinic acid had no effect on larval 
motility at the concentration used. BOTURA et al. 
(2013) reported moderate larvicidal activity of the 
saponin fraction from the sisal waste (efficacy of 
64.1%). These results suggested the participation of 
one more chemical component in the anthelmintic 
activity of A. sisalana.

The cytotoxicity effects of SA on Vero 
cells were reported in figure 3. The treatment with SA 
(90 to 250µg mL-1) induced a significant reduction 

in the percentage of cell viability compared to the 
negative control (P<0.05), with mean of percentage 
from 90±5.13 to 78.4±5.1%, respectively. According 
to the ISO 10993-5 (2009), a substance is considered 
toxic (MTT test) when it showed percentages of over 
30% of non-viable cells. Thus, no sign of cytotoxicity 
was observed after the exposition with SA. This 
result suggested low potential for toxicity of succinic 
acid at a concentration in which it has pronounced 
anthelmintic effect.

CONCLUSION

The succinic acid from sisal waste 
(Agave sisalana)  showed an ovicidal activity 
against gastrointestinal nematodes of goats and low 
potential for toxicity on Vero cell cultures, suggesting 
the participation and promising potential of this 
constituent on the anthelmintic activity reported 
for Agave sisalana; although, it did not show 
effectiveness on the larvae of these parasites. Further 
research, including in vivo studies, are required in 
order to assess the antiparasitic potential of this acid.

Figure 2 - Inhibition percentage (mean ± S.D) of egg hatching of gastrointestinal nematode eggs of goats treated with succinic acid (SA) 
and thiabendazole.
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