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This study describes the in vitro anthelmintic activity of aqueous extracts (AE), ethyl acetate
extracts (EE), flavonoid fractions (FF) and saponin fractions (SF) obtained from sisal waste
(Agave sisalana) against gastrointestinal nematodes of goats. The activity of these extracts
was evaluated by performing inhibition of egg hatch (EHA) and larval migration (LMI)
assays. The ECsp results of the EHA corresponded to 4.7, 0.1 and 0.05 mg/mL for EE, EA
and FF, respectively. The SF fraction showed no ovicidal activity. The percent efficacies that
were observed for the LMI were 50.3, 33.2 and 64.1% for the AE, EE and SF, respectively.
The FF fraction did not show activity against the larvae. The analysis of the FF fraction
indicates the presence of a homoisoflavonoid. This report suggests that the A. sisalana has
activity in vitro against gastrointestinal nematodes of goats. This effect is likely related to
the presence of homoisoflavonoid and saponin compounds, which have different actions
for specific stages of nematode development.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Parasitic infections caused by gastrointestinal nema-
todes are one of the most common diseases in goats, and
these infections are responsible for significant economic
losses due to weight loss, delayed growth and reduced milk
production. Historically, the most common method to con-
trol gastrointestinal parasitism relied on the repeated use
of synthetic anthelmintics (Molento et al., 2011). However,
the development of nematode resistance to commercially
available drugs as well as the risks that are associated with
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the presence of these products in the environment and in
foods of animal origin have encouraged the search for new
active ingredients that are less toxic and more efficient. In
this context, products of plant origin may be an effective
alternative for the control of parasites (Nery et al., 2009).

Agave sisalana Perrine (sisal) is a monocotyledonous
plant of great economic interest because it is a source of
hard fiber in semi-arid areas. Brazil is the world’s largest
producer and exporter of sisal fibers. Only 4% of the decor-
tications of the sisal leaves produce fiber, and the remaining
material (waste) is commonly discarded by sisal farms
(Bandeira and Silva, 2006).

The sisal waste consists of water, parenchymatous
tissue, cellulose, fibers of various sizes, inorganic com-
pounds and components related to primary and secondary
metabolism. This waste material is rarely used, despite its
indication for use as an organic fertilizer, a supplement in
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ruminant feed (Bandeira and Silva, 2006) and a raw mate-
rial for the production of medicine (Debnath et al., 2010).

Previous studies reported that A. sisalana had sev-
eral biological effects, including antimicrobial (Santos
et al., 2009), anti-inflammatory (Dunder et al., 2010) and
anthelmintic properties (Domingues et al., 2010). Steroidal
saponins (Ding et al., 1989; Zou et al., 2006; Chen et al.,
2011) and flavonoids (Chen et al., 2009) are among the
secondary metabolites that have been isolated from this
plant. The antiparasitic actions of flavonoids have been
attributed to changes in the activity of various enzymes
and/or metabolic processes (Kerboeuf et al., 2008).

The in vitro anthelmintic efficacy of sisal liquid waste
was demonstrated for both eggs and larvae of gastrointesti-
nal nematodes of goats (Silveira, 2009; Domingues et al.,
2010). The objectives of this study were to evaluate the ovi-
cidal and larvicidal in vitro activity of extracts and fractions
obtained from the residue of A. sisalana on gastrointestinal
nematodes of goats.

2. Materials and methods
2.1. Plant materials

The sisal waste was collected directly from a decortica-
tion machine on a sisal farm in the city of Valente in the
Bahia State of Brazil in July 2009. Approximately 6-year-
old A. sisalana plants were harvested. Voucher specimens
were deposited at the herbarium of the Department of Biol-
ogy at the State University of Feira de Santana, Bahia, Brazil
(number 838).

2.2. Extraction procedures

The fresh sisal waste (7 kg) was extracted with water
(7L) for 3 h. Following filtration, the crude aqueous extract
(AE) was concentrated until two-thirds of the initial vol-
ume was redissolved in ethanol (80%) to precipitate the
polysaccharides common to the Agave genera. After 12 h,
the supernatant was filtrated and partitioned with ethyl
acetate (2:3, v/v) 3 times to yield the ethyl acetate extract
(EE). The EE was fractionated in an open chromatography
column packed with silica gel and then was eluted with
organic solvents and mixtures of solvents in an order of
increasing polarity (ethyl acetate, methanol and water).
This experiment resulted in 28 fractions (Fr), and Fr 1 and
Fr 8 were submitted separately to purification on sephadex
LH-20 columns (methanol as eluted) to yield the flavonoid
fraction (FF) and saponin fraction (SF). Each of these pro-
cedures were monitored using TLC and HPLC-DAD analysis
by comparing the results with the retention time and the
UV spectral data of known standards.

2.3. RP-HPLC-DAD analysis

This analysis was performed using a HITACHI HPLC
system, which was comprised of a VRW HITACHI L-2130
pump, a VRW HITACHI L-2300 diode-array detector and an
auto sampler with a 100-p.L loop. The data were acquired
and processed using the Ezchrom Elite software. An aliquot
of 20 wL of each sample was injected into the HPLC column

(Purospher Star® RP8e column; 4.6 mm x 250 mm, i.d.;
5-pm particle size) with a SecurityGuard® pre-column at
30°C. The mobile phase for the flavonoid fraction analysis
(FF) was composed of solvent A [water, phosphoric acid
(0.1%)] and solvent B (methanol). The solvent gradient was
as follows: 25-100% solvent B was applied for 20 min, 100%
solvent B was applied for 4 min, 100-25% solvent B was
applied for 1 min and 25% solvent B was applied for 25 min.
A flow rate of 1.0 mL/min was used, and the peaks were
detected at 280 nm. The mobile phase for the saponin frac-
tion analysis (SF) was composed of solvent A (acetonitrile)
and solvent B (water). The isocratic mode was as follows:
90% solvent A and 10% solvent B in 15 min. A flow rate of
1.0 mL/min was used, and peaks were detected at 200 nm.
Each sample and mobile phase was filtered through a 0.22-
pm Millipore filter (Bedford, MA) prior to HPLC injection.

2.4. Goats nematodes

All early life stages of trichostrongylids used in this
study were obtained from goats naturally infected and
keep at School of Veterinary Medicine, Federal University
of Bahia (fecal culture indicated 81% of Haemonchus spp.,
14% of Oesophagostomum and 5% Trichostrogylus spp.).

2.5. Egg hatch assay (EHA)

The in vitro egg hatch assay was performed using
the methodology described by Coles et al. (1992). Eggs
were recovered from the feces of goats naturally infected
with gastrointestinal nematodes, according to the methods
described by Hubert and Kerboeuf (1992). After the feces
were homogenized in water at 40 °C, they were filtered suc-
cessively through decreasing sized sieves of 1 mm, 100, 55
and 25 pum. The eggs that were retained in the final filter
were collected and centrifuged for 5min at 1500 x g. The
supernatant was removed, and saturated sodium chloride
solution was added. The mixture was then centrifuged for
5min at 1500 x g. The supernatant was filtered once more
through a mesh size of 25 pwm and was then washed with
distilled water to collect the eggs. The egg concentration
was estimated from 100 p.L samples and was then adjusted
to 100 eggs/100 L.

The egg suspension was distributed into 96-multiwell
plates (100 pL per well) and then mixed with the same
volume of plant extract dissolved in distilled water. The
concentrations that were evaluated included the following:
0.625, 1.25, 2.5, 5 and 10 mg/mL for the aqueous extract,
0.02, 0.04, 0.08, 0.16 and 0.32 mg/mL for the ethyl acetate
extract and the flavonoid fraction and 0.32 mg/mL for the
saponin fraction. A negative control, consisting of distilled
water, and a positive control, consisting of albendazole
(0.025 mg/mL), were performed in parallel. After 48-h incu-
bation in a B.O.D. at 25 °C, egg hatching was blocked by the
addition of Lugol’s iodine solution. The numbers of eggs
and larvae L; per well were counted. Three experiments
with three replicates for each concentration and control
were performed. The percent inhibition of egg hatching
was determined using the following ratio: (the number of
eggs)/(the number of eggs + the number of L;).
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2.6. Larval migration inhibition assay (LMI)

This test examined the anthelmintic effect of the
extracts and fractions on the migratory capacity of infec-
tive L3 larvae, according to the methods described by
Molento and Prichard (2001). Infective third stage (L3) lar-
vae of gastrointestinal nematodes were exsheathed with
sodium hypochlorite (1.5%) for 30 min. This material was
washed 3 times with PBS and was concentrated to contain
approximately 800 larvae/mL. Approximately 400 larvae
in 500 wL PBS were distributed to each well of a 48-
well culture plate, and identical volumes of the extracts
and fractions were then added. The concentrations that
were evaluated included the following: 100 mg/mL for
the aqueous and ethyl acetate extracts and 2.5 mg/mL for
the flavonoid and saponin fractions. PBS and levamisole
(0.5 mg/mL) were used as negative and positive controls,
respectively.

The plates were incubated in a B.O.D. incubator at 27 °C
for 6 h. Next, 1 mL of agar solution (1.4%) at 35 °C was added
to each well. The final solution was then immediately trans-
ferred to a petri dish using a specific apparatus (a cylinder
superposed on 2 nylon sieves containing distilled frozen
water). The petri dishes were kept in the B.0.D. at 25°C,
where they were also exposed to an incandescent light
source (60 W) for 18 h. The exposure to light stimulated
the movement of viable larvae out of the agar portion. The
liquid portion containing the larvae was then transferred
to a falcon tube and centrifuged at 1500 x g for 5 min. The
supernatant was removed, and a final volume of 2 mL was
maintained. Of this volume, a homogenous aliquot (200 L)
was removed for quantification of the larvae. The results of
the larval counts for each aliquot were multiplied by 10.
The procedure was performed using six replicates for each
extract and control.

The percent efficacy was determined according to the
following formula: E = [(M¢ — My )/Mc] x 100. Here, E repre-
sents the percent efficacy, M. represents the mean number
of larvae counted in the control group and My, represents
the mean number of larvae counted in the treated group
(Molento and Prichard, 2001).

2.7. Statistical analysis

The data were analyzed using an ANOVA and were
compared using the Tukey test (5%), and the effective con-
centrations for 50% inhibition (ECs¢) for the EHA were
calculated using a nonlinear regression analysis. The statis-
tical program that was used for these tests was GraphPrism
version 5.0.

3. Results
3.1. Egg hatch assay

The aqueous extract (AE), ethyl acetate extract (EE) and
the flavonoid fraction (FF) of A. sisalana inhibited the egg
hatching of gastrointestinal nematodes in goats, and this
effect increased significantly (P<0.05) when greater con-
centrations were used. The treatment with the FF showed
greater efficacy with an ECsq value of 0.05 mg/mL, whereas
these values were 4.7 and 0.1 mg/mL for the EA and EE,
respectively. The saponin fraction (SF) did not affect the
hatching of the eggs when compared to the negative con-
trol (Fig. 1).

The mean percent inhibition of egg hatching ranged
from 8.9 t099.8 for the EA, 10.7 to 99.8 for the SE, 18.6 to 100
for the FF and was 12 for the FS. Efficiencies greater than
90% were observed for the EA, EE and FF treatments, and the
lowest effective concentrations observed were 0.08 mg/mL
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Fig. 1. The mean and standard deviation for the percent inhibition of gastrointestinal nematode egg hatching following treatment with the extracts and

fractions of sisal waste (A. sisalana).
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Fig. 2. HPLC-DAD profile of the flavonoid fraction (FF) from sisal waste
recorded at 280 nm. Insert: the respective UV spectra.

for the FF, 0.16 mg/mL for the EE and 10 mg/mL for the
EA. At these concentrations, the ovicidal activity was sim-
ilar to treatment with albendazole. The positive control
induced 99.4% egg hatch inhibition at a concentration of
0.025 mg/mL.

The HPLC-DAD analysis for the flavonoid and saponin
fractions of sisal waste is presented in Figs. 2 and 3, respec-
tively.

3.2. Larval migration inhibition assay (LMI)

The treatment of infective gastrointestinal nematode
larvae with AE, EE, SF, and levamisole led to a signifi-
cant reduction in the number of larvae recovered by the
migration test compared to the negative control (P<0.05).
Although the SF produced this effect at a concentration that
was 40 times lower (2.5 mg/mL) than the concentrations of
EA and EE (100 mg/mL), the percentage of efficacy for the SF
was only 64%. The percent efficacies for the AE, EE and lev-
amisole treatments were 33.3, 50.3 and 97.4, respectively.
The flavonoid fraction had no effect on larval migration
(Fig. 4).

4. Discussion

For parasitological assays, were used feces contain-
ing predominantly eggs of Haemonchus spp. The genera
Haemonchus spp., Trichostrongylus spp. and Oesophagosto-
mum are the most prevalent nematodes found in goats in
Bahia state, Brazil (Domingues et al., 2010; Cavele et al,,
2011). The use of animals with natural infections allows the
simultaneous evaluation of a variety of helmints presents
in region studied.

The greatest ovicidal activity was observed for the FF,
which was followed by those of the EE and EA, while the
FS had no effect on the eggs. Silveira (2009) demonstrated
ovicidal action for sisal liquid waste on the nematodes of
sheep, and the EC5g value (6.8 mg/mL) was 1.5 times greater
than that observed in this study for the aqueous extract.
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Fig. 3. HPLC-DAD profile of the saponin fraction (SF) from sisal waste
recorded at 200 nm. Inserts: the respective UV spectra.

This author used material that had been obtained by the
pressing of the waste sisal, whereas the aqueous extract
used in the current study was prepared from the boiling
of the sisal waste, which favored the greater extraction
of its chemical constituents. Domingues et al. (2010) also
reported a high degree of gastrointestinal nematode reduc-
tion (99%) after treatment of goat fecal cultures with sisal
liquid waste.

The albendazole and levamisole, positive controls, were
highly effective in inhibiting egg hatching and larval
migration, respectively. The determination of these con-
centrations was based on results from pilot tests, where
0.025 mg/mL (albendazole) and 0.5mg/mL (levamisole)
induced a reduction above 90%. Moreover, these values
are similar to those applied in previous in vitro studies
(Hounzangbe-Adote et al., 2005; Carvalho et al., 2012).
According to classification by the efficacy index proposed
by the World Association for the Advancement of Veteri-
nary Parasitology, a synthetic product is effective when the
anthelmintic action is above 90% (Vercruysse et al., 2001).
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Fig. 4. The mean and standard deviation for gastrointestinal nematode larvae recovered in the migration test following treatment with the extracts and

fractions of sisal waste (A. sisalana).

Based on the comparison of the UV-Vis spectra to that
of standard substances and from the literature, it can be
assumed that the FF contain a majoritary compound of the
homoisoflavonoid class (Lin et al., 2010; Mutanyattaa et al.,
2003; Ye et al., 2005) and the SF contains a complex mix-
ture of saponins (Ding et al., 1989; Debella et al., 1999;
Tinto etal.,2005; Temraz et al., 2006). The Agave species are
known to produce these classes of natural products (Chen
etal., 2009, 2011; Zou et al., 2006).

Thus, the majoritary substance in the FF is likely respon-
sible for the ovicidal activity of A. sisalana. Chen et al.
(2009) isolated 3 flavonoids and 7 homoisoflavonoids from
sisal leaves and found that 3 homoisoflavonoids interfered
with the cellular immune response and inhibited the pro-
duction of interleukin-2 and interferon-y by mononuclear
cells from human peripheral blood that had been acti-
vated by phytohemagglutinin. Other biological activities,
involving antibacterial (O’Donnell et al., 2006) and antiox-
idant properties (Lin et al.,, 2010), have been described
for homoisoflavonoids isolated from plants. However, no
reports have assessed the anthelmintic activities of these
compounds. An antiparasitic effect was observed for a sep-
arate class of flavonoids, the flavan-3-ols (catechin gallate,
epicatechin gallate, gallocatechin gallate and epigallocat-
echin gallate), which were found to inhibit the hatching
of eggs of Trichostrongylus colubriformis, and the ECsq val-
ues were reportedly between 0.27 and 0.36 mg/mL (Molan
et al.,, 2003).

The hatching of nematode eggs is initiated by environ-
mental stimuli that result in the release of enzymes, such
as proteases, lipases and chitinases, by the larvae that func-
tion to degrade the membrane of the egg (Mansfield et al.,
1992). The flavonoid compounds that are present within
this fraction of A. sisalana may act by inhibiting the activ-
ity of these enzymes. The antiparasitic action of flavonoids
has been attributed to changes in the activity of enzymes

and/or metabolic processes of parasites (Kerboeuf et al.,
2008).

A greater effect toward the infective larvae was
observed for the saponin fraction of A. sisalana, although
this fraction demonstrated a low percentage of efficacy.
Saponins from Calendula officinalis and Beta vulgaris were
shown to reduce the in vitro viability of L3 larvae (75%)
of Heligmosomoides bakeri, a nematode of rats (Doligalska
et al, 2011). Ademola et al. (2009) reported that sec-
ondary metabolites from Khaya senegalensis had in vitro
activity against the larval development of Haemonchus con-
tortus, and these metabolites included saponins, flavonoids,
tannins and alkaloids. The ECsgs for saponin (A), the
saponins and alkaloids (B), the saponins, terpenoids,
flavonoids and tannins (C) and the saponins and tannins
(D) were 80.81, 63.73, 44.03 and 63.90 mg/mL, respec-
tively.

Variations in the activities of various saponins can be
related to chemical structure, the type of aglycone and
the number and composition of the sugar chains and their
binding site (Wang et al., 2007). The biological effects
of saponins are generally attributed to the interaction of
these molecules with cell membranes, which result in
destabilization and subsequent increased cell permeability
(Francis et al., 2002). The anthelmintic effect of saponins
from Acacia auriculiformis was shown to be related to
membrane damage resulting from the formation of free
radicals, such as superoxide anions, which induce changes
by increasing the lipid peroxidation of the membrane
(Nandi et al., 2004). Additionally, saponins are also able
to interact with proteins. Doligalska et al. (2011) found
that saponins could interference with the function of the P-
glycoprotein in the nematode H. bakeri, whereas Argentieri
etal.(2008) suggested that the nematotoxic effects of these
substances may have resulted from their interaction with
the collagen cuticle of the parasite.
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No effect on the migration of L3 larvae was observed
for the flavonoid fraction. In vitro studies with flavonol
glycosides present in Onobrychis viciifolia demonstrated
the low efficacy of these compounds against infective lar-
vae of H. contortus. The compounds rutin, nicotiflorin and
narcissin (1200 mg/mL) were shown to reduce the larval
migration by 25, 30 and 35%, respectively (Barrau et al.,
2005). However, a high degree of inhibition for the motil-
ity of H. contortus larvae was reported for flavones that had
been extracted from Struthiola argentea, as the ECgg was
between 3.1 and 61 mg/mL (Ayers et al., 2008).

The aqueous and ethyl acetate extracts as well as the
flavonoid fraction of A. sisalana demonstrated greater ovi-
cidal than larvicidal activity, while the saponin fraction
showed activity only for the larvae. Differences in structure
between the membrane of the egg and the cuticle of the
infective nematode larvae (Mansfield et al., 1992) may have
interfered with the activity of these extracts. In addition,
the biological activities of plant extracts can be attributed to
the actions of more than one active substance, which may
each demonstrate a different mechanism of action. Reports
have also documented different activities of plant extracts
for specific stages of the parasite. The ECsg values obtained
for the essential oil of Eucalyptus staigeriana (Macedo et al.,
2010) were greater for the inhibition of larval development
than those found for egg hatching.

5. Conclusions

The aqueous and ethyl acetate extracts and the
flavonoid fraction obtained from the residue of A. sisalana
were found to have high ovicidal effects. However, the
saponin fraction showed greater activity toward larval
migration. Thus, the anthelmintic activity of A. sisalana
is likely related to the presence of homoisoflavonoid and
steroidal saponin compounds, which have different actions
for specific stages of nematode development.
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