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Abstract

Objective: To evaluate the effect exerted by the glycerol-rich fraction of Jatropha curcas L. oil, on the hatching of
eggs from nematodes that parasitize sheep.

Materials and Methods: A trial was conducted based on a complete randomized design. The inhibition of the
hatching of eggs from sheep gastrointestinal nematodes in different concentrations of the glycerol-rich fraction
(seriated dilutions from 100 to 156 mg/mL) was evaluated in vitro. Glycerin (10 v/v) was used as negative control,
with analytical quality and distilled water. In addition, the components of the glycerol-rich fraction were identified
through gas chromatography and the presence of phorbol esters was studied by mass spectrometry, coupled to a time-
of-flight detector.

Results: The glycerol-rich fraction recorded a strong ovicidal activity with dose-dependent effect, with mean lethal
concentration of 3,60 x 10* mg/mL. No phorbol esters were found in the glycerol-rich fraction; while glycerin
constituted the main compound (74,80 %). It was followed by palmitic, stearic, oleic and linoleic acids.

Conclusions: The glycerol-rich fraction inhibits the hatching of eggs from parasite gastrointestinal nematodes in

sheep, with dose-dependent effect. No phorbol esters were detected and the main component was glycerin.
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Introduction

Gastrointestinal parasitism constitutes an im-
portant threat for ruminant production in the tropic.
For decades, parasite control in small ruminants
has been developed based on arbitrary conventio-
nal antiparasitic treatments which, very often, are
applied with monthly frequency, leading to the
emergence of parasite genotypes resistant to most
chemical products (Arece-Garcia et al., 2017).

In this context, the search for control alternati-
ves constitutes a challenge for researchers. In recent
years, the application of green medicine has gained
space, which has allowed to value plant resources
(Romero-Benavides et al., 2017; French, 2018).
Anthelmintic activity has been reported in diffe-
rent plants and their parts, with variability in the
results, depending on the plant family and the che-
mical composition of bioactive compounds (Borges
and Borges, 2016). The United States Department
of Agriculture and the Germplasm Resource Infor-
mation Network have identified 1 030 plants with
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chemical compounds that have anthelmintic activi-
ty. Due to its high oil content, Jatropha curcas L.
is considered an oil plant. The harvested fruits can
produce up to 25 % in oil weight, after being she-
lled and pressed (Alherbawi et al., 2021). The main
composition of this oil is 64 % triacylglycerols, 12
% hydrocarbons and 9 % free fatty acids, including
oleic, linoleic, palmitic and stearic acids (Neupane
et al., 2021). In turn, it shows a similar composi-
tion to that of many edible oils. However, it has not
been commercialized for human consumption due
to its toxic effects, ascribed to phorbol esters, cur-
cin, among others (Phulia et al., 2018). Hence the J.
curcas oil is mainly used for biodiesel production
(Yaqoob et al., 2021).

In spite of having these toxic substances, an-
timicrobial, as well as molluscicidal and anticar-
cinogenic activity has been detected, among other
biological applications (Bosou ef al., 2020; Rahu et
al., 2021). In the last decade, a study was conducted
that proved the anthelmintic effect of the ethanol
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extract of J. curcas seeds on the inhibition of egg
hatching and the migration of Haemonchus contor-
tus larvae in vitro (Monteiro et al., 2011).

From the biodiesel extraction process from
the oil of J. curcas seeds the glycerol-rich fraction
(GRF) is obtained, as result of its transesterifica-
tion (Salaheldeen et al., 2021). This product can be
included in ruminant nutrition due to its glucoge-
nic properties (Khattab, 2015) and energy values
higher than corn have been obtained (Mach et al.,
2009). The objective of this study was to evaluate
the effect exerted by the glycerol-rich fraction of J.
curcas oil, on the hatching of eggs from nematodes
that parasitize sheep.

Materials and Methods

Obtainment of the oil and glycerol-rich frac-
tion from J. curcas. Ripe fruits of J. curcas, native
from Cuba, harvested in the Guantanamo provin-
ce, were used. They were dried under sunlight and
were shelled for obtaining the seeds. These were
pressed using a expeller machine, with power of
7,5 kW, rate of 1 400 r.p.m. and capacity of 200 kg
seeds/hour. The obtained raw oil was filtered throu-
gh a press filter, in order to guarantee a 25-micron
filtrate. Afterwards, the oil was subject to a heating
process at 105 °C for the extraction of all the solu-
ble and volatile impurities, including water (Rizo,
2019). The GRF was obtained from the biodiesel
process by transesterification of oil with methanol
and sodium hydroxide as catalyst (Che Hamzah et
al., 2020).

The GRF density was determined and work

aqueous solutions were prepared in concentrations
of 100; 50; 25; 12,5; 6,25; 3,125 and 1,56 mg GRF/
mL of solvent.
Egg hatching inhibition test. The eggs were collect-
ed from strongyles through the technique proposed
by Hubert and Kerboeuf (1992) and were deposited
on flat-bottom 24-well cell culture plates (Corn-
ing™) to face them with each of the above-men-
tioned GRF concentrations, based on a complete
randomized design with six replicas per treatment.
A PA glycerin solution (10 %, v/v) (AppliChen Pan-
Reac) was used as control.

They were incubated during 48 h and after that
time hatching was stopped with 10 pL of Lugol
solution. The total larvae and eggs were counted
and the hatching percentage was determined (Ma-
rie-Magdeleine et al., 2010; Busari et al., 2021).

Analysis of the chemical composition of the GRF.
For determining the profile of chemical compounds,

the gas chromatography technique was used (Ther-
mo Scientific gas chromatograph), coupled to a
mass spectrometer (GC-MS). A temperature of the
injector and FID detector of 250 °C was used, with
flow of I mL/min. the acids were identified by com-
parison of their retention times and their mas spec-
ters, with a library of mass specter data of known
compounds.

Quantification of the phorbol esters in GRF.
The GRF of J. curcas was mixed with methanol (1:1,
v:v) and was analyzed through reversed-phase chro-
matography, with the utilization of C-18 columns,
in HPLC systems coupled with a mass spectrom-
eter with time-of-flight analyzer (MS-TOF-Agilent
Technologies 6230 TOF LC/MC, USA). The sample
was analyzed in triple and methanol was used as
control to determine the clean state of the column. The
phorbol-12-myristate-13-acetate was used as standard
of phorbol esters (PMA, SIGMA-Neu et al., 2018).

Statistical analysis. The hatching percentages,
according to the GRF concentrations, were com-
pared through a simple variance analysis. Before
that, the values were transformed through arcsin of
the value root, and the fulfillment of the variance
normality and homogeneity assumptions was veri-
fied. A significance level of 0,05 was used and the
means were compared through Tukey’s test. The
statistical package SAS, version 9.0 was applied.

A Probit regression analysis was carried out
through the statistical package SAS, version 9.0,
in order to determine the mean lethal concen-
tration (CL,)) for egg hatching. The values of the
positive control group were applied for correct-
ing the results, following the model proposed by
Gonzalez-Garduiio et al. (2014), where:

Pr (esrense) = C + (1-C) F (X°B) = C+ (1-C) @
(b0 + blx log10 (dose))
Where:
B - vector of estimated parameters
F — function of cumulative distribution (normal)
X - vector of explicative variables
Pr — probability of a response
C — natural response rate (proportion of individuals
that respond to dose zero)

Results and Discussion

The results of egg hatching, according to the
GRF of J. curcas, are shown in table 1. The GRF
considerably reduced (p < 0,05) egg hatching, with
a dose-dependent effect and constitutes the first
known report of ovicidal activity of the GRF of J.
curcas in parasite nematodes.
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Table 1. Average egg hatching percentage and mean lethal concentration (LC,) in different concentrations

of the glycerol-rich fraction of J. curcas.

Indicator Concentration, mg/mL Hatching, %  SE =+ LC,,
0 97,9
1,56 7,25
3,12 6,35°
Glycerol-rich 6,25 5,29°
fraction 12,5 4,07 0,05 3,60 x10* mg/mL
25 3,26
50 1,88
100 1,00¢
Glycerin 10 99.90°

LC: mean lethal concentration
Letras desiguales en una misma columna difieren a p < 0,05

Similar results to this study have been repor-
ted, but with plant parts. In this sense, Monteiro et
al. (2011) evaluated the ethanol extract of J. curcas
seed and obtained a hatching inhibition of 99,8 %
in a concentration of 50 mg/mL. In egg hatching
inhibition, Eguale and Giday (2009) reported in the
aqueous and hydroalcoholic extract of this plant
part LC,, of 0,1 and 0,23 mg/mL, respectively, hi-
gher values than the ones recorded in this study,
which were 3,60 x10*mg/mL (table 1).

Salles et al. (2014) state that this plant has mol-
ecules of high and low molecular weight (cut of 12
kDa) and sustain that trypsin inhibitors are the main
candidate in the interference of the embryo devel-
opment of eggs. Although the presence of trypsin
inhibitors in the glycerol was not determined, their
presence in this coproduct has not been reported,
maybe due to the transesterification process itself,
which leads to the denaturation of proteins.

It is possible that there are other substances in
the GRF, such as salts, which have influenced this
result, especially because in the transesterification
of oil for obtaining biodiesel the ester bond of phor-
bol esters is broken, and oxidation, transesterifica-
tion and epiremization reactions occur (Goel et al.,
2007). This coincides with the results in this study,
where the phorbol esters were not found in the GRF
(fig. 1). It is also in correspondence with the report
by Herath et al. (2017), who did not find phorbol
esters in the GRF of J. curcas either.

In the analysis of the GRF through gas chro-
matography no methanol remains that could be
potentially toxic for the eggs were recorded (table
2). Glycerol (74,80 %) was found as larger con-
stituent and long-chain carboxylic acids, unlike a
study conducted by Pradhan et al. (2012). These
authors found non-saponified matter, mono and

diglycerides, as well as traces of methyl esters, in
the glycerol of J. curcas.

Conclusions

The glycerol-rich fraction inhibited the egg-hatch-
ing of nematodes, gastrointestinal parasites of sheep,
with dose-dependent effect. No phorbol esters were
found and the main component was glycerin.
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Figure 1. Detection of phorbol esters through MS-TOF in the glycerol-rich
fraction. Analysis of a sample of J. curcas oil.
A. Analysis of a sample of the glycerol-rich fraction. In the red square the positive
signs to phorbol esters are indicated

Table 2. Chemical composition for GC-MS of the GRF of J. curcas.

Compound Molar mass, g/moL %
Glycerol 92,1 74,8
Palmitic acid 256,4 5,6
Stearic acid 284,5 1,0
Oleic acid 282,0 9,0
Linoleic acid 280,0 9,0
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