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Abstract: The in vitro anthelmintic effect of the extracts on Haemonchus contortus (H. contortus) of
three forage species in the tropical dry forest is known; however, there is no information about the
effects of the extract partitions, nor their chemical composition. The objectives of this study were to
evaluate the in vitro ovicidal activity of H. contortus in extract partitions of the species Gliricidia sepium,
Leucaena leucocephala, and Pithecellobium dulce, and to identify the compounds present in the extract
partitions with the highest activity by employing ultra HPLC Quadrupole orbitrap mass spectrometry.
Four extract partitions, hexane, dichloromethane, ethyl acetate, and hydroethanolic from the three
forage species were assessed in an inhibition of egg hatching (IEH) assay. The extract partitions with
the highest anthelmintic activity (AA) were subjected to analysis, from which the tentative identifi-
cation of the compounds was established. The extract partitions, including dichloromethane from
Gliricidia sepium, ethyl acetate from Leucaena leucocephala, and hydroethanolic from Pithecellobium dulce
showed a greater anthelmintic effect, with ICsy values of 0.39, 0.86, and 0.27 mg/mL for the IEH,
respectively. Metabolites with in vitro AA potential included flavonoids, fatty acid esters, hydrox-
ycinnamic acids, organic oxygenated compounds of the benzene class and substituted derivatives,
phenolic glycosides, and phenols.

Keywords: ovine; forage shrubs; gastrointestinal nematode; metabolites

1. Introduction

Gastrointestinal parasitism is a problem that has a significant economic impact on
sheep production systems in the tropics. Its effects translate into mortality, decreased
growth, and low quality of products (meat, milk, and wool), which in turn depend on
factors such as the intensification of production, resistance of parasites to chemical synthesis
products, climate change, stressors of various origins, and nutritional deficits. The use of
forage resources with recognized nutritional quality and anthelmintic activity (AA) is a
viable, sustainable, and easy-to-apply option in sheep production schemes, particularly
for small and medium-sized producers who require effective low-cost alternatives. There
is growing scientific interest in exploring the effect of plants on anthelmintic biological
activity, especially in tropical environmental conditions, and in the context of the use and
benefit of local forage resources. Gastrointestinal parasitism in sheep production systems,
especially that caused by Haemonchus contortus (H. contortus), is of great interest due to its
productive effect and epidemiological importance.
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There is evidence of the effect of plant extracts obtained with solvents of different
polarity on AA in gastrointestinal parasites [1-7]. Most studies do not report significant
differences between these extracts; however, a greater AA effect has been found with those
extract partitions of greater polarity, with some exceptions such as that observed by [8], who
identified caffeoyl and coumaroyl, caffeic acid, p-coumaric acid, ferulic acid, methyl caffeine,
methyl-p-coumarate, methyl ferulate, and quercetin in the fractions of lower polarity with
higher AAs. Concerning Gliricidia. sepium (G. sepium), ref. [9] identified two subfractions
with complete inhibition of Cooperia punctata hatching, in one of which the compound
2H-chromen-2-one was identified. Reference [6] tested 4 fractions of L. leucocephala, finding
that the fraction containing flavonoids and tannins produced greater inhibition of the
development and viability of larvae of gastrointestinal nematodes.

Numerous compounds have been identified in G. sepium [10-14], including Leucaena
leucocephala (L. leucocephala) [15-19] and Pithecellobium dulce (P. dulce) [20-23]. However, the
anthelmintic effect on H. contortus and the composition of the most active extract partitions
of the species G. sepium, L. leucocephala, and P. dulce, which grow in a tropical dry forest
(TDF) environment, are not known. The objective of the present investigation was to
evaluate the in vitro ovicidal activity of extract partitions in H. contortus of the species
G. sepium, L. leucocephala, and P. dulce and to identify the compounds in those with the
highest activity by employing UHPLC-Q/ Orbitrap/MS/MS.

2. Materials and Methods
2.1. Chemicals

Ultra-pure water (<5 pg/L TOC) was obtained from the Arium 126 61316-RO water
purification system and an Arium 611 UV unit (Sartorius, Goettingen, Germany). Formic
acid (MS grade) was purchased from ]. T. Baker (Phillipsburg, NJ, USA). Absolute ethanol,
acetic acid, acetonitrile, sterilized distilled water, methanol hypergrade for LC-MS (Merck,
Darmstadt, Germany), DMSO (Mallinckrodt Baker, Phillipsburg, KY, USA), Tween 80
(Sigma-Aldrich, St. Louis, MO, USA), 98% fenbendazole (Sigma-Aldrich, St. Louis, MO,
USA), Lugol (Albor Chemicals, Bogotd, Colombia), ethanol, dichloromethane (DCM), ethyl
acetate (EtOAc) and, n-hexane (Hex.) from J.T. Baker (Philipsburg, NJ, USA) were used.

2.2. Plant Material

Leaves of G. sepium, L. leucocephala and P. dulce were collected from a TDF area in the
municipality of Guamo (Tolima-Colombia) at 4°00'32.7" N (4.009090) and 74°58'51.4" W
(74.980943). The plants were identified in the Toli-Raul Echeverry herbarium of the Uni-
versidad of Tolima, where the records of the specimens are kept with the identification
numbers 18329 (P. dulce), 18330 (G. sepium), and 18331 (L. leucocephala).

2.3. Extraction and Isolation

The collected plant material was dried in a dark environment at 25 °C and mechanically
ground. To obtain the crude extracts, the leaves were macerated in ethanol, and the
supernatant was recovered. New solvent was added until completing 3 collections at
5-day intervals. The liquid phase obtained was filtered by gravity using Whatman Grade
1 filter paper.

2.4. Partition by Liquid-Liquid Extraction

To prepare the extracts, 1 kg of leaves from each plant was dried at 25 °C and ground
in a mechanical mill. The resulting material was then macerated in ethanol (three times,
2.0 L, 5 days/extraction). The crude ethanolic extracts of the three plants (95, 102, and 110 g,
respectively) were individually re-dissolved in 100 mL of ethanol and 200 mL of sterilized
distilled water, equilibrated in a separatory funnel, and subjected to liquid-liquid partition
with the hydroalcoholic solution three times with solvents of different polarities (Hex., DCM
and EtOAc), similar to methods reported in other studies [24]. The partitioning was carried
out successively with hexane, dichloromethane, ethyl acetate (100 mL of each solvent, three
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Percentage of morulated eggs =

Percentage of larvated eggs =

times each), leaving the residual hydroethanolic (W-EtOH) extraction. Four partitions of
different polarities were obtained, which were concentrated in a rotary evaporator at 40 °C
to obtain 32, 27, 25, and 13 g of extracts for G. sepium, 35, 23, 28 and 14 g for L. leucocephala,
and 25, 31, 26, and 18 g for P. dulce. These extracts were stored in a refrigerator at 5 °C
throughout the entire period of experimentation. UHPLC-Q/Orbitrap/MS/MS analysis of
the partitions with the highest AA was performed to identify the predominant compounds.

2.5. Egg Hatch Test for Anthelmintic Activity

Feces were obtained from a sheep that was monospecifically infected with the Colom-
bian isolate of H. contortus ROCUB-2018, which is a field strain that is sensitive to benzimi-
dazoles and resistant to levamisole. The fecal matter was macerated and filtered through
sieves with pore sizes of 500 um, 106 um, 53 um, and 25 pm (Fisherbrand™, Thermo
Fisher Scientific Inc., Waltham, MA, USA). Sterilized distilled water (pH 6.9) was used for
filtration, and at the end of the process, the sediment was recovered in 50 mL Falcon tubes.
The material was then centrifuged at 1500 rpm for 5 min, coprological syrup was added
to the obtained sediment, and the material was centrifuged again at 1500 rpm for 5 min
using Rotina 420 Hettich equipment. Finally, the supernatant was deposited onto the sieve
with the smallest pore size, and sterilized distilled water (pH: 6.9) was added to remove
the syrup.

For the in vitro assay, 24-well plates were used, with eight treatments and six repeti-
tions per treatment. The concentrations of each extract partition were 40, 20, 10, 5, 2.5, 1.25,
0.6, and 0.3 mg/mL. For dilution of the extract partition, 1% DMSO was used and Tween
80 (2.5%) was added to each well then the volume of the solution containing 100 eggs and
sterilized distilled water (pH: 6, 9) until completing 1000 pL. Control treatments contained
DMSO (1%), Tween 80 (2.5%), and 3% fenbendazole (98%; Sigma®). The plates were in-
cubated at 27 °C for 24 h in a Memmert IF55 incubator (Memmert GMbH, Buchenbach,
Germany). Lugol was then applied to stop the process, and the number of morulated eggs
(ME) with larvae and larvae was determined using an inverted microscope. To obtain the
percentages of eggs according to their development and larvae, the formulas according
to [25] were adapted as follows:

number of morulated eggs y
(number morulated eggs + number of larvated egss + number L; larvae)

100

number of larvated eggs

100
(number morulated eggs + number of larvated egss + number L, larvae) %

2.6. UHPLC-DAD-MS Instrument

To identify the compounds in the extract fractions that showed greater biological
activity, high-resolution UHPLC equipment coupled to a MS (Thermo Dionex Ultimate 3000
system with a DAD detector controlled by Chromeleon 7.2 software, linked with a Thermo
Q-Exactive MS focus) was used. In the process, 5 mg of sample was dissolved in 2 mL
of methanol, which was subsequently passed through a 200 um polytetrafluoroethylene
(PTEE) filter before being injected into the equipment [26].

LC Parameters and MS Parameters

HPLC chromatography was performed using a HPLC Carbon 18 column (Acclaim,
2.5 um, 150 x 4.6 mm ID; Thermo Fisher, Bremen, Germany) at 27 °C. The detection wave-
lengths used were 254, 280, 330, and 354 nm, and detectors were set from 200-800 nm. The
mobile phases were 99% water with 1% formic acid (A) and 1% formic acid in acetonitrile
(B). The gradient program started at zero and continued as follows: 5% B, followed by an
isocratic 5% B for 5 min, then up to 30% B maintained for 10 min, then to 70% B for 5 min,
isocratic at 70% B for 10 min, and finally returning to initial conditions and left for 12 min
for column equilibration before each injection. The flow rate was 0.80 mL/min, and the
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injection volume was 15 pL. Standards and extracts dissolved in methanol were stored at
10 °C in the autosampler. The HESI II and Orbitrap spectrometer parameters were set as
previously reported [27]. Briefly, the flow rate of Sheath gas was 75 units, the flow rate used
for auxiliary gas was 20, the capillary temperature was 400 °C, the heater temperature of the
auxiliary gas was 500 °C, the spray voltage was 2500 V (for ESI-), and the S lens, RF level
was 30. Full scan data in positive and negative modes were taken at a resolving power of
70,000 FWHM at m/z 200. The scan range was 100-1000 m/z, the automatic gain control was
set to 3 x 10, and the injection time was 200 ms. The chromatographic system was coupled
to MS with a source heated electro-nebulization ionization probe (HESI II). A nitrogen gas
carrier (purity > 99.999%) was produced in a Genius NM32LA (Peak Scientific, Billerica,
MA, USA) generator and used as a collision and damping gas. Mass calibration for Orbitrap
was performed once a day, in both negative and positive modes, to ensure a working mass
of 5 ppm for accuracy. For the positive mode, a mixture of caffeine (1 mg/mL, 20 uL)
and N-butylamine (1 mg/mL, 100 uL) was used, and a mixture of sodium dodecyl sulfate
(I mg/mL, 100 puL) and taurocholic acid sodium salt (1 mg/mL, 100 uL) (Sigma-Aldrich,
Darmstadt, Germany) was used for the negative mode, along with Ultramark 1621 (Alpha
Aezar, Stevensville, MI, USA) as the reference compound (at 1 mg/mL, 100 pL). These
compounds were mixed with water:methanol (1:1), acetic acid (100 uL), and acetonitrile
(5 mL) to make a final volume of 5 mL (Merck, Santiago, Chile), and 25 pL of the mixture
was infused using a Chemyx Fusion (Thermo Fisher Scientific, Bremen, Germany) 100 uL
syringe pump. Tentative identification of the metabolites was carried out using full scan
mass spectra, fragmentation patterns, the retention index, base peaks chromatograms, and
database such as the MassBank of North America (MoNA).

2.7. Statistical Analysis

Based on the observed behavior of the data obtained, mixed general linear models
were applied to analyze the effect of the extract partitions on the IEH and ME percentage,
assuming the repetitions as a random effect. To analyze the LE percentage, it was necessary
to transform the original data to a square root. In all cases, the assumptions of normality
and equal variances were met, and the Fisher test was applied at 5% to evaluate significant
differences between treatments. According to this criterion, the means represented by
different letters, as shown in the figures, presented significant differences (p < 0.05). The
analyses were processed using the statistical software Infostat (Universidad Nacional de
Cérdoba, Cérdoba, Argentina) [28], and the platform used for general linear and mixed
models was the statistical program R (University of Auckland-Auckland, New Zealand)
(version 3.4.4) [29]. To determine the IC5p and ICyy values, the Probit regression from the
Statgraphics 2009 statistical package was used.

3. Results
3.1. Inhibition of EQg Hatching (IEH)

The analysis considered concentrations of 40, 20, 10, 5.0, 2.5, 1.2, 0.6, and 0.3 mg/mL
for all extract partitions, as well as the factors of plants and concentration, and interactions
of extract partition—plant and plant-concentration. There were significant differences
(p < 0.05) between the IEH percentages achieved by the extract partitions of ethyl acetate
(EtOAC) (77.6%), dichloromethane (DCM) (75.2%), hydroethanolic (W-EtOH) (70.3%), and
hexane (Hex.) (49.5%). In terms of the plant factor, it is observed that G. sepium and P. dulce
obtained the highest IEH percentages, with averages of 71.0 and 69.8%, respectively, and
there were no significant differences between them (p > 0.05). For the concentration factor,
there were no significant differences (p > 0.05) between 10 and 20 mg/mL, but among the
other concentrations, significant differences were observed (p < 0.05).

The analysis of the extract partition—plant interaction showed that the highest IEH
percentages were achieved with the DCM extract partition of G. sepium and W-ETOH of
P. dulce, with no significant differences between them (p > 0.05). The three extract partitions
of the three forage species with the best performance in IEH were: DCM of G. sepium
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B%IEH

29.39, p>0.0001

effect was observed in groups of extract partitions according to their IEHs. A tendency
towards a greater effect and IE of extract fractions from a medium with a high polarity was
Extract partition x Plant: F

(85.6%), W-ETOH of P. dulce (82.2%), and EtOAc of L. leucocephala (73.4%). A differentiated
observed (Figure 1).

Appl. Sci. 2023,13, 7147

............. e T8
B o, S G S S B B S SR SR e e B S SR S S B S A S
o R R

=
I
[
[+
[+
[
[
[:2
[+
[
[
[
[+
[
[
[:2
[+
[:2
[
[:2
[+
[:2
[
[:2
[+
[:2
[
[:
[
[:2
[
[
[

T
O R e

T
[ s

B%IEH

........ P
O R

G. sepium

P
O R

............ . e
............ Lo R

B e e e et e
Bl R R

P e e e e e e . . e e e o,
ol R S

P. dulce
Plant- mg/mL

7.82, p <0.0001

— |

"
BRR SRR

T pr e 28
O

a
10 2010.30.61.22.5 5 10 20(0.30.61.22.5 5

B e e e e et e e o e e o
O3

T
TR T
O Rt S R R

. ]
AR

Ty
Q) Hesssmssnn s

L. leucocephala

o vy Mty
- Ml

L. leucocephala

30.61.225 5

....... —
Rl g esetetetelet

Plant x Concentration: F
0.

(=] (=] (=] S o
0 O <t N

When comparing the plant-concentration effect, the three plants did not present

significant differences (p > 0.05) at the highest concentrations, nor between G. sepium and
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Figure 1. Effect of the extract partitions of the three plants on the percentage of hatching inhibition.
P. dulce at a concentration of 5 mg/mL. At 2.5 mg/mL, there were significant differences
(p <0.05) in IEH percentages among the three plants (Figure 2). Additionally, it was
of DMSO and Tween, the positive control with fenbendazole, and all the treatments with

found that there were significant differences (p < 0.0001) between the negative controls
extract partitions.

Figure 2. Cont.
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Figure 2. Effect of plant—concentration interaction on the percentage of hatching inhibition.

3.2. Morulated Eggs (ME)

Concentrations of 40, 20, 10, 5.0, 2.5, 1.2, 0.6, and 0.3 mg/mL, as well as factors of
extract partition, plant, and concentration, and the interactions of extract partitions—plant,
plant—concentration, and extract partition—concentration, were analyzed. For the extract
partition factor, the percentage averages of ME did not show significant differences (p > 0.05)
between the extract partitions of EtOAc, W-EtOH, and DCM, with values of 58.6, 57.8, and
57.4%, respectively. The Hex extract partition presented a significant difference (p < 0.05)
with a lower value than the others of 43.4% of ME. For the plant factors, G. sepium and P.
dulce obtained the highest values without significant differences between them (p > 0.05)
(55.0 and 54.4% of ME, respectively). For the concentration factor, significant differences
(p < 0.05) were observed between all of the concentrations tested.

For the extract partition-plant interaction, the DCM partition of G. sepium and W-
EtOH of P. dulce presented the highest levels of ME (62.9 and 64.2%) without significant
differences (p > 0.05) between them. EtOAc of P. dulce produced 61.2% of ME, ranking
second in descending order. For L. lericocephala, the two best extract partitions, DCM and
EtOAc, showed significant differences (p < 0.05) compared to the previous ones (57.9 and
56.8% of ME, respectively) (Figure 3).

log  [Extract partition x Plant: F = 29.01, p < 0.0001 B%ME
.90
& 80
()
B 70 b a ab
2 cd  cod c
Z 60 e O £ de
2 50 B =9 =4 BE n g Z
s 0 BB o E
& 30 2d B B =
S s I 2
g 20 2 B B Z
[aW) 0 - b o o . . ) |
5§ = ¥ X |5 =2 2 Z|E oS 2 E
RN A N
& Ky & Ky & R
S S S
L.leucocephala P. dulce G. sepium

Figure 3. Extract partition—plant effect on the percentage of morulated eggs.
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Finally, in the plant-concentration interaction, no significant differences were observed
(p > 0.05) between the three plants at concentrations of 40 mg/mL and 20 mg/mL, as well
as between G. sepium and L. leucocephala at 10 mg/mL. At 5 mg/mL, there were significant
differences (p < 0.05) between the three plants, with 58.7, 53.6, and 48.6% in ME for P. dulce,
G. sepium, and L. leucocephala, respectively. At 2.5 mg/mL and 1.2 mg/mL, P. dulce obtained
a higher percentage of ME, with significant differences (p < 0.05) compared to the other
two plants. At the lowest concentrations, there were no significant differences (p > 0.05)
(Figure 4).

Plant x Concentration: F = 14.54, p < 0.0001 @%ME
120

100 ab 2 b ab ab a

C

80

60

40

20

Percentage of morulated eggs

0.30.61.22.5 5 10 20 40(0.30.61.22.5 5 10 20 40]0.30.60.61.22.5 5 10 20 40

L. leucocephala P. dulce G. sepium

Plant - mg/mL

100.0
90.0 o
80.0
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[ ]

|

.

)

@
%00

L. leucocephala —®— P. dulc e —®— G. sepium

Figure 4. Plant—concentration effect on the percentage of morulated eggs.

3.3. Larvated Eggs (LE)

The concentrations of 40, 20, 10, 5, 2.5, 1.2, 0.6, and 0.3 mg/mL, as well as the factors
of extract partition, plant, concentration, and extract interactions between partition—plant,
plant—concentration, and extract partition-concentration were analyzed. It was necessary
to transform the original data to the square root, and the Fisher test values and their
significance at & = 0.05 were shown for the comparison of transformed data. For the extract
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partition factor, significant differences were found (p < 0.05) between the four extract
partitions. The decreasing order of activity over the percentage of LE was DCM (20.6%),
EtOAc (20.5%), W-EtOH (15.6%), and Hex. (12.5%). For the plant factor, G. sepium and
P. dulce presented the highest values (19.4 and 17.8%, respectively) without significant
differences (p > 0.05). For the concentration factor, significant differences (p < 0.05) were
observed between most of the concentrations, except for 0.3 and 20 mg/mL. The highest
percentages of LE (36.9, 33.4, 26, 4, and 18.1) were obtained in concentrations of 5, 2.5, 1.2,
and 10 mg/mL, respectively (Figure 5). It was observed that the extract partitions of plants
at lower concentrations produced a lower effect on hatching, and consequently, a higher
percentage of larvae, contrary to what occurs at higher concentrations, where a greater
effect on hatching produces a greater percentage by ME.

40

LE 25
(%)

0 10 20 30 40 50

Concentration (mgmL)

Figure 5. Effect of concentration on larvated eggs. The letters correspond to the analysis of trans-
formed data.

Figure 6 shows the extract partition—plant interaction. The highest percentage of LE
was obtained for the EtOAc and DCM extract partitions of G. sepium, (26.9% and 24.6,
respectively), without significant differences between them (p > 0.05). The immediately
smaller effect with significant differences (p < 0.05), was obtained by the EtOAc and DCM
extract partitions of L. leucocephala (20 and 16.6%, respectively) and the W-EtOH and DCM
extract partitions of P. dulce (19.6 and 18.7%, respectively), without significant differences
between them (p < 0.05).

Figure 7 shows the plant-concentration interaction. G. sepium, L. leucocephala, and
P dulce did not present significant differences (p > 0.05) at 40 mg/mL, which coincided with
the highest percentages of ME at the same concentration. The LE percentages of G. sepium
and L. leucocephala at 5 mg/mL and P. dulce at 2.5 were the highest (39.3%, 36.6%, and 35.8),
which translated into the points of greatest inhibition during the larval hatching.

For the extract partition—concentration interaction, the highest percentages of LE
(52.5%, 49.6%, 47.7%, and 47.5%) were obtained with the EtOAc extract partition at concen-
trations of 2.5 and 1.2 mg/mL, Hex. at 5 mg/mL, and DCM at 2.5 mg/mL, respectively.
There were no significant differences (p > 0.05) between the percentages obtained with the
first two extract partitions; however, significant differences were observed between these
and the remaining two (p < 0.05).

3.4. Inhibitory Concentration 50 (ICs)

Table 1 specifies the ICsg values for IEH obtained by all the extract partitions of the
three plants, highlighting the lowest values of the DCM extract partitions of G. sepium,
EtOAc from L. leucocephala and W-EtOH of P. dulce, with ICsy values of 0.39; 0.86 and
0.27 mg/mL, respectively. EtOAc from G. sepium and P. dulce and DCM from L. leucocephala
also produced ICs( values at low concentrations of 0.51; 0.87 and 0.97 mg/mL, respectively.
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Extract partition x Plant F=21.48, p < 0.0001 (Transformed data) ®%LE
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Figure 6. Extract partition—plant interaction effect on the percentage of larvated eggs. The letters
correspond to the analysis of the transformed data.
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Figure 7. Plant-concentration effect on the percentage of larvated eggs. The letters correspond to the
analysis of transformed data.
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Table 1. The inhibitory concentration of extract partitions for hatching.

Lower Limit Upper Limit

. 1Cso Confidence Confidence Deviation
Extract Partition/Plant (mg/mL) Level Level Percentage
95.0% 95.0%

Hex.-G. sepium 3.0035 2.7373 3.3089 98.2763
Hex.-L. leucocephala 4.1588 3.7695 4.6122 95.9333
Hex.-P. dulce 3.2018 2.8553 3.6007 98.0727
DCM-G. sepium 0.3999 0.3409 0.4575 98.0256
DCM-L. leucocephala 0.9718 0.7134 1.2070 94.2904
DCM-P. dulce 1.6127 1.1881 2.0115 89.5321
EtOAc-G. sepium 0.5176 0.4058 0.6207 96.7224
EtOAc-L. leucocephala 0.8691 0.7769 0.9653 98.9037
EtOAc-P. dulce 0.8779 0.7769 0.9826 97.0992
W-EtOH-G. sepium 1.8259 1.4138 2.2260 93.8585
W-EtOH-L. leucocephala 1.9520 1.5251 2.3702 90.9928
W-EtOH-P. dulce 0.2707 —0.0677 0.5217 98.0653

Table 2 shows the ICsg values for ME. The lowest concentrations were obtained by
the same extract partitions as those observed in the IEH. The type of distribution of the
LE, due to the effect of the extract partitions tested, did not allow for the ICsy values to
be determined.

Table 2. The inhibitory concentrations of extract partitions for the morulated eggs.

Lower Limit Upper Limit

. ICso Confidence Confidence Deviation
Extract Partition/Plant (mg/mL) Level Level Percentage
95% 95%

Hex.-G. sepium 7.30878 6.60072 8.14911 98.6588
Hex.-L. leucocephala 5.96673 5.4279 6.59859 91.0438
Hex.-P. dulce 10.1507 9.05509 11.4483 81.8336
DCM-G. sepium 2.90612 1.76068 3.94854 77.4965
DCM-L. leucocephala 4.55119 3.62921 5.50145 80.0234
DCM-P. dulce 7.25476 6.02709 8.5945 94.2082
EtOAc-G. sepium 4.04261 3.48328 4.66536 95.8418
EtOAc-L. leucocephala 4.02541 3.52976 4.58456 97.1486
EtOAc-P. dulce 3.14843 2.58971 3.73258 88.648
W-EtOH-G. sepium 5.36945 4.46193 6.34401 82.771
W-EtOH-L. leucocephala 6.13693 5.06958 7.2879 97.1486
W-EtOH-P. dulce 2,68233 1.84522 3.46783 77.096

3.5. Compounds with Tentative Identification and Report of Anthelmintic Activity

The complementary material lists the chromatograms and the location of the com-
pounds with tentative identification and the respective support. The extract partitions that
showed better ovicidal activity were analyzed. This supporting information please see
Supplementary Materials. Table 3 lists the compounds with AA potential from each plant
species and Figure 8 shows the structures of some of the identified compounds.

Table 3. Metabolites related to anthelmintic activity in the three forage species.

Metabolites G. sepium L. leucocephala P. dulce
Catechin
Gallocatechin gallate Quercetin-3-glucoside Luteolin
Isorhamnetin-O-glucoside 7-O-glucoside
Flavonoids Dihydroxy-methoxiflavanone Rutin Myricetin 3-O-rhamnoside Kaempferol-3-O-rhamnoside
Epicatechin gallate Phloretin-di-C-hexoside
Luteolin Rutin

Quercetin
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Table 3. Cont.

Metabolites G. sepium L. leucocephala P. dulce
Fatty acid esters Phenethyl butyrate
Caffeic acid
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Figure 8. Examples of some of the compounds detected in the extract partitions.

4. Discussion

The IEH test and determination of eggs in the morula state and with unhatched larvae
made it possible to demonstrate the effect of the extract partitions on larval development
and hatching inhibition in H. contortus. The greatest inhibition, represented in ME, was
observed at the highest concentrations, unlike LE, which showed higher percentages at
medium level concentrations, due to the development of a larva unable to hatch. The effect
of the ethanolic extracts of the same species was lower [30] than the effect found for the
extract partitions tested in the present study. Likewise, when comparing the compounds
with reported AA of the extract partitions with the previous study [30], it was observed that,
despite finding a lower number of potentially active compounds in the present study, their
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ovicidal effect was greater, probably due to higher concentrations of bioactive compounds
and lower interactions with other compounds.

Statistical significance tests show that G. sepium and P. dulce had a greater ovicidal effect,
which agrees with the results reported in [30]. Likewise, the extract partitions of EtOAc,
DCM, and W-EtOH showed a greater ovicidal effect. When the effect of the extract partition
for each plant was analyzed, DCM from G. sepium, W-EtOH from P. dulce, and EtOAc from
L. leucocephala obtained the highest inhibitions. When analyzing their composition, different
compounds with different polarities were found, similar to the results reported in [31]. On
the other hand, it was observed that the ovicidal effect depended on the concentration of
the extract partition.

Regarding the effect of extract partitions, some authors [1,2,4-6,32-34] found that
fractions with higher polarities obtained lower ICs( values in their effects on nematodes. In
the present study, extract partitions of different polarities in each plant obtained the lowest
ICs values. This effect was supported by the identification of compounds that have been
previously associated with AA in other studies.

Flavonoids with potential AA were identified in the extract partitions of the three
plants [25,35]. It is worth considering that these compounds, as proposed by other authors,
could penetrate the cuticle of H. contortus eggs. In the case of G. sepium [36], 3,7-dihydroxy-
3’,4’-dimethoxyflavone was identified in the extract partition with the highest AA. In
the metabolites identified in L. leucocephala, [37], catechin was found in the extract of
Pistacia lentiscus, which demonstrated AA in gastrointestinal nematodes of small ruminants.
Reference [38] found AA in gallocatechin gallate in bovine nematode larvae. Luteolin
and quercetin were able to inhibit the exsheathing of H. contortus, and references [39,40]
demonstrated the ovicidal effect of isorhamnetin. In glycosyl flavonoids, reference [41]
demonstrated the ovicidal effect of rutin in H. contortus. When testing the AA of the
ethanolic extract of Lysiloma acapulcensis in the same nematode, [42] identified myricetin
3-O-thamnoside as the main compound. Epicatechin gallate was found to inhibit the
association/penetrationtion of H. contortus larvae with fundic tissue [43]. Regarding the
flavonoids identified in P. dulce, the presence of quercetin-3-glucoside has been reported in
plants with proven AA [44-46]. An ovicidal effect on H. contortus was observed from the
ethanolic extract of Artemisia campestris, and Apigenin-6,8- di C-glucoside was identified as
a major compound. Likewise, luteolin 7-O-glucoside was identified by reference [47] in
active extract partitions of Vicia pannonica against Trichostrongylus sp. Reference [48] verified
AA in H. contortus with Melia azedarach extract, a species in which reference [49] identified
kaempferol-3-O-rhamnoside. Reference [50] demonstrated AA in Maytenus senegalensis
extract from H. contortus eggs and larvae, and identified phloretin-di-C-hexoside as a major
compound. A Phenolic glycoside such as protocatechuic acid 4-hexoside was identified in
Persea americana [51], and extracts and seed extract partitions showed AA in H. contortus.

Regarding the esters of fatty acids found in G. sepium, reference [52] demonstrated
AA in Albizia Adiantifolia, identifying 2-phenylethyl butanoate as a major compound with
hydroxycinnamic acids such as caffeic acid. Reference [35] reported a marked ovicidal effect
in Cooperia spp., and reference [53] observed AA in eggs and larvae of H. contortus. Refer-
ence [54], found that p-coumaric acid is a bioactive compound against goat gastrointestinal
parasites, standing out for its effect on their eggs. In addition, reference [7] proposed a
synergistic effect between p-coumaric acid and fatty acid esters, which could have occured
in the present study with the DCM extract of G. sepium.

Organooxygenated compounds of L. leucocephala, such as quinic acid and caffeoylquinic
acid, have been associated with AA. Reference [55] found that derivatives of quinic acid
were likely involved in the inhibition of unsheathing in H. contortus when they tested the
effects of the extracts of Euclea racemosa, Rhus natalensis, and Maytenus senegalensis. Refer-
ence [56] found that in the Helychrisum italicum extract, caffeoylquinic and dicaffeoylquinic
acids were the most abundant compounds, to which AA was also attributed. Regarding
benzene and substituted derivatives in L. leucocephala, reference [57] confirmed the ovicidal
activity of gallic acid in H. contortus.
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Regarding organooxygenated compounds and phenols identified in P. dulce, refer-
ence [58] identified coumaroylquinic acid in an herbal mixture with AA in vivo in eggs
and larvae of H. contortus. Reference [59] reported on the effects of Zingiber officinale on
ovine gastrointestinal nematodes in vivo, reference [60] found an effect of 6-gingerol on
Echinococcus granulosus, and reference [61] found an effect on Anisakis larvae.

5. Conclusions

The extract partitions of DCM from G. sepium, EtOAc from L. leucocephala, and W-EtOH
from P. dulce produced a greater anthelmintic effect on H. contortus eggs. Compounds with
potential ovicidal activity against H. contortus were identified. The effect was influenced by
the extract partition concentration, polarity, and shrub species. Of the three extract parti-
tions with the highest activity, G. sepium and P. dulce stood out both in IEH and in a greater
proportion in ME and LE. On the other hand, flavonoids were the most representative com-
mon chemical group, which likely had a greater participation in the observed anthelmintic
activity. Likewise, synergistic activity between the identified compounds was not ruled
out. This justifies the development of studies aimed at understanding the interaction of
metabolites present in tropical forage shrubby plants with nutraceutical potential.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/app13127147/s1, Figure S1. UHPLC TIC (total ionic current) chromatogram of P. dulce
hydroethanolic extract partition. Figure S2. UHPLC TIC (total ionic current) chromatogram of
L. leucocephala ethyl acetate extract partition. Figure S3. UHPLC TIC (total ionic current) chro-
matogram of G. sepium dichloromethane extract partition. Table S1. Tentative identification of com-
pounds in the hydroethanolic extract partition of P. dulce by UHPLC-Q/Orbitrap/MS/MS. Table S2.
Tentative identification of compounds in the ethyl acetate extract partition of L. leucocephala by
UHPLC-Q/Orbitrap/MS/MS. Table S3. Tentative identification of compounds in the dichloromethane
extract partition of G. sepium by UHPLC-Q/Orbitrap/MS/MS. Table S4. Chemical structures of the
compounds with potential AA identified.
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