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Abstract

Gastrointestinal nematodes remain a major constraint on the health, welfare, and production of small ruminants. This study was
conducted to evaluate three plant extracts (from Bridelia ferruginea, Combretum glutinosum, and Mitragyna inermis) as effective
remedies against gastrointestinal parasites of small ruminants. Phytochemical screening was conducted on the plant leaves, and
the potential anthelmintic properties of these plants were tested in vitro on Haemonchus contortus using the egg hatch, larval
migration, and adult worm motility assays. The phytochemical screening of the leaves revealed the presence of several bioactive
components in all the plants. The number of eggs that hatched was reduced in a concentration-dependent manner (p < 0.01) upon
treatment with the methanol extract of B. ferruginea and the acetone extracts of C. glutinosum and M. inermis. The inhibitory
effect of the acetone extract of B. ferruginea and the methanol extracts of C. glutinosum and M. inermis was not concentration-
dependent (p>0.05). There was a significant difference (p <0.05) in the reduction in larval migration between the lowest
concentrations (75 to 150 pg/mL) and the highest concentrations (300 to 1200 pg/mL) of plant extracts. The ability of plant
extracts to affect the mobility of the adult worms was not concentration-dependent (p > 0.05); however, it was dependent on the
time of incubation (p < 0.01). At the highest concentration (2400 pg/mL), all adult worms were motionless after 24 h of exposure,
while at the lowest concentration (< 150 pg/mL), this occurred after 48 h of exposure. M. inermis and C. glutinosum extracts
were more effective than B. ferruginea extracts (p < 0.05). Overall, these results suggest that these plants used by small-scale
farmers possess antiparasitic properties useful for helminthiasis control. However, the effects of the plants remain to be confirmed
via in vivo assays and toxicity tests in further studies.
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Background

Livestock production is one of the main means of achieving
improved standards of living in many regions of the develop-
ing world. In sub-Saharan African countries, livestock plays a
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crucial role both in national economies and the livelihood of
rural communities (Sibanda and Dube 2014). In Benin, small
ruminants can contribute up to 44% of the agricultural gross
domestic product (MAEP 2011), providing milk, meat, and
wool as well as raw materials for the agri-food industry (Mini
et al. 2013). In addition, small ruminant breeding provides an
input for crop production and soil fertility in the form of ma-
nure (Mini et al. 2013). Gastrointestinal parasitic infections
can cause economic losses and have serious and detrimental
impacts on the livelihoods of small farmers in the developing
world, where climate change, poor sanitation, poverty, and
demographic conditions favor the development and
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transmission of helminth parasites. Among the helminths
identified in Benin, the parasites of the genus Haemonchus
represent the dominant species in cattle and small ruminants
(Salifou 2006; Hounzangbé-Adoté et al. 2005). Diseases
caused by Haemonchus contortus have numerous negative
impacts on the productivity and fertility of herds, such as
losses due to mortality and morbidity, weight loss, depressed
growth, poor fertility, and decreased physical power (Stein
etal. 2011).

Over the last few decades, the main way of controlling this
parasite has been through the use of chemical anthelmintics.
However, these treatments are no longer effective, as the
worm populations have developed resistance to these
chemicals (Hoste et al. 2006). In addition, synthetic drugs
are rarely used by rural communities due to their high costs,
unavailability, and inaccessibility (Hammond et al. 1997).
Consequently, the need to find alternative solutions is becom-
ing urgent. Therefore, the use of natural local resources such
as Bridelia ferruginea, Combretum glutinosum, and
Mitragyna inermis, which are less expensive and more effi-
cient than synthetic drugs and have low toxicity, remains the
most relevant alternative to modern anthelmintic drugs
(Maphosa et al. 2010; Alowanou et al. 2015).

Different parts of B. ferruginea (Koné and Atindehou
2007; Djoueché et al. 2011), C. glutinosum (Kaboré et al.
2007; Djoueché et al. 2011), and M. inermis (Koné and
Atindehou 2007; Kaboré et al. 2007; Attindéhou et al. 2012)
have been reported to be useful in traditional medicine against
gastrointestinal disorders and helminth infections in humans
and livestock in West and Central Africa. Therefore, there is a
vital need for scientific validation of the traditional use of
these plants.

A previous study has reported that the stem bark extract
and chemical contents of B. ferruginea showed a significant
antiparasitic effect on the larval development of H. contortus
(Koné et al. 2005). Recently, the stem bark extract and chem-
ical contents of B. ferruginea leaves demonstrated significant
anthelmintic activity against several parasitic worms, especial-
ly Fasciola gigantica (liver fluke), Taenia solium (tapeworm),
and Pheretima posthuma (earthworm, annelid) (Lasisi and
Kareem 2011). Bark extracts of M. inermis were investigated
in vitro for their larvicidal activity against infective larvae of
H. contortus and yielded satisfactory findings (Diehl et al.
2004). However, the effects of B. ferruginea and M. inermis
on egg hatching and adult worm motility, as well as the effects
of C. glutinosum on the three life cycle stages of parasitic
nematodes, are still unknown. Moreover, all these studies
evaluated the effect of the bark extracts instead of the leaf
extracts, which are used in the present work. Many attempts
have been made to study the anthelmintic potential of the three
plants, but further efforts are needed.

Therefore, the current study was conducted to explore the
potential anthelmintic properties of the leaves of these three
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tropical plants on H. contortus from Western and Central
Africa. The plants were chosen on the basis of a survey con-
ducted on the prevalence and frequency of use of these plants
by small-scale farmers in the Republic of Benin against para-
sitic infections in ruminants (Alissou 2013).

Methods
Collection and preparation of plant material

The leaves of B. ferruginea Benth. (Euphorbiaceae),
C. glutinosum Perr. Ex. D.C. (Combretaceae), and
M. inermis (Willd.) O. Ktze., (Rubiaceae) plants were collect-
ed in December 2015 from Abomey-Calavi (South Benin),
Kandi (North Benin), and Comé (South West Benin).
Specimens were identified at the national herbarium of
Benin. The leaf samples of each plant, harvested from their
natural habitat, were dried indoors at room temperature for
9 days. Then, the dried leaves were transformed into powder
using a laboratory grinder (Bender and Hobein 8042 Zurich)
and kept at room temperature until use.

Plant extract preparation

The leaf powder (50 g) was mixed in 500 mL of solvent for 2 h
at 40 °C with the aid of a magnetic stirrer (IKA C-MAG HS7).
Two types of solvent were used: a mixture of methanol and
distilled water and a mixture of acetone and distilled water,
each in a 70:30 ratio. The solution was subsequently filtered
through filter paper, and the resulting filtrate was evaporated
off using a Rotavapor (BUCHI RII) at 47 °C to remove the
solvents completely. The resulting extracts were lyophilized,
and the yield of extracts from each plant was calculated. The
extracts obtained were stored at 4 °C and used for phytochem-
ical and biological assays.

Phytochemical analysis

Qualitative phytochemical screening of plant leaves was car-
ried out using the standard precipitation and coloration reac-
tions as described by Houghton and Raman (1998). Other
secondary metabolites were assayed by different methods
(Houghton and Raman 1998).

Procedures for biological assays

The effects of the plant extracts on the three main stages of the
parasite life cycle, i.e., the eggs, second-stage larvae (L3s),
and adult worms, were measured using different laboratory
procedures, namely, egg hatching assays, inhibition of larval
migration, and adult motility inhibition (Hounzangbé-Adoté
et al. 2005).
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Egg hatch assay

A modified version of the method of Coles et al. (1992) was
used to assess anthelmintic resistance. Parasite eggs were ob-
tained from donor sheep experimentally infected with
H. contortus. The eggs were extracted using a salt flotation
step, washed repeatedly with PBS (phosphate-buffered saline;
pH 7.2, 0.15 M), and distributed in 96 multiwell plates at a
concentration of 100 eggs/well. One hundred microliters of
each plant extract was prepared with PBS to achieve different
concentrations (75, 150, 300, 600, 1200, and 2400 pg/mL),
which were subsequently added to separate wells containing
eggs. Wells containing PBS (negative control) and thiabenda-
zole at 500 pg/mL in PBS (positive control) were also includ-
ed on the assay plate. The assay plate was then incubated at
27 °C for 48 h. The eggs that hatched and those that failed to
hatch were counted under a microscope. The test was repli-
cated five times for each plant extract concentration. The in-
hibition percentage of hatching for each concentration was
evaluated using a modification of the formula of Coles et al.
(1992).

Larval migration inhibition assay

The larval migration inhibition assay, (LMIA) was conducted
as described by Rabel et al. (1994) to measure inhibitory ac-
tivity against infective larvae (L3s), which were obtained fol-
lowing fecal culture from sheep previously infected experi-
mentally with H. contortus strains. Feces were collected and
cultured at room temperature for 10 days. The L3s were then
extracted from the fecal mass using a Baermann apparatus.
Infective L3s were incubated for 3 h at 20 °C in PBS solutions
of plant extracts at the concentrations of 75, 150, 300, 600,
and 1200 pg/mL. The L3s were then washed three times in
PBS and centrifuged. After the last washing, 800 uL of L3s at
a concentration of 1000 L3s/mL was pipetted onto a 20-pum
mesh. The sieve was inserted into a conical tube to touch the
surface of the PBS contained therein. Four replicates were run
at room temperature for each concentration of plant extracts.
In addition, a negative control (L3s incubated in PBS) and a
positive control (L3s incubated in levamisole at a concentra-
tion of 250 pg/mL) were run in parallel. After 3 h, the L3s
above the sieve were discarded, and those that actively migrat-
ed through the mesh into the PBS below were counted under
the x 10 objective of a microscope. The percentage of LMI
was calculated as follows:

LMI:T M><100

where 7 is the total number of L3s deposited in the sieve and
M is the number of L.3s having migrated through the mesh into
the PBS.

Adult worm motility inhibition assay

The purpose of this assay was to test the anthelmintic
effect of the three plant extracts on adult worm motility.
This test was performed according to the method of
Hounzangbé-Adoté et al. (2005). Adult worms were ob-
tained from sheep that were experimentally infected with
a pure strain of H. contortus. Four weeks after infection,
the sheep were euthanized. Immediately after death, the
abomasum was collected, opened, briefly washed with
saline, and placed in a Baermann apparatus with saline
solution at 37 °C. After 2 h, the worms that migrated into
the saline solution were collected and quickly placed in a
48 multiwell plates at a concentration of three worms per
well. The worms were first washed for approximately 1 h
in PBS with penicillin and streptomycin at a concentration
of 4%. Thereafter, 1-mL volumes of the different concen-
trations of plant extracts (75, 150, 300, 600, 1200, and
2400 pwg/mL) were added to the respective wells. A pos-
itive control (levamisole) and a negative control (PBS
plus antibiotic) were included on each plate. For each
treatment, the measurements were performed using six
replicates per concentration per plate. The supernatant
was changed every 24 h. The mobility of the adult worms
was noted by careful observation under the x 10 objective
of a microscope at intervals (6, 12, 18, 24, 30, 36, 42, and
48 h). At each observation time, a motility index was
calculated as the ratio of the total number of motionless
worms to the total number of worms, referring in each
case to the overall number of worms present in the six
replicates.

Statistical analysis

For assays of egg hatching and larval migration, signifi-
cant mean differences between treatments in the propor-
tions of unhatched eggs and the migration inhibition mi-
gration rates were assessed by two-way analysis of vari-
ance using a general linear model (GLM) procedures
through the MASS package (Venables and Ripley 2002)
in the software R (R Core Team 2013). The comparison of
the three plants for each concentration in both assays
consisted of a Tukey-Kramer HSD test performed with
the agricolae package in R (R Core Team 2013). In adult
worm assay, for each treatment, the number of motionless
worms was recorded at each measurement time, and the
survival data were assessed using Student’s ¢ test in R (R
Core Team 2013). The concentration of each extract or
positive control required to inhibit 50% of egg hatching,
larval migration, or adult worms’ motility (IC50) was
computed, along with its 95% confidence intervals (CI),
using the logarithmic nonlinear regression function in R
software (R Core Team 2013).
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Table 1 Extraction yields of the

three plant species Plants Solvents Weight of plant extracts (g) Yield of extraction (%)
Repetition 1 Repetition 2 Repetition 3

B. ferruginea Acetone 13.5 11.9 123 25.13
Methanol 10.9 08.7 09.4 19.33

C. glutinosum Acetone 10.0 09.5 10.6 20.06
Methanol 06.1 5.3 6.5 11.93

M. inermis Acetone 10.1 10.7 12.7 224
Methanol 103 9.8 112 20.86

B. ferruginea, Bridelia ferruginea; C. glutinosum, Combretum glutinosum; M. inermis, Mitragyna inermis

Results
Extraction yield

The acetone extracted more material than the methanol irre-
spective of the plant used for extraction (Table 1). The highest
extract yield was obtained from B. ferruginea using acetone,
and the lowest was obtained from C. glutinosum with metha-
nol (Table 1).

Phytochemical analysis

The phytochemical screening of the leaf extracts of
B. ferruginea, C. glutinosum, and M. inermis revealed the
presence of several bioactive components, such as tannins
(condensed and gallic), flavonoids, saponins, alkaloids, and
reducing compounds (Table 2). Anthraquinones, terpenes,
and glycosides were detected in the extract of M. inermis,
but this was not the case for C. glutinosum. Moreover, ter-
penes were not detected in the extract of B. ferruginea
(Table 2).

Table2  Secondary metabolites recovered from extracts of three plants,
namely, B. ferruginea, C. glutinosum, and M. inermis

Medicinal plants screened

Metabolites B. ferruginea  C. glutinosum M. inermis

Condensed tannins
Gallic tannins
Saponins
Flavonoids
Alkaloids
Glycosides

+ + + + + + o+
+ o+ + + o+

Anthraquinones
Terpenes - -

+ o+ + + + o+ o+ o+ o+

Reducing compounds ~ + +

The presence and absence of secondary metabolites are denoted by “+”
and “—7, respectively
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Effects on egg hatching

The positive control and plant extracts significantly reduced
H. contortus egg hatching in vitro (»p <0.001). Regarding the
three plant extracts, the reduction in egg hatching varied from
13.6 to 77.2% as the eggs were exposed to increasing con-
centrations of the plant extracts (Fig. 1). The methanol ex-
tract of B. ferruginea and the acetone extracts of
C. glutinosum and M. inermis showed significant (p <0.01)
concentration-dependent effects on egg hatching. However,
with the acetone extract of B. ferruginea and the methanol
extracts of C. glutinosum and M. inermis, the inhibitory ef-
fect was not concentration-dependent (p >0.05) (Fig. 1). The
extracts of B. ferruginea, C. glutinosum, and M. inermis re-
duced egg hatching from 17.11 to 58.10%, 13.6 to 67.56%,
and 20.27 to 77.02%, respectively, compared with the nega-
tive control (Fig. 1). The extracts of M. inermis and
C. glutinosum on egg hatching inhibition were more effective
than those of B. ferruginea (p <0.05). Moreover, the concen-
trations of the extract required to inhibit 50% of eggs (IC50)
from hatching, known as the 50% lethal concentration
(LC50), were 59.14 and 63.83 ug/mL for M. inermis and
C. glutinosum, respectively, whereas that of B. ferruginea
was 87.41 pug/mL (Table 4).

Effects on infective larvae

All the tested plant extracts except the acetone extract of
M. inermis significantly reduced (p < 0.05) the larval mi-
gration of H. contortus in a non-concentration-dependent
manner, with inhibition ranging from 17.36 to 67.52%,
27.65 to 68.27%, and 21.22 to 61.74% for B. ferruginea,
C. glutinosum, and M. inermis, respectively (Fig. 2). The
acetone extract of M. inermis demonstrated a significant
(p <0.05) concentration-dependent effect, with inhibition
ranging from 21.54 to 61.09%, compared with the nega-
tive control. Levamisole, used as a positive control, ex-
hibited a more significant effect (p <0.01) with 92.6%
larval migration inhibition (Fig. 2). A significant effect
(p<0.05) on larval migration was observed from
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Fig. 1 Effects of the three plant extracts at concentrations of 75, 150, 300,
600, 1200, and 2400 png/mL and the positive control, thiabendazole
(500 pg/mL), on the hatching of H. contortus eggs. Each bar of the chart
represents the mean + SEM of the number of eggs that failed to hatch. The
letters on each bar compare the results of the different plant extracts
according to Tukey’s HSD test. Different letters indicate a significant

moderate (300 pg/mL) to higher (1200 and 600 pg/mL)
concentrations of each plant extract (Fig. 2). Moreover,
the concentrations of the extract required to inhibit 50%
of larvae (IC50) from migration, known as the 50% le-
thal concentration (LC50), were 96.62, 97.84, and
97.51 pg/mL™" for M. inermis, B. ferruginea, and
C. glutinosum, respectively (Table 4).

Fig. 2 Effects of the three plant

difference between values at p <0.05. TBZ, thiabendazole; d500,
500 pg/mL; d75, 75 pg/mL; d150, 150 pg/mL; d300, 300 pg/mL;
d600, 600 pg/mL; d1200, 1200 pg/mL; d2400, 2400 pg/mL;
Mitragyna, Mitragyna inermis; Combretum, Combretum glutinosum;
Bridelia, Bridelia ferruginea; SEM, standard error of the mean

Effects on adult worm motility

The positive control and plant extracts significantly
(» <0.001) reduced the motility of adult H. contortus
worms in vitro compared with the negative control
(PBS). This reduction was not concentration-dependent
(p>0.05) but was dependent on incubation time
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Table3  Effects of various concentrations of extracts (75, 150, 300, 600,
1200, and 2400 pg/mL) from the three plants on the motility of adult
Haemonchus contortus worms over time, assessed by the adult worm
motility assay

% of motile worms

Time (h) 24 36 48
Concentration (pg/mL)

PBS 75 25 0
LEV 500 0 0
250 0 0
125 0 0 0
Water/acetone extract 2400 25 0 0
B. ferruginea 1200 12.5 0 0
600 12.5 0 0
300 25 0 0
150 50 125 0
75 50 125 0
Water/methanol extract 2400 25 0 0
B. ferruginea 1200 12.5 0 0
600 12.5 0 0
300 25 0 0
150 50 125 0
75 50 25 0
Water/acetone extract 2400 0 0 0
C. glutinosum 1200 12.5 0 0
600 12.5 0 0
300 12.5 0 0
150 37.5 0 0
75 50 125 0
Water/methanol extract 2400 0 0 0
C. glutinosum 1200 12.5 0 0
600 37.5 0 0
300 12.5 0 0
150 375 125 0
75 625 125 0
Water/acetone extract 2400 0 0 0
M. inermis 1200 12.5 0 0
600 12.5 0 0
300 12.5 0 0
150 37.5 0 0
75 50 125 0
Water/methanol extract 2400 0 0 0
M. inermis 1200 25 0 0
600 12.5 0 0
300 12.5 0 0
150 37.5 0 0
75 50 125 0

(»<0.01) (Table 3). In addition, the concentrations of
extracts of M. inermis, B. ferruginea, and C. glutinosum
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required to inhibit 50% of worms (IC50) from motility
were 131.34, 166.76, and 136.25 pg/mL, respectively
(Table 4).

After 24 h of exposure, total inhibition was observed in the
wells treated with the positive control and the highest concen-
tration (2400 pug/mL) of M. inermis and C. glutinosum, while
the negative control treatment left 75% of worms alive. At the
same time, the worms’ motility was inhibited 87.5% with
plant extracts of 1200, 600, and 300 pg/mL and at least 50%
with lower concentrations (150 and 75 pg/mL) (Table 3).

High inhibition of adult H. contortus worms’ motility was
observed following exposure to each plant extract, irrespec-
tive of the concentration, after 36 h (Table 2). The reduction in
motility was 100% for all plant extracts and concentrations
with the exception of the two lowest concentrations (75 and
150 pg/mL) and the negative control, where the percentage
values of motile worms were 12.5% (both low concentrations)
and 25%, respectively (Table 3).

Following 48 h of exposure to different concentrations of
plant extracts or the control treatments, there was no evidence
of motility of H. contortus. Extracts of C. glutinosum and
M. inermis had significant and rapid effects on the survival
of adult worms at higher concentrations. However, low con-
centrations of the three plants were also effective over a longer
period of time (Table 3).

These effects were expressed as the percentage of immo-
bile worms compared with the total number in the wells, de-
pending on time and concentrations of extracts or control
treatments.

Discussion

For in vitro studies, H. contortus proved to be a good test
worm because of its long survival in PBS. Thus, this worm
and some other worms such as Strongyloides have previously
been used for in vitro studies by some researchers and have
yielded satisfactory outcomes (Hounzangbé-Adoté et al.
2005; Azando et al. 2011; Dédéhou et al. 2014). Different
trials were performed to investigate the capacity of acetone
and methanol extracts of B. ferruginea, M. inermis, and
C. glutinosum leaves to disrupt the life cycle of
H. contortus. The extraction yield obtained from the three
plants did not influence their efficacy because the most effec-
tive extracts, i.e., the acetone extracts of M. inermis and
C. glutinosum, had the lowest yield. Moreover, those two
plants displayed the lowest concentrations of extract required
to inhibit 50% (IC50) of egg hatching and adult worm motility
in the present study. Overall, concentrations of plant extracts
between 75 and 2400 pg/mL ™" showed significant anthelmin-
tic activity against egg hatching, larval migration, and adult
worm motility with a great degree of variation.
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Table 4 Extract concentration
required to inhibit 50% of effect Assay Treatment IC50 (ug/mL) CL(95%) R
(IC50) in various anthelminthic Lower (ng/mL) Upper (pg/mL)
assays
EHA Thiabendazole 17.25 9.28 32.02 0.99
M. inermis 59.14 31.84 109.8 091
B. ferruginea 87.41 47.07 162.29 0.85
C. glutinosum 63.83 25.14 162.01 0.93
LMIA Levamisole 18.55 9.93 34.63 0.98
M. inermis 96.62 51.76 180.39 0.94
B. ferruginea 97.84 52.41 182.67 091
C. glutinosum 97.51 52.23 182.06 0.93
AMIA M. inermis 131.34 70.36 145.22 0.98
B. ferruginea 166.76 89.33 311.35 0.86
C. glutinosum 136.25 72.99 254.39 0.89

The concentrations of the extracts or positive control required to inhibit 50% of egg hatching, larval migration, or
adult worms’ motility (IC50) were generated, along with their 95% confidence intervals (Cls), by the logarithmic
nonlinear regression function of the software R

Concentration-dependent effects on egg hatching were
found with the methanol extract of B. ferruginea and the ac-
etone extracts of C. glutinosum and M. inermis, whereas no
concentration-dependent effects on egg hatching were obtain-
ed with the acetone extract of B. ferruginea or the methanol
extracts of C. glutinosum and M. inermis. The findings obtain-
ed from the egg hatching assay indicated that the three plant
extracts had in vitro ovicidal activity. The observed ovicidal
activity of plant extracts could be because the active com-
pounds penetrate the eggshell and stop the segmentation of
the blastomeres or paralyze the larvae inside embryonated
eggs (Wabo-Poné et al. 2011). In a recent review, Alowanou
et al. (2015) reported that the leaves of the three tested plants
contain many active compounds such as tannins, flavonoids,
polyphenol, coumarins, and alkaloids that are assumed from
the literature to be responsible for their anthelmintic activity.
Moreover, the leaves of the three plants are widely consumed
by ruminants; therefore, these plants, when used as herbal
drugs or combined with food supplements, can help to mod-
ulate helminthiasis through long-term treatment of animals on
a given farm. These treatments may reduce the hatchability of
the eggs excreted in the feces, resulting in both a reduced risk
of reinfection and lightened worm loads by decreasing pasture
contamination (Zangueu et al. 2018).

The in vitro migration assay is a rapid and effective tool to
quantify the paralytic effects of drugs on nematodes
(D’Assonville et al. 1996). The effects of plant extracts on
the third-stage larvae, as measured by the larval migration
inhibition assay, were not concentration-dependent except in
the case of the acetone extract of M. inermis. Moreover, a
reduction in larval migration by more than 50% was observed
with the three plant extracts, even at the concentration of
300 g/mL. The larvicidal effect of M. inermis and
B. ferruginea observed in the present study has been reported

in previous studies conducted on the bark extract of
M. inermis by Diehl et al. (2004) and the stem bark extract
of B. ferruginea by Koné et al. (2005) on the same parasite.
However, the extracts of M. inermis and those of B. ferruginea
showed a larvicidal effect with IC50 values of 96.62 and
97.51 png/mL, which appears moderate compared with the
results reported by Diehl et al. (2004) and Koné et al.
(2005), which were 0.849—1.7 mg/mL for M. inermis and
0.849 mg/mL for B. ferruginea, respectively. The importance
of the observed effect could be due to the nature of the test
used, since the mechanism involved in the larval development
assay is not exactly the same as that of the larval migration
assay. Moreover, the various parts of the plant (leaf versus
stem bark and bark) and the type of solvent (methanol or
acetone-water vs ethanol) used for the extraction were differ-
ent. Thus, the secondary metabolites present in the plant ex-
tract (regarding both quality and quantity) could differ from
one extract to another. The ability of acetone and methanol to
extract compounds of a wide polarity range at a high yield is
greater than that of ethanol or water (Zangueu et al. 2018).
Moreover, acetone and methanol were selected in the present
study as suitable extractants due to their ability to extract com-
pounds of a wide polarity range, which makes them more
suitable than ethanol or water as a solvent for plant secondary
compounds (Eloff 1998; Adamu et al. 2013; Mengistu et al.
2017). The mechanisms involved in the effect of plant extracts
on infective larvae are not well known. The principle of the
larval migration inhibition assay (LMIA) depends on an active
migration process through the sieve; therefore, the reduction
in larval migration could be due either to larval mortality or to
larval paralysis. The larvicidal activity of the different extracts
observed in this study may be attributable to the presence of
secondary metabolites such as saponins, alkaloids, tannins,
and flavonoids found in the leaves of plants. It has been
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reported that phenolic compounds including alkaloids, con-
densed tannins, and flavonoids have been implicated in forms
of pharmacological activity such as anthelmintic activity
(Makkar et al. 2007). These secondary metabolites may be
diffused through the cuticle of larvae or into intestinal cells
to inhibit larval migration or cause mortality. Moreover, tan-
nins are able to bind to the free proteins available in the rumen
for larval nutrition, and reduced nutrient availability could
lead to larval starvation and death (Ademola et al. 2005).

In the adult worm motility inhibition assay (AMIA), the
plant extracts were associated with reduced worm motility
after 24 h of exposure compared with the negative control.
Among the plants tested, M. inermis and C. glutinosum
seemed to yield the most active anthelmintics against adult
worms, with 100% motionless worms after 24 h at the maxi-
mum concentration of 2400 pg/mL. Similar results have been
reported for adult H. contortus (Hounzangbé-Adoté et al.
2005) with alcoholic extracts of four tropical plants
(Morinda lucida, Carica papaya, Newbouldia laevis, and
Zanthoxylum zanthoxyloides). In that study, high rates of im-
mobility were recorded after 6 h of exposure to N. laevis and
after 24 h of exposure to the other species. Motility reduction
or complete immobility is an indicator of paralysis or mortal-
ity of the worms and constitutes evidence of the effect of the
plant extract. The high activity of plant extracts on adult
H. contortus worms could also be due to different secondary
metabolites, as identified in the leaves of plants. These com-
pounds contained in the leaves may create unfavorable condi-
tions for the survival of H. contortus adult worms (Azando
etal. 2011). In addition, nematode muscles are known to con-
tain excitatory neuromuscular junctions with various receptors
for the neurotransmitter acetylcholine (Neal 2002). Some of
these metabolites, acting as ganglion stimuli, could activate
these neuromuscular junctions and cause spastic paralysis in
the worms, leading to their death.

In vitro methods provide some means to screen rapidly for
potential anthelmintic activities of the different plant extracts
and to analyze the possible mechanisms involved in the inter-
actions between active compounds and parasites. However,
due to the divergence in conditions we encountered in vivo
and in vitro (availability and/or concentration of any active
compounds, metabolic transformation), the results remain
merely suggestive and need to be confirmed through in vivo
studies with experimental nematode infections in target host
species.

Conclusion
The leaf extracts of B. ferruginea, C. glutinosum, and
M. inermis showed anthelmintic activity in vitro against egg

hatching, larval migration, and adult motility in H. confortus.
The use of acetone and methanol extracts of the leaves of these

@ Springer

three plants may therefore be useful for the control of gastro-
intestinal nematodes in livestock production, particularly
H. contortus. Further research is needed to identify, character-
ize, and better understand the nature of the secondary metab-
olites that exert the anthelmintic effect and to analyze their
mode of action on the nematodes.

Acknowledgements This work was supported mainly by the
INTERNATIONAL FOUNDATION FOR SCIENCE (IFS) and the
Competitive Research Fund of the University of Abomey-Calavi. This
study would not have been completed without the traditional healers and
small-scale farmers of Benin and the staff of the Laboratory of
Ethnopharmacology and Animal Health, FSA, UAC.

Compliance with ethical standards

Ethics approval and consent to participate The present study was ap-
proved and conducted in accordance with the guidelines of the Ethical
Committee of University of Abomey — Calavi (EC approval 2015/1134),
and after receiving approval, all experiments were conducted using the
guidelines of the World Association for the Advancement of Veterinary
Parasitology (WAAVP). In addition, it is important to note that consent
was obtained from all participants, especially from the animal owners of
South and North Benin, who usually use the three plants to treat their
animals against parasites of the ruminant gastrointestinal tract.

Consent to publish Not applicable.

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

Adamu M, Naidoo V, Eloff JN (2013) Efficacy and toxicity of thirteen
plant leaf acetone extracts used in ethnoveterinary medicine in South
Africa on egg hatching and larval development of Haemonchus
contortus. BMC Vet Res 9:38. https://doi.org/10.1186/1746-6148-
9-38

Ademola IO, Fagbemi BO, Idowu SO (2005) Anthelmintic activity of
extracts of Spondias mombin against gastrointestinal nematodes of
sheep: studies in vitro and in vivo. Trop Anim Health Prod 37(3):
223-235

Alissou B (2013) Usages, disponibilité et caractéristiques
dendrométriques des ligneux médicinaux: Bridelia ferruginea
Benth, Combretum glutinosum Perr. et Mitragyna inermis (Willd.)
0. Ktze dans les zones agro-climatiques du Bénin. Mémoire de
master professionnel en agronomie: Faculté des Sciences
Agronomiques, Université d’ Abomey-Calavi, pp 87

Alowanou GG, Olounladé AP, Azando EVB, Dédéhou VFGN, Daga FD,
Hounzangbé-Adoté SM (2015) A review of Bridelia ferruginea,
Combretum glutinosum and Mitragyna inermis plants used in
zootherapeutic remedies in West Africa: historical origins, current
uses and implications for conservation. J Appl Biosci 87:8003—8014

Attindéhou S, Houngnimassoun MA, Salifou S, Biaou CF (2012)
Inventorying of herbal remedies used to control small ruminant’s
parasites in Southern Benin. Int Multidiscip Res J 2:14-16


https://doi.org/10.1186/1746-6148-9-38
https://doi.org/10.1186/1746-6148-9-38

Parasitol Res (2019) 118:1215-1223

1223

Azando EVB, Hounzangbé-Adot¢ MS, Olounladé PA, Brunet S, Fabre
N, Valentin A (2011) Involvement of tannins and flavonoids in the
in vitro effects of Newbouldia laevis and Zanthoxylum
zanthoxyloides extracts on the exsheathment of third-stage infective
larvae of gastrointestinal nematodes. Vet Parasitol 180:292-297

Coles GC, Bauer C, Borgsteede FHM, Greerts S, Klei TR, Taylor MA
(1992) World association for the advancement of veterinary parasi-
tology (WAAVP) methods for the detection of anthelmintic resis-
tance in nematodes of veterinary importance. Vet Parasitol 44:35-44

D’Assonville JA, Janovsky E, Versley A (1996) In vitro screening of
Haemonchus contortus third stage larvae for ivermectin resistance.
Vet Parasitol 61:73-80

Dédéhou VFGN, Olounladé PA, Adenilé AD, Azando EVB, Alowanou
GG, Daga FD, Hounzangbé-Adoté MS (2014) Effets in vitro des
feuilles de Pterocarpus erinaceus et des cosses de fruits de Parkia
biglobosa sur deux stades du cycle de développement de
Haemonchus contortus nématode parasite gastro-intestinal de petits
ruminants. J Anim Plant Sci 22:3368-3378

Diehl MS, Atindehou KK, Téré H, Betscharta B (2004) Prospect for
anthelminthic plants in the Ivory Coast using ethnobotanical criteria.
J Ethnopharmacol 2(3):277-284

Djoueché CM, Azebaze AB, Dongmo AB (2011) Investigation of plants
used for the ethnoveterinary control of gastrointestinal parasites in
Bénoué region, Cameroon. Tropicultura 29:205-211

Eloff IN (1998) Which extractant should be used for the screening and
isolation of antimicrobial components from plants? J
Ethnopharmacol 60:1-8

Hammond JA, Fielding D, Bishop SC (1997) Prospects for anthelmintic
plants in tropical veterinary medicine. Vet Res Commun 21:213-228

Hoste H, Jackson F, Athanasiadou S, Thamsborg S, Hoskin SO (2006)
The effects of tannin-rich plants on parasitic nematodes in rumi-
nants. Trends Parasitol 22:253-261

Houghton PJ, Raman A (1998) Laboratory handbook for the fractionation
of natural extracts, 1st edn. Ed Chapman and Hall, New York, p 199

Hounzangbé-Adoté MS, Paolini V, Fouraste I, Moutairou K, Hoste H
(2005) In vitro effects of four tropical plants on three life-cycle
stages of the parasitic nematode, Haemonchus contortus. Res Vet
Sci 78:155-160

Kaboré A, Tamboura H, Belem AMG, Traoré A (2007) Traitements
ethno-vétérinaires des parasitoses digestives des petits ruminants
dans le plateau central du Burkina Faso. Int J Biol Chem Sci 1:
297-304

Koné WM, Atindehou KK (2007) Ethnobotanical inventory of medicinal
plants used in traditional veterinary medicine in Northern Céte
d’Ivoire (West Africa). S Afr J Bot 74:76-8416

Koné WM, Atindehou KK, Dossahoua T, Betschart B (2005)
Anthelmintic activity of medicinal plants used in Northern Cote
d’Ivoire against intestinal helminthiasis. Pharm Biol 43(1):72-78.
https://doi.org/10.1080/13880200590903408

Lasisi AA, Kareem SO (2011) Evaluation of anthelmintic activity of the
stem bark extract and chemical constituents of Bridelia ferruginae
(Benth) Euphorbiaceae. Afr J Plant Sci 5(8): 469-474

MAEP (2011) Plan stratégique de relance du secteur agricole (PSRSA),
Cotonou, République du Bénin, Octobre 2011, pp 112. http://
extwprlegsl.fao.org/docs/pdf/ben149176.pdf

Makkar HPS, Sidhuraju P, Becker K (2007) Plant secondary metabolites.
In: 1st. Humana Press Inc, New Jersey

Maphosa V, Masika PJ, Bizimenyera ES, Eloff IN (2010) In vitro
anthelminthic activity of crude aqueous extracts of Aloe ferox,
Leonotis leonurus and Elephantorrhiza elephantina against
Haemonchus contortus. Trop Anim Health Prod 42:301-307

Mengistu G, Hoste H, Karonen M, Salminen J-P, Hendriks WH,
Pellikaan WF (2017) The in vitroanthelmintic properties of browse
species against Haemonchus contortus is determined by the poly-
phenol content and composition. Vet Parasitol 237:110-116

Mini KP, Venkateswaran KV, Gomathinayagam S, Selvasubramanian S,
Bijargi SR (2013) In vitro anthelmintic effect of aqueous and ethanol
extract of Aristolochia indica against Haemonchus contortus. JPPA
3:148-158

Neal MJ (2002) Medical pharmacology at a glance, 1st edn. Blackwell
Science, Oxford

R Core Team (2013) A language and environment for statistical comput-
ing: R Foundation for Statistical Computing, Vienna, Austria. http://
www.R-project.org/. Accessed 24 Feb 2017

Rabel B, McGregor P, Dough G (1994) Improved bioassay for estimation
of effects of ovine gastrointestinal inhibitoty mucus and on nema-
tode larval migration anthelminthic. Int J Parasitol 24:671-676

Salifou S (1996) Nématodes et nématodose du tube digestif des petits
ruminants du Sud Bénin : Taxonomie, Epidémiologie et les facteurs
de variation. Thése de doctorat, Université Cheikh Anta Diop de
Dakar, Sénégal, pp 162

Sibanda BJS, Dube AB (2014) Beef cattle development initiatives: a case
of Matobo A2 Resettlement farms in Zimbabwe. Glob J Anim Sci
Res 2(3):197-204

Stein PA, Georges SD, Rolfe PF, Hosking BC (2011) Safety and efficacy
against fourth-stage gastrointestinal nematode larvae, of monepantel
in 6-week old lambs. Vet Parasitol 185(2—4):339-342

Venables WN, Ripley BD (2002) Modern applied statistics with S, 4th
edn. Springer, New York ISBN 0 - 387-95457-0

Wabo-Poné J, Yondo J, Fossi TO, Komtangi MC, Bilong-Bilong CF,
Mpoame M (2011) The in vitro effects of Chenopodium
ambrosioides (Chenopodiaceae) extracts on the parasitic nematode
Heligmosomoides bakeri (Nematoda, Heligmosomatidae). J
Pharmacogn Phytother 3:56-62

Zangueu CB, Olounlade AP, Ossokomack M, Djouatsa YNN, Alowanou
GG, Azebaze AGB, Llorent-Martinez EJ, Fernandez de Cordova
ML, Dongmo AB, Hounzangbe-Adote MS (2018) In vitro effects
of aqueous extract from Maytenus senegalensis (Lam.) Exell stem
bark on egg hatching, larval migration and adult worms of
Haemonchus contortus. BMC Vet Res 14:147-158

@ Springer


https://doi.org/10.1080/13880200590903408
http://extwprlegs1.fao.org/docs/pdf/ben149176.pdf
http://extwprlegs1.fao.org/docs/pdf/ben149176.pdf
http://www.r-project.org/
http://www.r-project.org/

	In�vitro...
	Abstract
	Background
	Methods
	Collection and preparation of plant material
	Plant extract preparation
	Phytochemical analysis
	Procedures for biological assays
	Egg hatch assay
	Larval migration inhibition assay
	Adult worm motility inhibition assay
	Statistical analysis

	Results
	Extraction yield
	Phytochemical analysis
	Effects on egg hatching
	Effects on infective larvae
	Effects on adult worm motility

	Discussion
	Conclusion
	References


