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Keywords: Onchocerciasis caused by Onchocerca volvulus Leuckart, 1893 is the second-world infection
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parasite, specific treatment for this disease does not exist and in developing countries, medicinal
plants seem to remedy that health problem. For that, aqueous and hydro-ethanolic leaf, bark, and
root extracts of Calotropis procera and Faidherbia albida were evaluated in vitro, against the most
popular bovine model, Onchocerca ochengi and the free-resistant nematode Caenorhabditis elegans.
O. ochengi microfilariae and adults extracted from the bovine nodules and skins as well as the free
strains of C. elegans were exposed to the various concentrations of the plant parts extracts and
Ivermectin. In results, all the plant parts extracts were rich in tannins, saponins, alkaloids, fla-
vonoids, phenols, coumarins, and glycosides. Phenols (175.45 + 0.01 mg EGA/g DM), flavonoids
(158.98 + 0.05 mg EC/g DM), and tannins (89.98 + 2.56 mg ETA/g DM) contents were high in
the bark hydro-ethanolic extract of F. albida. The leaf hydro-ethanolic extract of F. albida induced
high activity against O. ochengi microfilariae (CLsp = 0.13 mg/mL). The bark hydro-ethanolic
extract of F. albida was also the most effective on O. ochengi adults and particularly on female
adults (CLsp = 0.18 mg/mL). Against the parasite strain resistant to Ivermectin, F. albida leaf
hydro-ethanolic extract appeared more active with CLsp = 0.13 mg/mL. Similarly, the bark
hydro-ethanolic extract of F. albida was the most potent on the wild strain of C. elegans. Thus, this
study validates the use of these plants by traditional healers in the management of onchocerciasis
and suggests a new source of isolation of the potential plant compounds against Onchocerca.
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1. Introduction

Among the neglected tropical diseases, lymphatic filariasis and onchocerciasis constitute the principal public health problem
causing deformities to the populations of Sub-Saharan Africa [1]. Also called river blindness, onchocerciasis is a filarial infection
caused by Onchocerca volvulus and transmitted to humans through the bites of a hematophagous blackfly belonging to the genera of
Similium [2]. According to The Global Burden of Disease Study report, an estimated 220 million people require preventive
anti-onchocerciasis chemotherapy in 2017, of which 14.6 million of the infected persons already had a skin infection and 1.15 million
were blind [3]. The infected people live mostly in sub-Saharan Africa (in 31 African countries) representing 99% of the worldwide
infected people [4]. That disease represents the second cause of infectious blindness. The rural communities living close to the agitated
rivers are the most exposed because of the high reproductive rate of black flies, the main vector of that disease [5]. That pathology
appears through cutaneous attacks, invalidity, and ocular disorders leading to blindness, depriving the patients of their work capacity
[6]. In fact, the adults of O. volvulus live at least 15 years in the subcutaneous nodules and can produce a million microfilariae. Then,
these microfilariae parasitize the skin and eye tissues and have serious consequences like disfiguring dermatitis, muscular atrophy,
intense and unbearable itching as well as visual weakening and blindness [7]. Deprived of their most productive persons, villages with
fertile and rich valleys are the first to suffer from the socio-economic impacts and are forced to migrate to the less-infested zones [8].

To face onchocerciasis, the control methods based on the treatment by eliminating the worms in the patients and disease prevention
by the reduction of the vector bites are employed [9]. As the anti-vector control was given up, chemotherapy remains the main control
method to combat onchocerciasis. However, Ivermectin which is the only drug recommended in the treatment of that disease has as a
target only the microfilariae. Unfortunately, the adults of O. volvulus who can live up to 18 years in the human being cause real damage
and handicap to the patients [10].

In previous studies, preparations from medicinal plants were identified as alternative remedies in the treatment of several diseases
[11]. Thus, the filaricidal activities of certain medicinal plants were reported [12-17]. Some phytochemical constituents like poly-
phenols, tannins and isolated compounds including voacamine, polycarpol, voacangine, ellagic acid, gentisic acid, gallic acid,
(—)-epigallocatechin 3-O-gallate, 3-O-acetyl aleuritolic acid, (+)-catechin-3-O-gallate, (—)-epicatechin-3-O-gallate, (+)-gallocatechin,
(—)-epigallocatechin, and (—)-epigallocatechin-3-O-gallate were reported to possess strong activity against onchocerca [14,17].

Calotropis procera is a small tree reaching 2.5-6 m in height largely distributed in Asia and subtropical Africa. The anthelmintic
effects of the different parts of Calotropis procera on Haemonchus contortus were also reported [18]. C. procera extracts were revealed to
possess antibacterial, analgesic and anti-nociceptive activity [19], wound healing and antioxidant activity [20], antidiabetic effect
[21], myocardial infarction and schizontocidal activity [22], anticancer [23], antimicrobial, antiulcer, antifertility, antidiarrheal,
estrogenic functionality and anticonvulsant effects [24], anti-inflammatory activity [25], larvicidal activity [26], dermatophytic ac-
tivity [27] and immunomodulatory property [28-30].

Faidherbia albida is a tree 20-30 m in height and 1-1.5 m in diameter. It has been reported the different parts of the plant possess
antioxidant and antimicrobial activities [31], antibacterial properties [32], antimalarial effect [33], antidiabetic and anti-
hyperlipidemic activities [34].

Although these 2 plant species are used locally by the traditional healers of the North and East regions of Cameroon to treat
onchocerciasis, but from our knowledge, the anti-Onchocerca and anti-Ceanorhabditis properties of the 2 plants have not been yet
documented. Because of the similarities and the close relative of the bovine parasite Onchocerca ochengi with the human parasite
O. volvulus, the bovine parasite remains the suitable model of the anti-onchocercal assessment since they are cheaper and easily to
obtain in Africa. In fact, the two parasites (O. volvulus and O. ochengi) microfilariae are both sensitive to the commercial drug iver-
mectin and they share the same vector (black fly) [35]. Moreover, both female and male adults of the two nematods species are found
in intradermal or subcutaneous of their hosts (human and bovine). Trees [36] demonstrated the effect of ivermectin on the bovine
parasite affect also O. volvulus.

To overcome the problem of resistance, both wild and ivermectin-resistant strains of Caenorhabditis elegans where used in this
study. In fact, the free-living soil nematode C. elegans is a simplest nematod model largely used in anthelmintic drug screening. This
because the parasite is easy and cheaper to grow and maintain, it has a short life cycle with numerous progeny [37]. However,
resistance to ivermectin in nematodes are increasingly reported and that high-level resistance to the antiparasitic drug ivermectin
implied a simultaneous mutation of three genes, avr-14, avr-15, and glc-1, encoding glutamate-gated chloride channel (GluCl) a-type
subunits [38].

The objective of this present work aimed to identify some phytochemical principles in the aqueous and hydro-ethanolic extracts
of the leaves, barks, and roots of F. albida and C. procera and to evaluate their nematocidal properties in vitro on the parasitic
stages of O. ochengi and on the free nematode strains (wild and resistant to the ivermectin) of C. elegans.

2. Materials and methods
2.1. Collection and processing of the plant materials

Samples of the different parts (leaves, barks, and roots) of C. procera were collected from Touboro in the North region in July 2020
while those of F. albida were harvested in October 2020 from Mora in the Far-north region of Cameroon. These plants were identified at
the National Herbarium of Cameroon at Yaounde under the registration number 45506/HNC for F. albida and 4751 /SRFC for C. procera
where their vouchers were deposited. The parts of each plant species were cleaned with tap water, cut into small pieces, and then
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shade-dried for 4 weeks. The dried parts of each plant were separately crushed in the wood mortar and passed through a 0.4 mm mesh
size sieve. Each plant part powder obtained was kept in the dark glass until their use for extraction.

2.2. Hydro-ethanolic and aqueous extractions of the plant parts

The hydro-ethanolic extracts were obtained by macerating each plant powder in a mixture of ethanol and distilled water (70:30 V/
V) in a ratio of 100 g powder for 1000 mL of hydro-ethanolic solvent under reduced agitation during 48 h at the ambient temperature.
Then, each macerate was centrifuged at 3500 rpm for 10 min. The recovered supernatant from each macerate was filtered using
Whatman no.1 filter paper. Each filtrate obtained was concentrated using a rotavapor. Each tick extract obtained was placed for 72 h in
a ventilated drying oven set at 30 °C for complete drying.

To obtain the aqueous extract of each part of C. procera and F. albida, each plant powder (100 g) was macerated in 1000 mL of
distilled water and boiled for 10 min. After cooling, each macerate was filtered using Whatman no.1 filter paper. Each filtrate obtained
was dried in the oven set at 40 °C for 72 h.

At last, the dry aqueous and hydro-ethanolic extracts of each part of C. procera and F. albida obtained were weighed and each extract
yield was calculated according to the following formula [39].

Weight of the extract obtained (g)

Extraction Yield(%) = 100
xiraction Yield(%) Weight of the plant powder used (g) x

2.3. Qualitative phytochemical screening

The aqueous and hydro-ethanolic extracts of the leaves, barks, and roots of C. procera and F. albida were screened to identify some
phytochemical compounds such as tannins, polyphenols, saponins, flavonoids, alkaloids, anthocyanins, anthracenes, terpenoids,
coumarins, and glycosides according to the methods of Sofowora [40] and Harbone [41].

2.4. Dosage of some phytochemical constituents

From the results of the qualitative phytochemical screening, flavonoids, tannins, and phenols were furthermore submitted to
quantitative screening to determine the quantity of these compounds in the plant parts extracts following the method of [42].

2.5. Sources of the nematodes species used

2.5.1. Isolation and culture of O. ochengi male and female adults

The method described by Ndjonka et al. [43] was followed to isolate the adults (males and females) of O. ochengi. Fresh pieces of
umbilical bovine skin containing enough quantity of palpable nodules were collected from Ngaoundere township slaughter-house and
were transported to the laboratory of parasitology of IRAD (Institute of Agricultural Research for Development) at Wakwa in
Ngaoundere, Cameroon. The skins were carefully washed successively with tap water and distilled water, then drained and completely
covered with 70% ethanol which could evaporate itself under a hood with laminar flow in a sterile environment. The nodules of these
cleaned skins were extirpated using a lancet, then put directly in PBS solution before the dissection. The dissection of the nodules was
done with an assembled scalpel, a thick grip, a fine grip, and an assembled needle. The dissection of the nodules released the pale
orange-yellow masses containing primarily viable males and females of O. ochengi. The separation of the males from the females was
done using a fine grip and assembled needle under the microscope. The males with more mobility than the females were collected with
a fine grip and transferred into a sterile PBS solution. The same operation was done for the females.

2.5.2. Extraction and culture of O. ochengi microfilariae

O. ochengi microfilariae were extracted from the infected bovine skins provided by the township slaughterhouse of Ngaoundere.
The skin was firmly attached to a piece of cylindrical autoclaved wood and approximately 0.5-1 mm intersected cuts were made in the
dermic layers of the bovine skin. Each biopsy portion was transferred into a sterilized cylinder glass and a suitable volume of complete
culture medium (CCM) was added to just cover the whole skin and then incubated for 4-6 h at ambient temperature. The very mobile
microfilariae that emerged were concentrated by centrifugation (400 rpm for 10 min) and were quantified under the microscope.

2.5.3. Multiplication, synchronization, and culture of Caenorhabditis elegans

Strains of C. elegans (wild strain and mutant strain resistant to Ivermectin VC722) collected from the Caenorhabditis elegans Genetic
Center of Minneapolis/USA were multiplied in Nematode Growth Medium (NGM-Agar) according to the method described by Ndjonka
et al. [43]. In Petri dishes containing a solidified NGM-Agar, 600 pL of Escherichia coli OP-50 were added and then dried for 1 h in the
ventilated oven. After drying, each C. elegans strain was transferred onto the medium culture using a scalpel. The petri dishes were
incubated at 18 °C during 48 h in CO5 incubator.

To synchronize Caenorhabditis elegans, the worm multiplication was assessed following the methods described by Ndjonka et al.
[43] and Smith et al. [44]. In the medium containing gravid adult worms and eggs, distilled water (3-5 mL) was added until a complete
immersion of the medium surface and kept for 5-10 min. The supernatant was thereafter recovered in 5 mL Eppendorf tubes, then
centrifuged at 8000 rpm for 1 min using a cooled centrifugal machine (4 °C). The residue (containing several adults and eggs) was
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Table 1
Extraction yields and physical characteristics of the extracts.
Plant species Extracts Plant parts Colour Aspect Yield (%)
Faidherbia albida Aqueous Leaves Green Sticky- Sticking 18.27
Barks Black Crystal 19.8
Roots Grey Crystal 14.61
Hydro-ethanolic Leaves Green Crystal 10.59
Barks Brown Crystal 9.85
Roots Grey Crystal 15.71
Calotropis procera Aqueous Leaves Green Sticky- Sticking 10.11
Barks Brown Crystal 7.75
Roots Brown Crystal 10.10
Hydro-ethanolic Leaves Green Sticky-Tender 20.45
Barks Brown Sticky-Tender 19.81
Roots Black Crystal 19.9

recovered and then, disinfected for 6 min in a solution of Chlorox. The mixture residue + chlorox was once more centrifuged at 8000
rpm for 1 min. The supernatant was discarded and the residue containing eggs was rinsed 3 times (by centrifuging at 8000 rpm for 1
min at each rinsing) in 3 mL buffer solution (M9-buffer). The residue was kept in 1 mL M9-buffer in the incubator set at 18 °C for 24 h,
then dispatched in petri dishes (at 100 pL per Petri dish) containing NGM (Nematode Growth Medium) sown with E. coli OP-50. After
24-30 h of incubation, the eggs hatched into larvae, and these having the same age were transferred into a new Petri dish for the
pharmacological tests.

2.6. Nematocidal tests of the plant part extracts

After isolation of the males and females of O. ochengi, the worms were immersed in complete culture medium (MCC) (Rpmi-1640
added/mL with penicillin, 200 pg/mL of streptomycin and 2.5 pg/mL of amphotericin B, pH = 7.4) in 96 wells plates. The cultures
were incubated at 37 °C under CO3 5% atmosphere in humidified air in an incubator Heracell-150 CO; for 2 days after the addition of
the plant extracts or Ivermectin previously dissolved in distilled water at 0.125, 0.250, 0.375, 0.500, 0.625, 0.750 and 0.875 mg/mL;
concentrations maintained after the preliminary screening tests.

For the O. ochengi microfilariae test, 100 pis of CCM containing 15-20 microfilariae were transferred in each well of a microtitration
culture plate of 96 wells. After the addition of the same concentrations (0.125, 0.250, 0.375, 0.500, 0.625, 0.750 and 0.875 mg/mL) of
the plant extracts or Ivermectin dissolved in distilled water, microfilariae test plates were incubated at 37 °C under CO2 5% atmosphere
in humidified air incubator (Heracell-150 CO, Thermo Electron, Germany) during 48 h.

After the synchronization of C. elegans, the worms were transferred into petri dishes (15 worms/well) containing medium culture
NGM-Agar (3 mL). In each Petri dish containing worms, concentrations of 0.125, 0.250, 0.375, 0.500, 0.625, 0.750 and 0.875 mg/mL
of the plant extracts or Ivermectin were added and incubated at 18 °C under 5% CO5 atmosphere. Inhibiting effects were recorded in
terms of worm death after 48 h [43].

2.7. Revelation test of worms motility and mortality

The viability of the worms was determined by microscopic examination using an inverted microscope (euro mix, Holland) and by
colorimetry using resazurin [43]. Indeed, microfilariae in culture during 48 h were revealed by microscopy in which inhibition was
complete when no movement was observable visually.

Using the colorimetric qualitative test of revelation to resazurin or Alamar Blue as described by Chen et al. [45], the worms
incubated at 37 °C for 48 h were removed and brought under the disinfected hood. Worms were removed from their culture, washed in
PBS solution, and introduced into multiwell plates containing each, 500 pL of RPMI solution follow by adding resazurin (5 pL, con-
centration 0.5 mg/mL) and then incubated in a CO; incubator at 37 °C for 30 min. After incubation, the worms were observed under
the microscope, and the colors of the worms determined whether they are alive (pink colour) or dead (blue colour) [46].

2.8. Statistical analyses

Data from the mortality of the nematodes were submitted to the analysis of variance using SPSS 16.0 software. For the comparison
of the means, the Tukey test (P = 0.05) was employed. Probit analysis [47] was used to determine the lethal concentrations (LCso and
LCgp) of the plant parts extracts that caused 50% and 95% of microfilariae or adults of the nematodes assessed.
3. Results

3.1. Yields and physical characteristics of the extracts

The extraction yields varied from 7.75 to 19.8% for the aqueous extracts and from 9.85 to 20.45% for the hydro-ethanolic extracts
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Table 2
Phytochemical composition of leaf, bark, and root extracts of C. procera and F. albida.
Phytochemical Compounds F. albida extracts C. procera extracts
Aqueous Hydro-ethanolic Aqueous Hydro-ethanolic
Lv Bk Rt Lv Bk Rt Lv Bk Rt Lv Bk Rt
Tannins + + + + + + + + + +
Phenols + + + + + + + + + + + +
Saponins + + + + + + + + + + + +
Flavonoids + + + + + + + + + + + +
Alkaloids + + + + + + + + + + + +
Anthraquinones - - - - - + - + + - + +
Anthocyanins - - - - - - + + + + + +
Sterols/Terpenes + + —+ —+ —+ - —+ —+ —+ + + +
Coumarins + + + + + + + + + + + +
Glycosides + + + + + + + + + + + +
Lv = Leaves, Bk= Barks and Rt = Roots; - = absent and + = present.
Table 3
Quantity of phenols, flavonoids, and tannins in the F. albida and C. procera extracts.
Plant species Extracts Plant parts Phenols (mg EGA/g DM) Flavonoids (mg EC/g DM) Tannins (mg ETA/g DM)
F. albida Aqueous Leaves 74.20 +£1.21 61.57 + 2.59 48.21 + 23.45
Barks 92.06 + 0.96 83.24 +1.32 31.40 = 12.14
Roots 87.24 + 0.66 71.02 + 0.21 27.59 + 21.11
Hydro-ethanolic Leaves 146.65 + 0.02 125.11 + 0.02 66.75 + 23.31
Barks 175.45 £ 0.01 158.98 + 0.05 89.98 + 2.56
Roots 145.62 + 0.01 104.3 £ 0.01 75.34 + 0.00
C. procera Aqueous Leaves 88.51 + 0.01 45.39 + 0.00 57.10 + 0.20
Barks 81.18 £ 0.01 68.89 + 0.11 49.12 + 0.12
Roots 77.47 £ 0.04 75.11 £ 0.14 47.19 + 0.00
Hydro-ethanolic Leaves 132.44 + 0.05 149.99 + 0.02 65.82 + 0.00
Barks 99.73 £+ 0.03 104.65 + 0.10 51.13 + 0.04
Roots 141.31 £ 0.04 99.35 + 0.23 54.89 + 0.55

mg EGA/g DM = milligram equivalent of gallic acid/gram of dry matter; mg EC/g DM = milligram equivalent of catechin/gram of dry matter; mg
ETA/g DM = milligram equivalent of tannic acid/gram of dry matter.

of the two plant parts (Table 1). The highest yield was obtained with the hydro-ethanolic solvent extraction of the leaves of C. procera
(29.51%) while the aqueous extraction of the barks of C. procera presented the poorest yield of 7.75%. Concerning the physical
characteristics of the plant extracts, their colors grey, brown, black, and green were recorded, while their aspects varied from crystals
to sticky-tender pastes.

3.2. Phytochemical screening of leaf, bark, and root extracts of C. procera and F. albida

Results of the phytochemical screening of the aqueous and hydro-ethanolic extracts of the different parts of F. albida and C. procera
are presented in Table 2. In F. albida extracts, tannins, phenols, saponins, flavonoids, alkaloids, coumarins, and glycosides are present
in both aqueous and hydro-ethanolic extracts of the leaves, barks, and roots of the plant. Sterols and terpenoids were also present in the
aqueous of the 3 plant parts and hydro-ethanolic extracts of the leaves and barks of the plant species. In both aqueous and hydro-
ethanolic extracts of C. procera, tannins, phenols, saponins, flavonoids, alkaloids, sterols, terpenoids, coumarins, and glycosides
were present. Anthraquinones were also present in the aqueous and hydro-ethanolic barks and roots of the plant species.

3.3. Quantitative screening of some contents of the plant extracts

Table 3 presents the phenols, flavonoids, and tannins quantities in the leaf, bark, and root extracts of F. albida and C. procera.
Globally, the phytochemical contents are high in the hydro-ethanolic extracts of F. albida and C. procera compared to the aqueous
extracts of the two plants. Phenols (175.45 + 0.01 mg EGA/g DM), flavonoids (158.98 + 0.05 mg EC/g DM), and tannins (89.98 +
2.56 mg ETA/g DM) were highly found in the bark hydro-ethanolic extract of F. albida.

3.4. Nematocidal activities

3.4.1. Effect of Faidherbia albida parts extracts and Ivermectin against O. ochengi
Fig. 1 presents the nematocidal activity of the hydro-ethanolic (Fig. A-C) and aqueous (Fig. 1D-F) extracts of the leaves, barks, and
roots of F. albida and Ivermectin against males (Fig. 1A and D), females (Fig. 1B and E), and microfilariae (Fig. 1C and F) of O. ochengi.
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Fig. 1. Mortality of Onchocerca ochengi adults males (A and D), females (B and E), and microfilariae (C and F) treated with hydro-ethanolic extracts
(A, B, and C) and aqueous extracts (D, E, and F) of the leaves, barks, and roots of Faidherbia albida. In each graph, concentration 0 mg/mL represents
the negative control in which no plant extract is added.

In general, these extracts induced significant mortality concentration-dependent against the sensitive strain of O. ochengi which
increased significantly with the increased concentrations of the extracts of the various parts of the plant as well as the reference drug.

Regarding LCs values (Table 4), the males of O. ochengi were more sensitive to the barks hydro-ethanolic extract (LCs9 = 0.20 mg/
mL) of F. albida compared to roots (LCs¢ = 0.27 mg/mL) and leaves (LCso = 0.27 mg/mL) extracts as well as Ivermectin (LCso = 0.40
mg/mL). Similarly, the hydro-ethanolic extracts of the barks (LCs9 = 0.18 mg/mL) and the roots (LCsp = 0.21 mg/mL) were more
effective on the females of O. ochengi, compared to the leaves extract (LCso = 0.27 mg/mL) of the plant and Ivermectin (LCs9 = 0.55
mg/mL). Against microfilariae, Ivermectine (LCso = 0.13 mg/mL) and hydro-ethanolic extract of the leaves were more toxic compared
to the hydro-ethanolic extracts of the roots (LCso = 0.15 mg/mL), and the barks (LCs¢p = 0.17 mg/mL) of the plant.

Concerning the aqueous extracts of F. albida (Table 4), the males of O. ochengi were more sensitive to the barks aqueous extract
(LCs0 = 0.20 mg/mL) compared to the roots aqueous extract (LCso = 0.27 mg/mL) and leaf extract (LCsp = 0.37 mg/mL) as well as
Ivermectin (LCso = 0.40 mg/mL). On the females of O. ochengi, the leaf aqueous extract (LCso = 0.23 mg/mL) appeared as most toxic
compared to the barks (LCso = 0.30 mg/mL) and roots extracts (LCso = 0.58 mg/mL) as well as Ivermectin (LCsp = 0.55 mg/mL).
Against the microfilariae of O. ochengi, Ivermectine (LCso = 0.13 mg/mL) was the most toxic compared to the aqueous extracts of the
leaves (LCsp = 0.28 mg/mL), barks (LCs¢9 = 0.31 mg/mL) and roots (LCso = 0.28 mg/mL) of F. albida.



A. Mamat et al. Heliyon 9 (2023) 16379

Table 4
LCso and LCos (mg/mL) of hydro-ethanolic and aqueous extracts of the leaves, barks, and roots of F. albida against males, females, and microfilariae of
O. ochengi.

Extracts Parasite Stages Plant parts Slope+SE R? LCso (CI 95%) LCos (CI 95%) $?
Hydro-ethanolic Males Leaves 3.46 + 0.13 0.93 0.37 (0.31-042) 1.10 (0.87-1.63) 199.10%**
Barks 3.33+0.14 0.79 0.20 (0.16-0.24) 0.63 (0.52-0.84) 139.05%**
Roots 2.60 +0.11 0.92 0.27 (0.20-0.33) 1.16 (0.84-2.07) 217.50%**
Females Leaves 2.51 £0.11 0.92 0.26 (0.20-0.32) 1.18 (0.86-2.07)
Barks 2.19 +£0.17 0.84 0.18 (0.12-0.23) 1.02 (0.74-1.78)
Roots 2.37 £0.11 0.88 0.21 (0.14-0.27) 1.07 (0.76-2.09) 226.59%**
Microfilariae Leaves 2.18 £ 0.12 0.86 0.13 (0.09-0.16) 0.73 (0.60-0.99)
Barks 3.06 + 0.13 0.85 0.17 (0.14-0.20) 0.61 (0.52-0.76)
Roots 2.31 £0.12 0.83 0.15 (0.12-0.17) 0.77 (0.65-0.98) 51.28%*
Aqueous Males Leaves 3.51 +£0.13 0.90 0.37 (0.32-0.43) 1.11 (0.88-1.62) 197.64%**
Barks 2.97 +£0.13 0.79 0.20 (0.16-0.24) 0.74 (0.60-0.99) 125.08*
Roots 2.24 £0.11 0.95 0.27 (0.22-0.32) 1.47 (1.08-2.42) 114.49*
Females Leaves 1.49 £ 0.10 0.80 0.23 (0.14-0.31) 3.00 (1.56-14.92) 164.78%**
Barks 2.13 +0.11 0.86 0.30 (0.23-0.37) 1.81 (1.21-3.90) 167.67*
Roots 2.26 +0.12 0.75 0.58 (0.45-0.83) 3.11 (1.68-14.33) 292.64°
Microfilariae Leaves 2.49 +0.11 0.96 0.28 (0.24-0.32) 1.30 (1.02-1.87) 93.07%**
Barks 2.79 £ 0.12 0.93 0.31 (0.27-0.36) 1.23 (0.99-1.68) 93.10%**
Roots 2.45 +0.11 0.90 0.28 (0.21-0.35) 1.35 (0.94-2.61) 213.69%**
Ivermectin Males - 7.14 £ 0.28 0.90 0.40 (0.36-0.44) 0.68 (0.61-0.82) 182.28%**
Females - 2.36 £ 0.12 0.79 0.55 (0.44-0.74) 2.74 (1.59-9.50) 267.09%**
Microfilariae - 1.97 +£0.12 0.89 0.13 (0.09-0.16) 0.90 (0.71-1.32) 71.73%%*

SE= Standard Error; R? = Coefficient of determination; LC = Lethal concentration; CI= Confident interval; Xz = Chi-square; ***P < 0.001.

3.4.2. Effect of Calotropis procera parts extracts and Ivermectin against O. ochengi

The nematocidal activity of the hydro-ethanolic (Fig. 2A-C) and aqueous (Fig. 2D-F) extracts of the leaves, barks, and roots of
C. procera against males (Fig. 2A and D), females (Fig. 2B and E), and microfilariae (Fig. 2C and F) of O. ochengi is presented in Fig. 2.
Globally, all the extracts of C. procera and the reference drug caused significant concentration-dependent mortality and that activity
increased with increasing concentrations of the plant extracts and also for the reference drug.

From the LCsg (mg/mL) values obtained (Table 5), the bark hydro-ethanolic extract (LCso = 0.24 mg/mL) of the plant appeared to
be more toxic on the males of O. ochengi compared to the leaves (LCso = 0.30 mg/mL) and roots (LCso = 0.44 mg/mL) extracts of the
plant as well as Ivermectin (LCso = 0.40 mg/mL). On the females, it was rather the leaf hydro-ethanolic extract (LCso = 0.18 mg/mL) of
the plant which was more effective compared to the barks (LCsg = 0.29 mg/mL) and roots (LCso = 0.30 mg/mL) extracts of the plant as
well as Ivermectin (LCso = 0.55 mg/mL). On the microfilariae of O. ochengi, Ivermectin (LCso = 0.13 mg/mL) was shown as the most
potent, followed by hydro-ethanolic extracts of the roots (LCso = 0.24 mg/mL), leaves (LCso = 0.27 mg/mL) and barks (LCso = 0.31
mg/mL) of C. procera.

Among the aqueous extracts of C. procera, the males of O. ochengi were more sensitive to the bark aqueous extract (LCs¢ = 0.23 mg/
mL) compared to the aqueous extracts of the leaves (LCsp = 0.32 mg/mL) and roots (LCso = 0.43 mg/mL) of the plant as well as
Ivermectin (LCsp = 0.40 mg/mL). On the females of O. ochengi, the root aqueous extract (LCsyp = 0.26 mg/mL) also appeared as the
most toxic compared to those of the leaves (LCsp = 0.32 mg/mL) and of the barks (LCsp = 0.45 mg/mL) of the plant as well as
Ivermectin (LCsp = 0.55 mg/mL). On the microfilariae of O. ochengi, Ivermectin (LCsy = 0.13 mg/mL) was most effective followed by
the root aqueous extract (LCso = 0.24 mg/mL), leaf extract (LCsp = 0.27 mg/mL) and bark extract (LCso = 0.31 mg/mL) of C. procera.

3.4.3. Effect of Faidherbia albida extracts against wild and resistant strains of Caenorhabditis elegans

Fig. 3 presents the nematocidal activity of the hydro-ethanolic (Fig. 3A and B) and aqueous (Fig. 3C and D) extracts of the leaves,
barks, and roots of F. albida on the wild (Fig. 3A and C) and resistant (Fig. 3B and D) strains of C. elegans. Generally, these extracts and
the reference drug induced a significant mortality of the C. elegans strains and this activity increased significantly with the gradual
increase of the concentrations of the plant extracts and the drug tested.

Considering the LCs( values obtained (Table 6), the wild strain of C. elegans was more sensitive to Ivermectin (LCs9 = 0.12 mg/mL)
and the bark hydro-ethanolic extract (LCsg = 0.19 mg/mL) of F. albida compared to the roots (LCso = 0.29 mg/mL) and leaves (LCsg =
0.31 mg/mL) of the plant. However, the leaf hydro-éthanolic extract (LCso = 0.13 mg/mL) of the plant were most effective against
C. elegans resistant strain, compared to the hydro-ethanolic extract of the barks (LCs¢ = 0.28 mg/mL) and roots (LCsp = 0.25 mg/mL) of
the plant as well as Ivermectin (LCsg = 0.31 mg/mL). C. elegans wild strain was also more sensitive to Ivermectin (LCs¢ = 0.12 mg/mL)
compared to the aqueous extracts of the barks (LCs¢ = 0.42 mg/mL), leaves (LCs¢ = 0.45 mg/mL) and roots (LCsp = 0.48 mg/mL) of
F. albida. Similarly, C. elegans resistant strain was sensitive to Ivermectin (LCs¢ = 0.31 mg/mL) compared to the aqueous extracts of the
parts of F. albida.

3.4.4. Effect of Calotropis procera extracts against wild and resistant strains of Caenorhabditis elegans
Fig. 4 presents the nematocidal activity of the hydro-ethanolic (Fig. 4A and B) and aqueous (Fig. 4C and D) extracts of the leaves,
barks, and roots of C. procera on the wild (Fig. 4A and C) and resistant (Fig. 4B and D) strains of C. elegans. In general, the extracts of
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Fig. 2. Mortality of Onchocerca ochengi adults males (A and D), females (B and E), and microfilariae (C and F) treated with hydro-ethanolic extracts
(A, B, and C) and aqueous extracts (D, E, and F) of the leaves, barks, and roots of Calotropis procera. In each graph, concentration 0 mg/mL represents
the negative control in which no plant extract is added.

C. procera and the reference drug of induced, concentration-dependent significant mortality of the two strains of C. elegans.

LCsp values (Table 7) showed that the wild strain of C. elegans (LCso = 0.12 mg/mL) was more sensitive to Ivermectin compared to
the hydro-ethanolic extracts of the barks (LCso = 0.36 mg/mL), the roots (LCso = 0.36 mg/mL) and the leaves (LCso = 0.42 mg/mL) of
C. procera. However, C. elegans resistant strain was slightly more sensitive to ivermectin (LCso = 0.31 mg/mL) compared to the hydro-
ethanolic extracts of the parts of C. procera.

Concerning the aqueous extracts of C. procera (Table 7), the wild strain of C. elegans was more sensitive to Ivermectin (LCs9 = 0.12
mg/mL) compared to the root aqueous extract (LCso = 0.32 mg/mL), aqueous bark extract (LCso = 0.38 mg/mL) and aqueous leaf
extract (LCsp = 0.47 mg/mL) of the plant. In the same way, Ivermectin (LCso = 0.31 mg/mL) was more toxic against C. elegans resistant
strain compared to the aqueous extracts of the roots (LCs9 = 0.44 mg/mL), the barks (LCso = 0.54 mg/mL) and of the leaves (LCsp =
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Table 5
LCso and LCos (ng/mL) of hydro-ethanolic and aqueous extracts of the leaves, barks, and roots of C. procera against males, females, and microfilariae
of O. ochengi.

Extracts Parasite Stages Plant parts Slope + SE R? LCso (CI 95%) LCos (CI 95%) $?
Hydro-ethanolic Males Leaves 2.95 + 0.12 0.90 0.30 (0.25-0.35) 1.10 (0.85-1.64)
Barks 3.50 + 0.13 0.88 0.24 (0.21-0.28) 0.73 (0.61-0.94)
Roots 3.58 + 0.14 0.91 0.44 (0.36-1.53) 1.29 (0.95-2.31) 327.00%**
Females Leaves 2.23 £0.11 0.87 0.18 (0.12 + 0.23) 1.00 (0.73-1.68)
Barks 2.87 £ 012 0.88 0.29 (0.24-0.34) 1.10 (0.85-1.68)
Roots 2.35+0.11 0.92 0.30 (0.23-0.35) 1.49 (1.06-2.68)
Microfilariae Leaves 2.77 £ 0.12 0.88 0.23 (0.18-0.27) 0.90 (0.71-1.29)
Barks 1.71 £0.11 0.83 0.15 (0.08-0.20) 1.35 (0.91-2.86)
Roots 1.87 £ 0.11 0.71 0.21 (0.13-0.28) 1.63 (1.01-4.76) 213.31%**
Aqueous Males Leaves 2.79 +£0.12 0.91 0.32 (0.26-0.37) 1.25 (0.90-1.92) 151.60%**
Barks 3.20 +.013 0.90 0.25 (0.21-0.28) 0.83 (0.69-1.05) 98.39%**
Roots 3.42 +0.13 0.92 0.43 (0.36-0.51) 1.32(0.99-2.24) 260.89***
Females Leaves 1.99 + 0.11 0.90 0.32 (0.24-0.40) 2.18 (1.36-5.51) 173.28%**
Barks 2.37 £0.11 0.82 0.45 (0.35-0.60) 2.25 (1.32-7.76) 320.65%**
Roots 1.93 +£0.11 0.91 0.26 (0.19-0.31) 1.84 (1.25-3.62) 115.7
Microfilariae Leaves 2.24 +£0.11 0.93 0.27 (0.21-0.33) 1.48 (1.04-2.81) 163.33%**
Barks 2.58 £0.12 0.96 0.31 (0.26-0.37) 1.37 (1.03-2.18) 139.35%**
Roots 2.51 +0.12 0.94 0.24 (0.19-0.28) 1.08 (0.85-1.54) 101.85%**
Ivermectin Males - 7.14 + 0.28 0.90 0.40 (0.36-0.44) 0.68 (0.61-0.82) 182.28%**
Females - 2.36 £0.12 0.79 0.55 (0.44-0.74) 2.74 (1.59-9.50) 267.09%**
Microfilariae - 1.97 £ 0.12 0.89 0.13 (0.09-0.16) 0.90 (0.71-1.32) 71.73%%*

SE= Standard Error; R? = Coefficient of determination; LC = Lethal concentration; CI= Confident interval; Xz = Chi-square; ***P < 0.001.

0.56 mg/mL) of the plant.
4. Discussion

Plant based-medicines in decoction, infusion, maceration, or trituration forms were used and are still in use for the treatment of
helminth infections. According to Ataba et al. [48], medicinal plants for anthelminthic purposes seemed to be less or no toxic for the
patients, present less or no adverse effects, and are biodegradable, and environmentally safe after their use. These virtues justify their
studies to discover alternate drugs resulting from natural plant products for onchocerciasis treatment since traditional medicine uses
them already for longtime ago [17].

Subcutaneous onchocerciasis is a parasitic disease caused by O. volvulus. The cattle parasite O. ochengi is the species known as being
closest to O. volvulus and shares also the same vector, the black fly Simulium damnosum. The system of O. ochengi fits the critical niche
between laboratory studies using an animal model and field evaluation to control onchocerciasis in human populations. The bovine
model of O. ochengi approaches much more human onchocerciasis with the nodules resembling narrowly those generated by O. volvulus
[49].

In this present work, the aqueous and hydro-ethanolic extracts of the leaves, barks, and roots of Faidherbia albida and Calotropis
procera caused each, significant concentration-dependent mortality of males, females, and microfilariae of O. ochengi. Indeed, the
studied plants were the subject of several previous studies and appeared effective against the parasites. Thus, the bark aqueous extract
of F. albida was reported to be very effective against Trypanosoma brucei [S0]. In Nigeria, studies undertaken by Shobowale et al. [51]
showed that the aqueous and ethanolic extracts of the leaves of C. procera inhibit significantly some pathogenic bacteria and fungi.
Furthermore, the nematocidal activity of C. procera would be due to the presence of active compounds such as calactin, mudarin, and
calotropain with high bactericidal activity as reported by Kareem et al. [52]. In addition, several previous studies reported anti--
Onchocerca and anthelminthic activities of the extracts of Craterispermum laurinum and Morinda lucida [53]; Piliostigma thonningii,
Ocimum gratissimum, Nauclea latifolia and Alstonia boonei [54]; Homalium Africanum [12]; Annona senegalensis, Anogeissus leiocarpus,
Euphorbia hirta, Parquetina nigrescens and Khaya senegalensis [43]. Nyasse et al. [55] reported that polycarpol isolated from Polyalthia
suaveolens (Annonaceae) and acid 3-O-acetyl aleuritolic from Discoglypremna caloneura (Euphorbiaceae) showed significant inhibiting
activity on the viability of the adult male worms of Onchocerca gutturosa. Phytochemical constituents such as polyphenols, tannins and
compounds like voacamine, polycarpol, voacangine, ellagic acid, gentisic acid, gallic acid, (—)-epigallocatechin 3-O-gallate, 3-O-acetyl
aleuritolic acid were reported to possess strong activity against onchocerca [17]. Dikti et al. [14] also reported high anti-Onchocerca
and anti-Caenorhabditis activity of some and Some Proanthocyanidin Derivatives (+)-catechin-3-O-gallate, (—)-epi-
catechin-3-O-gallate, (4)-gallocatechin, (—)-epigallocatechin, and (—)-epigallocatechin-3-O-gallate from the Fruits of Acacia nilotica.
Studies conducted by Cho-Ngwa et al. [12] on O. ochengi showed a significant microfilaricidal activity of the leaf hexane extract of
Homalium africanum (Salicaceae), leaf and root hexane extracts of Margaritaria discoidea (Euphorbiaciaea), leaf methylene chloride
extract of H. africanum and M. discoidea. Using the cattle parasite O. ochengi, Ndjonka et al. [43] reported a significant microfilaricidal
activity of the bark ethanolic of Anogeissus leiocarpus (Combretaceae) and Khaya senegalensis (Meliaceae) and also the leaf ethanolic
extracts of K. senegalensis and Euphorbia hirta (Euphorbiaceae), while leaf aqueous extracts of Parquetina nigrescens (Asclepiadaceae)
and Annona senegalensis (Annonaceae) showed a moderate effect on the worms’ viability. The same tendencies were also recorded
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Fig. 3. Mortality of Caenorhabditis elegans wild strain (A and C) and resistant strain (B and D) treated with hydro-ethanolic extracts (A and B) and
aqueous extracts (C and D) of the leaves, barks, and roots of Faidherbia albida. In each graph, concentration 0 mg/mL represents the negative control
in which no plant extract is added.

Table 6
LCso and LCos (mg/mL) of hydro-ethanolic and aqueous extracts of the leaves, barks, and roots of F. albida against wild and resistant strains of C.
elegans.
Extracts Strains Plant parts Slope+SE R? LCso (CI 95%) LCos (CI 95%) $
Hydro-ethanolic wild Leaves 2.26 £ 0.12 0.98 0.32 (0.25-0.37) 1.34 (1.03-2.01) 121.75%**
Barks 3.24 £ 0.14 0.94 0.19 (0.37-0.52) 1.43 (1.06-2.42) 224.19%%*
Roots 2.25 £0.11 0.95 0.29 (0.22-0.35) 1.57 (1.08-3.06) 170.23***
Resistant to Ivermectin Leaves 1.85 + 0.11 0.94 0.13 (0.8-0.18) 1.08 (0.79-1.85) 104.20%**
Barks 2.11 £0.11 0.94 0.28 (0.21-0.34) 1.69 (1.16-3.28) 140.85%**
Roots 2.03 £0.11 0.95 0.25 (0.19 (0.30) 1.80 (1.30-1.20) 116.25%**
Aqueous wild Leaves 3.25 £ 0.13 0.97 0.45 (0.39-0.51) 1.44 (1.12-2.11) 138.21%**
Barks 2.83 £0.12 0.96 0.42 (0.36-0.50) 1.62 (1.19-2.73) 166.56%**
Roots 2.69 £ 0.12 0.92 0.48 (0.40-0.58) 1.98 (1.37-3.84) 180.65***
Resistant to Ivermectin Leaves 2.89 +£0.15 0.84 0.70 (0.59-0.88) 2.60 (1.71-5.82) 173.75%**
Barks 3.08 £0.13 0.91 0.47 (0.39-0.55) 1.76 (1.24-3.32) 222.97%**
Roots 2.50 £ 0.12 0.84 0.45 (0.36-0.56) 2.06 (1.33-4.98) 238.35%*
Ivermectin Resistant to Ivermectin 2.13+0.11 0.94 0.31 (0.25-0.37) 1.85 (1.30-3.30) 111.63%**
wild 1.96 + 0.12 0.89 0.12 (0.09-0.15) 0.87 (0.69-1.20) 58.97%**

SE= Standard Error; R? = Coefficient of determination; LC = Lethal concentration; CI= Confident interval; X2 = Chi-square; ***P < 0.001.

when C. elegans, an alive-free model and more adapted for research on parasites of the nematode was used. Moreover, certain plant
extracts assessed in this work showed high toxicity not only against the wild strain of C. elegans but also against the resistant strain of
the parasite. Ndjonka et al. [56] reported also high toxicity of A. leiocarpus extract (Combretaceae) against O. ochengi and both wild and
resistant strains of C. elegans.
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Fig. 4. Mortality of Caenorhabditis elegans wild strain (A and C) and resistant strain (B and D) treated with hydro-ethanolic extracts (A and B) and
aqueous extracts (C and D) of the leaves, barks, and roots of Calotropis procera. In each graph, concentration 0 mg/mL represents the negative control
in which no plant extract is added.

Table 7
LCso and LCos (mg/mL) of hydro-ethanolic and aqueous extracts of the leaves, barks, and roots of C. procera against wild and resistant strains of C.
elegans.

Extracts Strains Plant parts Slope+SE R? LCsg (CI 95%) LCos (CI 95%) $?
Hydro-ethanolic wild Leaves 3.24 £ 0.13 0.97 0.42 (0.37-0.47) 1.35 (1.09-1.84) 106.07***
Barks 2.84 £ 0.12 0.99 0.36 (0.31-0.42) 1.39 (1.08-2.04) 120.13%**
Roots 2.46 £0.11 0.95 0.36 (0.29-0.42) 1.67 (1.19-2.66) 151.23%**
Resistant to Ivermectin Leaves 2.20 +0.11 0.92 0.32 (0.26-0.38) 1.80 (1.29-3.14) 113.01%**
Barks 2.98 +0.12 0.97 0.38 (0.33-0.43) 1.37 (1.08-1.96) 115.45%**
Roots 2.73 £0.12 0.96 0.37 (0.31-0.43) 1.68 (1.23-2.79) 147.30%**
Aqueous wild Leaves 3.97 £ 0.15 0.95 0.47 (0.41-0.53) 1.22 (0.99-1.71) 171.11%**
Barks 2.49 £ 0.11 0.97 0.38 (0.33-0.45) 1.77 (1.29-2.96) 126.07***
Roots 2.55+0.11 0.97 0.32 (0.26-0.38) 1.43 (1.06-2.36) 149.94%**
Resistant to Ivermectin Leaves 2.13 £0.12 0.93 0.56 (0.50-0.64) 3.36 (2.40-5.49) 51.18%**
Barks 2.55 +0.12 0.95 0.54 (0.50-0.58) 2.40 (1.96-3.11) 30.75%**
Roots 3.26 £ 0.13 0.97 0.44 (0.38-0.49) 1.40 (1.10-2.02) 136.20%**
Ivermectin Resistant to Ivermectin 0.94 0.31 (0.25-0.37) 1.85 (1.30-3.30) 111.63%**
wild 0.89 0.12 (0.09-0.15) 0.87 (0.69-1.20) 58.97%**

SE= Standard Error; R? = Coefficient of determination; LC = Lethal concentration; CI= Confident interval; Xz = Chi-square; ***P < 0.001.

In this present investigation, the nematocidal effectiveness of the plant extracts varied significantly with not only the solvents used
for extraction, but also with the various parts of each plant. Similar tendencies were also observed since tested at 20 pg/mL, 100%
mortality of O. ochengi was recorded with the methanolic and methanol-methylene chloride extracts of the leaves, barks, and roots of
Lophira lanceolate after 72 h; with their respective LCso values of 9.76 pg/mL, 8.05 pg/mL and 6.39 pg/mL for with methanol extract
and of 9.45 pg/mL, 7.95 pg/mL and 6.39 pg/mL for methanol-methylene chloride extract [15].

In this present investigation, the aqueous and hydro-ethanolic extracts of the leaves, barks, and roots of F. albida and C. procera also
caused each, significant concentration-dependent mortality of both wild and resistant strains of C. elegans. Similarly, on the wild strain
of C. elegans, ethanolic and methanol-methylene chloride extracts of Lophira lanceolata exhibited moderate mortality with respective
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LCsp values after 72 h of 1890 pg/mL and 1200 pg/mL for the root barks and 1000 pg/mL and 2030 pg/mL for the trunk barks [15].
Indeed, the anthelminthic resistance of the pathogenic helminths in the human being and animals was spread in prevalence in severity
at a point where resistance to the multiple drugs against the three great anthelminthic classes (benzimidazoles, imidazothiazoles, and
lactones macrocyclic) became a complete phenomenon of the parasitic nematodes at the human and in animals. Like Ivermectin, the
phytochemical compounds resulting from hydro-ethanolic and aqueous extracts of the leaves, barks, and roots of the studied plants
would have a strong affinity for the channels chlorides glutamate-dependent on the nervous and muscular cells of the microfilariae and
the adults of O. ochengi. Indeed, the binding of these phytochemicals might increase the cell membrane permeability to chloride ions,
resulting in the hyperpolarization of the parasite cells, conducting to the paralysis and death of the microfilariae and adults of
O. ochengi [57].

5. Conclusion

The present study revealed the toxic effects of concentration-dependent in vitro of aqueous and hydro-ethanolic extracts of the
leaves, barks, and roots of F. albida and C. procera. These extracts may possess at the same time significant macro/microfilaricidal
activities. Among the plant extracts of the 2 plants tested, the bark hydro-ethanolic extract of F. albida was the most effective against
the microfilariae, males and females of O. ochengi as well as the strains of C. elegans. This study validates the use of these plants by
traditional health practitioners in the management of the disease and can constitute a new source for the development of an effective
drug to control both sensitive and resistant strains of nematodes. Furthermore, the bark hydro-ethanolic extract of F. albida should be
submitted to bio-guided fractionation and isolation of the active compounds responsible of the anthelminthic activity.
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