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Abstract: In the present work, an ethanolic extract of A. digitata has been tested in vitro against the bovine parasite
Onchocerca ochengi and Caenorhabditis elegans. The both nematods were incubated in different concentrations of the
plant extract solubilized in RPMI 1640 supplemented with penicillin/streptomycin (100 U/mL/100pg/mL) and on NGM -
agar. Ivermectin, Levamizole were used as the positive controls. The worm viability was determined by MTT/formazan
colorimetry method after 24, 48 and 72 h. The oral acute toxicity on rats (60-120g) of the fruit pulp and its phytochemical
composition were also assessed. The LCso values were determined using Probit Analysis and data were expressed as mean
+ standard deviation. The extract was active on macrofilariae of O. ochengi and all C. elegans living strains. On O. ochengi,
the LCso values for ethanolic FPE were 36.01, 12.03 and 5.05 pg/mL respectively after 24, 48 and 72 h. C. elegans strains
were sensible to the FPE. The calculated LCso were 82.08, 60.02 and 49.01 pg/mL for the wild-type; 209.03, 151.21 and
95.61 pg/mL for CB211 strain; 370.10, 224.0.3 and 210.06 for VC722 strain respectively after 24, 48 and 72 h. Among
the phytochemical constituents of the fruit pulp tannins (43.88 mg/kg GAE) were the most abundant followed by phenolic
acid (21.28 mg/kg GAE), saponins (12.99 mg/kg) and flavonoids (0.07 mg of rutin/100g). The oral acute toxicity of FPE
assessed on rats showed that the LDso was above 5000 mg/kg suggesting no toxicity. The relative organ weights of liver
of rats sacrificed for all group varied from to 3.94 + 0.23g to 12.92 + 0.61g. The group treated with CCL4 showed the
highest values of relative organ weight with a maximum of 12.92 + 0.61g for males and 12.78 + 0.54g females. The
difference is significant (p-value = 0.001) between the ALAT and ASAT values founded in liver of rats treated with FPE
when compared to those treated with CCL4 (carbon tetrachloride), ivermectin and levamisole. However, not significant
difference (p-value = 0.001) was observed between these values of ALAT and ASAT in negative control group and those
of rats treated with FPE. These results therefore suggest that the FPE extract at the different test doses (1750, 2000, 5000
mg / kg) was not toxic to the liver of rats. This study suggests possibility of new source of compounds against human
onchocerciasis.
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INTRODUCTION elicit skin-irritations and eye-lesions the latter leading up
H h L blind . to the destruction of the cornea or posterior eye [3].
uman onchocerciasis (river blindness) is a Different surveys indicate that this disease is

filarial disease caused by Onchocerca volvulus
transmitted through the bites of blackflies of the genus
Simulium [1]. In the human host, adult worms
(macrofilariae) live subcutaneously and induce the

dramatically underestimated and is the world’s second
leading infectious cause of blindness with over 37
million people now thought to be infected [4]. Close to
. 99% of all patients live in tropical Africa and more than
formation of onchocercomas. Females of O. volvulus 400,000 infected in central and South America [5].

prpduce thousands of microfilariac per day [2] that According to the Cameroonian public health ministry in
migrate subcutaneously throughout the human body and 2004, about 28% of the population is affected by the
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disease, with more than 1 million suffering from skin
pathology. Onchocerciasis causes socio-economic
problems and life-long human suffering [6]. Two major
strategies employed in the control of onchocerciasis are
mass treatment of infected people with ivermectin and
the elimination of the Simulium vectors [7, 8]. Despite
onchocerciasis having been successfully controlled in
parts of West Africa by the Onchocerciasis Control
Program (OCP), infection with O. volvulus remains an
obstacle to public health in many other endemic
countries [9-11]. A global eradication of the parasite by
means of ivermectin alone appears not feasible [12].
However, the treatment may be given for undetermined
period of time in order to effectively cure [13]. In
addition, ivermectin the only drug currently
recommended for treatment of the disease effectively
kills microfilariae of O. volvulus, but not the adult worms
(macrofilariae) to which its reduces fecundity and
apparently shorten live span [14], which normally is up
to 18 years in humans [15]. Nowadays, the emergence of
ivermectin resistance in parasitic nematodes of
veterinary importance raises serious concerns that this
may be generalized to O. volvulus [16]. Therefore, the
search for new and highly efficacious microfilaricides
and macrofilaricides is imperative. Due to the lack of a
laboratory host for the human parasite O. volvulus, model
organisms are needed. In this study, O. ochengi and C.
elegans were used as models for several reasons. O.
volvulus and O. ochengi are evolutionary closely related
and are transmitted to human and bovine host by the
same blackfly vector S. damnosum [17]. The potential of
Caenorhabditis elegans as a model organism to address
questions in neurobiology, developmental biology,
genetics and molecular biology was recognized [18]. In
particular, the mode of action of anthelmintic drugs such
as ivermectin and levamisole was elucidated on the
molecular level by employing this one millimeter non-
parasitic bacterial feeder [19-21]. Medicinal plant
preparations have been identified as alternative remedies
for several diseases [22]. About 50% of drugs used in
modern medicine are of plant origin [23] and about 80%
of Africa’s population relies on medicinal plants for their
health needs [24]. The development of drug resistance in
human pathogens against parasitosis necessitates a
search for new anthelmintic substances. Higher plants
produce diverse secondary metabolites with different
biological activities [25]. These natural products may be
a source of compounds with anthelmintic effects and
therefore possible candidates for the development of new
drug [26]. Throughout Africa Adansonia digitata is a
wonderful tree for most of indigenous people; some even
consider it bewitched [27]. Almost all parts of the tree
are used in traditional medicine in Africa although this
varies from one community to another. A. digitata
products (e.g. fruits, seeds, leaves, bark) contribute to the
livelihood of many populations in Africa as it is a source
of food, fibre and medicine [28-30]. Several properties
of 4. digitata have been previously mentioned in several
others studies. The plant has anti-inflammatory,
antipyretic, antimicrobial and analgesic activities [31].

Powdered leaves have anti-asthmatic and have anti-
tension and antihistamine properties [28]. Leaves are
also used for other conditions such as diarrhea,
dysentery, opthalmia and otitis media. Bark is used as a
substitute for quinine to curb high fever and act as
prophylactic measure for malaria as well [28]. Aqueous
stem bark extract of A. digitata has a high anti-malarial
activity [32]. In other study reported by Van Staden et
al., [33], A. digitata has showed considerable
antimicrobial activity against Bacillus subtilis, S. aureus
and C. albicans. Thus based on informations of the
regular use by traditional healers and people for the
treatment of parasitosis in the North region of Cameroon,
A. digitata has been chosen after a screening for this
study. In an attempt to contribute to anti-onchocercal
drug development, we evaluated the in vitro filaricidal
activities of ethanolic fruit pulp extract of 4. digitata on
O. ochengi and on the free living strains of the nematode
C. elegans and the acute toxicity was also studied in rats.

METHODS

Sample Collection and Preparation of Plant Extract

Fruits of 4. digitata were collected from Garoua
area (latitude 09°23'9.46" N, longitude 13°20'18" E) and
identified at the National Herbarium in
Yaounde/Cameroon, where it was registered under the
voucher number 42417/HNC.

Preparation of the extract was done according to
the method described by Cho-Ngwa et al., [34]. Briefly,
the fruit pulp of A. digitata was harvested, dried in the
shade at room temperature, crushed to fine-sized
particles and sieved on a 0.5 mm mesh screen. A ratio of
ten grams of the powdered material extracted with 100
mL of ethanol at 70 % was used, macerated for 48 h,
centrifuged (3500 rpm, 10 min) and filtered over filter
papers No. 413 (VWR International, Darmstadt,
Germany). The clear filtrate was concentrated by a rotary
evaporator (Buchi R-200, Switzerland) at 40°C under
reduced pressure, solidified at -20°C and lyophilized.
The resulting powder was weighed and stored at + 4°C.
The dried fruit pulp extract (FPE) was dissolved in
dimethyl sulfoxide (DMSO) and RPMI (Roosvelt
Memorial Park Institute) to a final concentration of 100
mg/mL, filtered and aliquoted. Its nematicidal activity
was determined on C. elegans strains and O. ochengi.

Preparation of Drug Solutions

Ivermectin and levamisole were dissolved in 10
% dimethyl sulfoxide (DMSO), diluted with RPMI or
distilled water respectively for O. ochengi and C. elegans
assays. As positive controls, ivermectin and levamisole
were used at 2 mg/mL for RPMI-stock solutions and 5,
100 mg/mL respectively for distilled water-stock
solutions. 0.5 % DMSO was used as negative control.

Isolation of Adult Worms of Onchocerca Ochengi
from Nodules
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The isolation of macrofilariac was done
according to the method used by Ndjonka et al., [35].
Briefly, skin biopsies from umbilical area containing
palpable nodules were collected from the slaughtered
cattle of the local slaughterhouse. On a clean laboratory
bench, they were washed in distilled water, disinfected
with 10 % Povidone-iodine (Galentic Pharma,
Mumbeai/India) to avoid any source of contaminations
and washed with sterile PBS (phosphate-buffered saline).
From isolated nodules, O. ochengi adult worms were
carefully scraped out as single masses and worms
isolated. Worms in good condition was ascertained by
visual examination under microscope (Euromex,
Holland). The fully motile and not wounded ones were
kept for subsequent in vitro culture.

In Vitro Assay on Onchocerca Ochengi

The in vitro assay on Onchocerca ochengi was
done according to the method used by Ndjonka et al.,
[36]. The selected worms were washed three times in
sterile phosphate-buffered saline (PBS) and two times in

RPMI-1640 (Sigma, Diesendorf/Germany)
supplemented ~ with  antibiotics  (penicillin 100
IU/mL/streptomycin 100 pg/mL, Sigma,

Diesendorf/Germany). They were then incubated at 37°C
under 5% CO2, in 96-wells microtitre plates (one worm
per well in 100 pL medium) in RPMI 1640 containing
different concentrations of ethanolic FPE or drug. The
mortality was determined after 24, 48 and 72 h. Positive
control was performed with ivermectin and each test was
run in triplicate.

Culture of Caenorhabditis Elegans

The evaluation of drugs nematotoxicity was
performed on different strains of C. elegans according to
the method described by Ndjonka ez al., [36]. The wild
type N2 Bristol (WT) and the mutant strains CB211 lev-
1(e211) IV (CB211), VC722 glc-2(0k1047) 1 (VC722).
Their culture was made as follows: worms were cultured
at 20°C under standard monoxenic conditions on NGM-
agar (Nematode Growth Medium: 2.5 g peptone from
casein, 3 g NaCl, 17 g agar, 0.5% cholesterin, | mM
CaClz, 1 mM MgSO4, 25 mM KH,PO4/K,HPOy4 in 1 1 of
water) in petri dishes seeded with Escherichia coli OP 50
as food source. The synchronization of the C. elegans
culture was done according to the method used by
Johnson et al, [37]. Succinctly, the culture was
submitted to 12.5 % hypochlorite treatment (chlorox),
the collected eggs were transferred in M9 buffer until
hatching. The juvenile stage (synchronized) were then
introduced on NGM-agar plates and incubated at 20°C.

Assays on Caenorhabditis Elegans

The assays on Caenorhabditis elegans was
performed as previously described by Thomas et al.,
[38]. Briefly, the synchronized worms (ten young L4
adults per Petri dish) were transferred and incubated with
different concentrations of the FPE or drug on a dried
solid NGM-Agar seeded with Escherichia coli OP50 (80
pL). Each small petri dish (35 mm in diameter) receives

3 mL of hot NGM-Agar (about 40 ° C), to which the
volume corresponding to each concentration is mixed in
a falcon tube. Control plates did not contain plant extract
or drug. Positive controls were performed with
levamisole and ivermectin and each test was run in
triplicate. Worms were incubated at 20 © C and the
mortality was determined after 24, 48 and 72.

Determination of Worm Mortality

The death was determined by using MTT (3-(4,
5-dimethylthiazol-2-yl)-2,  5-diphenyl tetrazolium
bromide) colorimetric assay which is a cell metabolic
activity-based assay. The MTT 1is a pale-yellow
compound which is reduced to a dark blue product; the
formazan by the living cells of the worms. Single intact
worm was placed in each well of a 48-wells plate
(Falcon, UK) containing 505 pL of a solution consisting
of 5 uL MTT (0.5 mg/mL) and 500 pL of RPMI 1640,
then incubated at 37°C and observed after 30 min under
a microscope. Thus after incubation, when the worms
were alive they were colored blue because of the MTT
which was reduced to formazan. In the other hand, when
their color remains yellow there are dead. Dead worms
do not reduce MTT to formazan but simply take up the
yellow color of MTT. All the MTT assays except the
observation were done in the dark since the MTT reagent
is sensitive to light as described by Loveland et al., [39].

Phytochemical Screening and Extraction Yield

The tannins determination was conducted
according to the modified method of Schanderl [40]. For
tannins determination 200 pL of a solution of the sample
were mixed with 35 % (w/v) of Na,COj3 and 100 uL of
Folin-Ciocalteu (FC) reagent were added. The whole was
mixed by vortexing for one minute and incubated five
minute at room temperature (25 to 30°C). The
absorbance was then read at 640 nm.

The phenolic acids content was evaluated using
the Folin-Ciocalteu modified method of Folin and Denis
[41], which consists in an evaluation of gallic acid
content in a serie of increasing concentrations of its
aqueous solution. A titration curve of gallic acid at a
wave length of 765 nm was then drawn from the
evaluated absorbance. Succinctly, to 50 ul of the sample-
solution, 200 pL of Na,COs and 250 pL of a 1/10 (v/v)
of FC reagent were successively added. The obtained
solution was agitated manually for one minute and
incubated in dark at 40°C for 30 minutes. The absorbance
was determined at 765 nm using a spectrophotometer
(UV-biowave Cambridge, England). The phenolic acids
content was calculated from the standard curve of gallic
acid titration’s equation (linear regression equation).
Tannins and phenolic acids contents were expressed as
equivalent of gallic acid per gram of dry plant material
(mg GAE/100g).

The flavonoids were determined according to
the method described by Wolfe et al., [42], modified.
Briefly, to 0.1 g of the extract, 2 mL of the extract solvent
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made of 140:50:10 methanol-distilled water-acetic acid
were added. The obtained solution was filtered using a
wattman paper and an equal volume of extraction solvent
was added. 250 pl of the filtrate was transfered to a 5 mL
tube and completed to 5 mL with distilled water which
constitutes the analysis solution (A solution). For
titration, to 5 mL of the A solution, 200 pl of distilled
water and 500 pl of aluminium chlorite solution (133 mg
of AICl; and 400 mg of sodium acetate in 100 mL
distilled water) were added and the solution mixed by
vortexing. A rutin titration curve was set at the
absorbance of 430 nm and the flavonoids amount was
expressed as mg of rutin/100g of dry material.

The saponins determination was conducted
according to the modified method described by
Schanderl, [40]. To 0.1 g of the extract, | mL of distilled
water was added and vigorously shaken for 30 min. The
height of foam was measured by a ruler and quantified
like following: Saponin (mg) = [(0.432) (height of foam
in cm after 5 to 10s) + 0.008] /(weight of sample in
gram). Extraction yield (mass of extract/mass of raw
material) was determined.

Acute Toxicity Study

The oral acute toxicity of ethanolic FPE of 4.
digitata was determined using the method of Adedapo et
al., [43]. Twenty-four healthy adult male and female
albino rats weighing 60-120 g and 10 weeks old were
used. The assay was conducted according to the OECD
[44], guideline. The animals were obtained from
LANAVET (National Veterinary Laboratory, Garoua,
Cameroon). Before assays, they were acclimatized (two
weeks) to the conditions of breeding of LANAVET. Rats
were separated into 4 groups of 6 animals (3 males and 3
females) and identified by color tail marks. They have
been deprived of standard food for 12 h and received
orally using a feeding needle different doses of the
extract (1750, 2000, 5000 mg/kg) corresponding to
groups A, B,C and a control group (D) which received
distilled water. All the animals were then allowed free
access to standard food and water and observed at 2, 4,
24 and 48 h for any behavioral changes and thereafter
twice daily for a continuous period of 14 days.

Relative Organ Weight of Rats

After the fourteenth day, the rats were starved
for 24 hours then they were euthanized under chloroform
(10%) anesthesia. The liver were carefully dissected out
and weighed in grams (absolute organ weight). The
relative organ weight of each animal was then calculated
according to the following formula:

Relative Organ Weight
Absolute organ weight (g)

o Body weight of rat on sacrifice day (g) X 100

Level of ASAT and ALAT Determination in Liver of
Rats

Portions of liver tissues obtained from rats
treated with FPE, ivermectin, levamisole and distilled
water were keep at — 4°C till. 1g of liver of each rat was
crushed in 3 ml of phosphate buffer then centrifuged
(3500 rpm for 15 min) and the supernatant was recovered
in eppendorf tubes for biochemical analysis. The
proportioning of the enzymes was carried out using a
spectrophotometer of mark "MINDRAY BA-88A";
ALAT and ASAT kits were from Sigma-Aldrich
(France).

Statistical Analysis

The Graphprism program 5.0 software was used
to set out the curves. The LCso values were determined
by Probit Analysis method using SPSS 16.0. Analysis of
variance (ANOVA) using was used for the test of
significant difference at 95% level (P < 0.05).T-test and
Turkey’s test at P = 0.05 was applied for mean
separation. The LCsg values were expressed as mean +
standard deviation of mean (mean of triplicates).

RESULTS

The FPE, levamisole and ivermectin were
nematicidal in a time and concentration-dependent
manner as shown in figures 1, 2 and 3. There was not
mortality in 0.5% of DMSO in negative control.

Effect of Fruit Pulp Extract of 4. Digitata, Levamisole,
Ivermectin on O. Ochengi and C. Elegans.

Table 1: LCso values of the ethanolic FPE of Adansonia digitata and positive controls tested against O. ochengi and
C. elegans (wild type and drug resistant strains) after 24, 48 and 72h exposure
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The LCs values are expressed as mean + SDM of mean of triplicates. Small letters compare means in a column and
capital letters means in a row. Different letters indicate significant difference at (p > 0.05). nd: not determinate; FL:
Fiducial Limit; ns: not significant; *p = 0. 05; ***p = 0.001.

Table 1 summarizes LCso values of ethanolic
FPE of A. digitata, ivermectin and levamisole on O.
ochengi. Ivermectin showed the highest efficiency on O.
ochengi with the LCsy values of. Compared to the LCso
value of ivermectin and levamisole on O. ochengi, the
ethanolic FPE of A. digitata showed the lowest
nematicidal activity (p <0.05) with a value of 5.05 £1.57
pug/mL. The LCso values of FPE of A. digitata and drugs
(ivermectine and levamisole) against the wild type of C.

elegans at 24, 48 and 72 h. Ivermectin presented the
highest LCs values compared to the FPE (p < 0.05).

Phytochemical Content of the Ethanolic Extract of 4.
Digitata Fruit Pulp

Determinations of tannins, phenolic acids,
flavonoids and saponins content were conducted using
photometrical quantification methods.

Table 2: Quantity (mg) of phytochemical compounds (tannins, flavonoids, saponins and phenolics) and percentage
yield for each 100 grams of the ethanolic FPE of A. digitata

A. digitata Tannins Flavonoids Saponins | Phenolic acids
(mg/g GAE) | (mg rutin/100g) | (mg/g GAE) | (mg/g GAE)
Fruit pulp (100g) | 43.88 +2.57 0.07 £ 0.01 12.99+0.10 | 21.28+1.78

GAE: Gallic Acid Equivalent

Table 2 summarizes the amounts in equivalent
mg of gallic acid per g of dry plant material (tannins,
phenolic acids), in mg of rutin per 100 g of dry plant

material (flavonoids) and mg per g (saponins). The most
abundant compounds were the tannins, phenolic acids
and saponins. Flavonoids are also present but very low.
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The resulting dry powder was weighed and expressed as
percentage.

Toxicity Assays on Rats

The ethanolic FPE did not show any mortality
at all doses tested after 72 h and up to 14 days. However,
immediately after oral administration of FPE of A4.
digitata, some clinical signs of toxicity were observed
like behavioral changes (locomotion, loss of appetite and
sneezing) at 1750, 2000 and 5000 mg/kg.

The Effect of FPE on the Quantity of ALAT, ASAT
in Function of Weight of Rats

ALAT and ASAT levels in rat liver (fig.4 and
fig. 5) indicate that values are generally higher in male
rats. The values ALAT and ASAT in positive group
(CCLs4, ivermectin and levamisole) are generally highest
than those of Negative control group.
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Figure 1: Effect of FPE, CCL4, Ivermectine and Levamisole on the liver level of ALAT of rats. Values are
expressed as mean +£ SDM, Values are considered Significant if (P < 0.05) for all test. Mean= 18.63 + 1.69, N=8; t=
-5.67, ddl =7, p-value = 0.001
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Figure 2: Effect of FPE, CCL4, Ivermectine and Levamisole on the liver level of ASAT of rats. Values are
expressed as mean + SDM, Values are considered Significant if (P < 0.05) for all test. Mean= 18.63 + 1.69, N=8; t=
-5.67, ddl =7, p-value = 0.001

DISCUSSION

Anthelmintic resistance, adverse effects and
limited macrofilaricidal activities of the known
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antifilarial drugs have stimulated the search for
alternative treatments. The objective of this study was to
evaluate in vitro the nematicidal activity of ethanolic
FPE of 4. digitata on parasite of cattle O. ochengi which
is known to be a model for human onchocerciasis studies.
For this study, we used wild type and mutant strains of
the free-living model nematode C. elegans as well. Those
mutants carry alleles conferring resistance towards the
currently used antifilarial drugs ivermectin and
levamisole. Those drugs were the positive control and
DMSO (< 1% in each test) was included as negative
control. The worms were subjected to increasing
concentrations of ethanolic FPE or drugs and the
mortality was determined after 24, 48 and 72h. The
ethanolic FPE and drugs were remarkably active on the
worms. There was not mortality observed in the negative
control.

In general, at the maximum concentration of
each of the used substances, 100 % mortality rate was
registered at 72 h incubation. However, from 24 to 48 h
weak concentration induced high mortality on both
nematodes. The ethanolic FPE was active on O. ochengi
with LCso values ranked from 5.05 to 36.01 ug/mL.

Several in vitro and in vivo studies have been
carried out to determine the antiviral activity of various
baobab plant parts. Ananil et al., [45], investigated the
antiviral activity of several plants against the herpes
simplex, sindbis and polio viruses. Vimalanathan and
Hudson [46], investigated the antiviral activity of A.
digitata leaves, fruit-pulp and seed extracted with water,
DMSO and methanol. The study was conducted using the
minimum inhibitory concentration method against
influenza virus, herpes simplex virus and the respiratory
syncytial virus. Extract exhibited the most promising
activity against the influenza virus with the MIC value
ranging from 0.12 pg/ml (DMSO) to 2.8 pg/ml (water).
In a recent other study, Masola ef al., [47], investigated
the antimicrobial activity of baobab plant parts (stem and
root barks) against Gram-positive bacteria, Gram-
negative bacteria and yeast. In additional, Yagoub in
2008 [48], reported that the aqueous extract extract of 4.
digitata inhibited bacterial growth with the inhibition
zone ranging from 20 to 30 mm depending on the
concentration at which the sample was tested. Masola et
al., [47], mentioned that the antibacterial and antiviral
activities of A. digitata could be attributed to the
presence of tannins, phlobatannins, terpenoids and
saponins in the stem bark.

The effect of FPE could also arise from its
secondary metabolites content. In fact, the fruit pulp of
A. digitata parts has showed effectiveness against
numerous bacteria [49], and protozoa [28]. Parallel
studies carried out with different plants [34-50], have
demonstrated  anti-Onchocerca and  anthelmintic
activities.

It is already established that filarial worms such
as O. ochengi live with an endosymbiont (Wolbachia)
[51], which could be targeted by that extract. The high
activity on O. ochengi could come from the synergic
effect of the diverse compound found in the FPE of 4.
digitata [52]. Several tannin-rich plant products showed
effectiveness against O. ochengi in vitro [46, 47].
Elsewhere, the observed high efficiency of ivermectin is
not observed at the same range in vivo because of the
nodular wall which limits its activity on adult at low
doses [53]. Nevertheless, purification and subsequent
antifilarial screening of the pure compounds from the
FPE will be required to determine its full potential.

For all the tested products C. elegans (wild type
and mutants) was highly susceptible for the weak
concentrations. This behavior could be an expression of
an antagonist activity of a substance or compound of the
FPE which inhibits the activity of the anthelminthic one.
The effect of ethanolic FPE of 4. digitata on C. elegans
could be attributed to the activity of tannins as reported
by Katiki et al., [54], who reported that hydrolysable
tannins-rich extracts or hydrolysable and condensed
tannins-rich extracts are both significantly more lethal to
adult of C. elegans than extracts containing only
condensed tannins. The higher nematotoxicity of
conventional drugs (figure 2A and 2B) which are pure
substances denotes a difference with the ethanolic FPE
in their mechanism of action. Ethanolic FPE as a
substance cocktail may act on the same receptors as
ivermectin and levamisole but with a lower specificity.
A similar activity was observed with mutants to the FPE
on C. elegans (figure 3) consequently, the FPE does not
act with the same response as levamisole and ivermectin.
In one hand, ivermectin is reported to bind to GluCl
channels in the nerve or to nematode muscle cells with
high affinity and increases the permeability to chloride
ions across the cell membrane and consequently leads to
cellular hyperpolarization and death of worms by
paralysis [55]. In the other hand, levamisole is a nicotinic
receptor agonist and causes hypercontraction of muscles
and lethality due to prolonged activation of the excitatory
nicotinic acetylcholine (nACh) receptors on body wall
muscle [56]. Elsewhere, the activity of FPE on C.
elegans (wild type and mutants) presented in figure 2C
and figure 3 showed that the longer is the incubation time
the stronger is the efficiency of the extract on the
nematode.

Among the quantified phytochemical groups of
FPE several have been reported as potential
anthelminthic compounds. Tannins showed
anthelminthic activity not only on O. ochengi, C. elegans
[57], but on other nematodes too [58, 59]. Phenolic acids
have been reported to induce mortality of O. ochengi and
C. elegans in vitro [37].

The acute toxicity revealed that the ethanolic of
the FPE is not toxic at all tested doses (1750, 2000 and
5000 mg/kg). The observed signs could be due to the
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stressful situation of the rat related to their handling
during the experiment. ASAT and ALAT are enzymes
found in many tissues: liver, heart, kidney, muscles,
intestines and they are commonly measured clinically as
biomarkers for liver health [60]. In our study the
transaminase levels of rats receiving extract are inferior
to those of rats that received distilled water. The
difference is not significant (p-value = 0.07) between the
relative weight values of the organs of the rats that
received the distilled water and those of the rats that
received the extract. But the results of the ALAT and
ASAT rates are relatively lower than the threshold
values; this justifies that the doses of FPE of 4. digitata
used in our study would not be toxic to rats. Other study
shown a significant protective effect of FPE of 4 digitata
extract against acetaminophen induced hepatotoxicity
[61]. Hepatoprotective property of A. digitata extract
could be explain by the capacity of b-sitosterol, b-amyrin
palmitate, triterpenoids and ursolic acid presents in FPE
to ameliorate lipid peroxidation by its scavenging
activity of free radicals and increasing of the antioxidant
defense system [62]. In addition, the protection and
restoration of CCls-induced liver damage by FPE was
also demonstrated by Al-Qarawi et al., [63]. The
consumption of FPE is undoubtedly an important factor
in normal human resistance against liver damage due to
endemic causes [64].

CONCLUSION

The current study was designed to investigate
the nematocidal activity of the ethanolic FPE of A.
digitata. The FPE was active against all worms tested
and the highest activity recorded was against O. ochengi.
It is known that biological activity of plants is attributed
to the presence of phytochemical compounds. The
phytochemical screening revealed the presence of
flavonoids, tannins, saponins and phenolic acids. The
acute toxicity of FPE tested in vivo on rats showed that
the lethal dose was more than 5000 mg/kg following oral
administration. The ALAT and ASAT rates of rats are
relatively lower than the threshold values; this justifies
that the doses of FPE of A. digitata used in our study
would not be toxic to rats. Further studies on TLC, HPLC
profile or finger-printing analysis, to isolate and purify
active compounds present in FPE of A. digitata are
needed.
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