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ABSTRACT: Among the parasitic diseases that thrive in warm and humid areas, Haemonchus contortus is considered to
be the most prevalent and devastating species of small ruminant. The present study was carried out to evaluate the
activities of leaves and seeds of Parkia biglobosa against adult and larvae (Ls) of H. contortus. In vitro activities were
screened by preparing aqueous and methanol extracts of both leaves and seeds of P. biglobosa in comparable to controls.
Ten worms were exposed to treatment of each plant extract and Albendazole in separate Petri-dishes with 2, 4, 8, 16 and
32 mg/ml of the same volume. The negative control received Phosphate Buffered Saline (PBS). For infective larvae, 20
Ls were pipetted into 96-flat-bottomed microtitre plate and mixed with the same volume of different concentrations similar
to that of adult. The result revealed that, all the adult worms exposed to 32 mg/ml of Albendazole and plant extracts were
found dead at 12 hours; whereas none of the worms was found dead in PBS up to 12 hours post exposure. The result of
larvae showed that the leaves and seeds extracts of P. biglobosa exposed to Lz of H. contortus exhibited less anthelmintic
effects in comparable to Albendazole. Albendazole exhibited anthelmintic effects in a dose dependent manner and about
88.5% of Lswere found dead at 12 hours post-exposure at concentration of 32 mg /ml. But for plant extracts, at 32 mg/ml,
less than 40% of Lswere found dead at 12 hours post exposure. All Lzlarvae survived in PBS up till 12 hours post exposure.
It is therefore, concluded that, 32 mg/ml of aqueous and methanol extracts of leaves and seed of P. biglobosa have higher
adulticidal activity at 12 hours post exposure but lower larvicidal activity against H. contortus. However, it is recommended
to carry out the in vivo study to assess the toxicological effect and recommended doses in goats.
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INTRODUCTION

There is setback in production and reproductive capacity, cost of treatment and control of helminthosis

performance of livestock as a result of helminthosis (Agaie
and Onyeyili, 2007; Dawo and Tibo, 2005). Helminthosis
of goats and sheep is among the endoparasite infections
that are responsible for economic losses through reduced
productivity and increased mortality (Perry et al., 2002).
Among the parasitic diseases that thrive in warm and
humid areas, Haemonchus contortus is considered to be
the most prevalent and devastating species (Dey et al.,
2015). The losses through reduced productivity of small
ruminants due to helminths infections is related to
reduction of food intake, stunted growth, reduced work

(Pedreira et al., 2006; Odoi et al., 2007; Chaudhary et al.,
2007).

The Control of helminthosis is usually based on the use
of synthetic anthelmintics, whose effectiveness and
consistent use has been limited by high levels of
anthelmintic resistance and high cost. The inappropriate
use of anthelmintic has contributed significantly to the
development of resistance against H. contortus and other
gastrointestinal helminthes (Dey et al., 2015). The first
documentation of anthelmintic resistance was to
phenothiazine in 1957 followed by thiobendazole in 1964
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(Fleming et al., 2006).

The appearance over the last six decades of populations
of parasitic worms that have developed resistance to one
or more of the available anthelmintic groups has
threatened livestock productivity globally (Kaplan, 2004;
Waller, 2006). Of particular concern is the discovery of
nematodes which are resistant to the three groups of
anthelmintics, and cannot therefore be easily controlled by
any of the three classes of drugs. This was first detected
in South Africa in sheep, and then in Scotland among
Angora goat flocks (Coles et al., 1996), but is now known
to be more widely distributed (Wrigley et al., 2006).
Nematodes in this category include H. contortus and
Trichostrongylus spp.

There are also some indications that human hookworms,
notably Necator americanus and Ancylostoma duodenale
are becoming less sensitive to the benzimidazoles and to
pyrantel, respectively (De Clercq et al., 1997; Flohr et al.,
2007). The survey carried out by Food and Agriculture
Organization (FAO) and the Office Internationale des
Epizooties (OIE) in 77 out of 151 OIE member countries,
revealed that over 50 per cent of countries are affected by
parasite resistance (FAO, 2011). This has led to increasing
popularity of herbal de-wormers for gastrointestinal
nematodes control (Burke et al., 2009).

Presently, focus on medicinal plant is one of the leading
researches globally and substantial evidence has been
collected to show the immense potentials of these
medicinal plants used in various traditional systems
(Adamu et al., 2009; Sandoval-Castro et al., 2012). The
knowledge of plants, herbs and spices and their respective
and collective roles in promoting health is increasing. If the
safety and efficacy of these medicinal plants could be
ascertained, they could be an alternative and effectively
cheaper approach to the control of helminths infections in
animals (Soetan and Aiyelaagbe, 2009). One of these
medicinal plants is Parkia biglobosa.

Parkia biglobosa popularly known as African locust
bean, which grow naturally in West Africa, are one of the
economic trees in the Northern part of Nigeria (Builders et
al., 2012). The efficacy of various preparations of P.
biglobosa is widely acclaimed for treatment of various
diseases among the Hausa communities of Northern
Nigeria (Gronhaug et al., 2008; Tijani et al., 2009). The
flowers, fruits, seeds, leaves, stem bark and root barks of
P. biglobosa are all used medically by traditionalist and
herbal medicine healers to treat several metabolic and
some non-metabolic disorders like haemorrhages,
hypertension and dermatosis (Udobi and Onaolapo, 2009;
Tokoudagba et al., 2010), diarrhoea, ulcers, pneumonia,
burns, coughs and jaundice (Sacande and Clethero,
2007), Antidiarrheal (Agunu et al., 2005), antibacterial
(Millogo-Kone et al., 2008) and wound healing (Adetutu et
al., 2011). Though, the seeds and leaves of P. biglobosa
were used in vitro to assessed egg hatch assay of
nematode with efficacy (soetan et al., 2011; Josiah et al.,
2017) but there is dearth of information as well as lack of
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scientific evidence as regard leaves and seeds of P.
biglobosa on infective larvae and adult of H. contortus. The
present study was therefore, carried out to validate the
anthelmintic activity of leaves and seeds of P. biglobosa in
the light of their use in ethnoveterinary medicine.

MATERIALS AND METHODS
Plant materials

The fresh leaves and seeds of P. biglobosa used in this
research were obtained in the morning from Bokungi
village in Edu Local Government Area of Kwara State,
North central, Nigeria in the month of March, 2016 (Figure
1). The plant samples were identified and authenticated by
a plant taxonomist, Mr Namadi Sanusi in the Department
of Biological Sciences, Ahmadu Bello University, Zaria,
Nigeria. The voucher specimen number ABU/7064 were
prepared and deposited in the herbarium of the
Department for reference purpose.

Preparation of plant materials

The collected leaves and seeds of P. biglobosa were
washed and air dried under the shade at room temperature
for four weeks and thereafter pounded into fine powder
using mortar and pestle (Soetan et al., 2011). The powders
obtained were stored separately in air tight black polythene
bags at room temperature which were later use for
extraction and phytochemical screening.

Extraction of plant materials

Two solvents (water and methanol) were used for
extraction of plant materials. For each extraction, 200 g of
powdered plant material was weighed using a sensitive
weighing balance with model number SHP1100313194
2011-07 range 0.01 to 500 g. All the extractions were
carried out in the Department of Biological Sciences,
Federal University of Technology Minna, Nigeria. The
aqueous extraction of leaves and seeds were done using
the method of Soetan et al. (2011). The weight by weight
(w/w) yield of extract was stored in capped bottle at 4°C.

The methanol extraction of leaves was prepared each by
extracting fine powdered leaves (100 g at a time) with 600
ml of methanol for 4 hours using Soxhlet apparatus (Asuzu
and Onu, 1994; Builder et al., 2012). The w/w vyield of
extract was stored in capped bottle at 4°C which was later
used for the study. The same procedures were done for
methanol extraction of seeds of P. biglobosa

Determination of percentage yield

The percentage yield of each of the extract was deter-
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Figure 1. Bark, flower pod, leaves, seeds of P. biglobosa (Field source).

mined using the formular of Ezekwe et al. (2013) as
follows:

weight of extract

% yield = 100

Weight of pulverized leaves and seed x

Phytochemical analysis of P. biglobosa leaves and
seeds

The qualitative phytochemical screenings of the extracts
were carried to identify their active constituents using the
standard phytochemical methods of Evans 2002, Zohra et
al. (2012) and Ezekwe et al. (2013). The phytochemical
tests carried out were alkaloids, flavonoids (Sodium
hydroxide Test), saponins (Frothing Test), Tannins (Ferrric
chloride Test), Terpenoids (Salkowski test),
Anthraquinones (Bontrager’s Test), glycosides (Benedict’s
test), cardiac glycoside (Keller-kiliani Test), phlobatannins,
sterols and steroids, carbohydrates (Reducing sugars),
Starch, proteins and oils.

Collection of adult and infective larvae stage of H.
contortus for in vitro studies

Adult of H. contortus were obtained from abomasums
purchased from goats slaughtered in Dogarawa
slaughtered slab in Zaria, Nigeria. Abomasums were
transported to the Helminthology laboratory in the
Department of Parasitology and Entomology, Ahmadu
Bello University (ABU) Zaria in a cooler with ice block and
then washed immediately for the recovering of adult H.
contortus. The worms were recovered using the method of
Hansen and Perry (1994) which were later washed in
distilled water and then suspended in phosphate buffered
saline (PBS) made by dissolving 0.85 g of sodium chloride
(Nacl) and 1 g glucose in 1 litre of distilled water and
allowed for 2 hrous to acclimatize (Ombasa et al., 2012).
The sample was divided into two portions. First portion was
used for adult motility assay while the second portion was
used for the processing of infective larvae.

To the second portion, female worms were separated
from male worm by their large size and presence of vulva
flap. Female worms were then gently crushed to rupture

the uteri in order to release their eggs as described by Van
Wyk et al. (2004) and Makun et al. (2008). Eggs were
cultured at room temperature in damp heat-sterilized
bovine faeces for 7 days to provide development using the
method of Makun et al. (2008) and Dey et al. (2015). The
culture was later baermannized to recover Ls larvae at the
end of the period. The harvested larvae were stored in
water at 4°C which were later used for larval motility
inhibition assay.

Adult motility inhibition assay (AMIA)

Adult motility assay was conducted on mature live H
contortus using the method of Igbal et al. (2006) and
Zaman et al. (2011). Ten (10) worms were exposed in
triplicate at each of the following treatment in separate
Petri-dishes at room temperature (25 to 30° C).

1. Leaves and seeds extracts at 2, 4, 8, 16, and 32 mg
/ml concentrations.

2. Positive control (Albendazole): 2, 4, 8, 16, and 32
mg/ml.

3. Negative Control (PBS)

The inhibition of motility and/or mortality of the worms were
subjected to the above treatments and were used as the
criteria for anthelmintic activity. The motility was recorded
after 0, 1, 3, 6,9 and 12 hours intervals. Finally, the treated
worms were kept for 30 minutes in the lukewarm fresh PBS
to observe the revival of motility. The numbers of live and
dead worms were recorded in all the Petri-dishes.

Larval motility inhibition assay (LMIA)

A total of 20 ml of Ls suspension in water were gotten and
0.1 ml was taken on microscope slide and counted.
Approximately 20 Ls were counted in 0.1 ml. Then, 0.1 ml
suspension containing approximately 20 Lz were pipetted
into 96-flat-bottomed microtitre plate and mixed with the
same volume of different concentrations (2, 4, 8, 16 and
32 mg/ml) of each plant extract. The positive control wells
also received different concentrations of Albendazole (2,
4, 8, 16 and 32 mg/ml) in place of plant extracts while
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Table 1. Percentage yield of aqueous and methanol extracts of seed and leaves of P. biglobosa.

Initial weight of

Final weight of the

Extracts Pulverized (g) extracts(g) WiWyield (%)
Aqueous leaves 200 31.72 15.86
Methanol leaves 200 29.42 14.7
Aqueous seeds 200 34.38 17.19
Methanol seeds 200 42.84 21.4

Table 2. Qualitative phytochemical screening of aqueous and methanol extracts of seed and leaves of P.

biglobosa.

Constituents Test methods CAEL CMEL CAES CMES
Cardiac Glycosides Keller-Kiliani test ++ + ++ -
Flavonoids NaoH test - +++ - +
Glycosides Ferric chloride test - - - -
Qil Filter paper test + - + +++
Protein Millon reagent test, + - + ++
Reducing Sugar Fehling test - + - -
Saponins Frothing test + + + -
Tannin (Condensed) Ferric chloride test - ++ - -
Tannin (Hydrolysable) Ferric chloride test - ++ - +
Terpenoid Salkowski test + ++ + ++

Triterpenoids Salkowski test

Keys: CAEL- Crude Aqueous Extract Leaves, CMEL- Crude Methanol Extract Leaves, CAES-Crude Aqueous Extract
Seed, CMES-Crude Methanol Extract Seed, +++ = Abundance, - = Absent, ++ = Moderate, + = Trace.

negative control plates received only PBS and all in
triplicate. The motility was recorded after 0, 1, 3, 6, 9 and
12 hours intervals under microscope. The non-motile
(dead) Lz were identified and the percentage calculated
(Dey et al., 2015).

Statistical analysis

The data were computed in tables and charts. For adult
and larval motility inhibition assay, probit transformation
was performed to transform a typical sigmoid dose
response curve to linear function (Hubert and Kerboeuf,
1992). The extract concentration required to prevent 50%,
i.e., lethal concentration (LCso) of adult and larval from
motility were calculated from the linear regression (for y =
0 on the probit scale) using Microsoft Excel Widow 2007.
Number of mortality or survival of adult and infective larvae
of the parasites in each group was subjected to one-way
analysis of variance (ANOVA) followed by Turkey’s post
hoc test where necessary. Value of P< 0.05 was
considered significant. GraphPad Instat version 3.05
Window was used to analyze the data.

RESULTS

The percentage w/w yield of aqueous and methanol

extracts of seeds and leaves of P. biglobosa are shown in
Table 1. The highest and lowest yields were methanol
seed and methanol leaves respectively. The
phytochemical constituents of both aqueous and methanol
extracts of leaves and seeds of P. biglobosa are shown in
Table 2.

Adult motility inhibition assay (AMIA)

The time (hour) taken for motility/mortality and dose
dependant response of worms to different extracts were
used as criteria to interpret anthelmintic. There was no
mortality when worms were exposed to different
concentrations of plant extracts for 2 hours including
Albendazole (ABZ) and PBS as shown in Table 3. At 3
hours, 100% mortality of worms occurred when exposed
to ABZ at 16 mg/ml concentration but plant extracts did not
(Table 3). All the worms exposed to 32 mg/ml of ABZ and
plant extracts were found dead at 12 hours; whereas none
of the worms was found dead or paralyzed in PBS up to
12 hours post exposure (Table 3). The calculated LCso,
correlation coefficient and regression equation at 3, 6, 9
and 12 hours are shown in Tables 4, 5, 6 and 7
respectively. The ranking of potency based on LCso and
dose dependant effect (R?) at a particular hour are show in
Table 8. At 12 hours, the top three extracts were ABZ,
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Table 3. In-vitro effect of different extracts of P. biglobosa on survival of adult H. contortus of WAD goats in comparison with

Albendazole.
Mean number of survived worms at different hours
Treatments
mg/ml 0 hr 1hr 3hrs 6 hrs 9 hrs 12 hrs Fresh PBS for
30 mins
PBS 10.00+0.02 10.00+0.02 10.0040.02 10.0040.02 10.00+0.02 10.00+0.02 10.00+0.02
Albendazole
2 10.00+0.02 10.00+0.02 5.00+0.0 0.00+0.02 0.00+0.02 0.00+0.02 0.00+0.0%
4 10.00+0.02 10.00+0.02 4.00+0.0° 0.00+0.02 0.00+0.02 0.00+0.02 0.00+0.0
8 10.00+0.02 10.00+0.02 3.67+0.33b 0.00+0.0% 0.00+0.02 0.00+0.02 0.00+0.0%
16 10.00+0.02 10.00+0.02 0.00+0.0°¢ 0.00+0.02 0.00+0.02 0.00+0.02 0.00+0.0
32 10.00+0.02 10.00+0.02 0.00+0.0°¢ 0.00+0.02 0.00+0.02 0.00+0.02 0.00+0.0%
Aqueous extract of leaves of P biglobosa
2 10.00+0.02 10.00+0.02 10.0040.02 10.0040.02 10.00+0.02 10.00+0.02 10.00+0.02
4 10.00+0.02 10.00+0.02 10.00+0.02 10.00+0.02 9.33+0.33? 8.00+0.00° 8.00+0.00°
8 10.00+0.02 10.00+0.02 10.0040.02 10.0040.02 7.67+0.33P 4.67+0.33¢ 4.67+0.33¢
16 10.00+0.02 10.00+0.02 10.00+0.02 10.00+0.02 4.00+0.0°¢ 2.67+0.33¢ 2.67+0.33¢
32 10.00+0.02 10.00+0.02 10.0040.02 7.67+0.33b 3.33+0.33¢ 0.00+0.0® 0.00+0.0°
Methanol extract of leaves of P biglobosa
2 10.00+0.02 10.00+0.02 10.0040.02 10.0040.02 10.00+0.02 10.00+0.02 10.00+0.02
4 10.00+0.02 10.00+0.02 10.0040.02 10.0040.02 9.67+0.332 5.00+0.0° 5.00+0.0°
8 10.00+0.02 10.00+0.02 10.00+0.02 10.00+0.02 8.00+0.0° 1.67+0.33¢ 1.67+0.33¢
16 10.00+0.02 10.00+0.02 10.0040.02 10.0040.02 4.67+0.33¢ 0.00+0.0d 0.00+0.0d
32 10.00+0.02 10.00+0.02 7.67+0.33° 7.33+0.33° 1.67+0.33¢ 0.00+0.04 0.00£0.0¢
Aqueous extract of Seed of P biglobosa
2 10.00+0.02 10.00+0.02 10.00+0.02 10.00+0.02 10.00+0.02 5.00+0.002 5.00+0.002
4 10.00+0.02 10.00+0.02 10.0040.02 10.0040.02 10.0040.02 4.67+0.332 4.67+0.332
8 10.00+0.02 10.00+0.02 10.00+0.02 10.00+0.02 5.33+0.33° 2.67+0.33° 2.67+0.33°
16 10.00+0.02 10.00+0.02 10.00+0.02 10.00+0.02 4.00+0.0°¢ 0.00+0.0¢ 0.00+0.0°¢
32 10.00+0.02 10.00+0.02 10.0040.02 5.33+0.33b 1.67+0.33¢ 0.00+0.0°¢ 0.00+0.0°¢
Methanol extract of seeds of P biglobosa
2 10.00+0.02 10.00+0.02 10.0040.02 10.0040.02 10.0040.02 5.33+0.33? 5.33+0.33?
4 10.00+0.02 10.00+0.02 10.00+0.02 10.00+0.02 10.00+0.02 3.67+0.33° 3.67+0.33°
8 10.00+0.02 10.00+0.02 10.0040.02 10.0040.02 4.33+0.33° 0.00+0.0°¢ 0.00+0.0°¢
16 10.00+0.02 10.00+0.02 10.00+0.02 2.33+0.33° 0.00+0.0°¢ 0.00+0.0¢ 0.00+0.0°¢
32 10.00+0.02 10.00+0.02 10.00+0.02 0.00+0.0° 0.00+0.0° 0.00+0.0° 0.00+0.0°

Each treatment group had three replicates having 10 worms each. The values with same superscript in column do not differ significantly at P=0.05.

Crude methanol extract of seed (CMES) and Crude
aqueous extract of seeds (CAES), respectively. All the
plant extracts (leaves and seeds of P. biglobosa) exhibited
anthelmintic activity against adult of H. contortus. A wide
variation however was recorded in the anthelmintic effects
among different plant extracts.

Larval motility inhibition assay (LMIA)

The time (hour) taken for motility/mortality and dose

dependant response of worms to different extracts were
used as criteria to interpret anthelmintic. The dosages of
leaves and seeds extracts of P. biglobosa exposed to Ls of
H. contortus did not exhibit anthelmintic effects in
comparable to Albendazole (reference drug). ABZ
exhibited anthelmintic effects in a dose dependent manner
and about 88.5% of Ls were found dead at 12 hour post-
exposure at 32 mg/ml (Table 9). Though some of the Ls
larvae were found dead at 9 and 12 hours post exposure
to plant extract but less than 40% in the concentrations (2,
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Table 4. LCso, Correlation coefficient (R?) and regression equation of the effect of different extracts on adult

H. contortus motility and or mortality at 3 hours.

Extracts LCso (mg/ml)

Correlation coefficient (R?)

Regression equation

PBS(-Ve Control) -
ABZ (+Ve Control) 2.69
CAEL -
CMEL 204.17
CAES -
CMES -

0.818

0.506

Y=2.270x + 4.015

Y=2.926x - 1.761

Table 5. LCso, Correlation coefficient (R?) and regression equation of the effect of different extracts on adult H.

contortus motility and /or mortality at 6 hours.

Extracts LCso (mg/ml) Correlation coefficient (R?) Regression equation
PBS(-Ve Control) - - -

ABZ (+Ve Control) 1.45 0.888 Y=1.856x +4.697
CAEL 229.09 0.506 Y=2.839x - 1.709
CMEL 186.21 0.506 Y=2.986x -1.797
CAES 134.90 0.506 Y=3.279x - 1.974
CMES 17.78 0.794 Y=6.788x - 3.501

Table 6. LCso, Correlation coefficient (R?) and regression equation of the effect of different extracts on adult

H. contortus motility and /or mortality at 9 hours.

Extracts LCso (mg/ml) Correlation coefficient (R?) Regression equation
PBS(-Ve Control) - - -

ABZ (+Ve Control) - 1E-1 Y=7.37

CAEL 16.22 0.805 Y=4.143x - 0.029
CMEL 15.14 0.865 Y=4.451x - 0.273
CAES 17.38 0.833 Y=5.670x - 1.891
CMES 10.96 0.868 Y=7.309x - 2.609

Table 7. LCso, Correlation coefficient (R?) and regression equation of the effect of different extracts on adult H.

contortus motility and or mortality at 12 hours.

Extracts LCso (mg/ml)

Correlation coefficient (R?)

Regression equation

PBS(-Ve Control) -

ABZ (+Ve Control) - 1E-1 Y=7.37

CAEL 10.47 0.876 Y=5.357x - 0.440
CMEL 7.59 0.786 Y= 5.652x + 0.039
CAES 2.75 0.863 Y= 2.326x + 3.987
CMES 1.82 0.781 Y= 2.292x + 4.404

4, 8, 16 and 32 mg/ml) used. All Lz survived in PBS up till
12 hours post exposure (Table 9). At 6 hours, itis only ABZ
that resulted to 50% mortality at 25.70 mg/ml
concentration with R? = 0.852. The extracts did not cause
any 50% mortality of worms (Table 10). The calculated
LCso, correlation of regression and regression values for 9

and 12 hours are shown in Tables 11 and 12 respectively.
The ranking of potency of ABZ, leaves and seeds extracts
based on their LCso and dose dependant effect (R?) at a
particular hour have been listed in Table 13. It is evident
from the data that ABZ, leaves and seeds extracts have
dose dependent anthelmintic activity despite differences in
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Table 8. Ranking of extracts based on LCso values and Regression Correlation on adult H. contortus motility and/ or mortality.

Ranking of potency based on LCso Ranking of potency based on dose dependant

Extracts effect (R? - values)

3 hrs 6hrs 9hrs 12hrs 3 hrs 6 hrs 9 hrs 12 hrs
ABZ(contr) 01 01 01 01 01 01 01 01
CAEL - 05 04 05 - 03 05 02
CMEL 02 04 03 04 02 03 03 04
CAES - 03 05 03 - 03 04 03
CMES - 02 02 02 - 02 02 05

Table 9. In-vitro effect of different extracts of P. biglobosa on survival of Ls of Haemonchus contortus of WAD goats in
comparison with Albendazole.

Treatments Mean number of survived Lz at different hours

mg/ml 0hr 1hr 3hrs 6 hrs 9 hrs 12 hrs
PBS 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02
Albendazole

2 20.0£0.02 20.0£0.02 20.0£0.02 20.0£0.02 20.0£0.02 18.0+0.02
4 20.00+0.02 20.00+0.02 20.00+0.02 20.0+0.02 20.0+0.02 15.0+0.0°
8 20.00+0.02 20.00+0.02 20.00+0.02 18.0+0.0° 15.3+0.3° 9.67+0.3¢
16 20.00+0.02 20.00+0.02 20.00+0.02 15.3+0.3¢ 9.3+0.3¢ 6.3+0.34
32 20.00+0.02 20.00+0.02 20.00+0.02 10.0+0.0¢ 6.3+0.34 2.3+0.3¢°

Aqueous extract of leaves of P biglobosa

2 20.0£0.02 20.0£0.02 20.0£0.02 20.0+0.0? 20.0+0.0? 20.00+0.02
4 20.00£0.02 20.00+0.02 20.00£0.02 20.00£0.02 20.00£0.02 18.67+0.3°
8 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 18.00+0.0°
16 20.00£0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 17.00+0.0°¢
32 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 12.33+0.3° 14.67+0.3¢

Methanol extract of leaves of P biglobosa

2 20.0£0.02 20.0£0.02 20.0£0.02 20.0+0.0? 20.00+0.02 20.00+0.02
4 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 19.00+0.0°
8 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 18.33+0.3° 18.00+0.3¢
16 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 17.33+0.3° 16.33+0.0¢
32 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 13.00+0.0¢ 12.33+0.3¢

Aqueous extract of seeds of P biglobosa

2 20.0+0.02 20.0+0.0? 20.0+0.02 20.0+0.02 20.0+0.02 20.00+0.02
4 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 18.67+0.3°
8 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 17.33+0.3°
16 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 16.00+0.0¢
32 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 16.00+0.0¢

Methanol extract of seeds of P biglobosa

2 20.0+0.02 20.0£0.02 20.0+0.02 20.0+0.0? 20.0+0.02 20.00+0.02
4 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 18.33+0.3°
8 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 15.33+0.3¢°
16 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 14.00+0.0¢
32 20.00+0.02 20.00+0.02 20.00+0.02 20.00+0.02 15.33+0.3° 12.00+0.0¢

Each treatment group had three replicates having 20 Lz larvae each. The values with same superscript in column do not
differ significantly at P=0.05.
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Table 10. LCso, Correlation coefficient (R?) and regression equation of the effect of different extracts on Larvae (L3) H.

contortus motility and or mortality at 6 hours.

Extracts LCso (mg/ml)

Correlation coefficient (R?)

Regression equation

PBS(-Ve Control) -
ABZ (+Ve Control) 25.70
CAEL -
CMEL -
CAES -
CMES -

0.871 Y=4.716x - 1.658

Table 11. LCso, Correlation coefficient (R?) and regression equation of the effect of different extracts on Larvae (L3) H.

contortus motility and or mortality at 9 hours.

Correlation coefficient (R?)

Regression equation

Extracts LCso (mg/ml)
PBS(-Ve Control) -

ABZ (+Ve Control) 19.50
CAEL 150.49
CMEL 31.62
CAES -
CMES 229.09

0.852 Y=5.296x - 1.815
0.506 Y=3.126x - 1.882
0.855 Y=4.329x - 1.491
0.506 Y=2.839x - 1.709

the level of effect.

DISCUSSION

The active principles of many drugs are secondary
metabolites present in plants. These secondary
metabolites which are phytochemical constituents are very
important when investigating anthelmintic of any plant
(Ghani, 1990, Builder et al., 2012). In this study, the
phytochemical constituents that constitute aqueous and
methanol extracts of leaves of P. biglobosa are glycosides,
cardiac glycosides, flavonoids, oils, reducing sugar, tannin
(condensed and hydrolysable), terpenoids and
triterpenoids. This result is similar to that of Komolafe et al.
(2013) where they obtained the same phytochemical
constituents when they used aqueous-methanolic extract
of P. biglobosa leaves, though alkaloid was absent in this
work. Thus the absence may not be a minus for the
medicinal efficacies of leaves of P. biglobosa but could be
the methods of processing and geographical location of
this plant that might have led to differences in
phytochemical constituents in the two works. Similarly, the
aqueous and methanol extracts of seed of P. biglobosa
indicates the presence of cardiac glycosides, oils, proteins,
saponins and terpenoid. The phytochemical constituents
of aqueous seed extract are quite similar to the result of
Soetan et al. (2011). The only difference is the absent of
alkaloid and present of oils, proteins and terpenoid in this
work. These results also compared well with those of
Abagale et al. (2013) in water and ethanol extracts of fruit
husk of P. biglobosa where they have cardiac glycosides,

oils, proteins, saponins and terpenoid.

Perturbation induced by anthelmintic plants on adult
worms survival or their prolificacy that constitute the
pathogenic stage could be an important element in
parasites struggle. In this study, all treatments base on
extracts of leaves and seed of P. biglobosa exhibited
varying degree of anthelmintic activity. Methanol extract of
seeds were found to have higher effects in vitro against
adult worms when compared to methanol leaves, agueous
leaves and aqueous seed extracts. Methanol extract of
seed were found to have 100% mortality of worm when
exposed to 8 mg/ml at 12 hours post-exposure. The
aqueous and methanol extracts of leaves and aqueous
extract of seeds of P biglobosa also showed 100% adult
mortality at 32 mg/ml concentration but at 12 hours post
exposure. The anthelmintic activity in this study is higher
than the one found in the study of Marie-Magdeleine et al.
(2009) using aqueous extract of seeds of Cucurbita
moschata. Their result showed 30.4% inhibition of adult H.
contortus worm motility after 24 hours post exposure to this
extract. But, in a more recent study conducted by Dedehou
et al. (2014) using the extracts of pods fruit of P. biglobosa
and leaves of Pterocarpus erinaceus, 100% of adult
worms mobility was inhibited after 36 hours of incubation.

The result of this study also indicated that exposure of
adult worms to 32 mg/ml concentration of Albendazole
(ABZ), crude aqueous extract leaves (CAEL), crude
methanol extract leaves (CMEL), crude aqueous extract
seeds (CAES) and crude methanol extract seeds (CMES)
of P. biglobosa for 12 hours, lead to 100% inhibition of the
parasites motility. This result contradicts that of Bogning et
al. (2016) who reported 16.67% of inhibition of the parasite
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Table 12. LCso, Correlation coefficient (R?) and regression equation of the effect of different extracts on Larvae (L3) H.

contortus motility and or mortality at 12 hours.

Extracts LCso (mg/ml)

Correlation coefficient (R?)

Regression equation

PBS(-Ve Control) -

ABZ (+Ve Control) 8.51

CAEL 33.11
CMEL 28.18
CAES 33.88
CMES 22.91

0.995 Y=2.006x +3.139
0.673 Y= 3.046x +0.37
0.751 Y= 3.338x +0.158
0.632 Y=2.958x + 0.473
0.701 Y= 3.432x 0.320

Table 13. Ranking of extracts based on LCso values and Correlation coefficient on Larvae (Ls) H. contortus motility and

or mortality.

. Ranking of potency based on dose

Extracts Ranking of potency based on LCso depegndagt effec); (R? - values)
6 hrs 9 hrs 12 hrs 6 hrs 9 hrs 12 hrs

ABZ(Contr) 01 01 01 01 02 01
CAEL - 03 04 - 03 04
CMEL - 02 03 - 01 02
CAES - - 05 - - 05
CMES - 04 02 - 03 03

motility when exposed to highest concentration of the
aqueous extract (2400 wug/ml) of Crassocephalum
crepidioides for 12 hours and 100% inhibition after
exposure to 30 hours of incubation. At 6 hours post
exposure, the reference drug Albendazole showed 100%
mortality at a concentration of 2 mg/ml while the negative
control PBS showed no mortality. Additionally, the higher
concentrations resulted in early onset of activity and higher
number of dead worms when compared to lower
concentrations. This suggested that the ABZ and extracts
response were time and concentration dependent.

Aqueous and methanol Extracts of leaves and seeds of
P. biglobosa possessed higher aldulticidal properties with
most effective LCso values to be 1.82, 2.75, 7.59 and 10.47
mg/ml for CMES, CAES, CMEL and CAEL respectively at
12 hours post exposure. The study showed that efficacy of
extracts increased with increasing concentration of extract
and incubation period. Increasing motility inhibition with
increasing concentration could be due to the saturation of
target receptors. It is likely that at higher concentration, all
binding receptors on the worms were occupied thus
leading to hyperpolarisation of membranes limiting
excitation and impulse transmission causing flaccid
paralysis of worm muscles. A similar observation was
made by Wasswa and Olila (2006).

In vitro test using the larvae of H. contortus is considered
to be one of the best means of screening drugs for
anthelmintic activity (Asase et al., 2005). They are the
infective stage and can be at the origin of the losses of
production at the host (Paolini et al., 2003, Brunet et al.,
2007). The aqueous and methanol extracts of leaves and

seeds of P. biglobosa inhibited significantly larval
migration of Ls in comparison to negative control. In this
study, in all concentrations (2 to 32 mg/ml) used, there was
no mortality or inhibition of motility of larvae when exposed
to PBS, ABZ and all the extracts (CAEL CMEL, CAES and
CMES) of P. biglobosa at 3 hours post exposure. But at 12
hours post exposure, the percentage inhibition of larval
migration at concentration of 32 mg/ml were 26.65%,
18.53%, 20% and 40% for CAEL, CMEL, CAES and
CMES respectively. The agueous and methanolic extracts
of seeds of Cucurbita moschata tested on LMI assay,
using the same parasite showed similar results with
21.32% and 33.53% inhibition of larvae respectively
(Marie-Magdeleine et al., 2009). However, at 12 hours
post exposure, reference drug exhibited 88.5% inhibition
of larval migration at 32 mg/ml. This indicates that the
extracts showed lesser anthelmintic activity in comparison
to reference drug. At 32 mg/ml, less than 40% of Lz were
found dead at 12 hour post exposure when exposed to
plant extracts. All Ls larvae survived in PBS up till 12 hours
post exposure.

The LCso determination of larva motility suggested a
wide difference in the anthelmintic effect among the
different extracts as far as the time and dose dependent
effects are concerned. The anthelmintic was observed
most at 12 hours post exposure and 50% of Ls were
inhibited at concentration of 8.51, 22.91, 28.18, 33.11 and
33.88 mg/ml for ABZ, CMES, CMEL, CAEL and CAES
respectively. As far as ascertained, this is the first scientific
evidence of the anthelmintic of CAEL, CMEL, CAES and
CMES of P. biglobosa against infective larvae.



In general, it is important to note that no work to date on
the in vitro study of leaves and seeds extracts of P.
biglobosa on adult and infective larvae of H. contortus
have been reported. This might be the first scientific
evidence of its kind in which leaves and seeds of P.
biglobosa were used against adult and infective larvae of
H. contortus. The anthelmintic activity observed in this
study was caused by bioactive compounds present in the
plant extracts. The larvicidal and adulticidal properties of
these extracts may be due to the penetration of active
compounds across the cuticle of the parasites on one hand
or the absorption of the substance by the parasites through
the mouth on the other hand. Enriquez et al. (1993)
mentioned that active compounds penetrate the cuticle of
nematodes and prevent the absorption of glucose or block
the post-synaptic receptors, thus, paralyzing the parasites.

These active compounds can also stimulate the
secretion of glutamate and gamma amino-butyric acid
(GABA) which may block the transmission of nervous
impulses or decoupling the phosphorylation oxidative
reactions, which led to energy exhaustion of the parasite
thus leading to death (Wabo et al., 2011). Adama et al.
(2009) mentioned that active compounds found with food
can cross the intestinal lining of larvae and gain access to
the circulatory system of the organism. Also, active
compounds like tannin may bind to the cuticle of the
nematode, destabilize the membrane and increase cell
permeability by combining with membrane-associated
sterols (Price et al., 1987; Gee and Johnson, 1988) which
lead to death. Also, the biological effects of saponins are
normally ascribed due to their interaction with the cell
membranes, causing changes within the cell membranes,
changes in the cell wall permeability and interaction with
the collagen proteins from the cuticle of nematodes
(Lukhoba et al., 2006; Hernandez-Villegas et al., 2011).

Additionally, these plant extracts (especially methanol
leaves and seeds of P. biglobosa) contain others major
metabolites affecting the migration of adult and Lz larvae
of H. contortus. The adult and larval migration might also
have been inhibited either by triterpens, or by flavonoids
and cardiac glycosides (Ademola et al., 2005; Barrau et
al., 2005; Azando et al., 2011). Furthermore, Ayers et al.
(2008) showed the contribution of phenols and flavonoids
with anthelmintic activity of Struthiola argentea. Thus, the
higher flavonoids and saponins present in the extracts of
P. biglobosa especially in methanol leaves could be
actively associated to anthelmintic activity observed.
Tannins can also inhibit oxidative phosphorylation, thus
decrease metabolism and availability of energy leading to
death of the larvae and adult (Athanasiadou et al., 2001).

Conclusion and recommendation

The overall findings of the study showed that the CAEL
and CMEL exhibited in vitro anthelmintic (100% mortality)
against adult H. contortus when exposed to 32 mg/ml and
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16 mg/ml concentration for 12 hours respectively. For
CAES and CMES, 100% efficacy was recorded at 16
mg/ml and 8 mg/ml concentrations when exposed to adult
H. contortus at 12 hours respectively. This justifies their
traditional ethno-veterinary use. In contrast, the in vitro
anthelmintic activity against infective larvae of H. contortus
was less efficacious in both the aqueous and methanol
extracts. However, the potency of plant extracts was
dependence on the time of exposure and concentration of
the extracts as well as the solvent used to extract the
active ingredients. It is therefore, concluded that, 32 mg/mi
of aqueous and methanol extracts of leaves and seed of
P. biglobosa have higher adulticidal activity at 12 hours
post exposure but lower larvicidal activity against H.
contortus. However, further studies are needed to carry
out the in vivo study to assess the toxicological effect and
recommended doses in goats. Moreover, phytochemical
constituents can vary considerably between individual
plants due to genetic or environmental differences,
developmental stages of plant during harvesting, drying
process and storage techniques. Thus, a quality control of
the plant materials and extraction itself is strongly
recommended for further studies.

ACKNOWLEDGEMENT

The authors are grateful to Prof O. J. Ajanusi in the
Department of Entomology and Parasitology, Ahmadu
Bello University (ABU), Zaria and the technical staff of
Helminthology Laboratory in the Department of
Entomology and Parasitology, Faculty of Veterinary
Medicine, ABU, Zaria, Nigeria for their technical support.
We are also grateful to the technical staff of Biochemistry
and Biology laboratories of Federal University of
Technology, Minna, Niger state, Nigeria for their technical
support and valuable encouragement.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

REFERENCES

Abagale, S. A., Twumasi, S. K., & Awudza, J. A. M. (2013).
Chemical analyses of aqueous extract of Parkia biglobosa fruit
husk collected from Northern Ghana. Academic journals of
Scientific Research and Essays, 8(14), 589-595.

Adama, K., Belem, A. M. G., Tamboura, H. H., Traore, A., &
Sawadogo, L. (2009). In vitro antelmintic effect of two
medicinal plants (Anogeissus leiocarpus and Daniellia oliveri)
on Haemonchus contortus, an abomasal nematode of sheep
in Burkina Faso. African Journal of Biotechnology, 8(18), 4690-
4695.

Adamu, M., Nwosu, C. O., & Agbede, R. I. S. (2009). Anti-
trypanosoma effects of Aqueous extract of Ocimum
gratisssimum (Lamiaceae) leaf in rats infested with



16 J. Anim. Sci. Vet. Med.

Trypanosome brucei brucei. African Journal of Traditional
Complementary and Alternative Medicine, 6(3), 262-267.

Ademola, I. O., Fegbemi, B. O., & Idowu, S. O. (2005).
Anthelmintic activity of Extracts of Spondias mombin against
gastrointestinal nematodes of sheep: Studies in vitro and vivo.
Tropical Animal Health Production, 37, 223-235.

Adetutu, A., Morgan, W. A., & Corcoran, O. (2011).
Ethnopharmacological survey and in vitro evaluation of wound-
healing plants used in South-Western Nigeria. Journal of
Ethnopharmacology, 137, 50-56.

Agaie, B. M., & Onyeyili, P. A. (2007). Anthelmintic activity of the
crude aqueous leaf extracts of Anogeissus leiocarpus in
sheep. African Journal of Biotechnology, 6, 1511-1515.

Agunu, A, Yusuf, S., Andrew, G. O., Zezi, A. U., & Abdulrahman,
E. M. (2005). Evaluation of five medicinal plants used in
diarrhoea treatment in Nigeria. Journal of Ethnopharmacology,
101(1-3), 27-30.

Asase, A., Oteng-Yeboah, A. A., Odamtten, G. T., & Simmonds,
M. S. J. (2005). Ethnobotanical study of some Ghanian anti-
malarial plants. Journal of Ethnopharmacology, 99, 273-279.

Asuzu, I. U., & Onu, O. U. (1994). Anthelmintic activity of the
ethanolic extract of Piliostigma thonningii bark in Ascaridia galli
infected chickens. Fitoterapia, LXV: 291-297.

Athanasiadou, S, Kyriazakis, I., Jackson, F., & Coop, R. L.
(2001). Direct anthelmintic effects of condensed tannins
towards different gastrointestinal nematodes of sheep: in vitro
and in vivo studies. Veterinary Parasitology, 99, 205-219.

Ayers, S., Zink, D. L., Mohn, K., Powell, J. S., Brown, C. M.,
Murphy, T., Brand, R., Pretorius, S., Stevenson, D.,
Thompson, D., & Singh, S. B. (2008). Flavones from Struthiola
argentea with anthelmintic activity in vitro. Phytochemical
Journal, 69, 541-545.

Azando, E. V. B., Hounzangbe-Adote, M. S, Olounlade, P. A,,
Brunet, S., Fabre, N., Valentin, A.,, & Hoste, H. (2011).
Involvement of tannins and flavonoids in the in vitro effects of
Newbouldia laevis and Zanthoxylum zanthoxyloides extracts
on the exsheathment of third-stage infect tive larvae of
gastrointestinal nematodes. Veterinary Parasitology, 180, 292-
297.

Barrau, E., Fabre, N., Fouraste, I., & Hoste, H. (2005). Effect of
bioactive compounds from sainfoin (Onobrychis viciifolia
Scop.) on the in vitro larval migration of Haemonchus
contortus: role of tannins and flavonol glycosides. Journal of
Parasitology, 131(4):531-538.

Bogning, Z. C., Olounlade, P. A., Alowanou, G. G., Nguemfo, E.
L., Dongmo, A. B., Azebaze, A. G. B., & Hounzangbe-Adote,
S. (2016). In vitro anthelmintic activity of agueous extract of
Crassocephalum crepidioides (Benth.) S. Moore on
Haemonchus contortu. Journal of Experimental and Integrative
Medicine, 6(1), 31-37.

Brunet, S., Aufrere, J., Elbabili, F., Fouraste, |., & Hoste, H.
(2007). The kinetics of exsheathment of infective nematode
larvae is disturbed in the presence of a tannin-rich plant extract
(sainfoin) both in vitro and in vivo. Parasitology, 135,1-10.

Builders, M. 1., Isichie, C. O., & Aguiyi, J. C. (2012). Toxicity
Studies of the Extracts of Parkia biglobosa Stem Bark in Rats,
British Journal of Pharmaceutical Research 2(1), 1-16.

Burke, J. M., Wells, A,, Casey, P., & Kaplan, R. M. (2009). Herbal
dewormer fails to control gastrointestinal nematodes in goats.
Veterinary Parasitology, 160, 168-70.

Chaudhary, F.R., Khan, M. F. U.,, & Qayyum, M (2007).
Prevalence of Haemonchus contortus in naturally infected
small ruminants grazing in the Photohar area of Pakistan.
Pakistan Veterinary Journal, 27(2), 73-79.

Coles, G. C., Warren, A. K., & Best, J. R. (1996). Triple resistant
Teladorsagia (Ostertagia) from Angora goats. Veterinary
Records, 139, 299-300.

Dawo, F., & Tibbo, M. (2005). Anthelmintic effect of Halothamus
somalensis in Arsi-Bale goats. Livestock Research for Rural
Development, 17, 68.

De Clercq, D., Sacko, M., Behnke, J, Gilbert, F., Dorny, P., &
Vercruysse, J. (1997). Failure of mebendazole in treatment of
human hookworm infections in the Southern Region of Mali.
American Journal of Tropical Medicine and Hygiene, 57, 25-
30.

Dedehou, V. F. G. N., Olounlade, P. A., Adenile, A. D., Azando,
E. V. B., Alowanou, G. G., Daga, F. D., & Hounzangbe-Adote,
M. S. (2014). Effets in vitro des feuilles de Pterocarpus
erinaceuset des cosses de fruits de Parkia biglobosa sur deux
stades du cycle de développement de Haemonchus contortus
nématode parasite gastro-intestinal de petits ruminants.
Journal of Animal and Plant Sciences 22(1), 3368-3378.

Dey, A. R., Akther, S., Hossain S., Dey T. R., & Begum, N.
(2015). In Vitro Anthelmintic Effect of some Medicinal Plants
against Haemonchus Contortus. Journal of animal science
advances, 5(1), 1162-1170.

Enriquez, F. J., Scarpino, V., Cypen, R. H., & Wasson, D. L.
(1993). In vitro and in vivo egg production by Nematospiroides
dubuls during primary and challenge infection in resistant and
susceptible strain of mice. Journal of Parasitology, 74(2), 262-
266.

Evans, W. C. (ed) (2002). Trease and Evans’ Pharmacology 15"
Edition, W.B. Saunders, New York, Pp. 221-393.

Ezekwe, C. I., Anaya, C. A., & Okechukwu, P. C. U. (2013).
Effects of Methanol Extract of Parkia biglobosa Stem Bark on
the Liver and Kidney Functions of Albino Rats. Global Journal
of Biotechnology and Biochemistry, 8(2), 40-50.

Fleming, S. A, Craig, T., Kaplan, R. M., Miller, J. E., Navarre, C.,
& Rings, M. (2006). Anthelmintic resistance of gastrointestinal
parasites in small ruminants, Journal of Veterinary Internal
Medicine, 20, 435-444.

Flohr, C., Tuyen, L.N., Lewis, S., Minh, T. T., Campbell, J.,
Britton, J., Williams, H., Hien, T. T., Farrar, J., & Quinnell, R. J.
(2007). Low efficacy of mebendazole against hookworm in
Vietnam: two randomized controlled trials. American Journal of
Tropical Medicine and Hygiene, 76, 732-736.

Food and Agriculture Organization of the United Nations (FAO).
(2011). Naturally occurring plant tannins as a means of
controlling intestinal nematode infections in ruminants,
http//:.www.fao.org/teca/content/naturally-occurringplant-
tannins-means-controlling-intestinal-nematode-inections-
ruminants. Accessed on March 11, 2011.

Gee, J. M., & Johnson, I. T. (1988). Interaction between
haemolytic saponins, bile salt and small intestinal mucosa in
rates. Journal of Nutrition, 118, 1391-1397.

Ghani, A. (1990). Introduction to Pharmacognosy. Ahmadu Bello
University Press, Zaria,
Nigeria.

Gronhaug, T. E., Glaeserud, S., Skogsrud, M., Ballo, N., Bah, S.,
Diallo, D. & Paulsen, B. S. (2008). Ethnopharmacological
survey of six medicinal plants from Mali. West African Journal
of Ethnopharmacology, 4, 4-26.

Hansen, J., & Perry, B. (1994). The Epidemiology, Diagnosis and
control of Helminth parasites of ruminants. International
Livestock Center for Africa, Addis Ababa Ethiopis, Pp: 90-100.

Hernandez-Villegas, M. M., Borges-Argaez, P., Rodriguez-Vivas,
R. ., Torres-Acosta, J. F. J., Merndez-Gonzalez, M., & Cacers-
Farfan, M. (2011). Ovicidal and larvicidal activity of the crude



extracts from Phytolacca icosandra against Haemonchus
contortus Veerinary. Parasitology,179, 100-106.

Hubert, J., & Kerbouef, D. (1992). A microlarval development
assay for the detection of anthelmintic resistance in sheep
nematodes. Veterinary Record, 130, 442—-446.

Igbal, Z., Lateef, M., Jabbar, A., Ghayur, M. N., & Gilani, A. H.
(2006). In vitro and in vivo anthelmintic activity of Nicotiana
tabacum L. leaves against gastrointestinal nematodes of
sheep. Phytotherapeutic Resource, 20, 46-48.

Josiah, J. G., Omalu, I. C. J., Adama, J. Y., Ejima, I. A. A., Obi,
O. A, Pam, D.D., & Eke, S. S. (2017). In vitro ovicidal activity
of Parkia biglobosa seeds and leaves extracts against
Haemonchus contortus. Book of Proceedings of 30" Annual
International Conference of Biotechnology Society of Nigeria
held in Federal University of Technology, Minna.

Kaplan, R. M. (2004). Drug resistance in nematodes of veterinary
importance: a status report. TRENDS in Parasitology, 20, 477-
481.

Komolafe, K., Akinmoladun, A. C., & Olaleye, M. T. (2013).
Methanolic leaf extract of Parkia biglobosa protects against
doxorubicin-induced cardiotoxicity in rats. International Journal
of Applied Research in Natural Products, 6(3), 39-47.

Lukhoba, C. W., Simmonds, S. J., & Paton, A. J. (2006).
Plectranthus: a review of ethnobotanical uses. Journal of
Ethnopharmacology, 103,1-24.

Makun, H. J., Ajanusi, O. J., Lakpini, C. A. M., Ehoche, O. W. &
Rekwot, P. I. (2008). Response of Red Sokoto and Sahelian
Goats to Trickle Haemonchus contortus Infection. Journal of
Biological Sciences, 8, 753-759.

Marie-Magdeleine, C., Hoste, H., Mahieu, M., Varo, H., &
Archimede, H. (2009). In vitro effects of Cucurbita moschata
seed extracts on Haemonchus contortus. Veterinary
Parasitology, 161, 99-105.

Millogo-Kone, H., Guissou, I. P., Nacoulma, O., & Traore, A. S.
(2008). Comparative study of leaf and stem bark extract of
Parkia biglobosa against enterobacteria. African Journal of
Traditional, Complementary and Alternative medicines
(AJTCAM), 5, 238-243.

Odoi, A., Gathuma, J. M., Gachuiri, C. K., & Omore, A. (2007).
Risk factors of gastrointestinal nematode parasite infections in
small ruminants kept in smallholder mixed farms in Kenya.
BMC Veterinary Resource, 3(6), 1186- 1746.

Ombasa, O., Kareru, P. G., Rukunga, G., Mbaria, J., Keriko, J.
M., Njonge, F. K., & Owuor, B. O. (2012). In vitro antihelmintic
effects of two Kenyan plant extracts against Heamonchus
contortus  adult worms. International  Journal  of
Pharmacological Research, 2(3), 113-116.

Paolini, V., Bergeaud, J. P., Grisez, C., Prevot, F., Dorchies, P.,
& Hoste, H. (2003). Effects of condensed tannins on goats
experimentally infected with Haemonchus contortus.
Veterinary Parasitology, 113(3-4), 253-261.

Pedreira, J., Silva, A. P., Andrade, R. S., Suarez, J. L., Arias, M.,
Lomba, C., Diaz, P., Lopez, C., Banos, P. D. & Morrondo, P.
(2006). Prevalence of gastrointestinal parasites in sheep and
parasite control practices in North-West Spain. Preventive
Veterinary Medicine, 75, 56-62.

Perry, B. D., Randolph, T. F., McDermott, J. J., Sones, K. R., &
Thornton, P. K. (2002). Investing in Animal Health Research to
alleviate poverty. International Livestock Research Institute
(ILRI), Nairobi, Kenya, p. 148.

Price, K. R., Johnson, I. N. T., & Fenwick, G. R. (1987). The
chemistry and biological significance of saponin in food and
feed stuffs. Resource Food Science, 26, 27-135.

Sacande, M. & Clethero, C, (2007). Parkia biglobosa (Jacq.) G.

Josiah et al. 17

Don. Millennium Seed Bank Project Kew. Seed Leaflet No 124.

Sandoval-Castro, C. A., Torres-Acosta, J. F. J., Hosteb, H.,
Salemd, A. Z. M., & Chan-Péreza, J. |. (2012). Using plant
bioactive materials to control gastrointestinal tract helminths in
livestock. Journal of animal feed Science and Technology,
176, 192-201.

Soetan, K. 0., & Aiyelaagbe O. O. (2009). The Need for
Bioactivity-Safety Evaluation and Conservation of Medicinal
Plants - A Review. Journal of Medical Plants Research, 3(5),
324-328.

Soetan, K. O., Lasisi, O. T. & Agboluaje, A. K. (2011)
Comparative assessment of in-vitro anthelmintic effects of the
agueous extracts of the seeds and leaves of the African locust
bean (Parkia biglobosa) on bovine nematode eggs. Journal of
Cell and Animal Biology, 5(6),109-112.

Tokoudagba, J., Auger, C., Breant, L., N'Gom, S., Chabert, P.,
Idris-Khodja, N., Gbauidi, F., Gbenou, J., Moudachirou, M.,
Lobstein, A., Kerth-Schini, V. B. (2010). Procyanidin-rich
extracts from Parkia biglobosa (Mimosaceae) leaves cause
redoxsensitive endothelium-dependent relaxation involving
NO and EDHF in procine coronary artery. Journal of
Ethnopharmacology, 132, 246-250.

Tijani, A. Y., Okhale, S. E., Salawu, T. A., Onigbanjo, H. O.,
Obianodo, L. A., Akingbasote, J. A., Salawu, O. A., Okogun, J.
E., Kunle, F. O., & Emeje, M. (2009). Anti-diarrheal and
antibacterial properties of crude aqueous stem bark extract
and fractions of P. biglobosa (Jacq) R. Br Ex G. Don. African
Journal of Pharmacy and Pharmacology, 7, 347-353.

Udobi, C. E., Onaolapo, J. A., & Agunu, A. (2008). Antibacterial
activities and bioactive components of the aqueous fraction of
the stem bark of Parkia biglobosa (jacq) (mimosaceae).
Nigerian Journal of Pharmaceutical Sciences, 7(1), 49-55.

Van Wyk, J. A., Cabaret, J.,, & Micheal, L. M. (2004).
Morphological identification of nematodes larvae of small
ruminants and cattle simplified. Veterinary Journal of
Parasitology, 119, 277-306.

Wabo, P. J., Yondo, J., Fossi, T. O., Marie, C. K., Bilong Bilong,
C. F., & Mpoame, M. (2011). The in vitro effects of
Chenopodium ambrosioides (Chenopodiaceae) extracts on
the parasitic nematode Heligmosomoides bakeri. Journal of
Pharmacognosy and Phytotherapeutic, 3(4), 56-62.

Waller, P. J. (2006). From discovery to development: current
industry perspectives for the development of novel methods of
helminth control in livestock. Veterinary Parasitology, 139, 1-
14.

Wasswa, P., & Olila, D. (2006). The in vitro Ascaricidal activity of
selected indigenous medicinal plants used in ethno veterinary
practices in Uganda. African Journal of Traditional,
Complementary and Alternative medicines (AJTCAM), 3(2),
94-103.

Wrigley, J., McArthur, M., McKenna, P. B., & Mariadas, B. (2006).
Resistance to a triple combination of broad-spectrum
anthelmintics in naturally-acquired Ostertagia circumcincta
infections in sheep. New Zealand Veterinary Journal, 54, 47-
49.

Zaman, M. A,, Igbal, Z., Khan, M. N., & Muhammad, G. (2012).
Anthelmintic activity of a herbal formulation against
gastrointestinal nematodes of sheep. Pakistan Veterinary
Journal, 32(1), 117-121.

Zohra, S. F., Belarbi, M., Sabri S., & Alsayadi, M. M. S. (2012).
Phytochemical Screening and identification of some
compounds from Mallow. Journal of Natural Production and
Plant Resources, 2 (4), 512-516.



