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Abstract This study aimed to screen phytochemical

components and antioxidant activity of Balanites aegypti-

aca ethanolic extract (BAF-EE) as well as to evaluate its

curative effect on experimentally induced haemonchosis in

goats. Phytochemical constitutes of BAF-EE were screened

and identified using Gas Chromatography–mass Spec-

trometry (GC–MS) analysis and antioxidant effect was

determined. Infective third larval stage (L3) of Hae-

monchus contortus (H. contortus) were obtained by cul-

turing feces of goat harboring monospecific infection of the

parasite. Twelve male goats were randomly divided into

four groups (n = 3) as: G1 (infected—untreated) which

served as control positive, G2 (infected—BAF-EE treated),

G3 (infected-albendazole treated) and G4 (uninfected—

BAF-EE treated) that served as control negative. Experi-

mental infection was conducted with a single oral dose of

10,000 L3 at 0-time, whereas treatment with BAF-EE and

albendazole were given at a single oral dose of 9 g and

5 mg/kg BW, respectively in the 5th week post infection

(PI). Egg count per gram of feces (EPG) was conducted

once a week and blood samples were drawn on zero time,

3rd week PI and then biweekly for 9 weeks, for conduction

of hemogram. At the end of the experiment, all animals

were slaughtered and adult worms in their abomasa were

counted. GC–MS analysis confirmed 28 compounds in the

extract which revealed presence of saponins, flavonoids,

terpenoids, phenolics and alkaloids, and exhibited in vitro

antioxidant activity. Clinical signs observed on the infected

animals were signs of anemia, which were gradually dis-

appeared post treatment (PT). A maximum reduction in

EPG (88.10%) and worm burden (94.66%) was recorded

on 4th week PT due to efficacy of BAF-EE in contrast to

98.29% and 96.95% efficacy of albendazole. All infected

groups showed a significant decrease in hemoglobin (Hb)

and packed cell volume (PCV) and presence of microcytic

hypochromic anemia compared with G4. Goats treated

with B. aegyptiaca and albendazole, exhibited significant

increase in Hb and PCV 2 weeks PT and anemia changed

to be normocytic hypochromic or microcytic nor-

mochromic in G2 and G3, respectively. Total white blood

cells (WBCs) were elevated significantly in all infected

groups which attributed to increase in lymphocytes,

monocytes and eosinophils on expense of neutrophils.

After treatments, WBCs and previously mentioned cells

tended to decease. This study demonstrated that BAF-EE

has anthelmintic effect against H. contortus and can

improve hemogram and health condition of infected goats.
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Introduction

Baladi goats (Capra hircus) are famous breed of goats that

are reared throughout in Egypt and have an important role

in the livelihood of small, marginal farmers and landless

labourers in rural Egypt (El-Halawany et al. 2017). The

husbandry practices adopted by the farmers in rural Egypt

predispose goats to gastrointestinal nematodes infection

that causes huge economic losses.

Amongst gastro-intestinal nematodes of small rumi-

nants, H. contortus is the highly pathogenic predominant

species (Elshahawy et al. 2014; Brik et al. 2019). Infection

of goats with H. contortus has a great effect on their health,

causing anemia, loss of body weight and productivity (Al-

Jebory and Al-Khayat 2012). In acute form of haemon-

chosis, the main pathological lesion caused by H. contortus

infection is anemia and progressive dramatic fall in PCV

which causes increase inappetence, the bone marrow

eventually exhausted due to continuous loss of iron and

proteins in the gastrointestinal tract that may result in death

(Rouatbi et al. 2016; Mannan et al. 2017). Both adult and

infective stage larvae suck blood and cause haemorrhages

during their migration into the abomasum (Urquhart et al.

1996). The average blood loss due to H. contortus infection

is 0.03 ml/parasite/day (Awad et al. 2016).

Control of H. contortus often depends upon the use of

anthelmintic drugs and widespread intensive use, under-

dosing or poor quality drugs led to development of a high

level of multiple anthelmintic resistances in developing

countries (Waller 1997; Shalaby 2013). Furthermore, the

high cost of these drugs together with the residual concern

in food animals and the risk of environmental pollution

have awakened interest in medicinal plants as an alterna-

tive source of anthelmintic drugs (Hördegen et al. 2003;

Githiori et al. 2004; Albadawi 2010).

Balanites aegyptiaca Del. (L.) (Family: Balanitaceea)

also known as ‘‘desert date’’, is a spiny tree of up to 10 m

in height, distributed in Africa and South Asia (Chothani

and Vaghasiya 2011). The fruits of this plant are used as

folk medicine in the treatment of various diseases such as

intestinal worm infestations, wound healing, syphilis,

dysentery, constipation, diarrhea and fever (Doughari et al.

2007; Vijigiri and Sharma 2010). The fruit of B. aegyptiaca

is known to contain a wide variety of compounds, which

show a wide range of biological and pharmacological

properties such as antioxidant, anti-inflammatory, antimi-

crobial and cytotoxic activities (Chothani and Vaghasiya

2011). The fruits are commonly used to purge intestinal

parasites and have been found to be effective against

Fasciola gigantica, Schistosoma mansoni (Koko et al.

2000, 2005) and Trichinella spiralis (Shalaby et al. 2010).

Besides, fruits have remarkable anti parasitic potential

against H. contortus in lambs (Albadawi 2010; Hassan

2014). The fruit is edible, yields valuable oil and also

contains saponins which are lethal to certain invertebrates

(Chapagain and Wiesman 2008) and thus may be of value

in eliminating helminthes.

The objective of the present study was to evaluate the

curative anthelmintic suppressant effects of the medicinal

plant B. aegyptiaca fruit’s mesocarp ethanolic extract on

experimentally induced H. contortus infection in Egyptian

Baladi goats compared to albendazole as a classical used

broad spectrum anthelmintic. Evaluation of clinical signs,

fecal egg count, worm burden in the abomasa and alterations

of the hemogram of goats were considered in this paper.

Materials and methods

Fruit procurement and BAF-EE preparation

A required quantity of B. aegyptiaca fruits (Fig. 1) was

purchased from a local market in Upper Egypt and was

authenticated scientifically at the department of medicinal

plants, NRC, Egypt. The ethanolic extract of the fruits’

mesocarp (BAF-EE) was prepare following the method

described by Wang and Weller (2006). The fruit mesocarp

was macerated several times with 70% ethyl alcohol at

room temperature for 1 week then filtered. The solvent was

removed under vacuum at 40 �C by rotary evaporator and

the extract was stored at - 4 �C.

Phytochemical composition of BAF-EE

GC–MS analysis

The phytochemical composition of the BAF-EE was

determined using GC–MS method: GC (Agilent

Fig. 1 Balanites aegyptiaca fruits
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Technologies 7890A) interfaced with a mass-selective

detector (Agilent 7000 Triple Quad) and Agilent HP-5 ms

capillary column (30 m 9 0.25 mm ID and 0.25 lm film

thickness) were used. The flow rate was 1 ml/min. The

injector and detector temperatures were 200 �C and

250 �C, respectively. The acquisition mass range was

50–600. The formulae of the components as identified by

comparing their mass spectra and retention time (RT) with

those of NIST and WILEY library were recorded.

Phytochemical screening

Qualitative phytochemical tests were carried out on the

BAF-EE using modified and standard methods (Obasi et al.

2010; Tiwari et al. 2011). The phytochemical components

screened included saponins, flavonoids, terpenoids, phe-

nolics and alkaloids.

In vitro total antioxidant activity of BAF-EE

The in vitro total antioxidant effect of BAF-EE was

determined by the Phospho-molebdenum method (Prieto

et al. 1999) using ascorbic acid as standard. Results were

expressed as milligram ascorbic acid equivalent per 100 ml

(mgAAE/100 ml).

Assessment of BAF-EE anthelmintic efficacy on H.

contortus parasite

Reference anthelmintic drug

Albendazole (Evazole�, in the form of 2.5% oral suspen-

sion), a known broad spectrum anthelmintic, was pur-

chased from the Veterinary Division of EVA Pharma,

Cairo, Egypt and used for treatment of one experimental

group (G3) to be compared with the anthelmintic efficacy

of BAF-EE.

Genesis of infective larval dose of H. contortus parasite

(L3)

Adult females of H. contortus parasites were identified and

collected from the abomasa of sheep randomly slaughtered

at Moneb abattoir, Cairo, Egypt. A suitable fecal culture as

described by Roberts and O’Sullivan (1950) was prepared

using eggs of the collected worms to generate L3 of H.

contortus as follow. The required eggs were released from

the gravid uteri by crushing the collected worms using a

pestle and mortar. The resultant homogenate was then

mixed with crushed sheep feces that were sterilized by

heating at 140 �C for 2 h. The culture was kept at room

temperature ranging between 30 and 35 �C for 7 days. L3

of the parasite were obtained from the culture by means of

Baerman Wetzal funnel technique (Baerman and Wetzal

1953; Soulsby 1982). The confirmatory identification of the

larvae as L3 was carried out according to the method

described by Soulsby (1982). Based on the guidelines

published by the ‘Ministry of Agriculture (U.K.), Fisheries

and Food; Agricultural Development and Advisory Service

(1979)’, the actively motile larvae were counted and their

number in the total amount of solution was obtained using

the following formula.

Total number of larvae

¼ No: of larvae counted in petri dish � Total volume of solution

Amount of solution transfered to petri dish

A goat kid free from internal parasites was inoculated

orally with a dose of 10, 000 L3 in 10 ml physiological

saline solution as recommended by Howlader et al. (1997)

and Hassan (2014) and kept as donor animal. Subsequently,

the donor animal was used as source for getting

monospecific L3 for infection of goats of the

experimental groups.

Experimental animals

Twelve male, apparently healthy, 6–9 months old, Egyp-

tian Baladi goats, weighing 15–20 kg were used. The

animals were kept in door in a barn at the Faculty of

Veterinary Medicine, Cairo University and fed equally on a

balanced concentrate ration at a rate equivalent to 1% of

their live body weight. Animals were offered fresh tape

water ad libitum and kept under close observation for

30 days to acclimate before experimentation. During this

period, the animals received a standard oral dose of

anticoccidial drug (Sulphadimidine 33%, Pharma Swede/

Egypt), a dose of multivitamins (Univet, Ireland) and an

injectable prophylactic dose of a long acting antibiotic

(Oxytetracyclin 20%, Avicyclin, Avico) at a dose of 1 ml/

10 kg BW. Examination of the animals’ feces was per-

formed during three consecutive weeks, and the animals

were proven to be free from internal parasites before the

onset of the experiment (Wood et al. 1995).

Experimental design

After the acclimatization period, the goat kids were allo-

cated into 4 experimental groups (each of three animal), as

G1, G2, G3, and G4. Animals of G1, G2 and G3 were

infected orally, each with 10,000 L3 on zero experimental

day. Goats of G1 were left untreated and considered control

positive group. Goats of G2 received a single oral dose of

BAF-EE at the rate of 9 g/kg BW on the 5th week PI, while

goats of G3 were treated with albendazole at the rate of

5 mg/kg BW on the 5th week PI. Animals of G4 were
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administrated BAF-EE at the rate of 9 g/kg BW on the 5th

week PI and kept as control negative group. Every group of

the experimental animals was kept isolated in a separated

ban during the period of the experiment which persisted for

9 weeks.

Assessing the efficacy of treatments

Fecal egg count

On the 15th day PI and onwards, fresh fecal samples were

collected directly from rectum of each animal once a week

for 9 weeks into clean plastic bags and examined for H.

contortus eggs using concentration floatation technique

(Soulsby 1982). The eggs were identified on the basis of

their morphological features (Thienpont et al. 1980). Fecal

egg count was performed using Modified Mac-Master

technique and the number of eggs per gram of feces (EPG)

was determined using the following equation:

EPG ¼ Total number of eggs in both chamber

2
� 100

Fecal egg count reduction percent (FECR %) was

calculated using the following formula as adapted by Tariq

et al. (2009).

Evaluation of the adult worm burden in the abomasa

At the end of the experiment (on week 9th), all animals

were slaughtered and adult worms in their abomasa were

counted per animal. The efficacy of the drug and BAF-EE

was assessed by the following formula:

Hemogram assays

Blood samples were collected from the jugular vein of each

animal into vacutainer tubes containing ethylene diamine

tetra-acetic acid (EDTA) as anticoagulant, at zero-time of the

experiment, and at the 3rd week PI, then every 2 weeks PI

until the end of the experiment. Hematological parameters

were evaluated according to Weiss and Wardrop (2010),

using a hematological analyzer (Exigo Vet, Sweden). It

included the red blood cell count (RBCs), packed cell vol-

ume (PCV), hemoglobin (Hb) concentration, calculated red

blood indices [Mean corpuscular volume (MCV), Mean

corpuscular hemoglobin (MCH), Mean corpuscular hemo-

globin concentration (MCHC)], total white blood cells

(WBC) and differential leukocytic counts.

Statistical analysis

Data are presented as mean ± SE. Differences between

means in the different groups were tested for significance

by one-way analysis of variance (ANOVA) and Duncan’s

multiple range tests to detect the significance among means

in between different experimental groups and weeks

(Snedecore and Cochran 1984). SPSS (version 16) com-

puter program was used.

Results

Phytochemical composition of BAF-EE

The GC–MS analysis revealed 28 different compounds in

the extract of crude BAF-EE (Table 1). The compound

shown with the highest percentage (47.49%) was a-
Methylcaproic acid. Those shown more than 5% were

3,4,5-Trimethoxycinnamic acid and 4-Mercaptophenol,

while Pentadecanoic acid, Endo-Borneol, 3,4-Dimethoxy-

2,hydroxychalcone, Butanoic acid, 3-hydroxy-, Lactose,

Hexa-hydro-farnesol, Nonanoic acid, Palmitic acid, Elco-

sanoic acid, Heptadecanoic acid, 3-(3,4- Dimethox-

yphenyl)-4-methylcoumarin, Glyceryl Monooleate, 1-Tri-

cosanol and (S)-(-)-Citronellic acid were shown to only be

more than 1%.

Phytochemical screening of the crude BAF-EE revealed

presence of saponins, flavonoids, terpenoids, phenolic

compounds and alkaloids.

FECR% ¼ Pre treatment egg count per gram � post treatment egg count per gram

Pre treatment egg count per gram
� 100

Efficacy% ¼ Average No: of worms in control positive group � Average No: of worms in treated group

Average No: of worms in control positive group
� 100
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In vitro total antioxidant activity of BAF-EE

The crude BAF-EE exhibited a strong antioxidant effect as

2128.86 mg/100 gm (ascorbic acid equivalent).

Clinical observations

No clinical signs were observed in uninfected-BAF-EE

treated goats (G4) during the experimental period, while

goats of all infected groups (G1, G2, G3) exhibited less or

more severe signs of haemonchosis such as weakness, lack

of appetite, lethargy, pale conjunctiva (Fig. 2), mushy

stools (but not diarrhea) and increased heart rate and

breathing. Symptoms started to appear at the 3rd week PI

and were most pronounced at the 5th week PI. After this

period, clinical signs were gradually disappeared in G2 and

G3 animals which received treatment with BAF-EE or

albendazole, respectively. Gradual improvement of the

Table 1 GC–MS analysis of B. aegyptiaca fruit’s mesocarp ethanolic extract

No. RT (min) Name Area sum (%)

1 3.168 3,4,5-Trimethoxycinnamic acid 5.85

2 3.441 Pentadecanoic acid 1.07

3 4.297 Endo-borneol 1.81

4 5.054 Linoleic acid 0.72

5 5.282 3,4-Dimethoxy-2, hydroxychalcone 1.08

6 5.572 7-Hydroxy-3-(4-methoxyphenyl)-4-methylcoumarin 0.67

7 5.604 17-Octadecynoic acid 0.81

8 6.313 Butanoic acid, 3-hydroxy- 2.04

9 7.054 Undecanoic acid 0.89

10 8.008 Lactose 3.28

11 8.749 Oleic acid 0.7

12 9.364 4-Mercaptophenol 8.15

13 10.187 Hexa-hydro-farnesol 1.82

14 11.381 Nonanoic acid 3.33

15 11.654 Palmitic acid 2.47

16 12.334 Elcosanoic acid 1.76

17 12.509 a-Methylcaproic acid 47.49

18 13.719 Stearic acid 0.91

19 13.817 Heptadecanoic acid 1.12

20 14.835 Erucic acid 0.76

21 15.931 Vitexin 0.72

22 16.77 2-Hexadecanol 0.7

23 17.85 Geranyl isovalerate 0.83

24 19.158 Stigmasterol 0.66

25 20.254 3-(3,4-Dimethoxyphenyl)-4-methylcoumarin 1.17

26 21.403 Glyceryl monooleate 4.19

27 22.063 1-Tricosanol 2.63

28 23.049 (S)-(-)-Citronellic acid 2.38

Fig. 2 Pale conjunctiva in a goat kid experimentally infected with H.

contortus
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general condition occurred and the animals appeared

healthy at the end of the experiment compared with the

untreated control group (G1).

No evidences of toxicity or abnormal behavioral chan-

ges were recorded during or after treatment with the

experimental dose of plant extract.

Parasitological findings

Egg counts per gram of feces (EPG)

None of the G4 goats (uninfected-BAF-EE treated) voided

eggs in their feces throughout the experimental period. In

all infected groups, egg voidance started on the 3rd week

PI. The average count of EPG of G1, G2 and G3 animals is

shown in Table 2. Infected-treated animals showed gradual

reduction in EPG of feces from the first week after treat-

ment, especially goats of G3 treated with albendazole,

when compared with counts of G1 infected-untreated

animals.

The FECR % is shown in Table 3. Both G2 and G3

infected—treated goats exhibited a significant (P B 0.05)

anthelmintic activity from the first week PT until the end of

the experiment compared with G1 animals. Reduction in

fecal egg count recorded on the 4th week PT was 88.10%

and 98.29% for G2 and G3 goats, respectively. A signifi-

cant (P B 0.05) difference was observed between FECR %

of G2 and G3.

Total adult H. contortus burden

No worms were detected in the abomasa and duodenums of

G4 animals on postmortem examination. Mean values of

total adult H. contortus parasites released from the abo-

masa (Fig. 3) of G1, G2, and G3 infected goats are pre-

sented in Table 4. A maximum reduction in worm burden

(94.66%) in the abomasa was recorded on 4th week PT due

to the anthelmintic efficacy of BAF-EE in contrast to

96.95% efficacy of albendazole. A significant (P B 0.05)

reduction in total worm burden was recorded in both G2

(18.67 worms) and G3 (10.67 worms), when compared

with G1 infected-untreated group (350 worms). The mean

number of worms in G3 received albendazole was signif-

icantly lower than that of G2 treated with BAF-EE.

Table 2 Egg count per gram of feces (EPG) in different infected groups of goats

Week (PI) G1 G2 G3

Mean ± SE Mean ± SE Mean ± SE

0 0 0 0

3rd 83.33 ± 5.24 60.00 ± 15.01 58.67 ± 15.30

4th 95.33 ± 10.20 88.33 ± 4.84 90 ± 10.49

5th 95.00 ± 4.93 87.67 ± 2.91 91 ± 9.53

6th 97.33 ± 6.74a 21.67 ± 2.85b 9.5 ± 1.15c

7th 88.17 ± 11.83a 10.00 ± 0.58b 3.50 ± 0.67c

8th 87.33 ± 8.65a 9.7 ± 2.03b 1.33 ± 0.33c

9th 82.00 ± 9.86a 10.33 ± 1.20b 1.50 ± 0.33c

Values with different superscripts a, b, c in the same row are significantly different at (P B 0.05)

G1: Goats infected—untreated and expressed as control positive

G2: Goats infected and treated with BAF-EE

G3: Goats infected and treated with albendazole

Table 3 Fecal egg count reduction percent (FECR %) in goats after treatment with B. aegyptiaca or albendazole in comparison with infected-

untreated goats

Treatments Weeks post treatment

1st 2nd 3rd 4th

Control positive (G1) - 2.78% ± 1.50a 9.91% ± 8.05a 8.71% ± 4.42a 14.17 ± 6.16a

B. aegyptiaca (G2) 75.08% ± 4.08b 88.70% ± 0.97b 88.83% ± 2.55b 88.10 ± 1.53b

Albendazole (G3) 89.58% ± 0.32c 95.93% ± 1.07c 98.54% ± 0.05c 98.29 ± 0.37c

Mean ± SE

Means with different superscripts a, b, c in the same column are significantly different at P B 0.05
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Hematological findings

Erythrogram

Results of the erythrogram are shown in Table 5. Ery-

throgram parameters of goats in the uninfected -BAF-EE

treated G4 were found to fluctuate within the normal range

throughout the experimental period.

There were no significant differences in total RBCs

count within and/or among experimental groups except on

the 5th and 7th weeks PI, where counts were significantly

(P B 0.05) high in infected-untreated control positive (G1)

goats and at the 3rd week PI in infected-treated G2 and G3

goats compared to 0 time values.

A progressive significant (P B 0.05) decline in PCV

was observed in G1 goats throughout the experiment. PCV

percentages in goats of BAF-EE treated group (G2)

decreased significantly (P B 0.05) at the 3rd and 5th weeks

PI, then returned after treatment to 0 time values at the 7th

and 9th weeks PI. PCV percentages of albendazole treated

group (G3) were decreased significantly (P B 0.05) from

the 3rd to the 9th week PI compared to 0 time values. After

treatment, there were significant (P B 0.05) elevation in

PCV values at the 7th and 9th weeks PI in goats of G2 and

G3 compared to G1 goats, while significant (P B 0.05)

depression was observed compared to those in G4.

Hemoglobin values of goats in G1 showed significant

decrease (P B 0.05) starting from the 3rd week PI and

thereafter till the end of the experiment. Hemoglobin

concentration in infected-treated groups (G2 and G3)

showed significant decline on the 3rd and 5th weeks PI

compared to 0 time values, after which, at the 7th and 9th

weeks PI, Hb values were elevated to be comparable with 0

time values in G2 and slightly lower than 0 time values in

G3. No significant differences were observed in Hb values

among both G2 and G3 PT.

Studying red blood cell indices (Table 5) of G1 goats

revealed occurrence of anemia of the microcytic hypo-

chromic type throughout the experiment. A microcytic

hypochromic anemia also was observed in goats of G2 and

G3 at the 3rd and 5th weeks PI, which changed at the 7th

and 9th weeks to be of the normocytic hypochromic type

and the microcytic normochromic type in G2 and G3 goats,

respectively.

Leukogram

Results of the leukogram of different experimental groups

are shown in Table 6. Leukogram parameters of the control

negative (G4) goats were within the normal range

throughout the experimental period.

Results revealed significant (P B 0.05) increases in

WBCs counts in all infected groups as compared to 0 time

values of the experiment and to the uninfected control G4.

Counts of G1 goats were elevated throughout the experi-

ment, while those of G2 and G3 goats were increased

during the 3rd and 5th weeks PI. The increase of total

leukocytes was attributable to significant (P B 0.05)

increases in lymphocytes, monocytes and eosinophils count

percentages on expense of neutrophils. The previously

mentioned cells were elevated in G1 goats throughout the

experiment. In goats of G2 and G3, lymphocytes were

elevated significantly (P B 0.05) at the 3rd and 5th weeks

PI then were lowered after treatment at the 7th and 9th

weeks in G2 and at the 9th week in G3 to reach near 0-

time values. Among groups, no significant variances in

lymphocytes were observed PT in goats of G2 and G3 on

7th week compared to goats in G1 and G4, while on 9th

week PI there were significant (P B 0.05) variances

Fig. 3 H. contortus worms in the abomasum of experimentally

infected goat (arrows)

Table 4 Total number of adult H. contortus worms in the abomasa of different infected groups and the efficacy of B. aegyptiaca and

albendazole

Infected-untreated group (G1) B. aegyptiaca treated group (G2) Albendazole treated group (G3)

Mean ± SE Mean ± SE Mean ± SE

350 ± 38.19a 18.67 ± 4.91b 10.67 ± 1.45c

(94.66%) (96.95%)

Values with different superscripts a, b, c in the same row are significantly different at (P B 0.05)
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between all infected groups and uninfected G4 goats.

Eosinophils recorded marked (P B 0.05) elevated values

throughout the experiment either within/or among groups

except on 7th week PI, there were significant (P B 0.05)

depression in goats of G2 and G3compared to those in G1

and G4 with significant (P B 0.05) variance among values

of G2 and G3. Monocytes were elevated significantly (P

B 0.05) throughout the experiment in G2 goats and at the

5th week PI in those of G3 which depressed significantly

(P B 0.05) after treatment to reach near to 0 time values.

The mean percentages of neutrophils in all infected groups

showed significant (P B 0.05) decrease at the 3rd week PI

till the end of the experiment compared with 0-time values

and the uninfected control G4. Results of basophils

revealed no significant differences among experimental

groups.

Discussion

Haemonchosis, an important disease caused by a highly

pathogenic nematode parasite of small ruminants (sheep

and goats) called H. contortus which induces an acute

disease and high mortality among these animals (Elsha-

hawy et al. 2014; Brik et al. 2019). Due to increased

occurrence of multiple drug resistant parasites, other more

sustainable methods of treatment are being investigated

including the use of medicinal plants with anthelmintic

properties such as B. aegyptiaca.

The present study was carried out to evaluate the

anthelmintic effects of B. aegyptiaca fruits’ mesocarp

ethanolic extract (BAF-EE) against H. contortus in goats

compared with the common commercial drug, albendazole.

Table 5 Erythrogram of goats experimentally infected with H. contortus affected by different treatments during the experimental period

Parameters Groups Weeks post infection (PI)

0 3rd 5th 7th 9th

RBCs (9 106/ll) G1 14.12 ± 0.08a 14.64 ± 0.37ab 15.00 ± 0.14b 15.77 ± 0.16Cc 14.88 ± 0.21b

G2 13.95 ± 0.25 15.09 ± 0.56 14.45 ± 0.69 13.28 ± 0.12A 13.97 ± 0.49

G3 14.13 ± 0.34 15.14 ± 0.42 14.84 ± 0.70 14.47 ± 0.28B 14.49 ± 0.18

G4 13.96 ± 0.26ab 13.6 ± 0.18a 14.31 ± 0.11b 14.93 ± 0.15Bc 14.22 ± 0.36bc

PCV (%) G1 27.00 ± 0.46c 25.40 ± 0.78Ab 23.35 ± 0.08Aa 22.75 ± 0.14Aa 20.75 ± 1.24Ad

G2 26.96 ± 0.49b 24.16 ± 0.44Aa 24.70 ± 0.31Aa 26.46 ± 0.39CBb 25.58 ± 0.39Bab

G3 27.10 ± 0.23c 24.33 ± 0.59Aa 24.10 ± 0.17Aa 25.20 ± 0.40Bb 25.18 ± 0.37Bb

G4 26.35 ± 0.20a 27.10 ± 0.12Ba 26.70 ± 0.75Ba 28.45 ± 0.19Db 27.15 ± 0.49Cba

Hb (g/dl) G1 9.00 ± 0.23c 6.90 ± 0.02Ab 6.15 ± 0.48Aa 5.65 ± 0.14Aa 6.93 ± 0.39Ab

G2 9.20 ± 0.43c 6.93 ± 0.41Aa 6.67 ± 0.36Aa 8.40 ± 0.20Bbc 8.03 ± 0.29Bc

G3 9.05 ± 0.08d 6.75 ± 0.08Aa 6.30 ± 0.21Aa 8.20 ± 0.17Bc 7.90 ± 0.26Bc

G4 8.65 ± 0.08a 8.75 ± 0.33Ba 8.95 ± 0.43Ba 9.30 ± 0.05Cc 8.9 ± 0.18Cac

MCV(fl) G1 19.14 ± 0.21d 17.36 ± 0.54Ac 15.56 ± 0.21Ab 14.43 ± 0.24Aa 13.57 ± 0.81Aa

G2 19.34 ± 0.62b 16.03 ± 0.35Aa 17.15 ± 0.84Bac 19.93 ± 0.36Db 18.40 ± 0.50Bbc

G3 19.21 ± 0.29c 16.09 ± 0.32Aa 16.29 ± 0.16ABa 17.42 ± 0.06Bb 17.42 ± 0.36Bb

G4 18.88 ± 0.22 19.82 ± 0.18C 18.64 ± 0.38C 19.06 ± 0.25C 19.10 ± 0.18C

MCH (pg) G1 6.38 ± 0.13d 4.71 ± 0.04Ac 4.10 ± 0.09Ab 3.58 ± 0.13Aa 4.69 ± 0.12dA

G2 6.61 ± 0.43c 4.58 ± 0.12Aa 4.65 ± 0.47Aa 6.33 ± 0.15Cbc 5.78 ± 0.16BCc

G3 6.41 ± 0.09b 4.46 ± 0.06Aa 4.50 ± 0.27Aa 5.66 ± 0.01Bc 5.47 ± 0.11Bc

G4 6.20 ± 0.05 6.40 ± 0.12B 6.25 ± 0.06B 6.23 ± 0.09C 6.27 ± 0.14C

MCHC (g/dl) G1 33.32 ± 0.28c 27.16 ± 0.14Ab 26.34 ± 0.27Bb 24.82 ± 0.47Aa 26.63 ± 0.73Ab

G2 34.09 ± 1.23c 28.64 ± 1.16Aa 27.01 ± 0.37Ba 31.73 ± 0.32Bb 31.28 ± 0.71Bb

G3 33.39 ± 0.13b 27.74 ± 0.14Aa 27.53 ± 0.90Ba 31.55 ± 0.94Bb 31.30 ± 0.68Bb

G4 32.83 ± 0.17 32.29 ± 0.24B 33.61 ± 1.05C 32.68 ± 0.10B 32.85 ± 0.37B

Mean ± SE

Values with different superscripts A, B, C, D in the same column (among groups) and a, b, c, d in the same row (within groups) are significantly

different at P B 0.05

G1: Goats infected—untreated and expressed as control positive

G2: Goats infected and treated with BAF-EE

G3: Goats infected and treated with albendazole

G4: Goats uninfected and dosed with BAF-EE and expressed as control negative
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In the present study, the crude BAF-EE was analyzed

and its components were identified by comparing their

mass spectra and retention time with those of the NIST and

WILEY library. The constituents of BAF-EE shown by the

analyzer included 28 compounds and the chemical struc-

ture of each compound was identified. Of these com-

pounds, 17 were found more than 1%, while the percentage

of a-Methylcaproic acid was shown more than 47%. Our

findings are parallel with the findings of Saboo et al. (2014)

and could be a useful referral for further isolation, purifi-

cation and evaluation of B. aegyptiaca fruits therapeutic

efficacy and safety for human and animals.

Phytochemical screening of BAF-EE revealed the

presence of saponins, flavonoids, terpenoids, phenolic

compounds and alkaloids which agree with previous

reports of Chothani and Vaghasiya (2011) and KoKo et al.

(2017).

It was evident from this study that crude BAF-EE

exhibited a strong in vitro antioxidant activity. Similar

reports on the potent antioxidant effect of B. aegyptiaca

fruits appear in previous studies as well (Meda et al. 2010;

Chothani and Vaghasiya 2011; Koko et al. 2017). It has

been reported that the phenols, flavonoids and terpenoids of

the plant possess an antioxidant activity (Maryam et al.

2009; Khatua et al. 2013). Also, it was documented that the

major classes of anti-parasitic phytochemical compounds

from plants are alkaloids and saponins (Al-Shaibani et al.

2009; Wang et al. 2010). Our results from the phyto-

chemical analysis confirmed the presence of antioxidants

and anti-parasitic compounds in the fruits of B. aegyptiaca

Table 6 Leukogram of goats experimentally infected with H. contortus affected by different treatments during the experimental period

Parameters Groups Weeks post infection (PI)

0 3rd 5th 7th 9th

WBC (9 103/ll) G1 10.57 ± 0.69a 12.37 ± 0.63Ab 14.77 ± 0.19Cc 13.87 ± 0.19Cbc 12.89 ± 0.52Cb

G2 10.41 ± 0.11a 12.18 ± 0.55Ab 12.46 ± 0.59Ab 11.27 ± 0.48Aab 11.34 ± 0.25Aab

G3 11.00 ± 0.12a 11.90 ± 0.31Ab 13.71 ± 0.41ACc 11.87 ± 0.55Aab 12.20 ± 0.27Ab

G4 10.70 ± 0.50 10.73 ± 0.25B 11.00 ± 0.32B 10.93 ± 0.43A 10.84 ± 0.66A

Lymphocytes % G1 60.33 ± 1.39c 66.11 ± 0.49Bb 66..00 ± 0.71Ab 65.57 ± 1.00Ab 65.33 ± 1.31Ab

G2 57.57 ± 1.00c 66.53 ± 1.62Bb 65.00 ± 1.23Ab 61.97 ± 2.60ABc 62.67 ± 2.44Ac

G3 56.47 ± 2.56c 65.36 ± 0.55Bb 65.20 ± 1.37Aab 61.25 ± 2.43ABa 61.48 ± 2.26Aac

G4 55.17 ± 0.69a 57.30 ± 0.78Cab 58.37 ± 0.68Bb 59.33 ± 0.71Bb 57.04 ± 0.34Bab

Monocytes % G1 3.66 ± 0.28a 5.33 ± 0.55Ab 4.90 ± 0.14Bb 5.36 ± 0.95Bb 5.28 ± 0.21Ab

G2 3.33 ± 0.64a 5.06 ± 0.23Ab 5.45 ± 0.66Bb 4.50 ± 0.43ABb 4.48 ± 0.25ABb

G3 4.13 ± 0.46a 4.76 ± 0.83ABab 5.97 ± 0.70Bb 5.10 ± 0.15Bab 5.05 ± 0.45Aab

G4 4.10 ± 0.30 3.96 ± 0.37B 3.80 ± 0.12A 4.10 ± 0.21A 4.07 ± 0.16B

Neutrophils % G1 32.03 ± 1.02a 20.23 ± 0.57Bb 20.00 ± 0.92Bb 22.45 ± 1.48Bb 23.40 ± 1.95Ab

G2 34.50 ± 1.32a 21.08 ± 0.38Bb 20.11 ± 0.54Bb 25.67 ± 1.60Bc 26.42 ± 1.10Ac

G3 33.43 ± 0.86a 21.55 ± 0.34Bb 20.50 ± 0.66Bb 25.32 ± 1.70Bc 25.55 ± 1.63Ac

G4 36.10 ± 0.61a 34.40 ± 0.30A 33.50 ± 0.76A 31.90 ± 0.73Ab 34.49 ± 0.90B

Eosinophils % G1 3.66 ± 0.33a 8.33 ± 0.88Bb 9.00 ± 0.33Bb 9.33 ± 0.33Cb 7.75 ± 0.80Bb

G2 3.33 ± 0.33d 7.00 ± 0.57Bb 9.11 ± 0.33Bc 7.53 ± 0.17Ab 6.10 ± 1.96Bb

G3 4.00 ± 0.57a 8.33 ± 0.33Bb 8.33 ± 0.33Bb 6.00 ± 0.11Dc 7.67 ± 1.33Bb

G4 3.66 ± 0.33 4.00 ± 0.57A 4.33 ± 0.33A 4.00 ± 0.57B 4.00 ± 0.21A

Basophils % G1 0.33 ± 0.33 00.00 ± 0.00 0.33 ± 0.33 0.33 ± 0.33 0.33 ± 0.33

G2 0.66 ± 0.33 0.33 ± 0.33 0.33 ± 0.33 0.33 ± 0.33 0.33 ± 0.15

G3 0.66 ± 0.33 0.00 ± 0.00 0.00 ± 0.00 0.33 ± 0.33 0.66 ± 0.13

G4 0.33 ± 0.33 0.33 ± 0.33 0.00 ± 0.00 0.66 ± 0.33 0.33 ± 0.14

Mean ± SE

Values with different superscripts A, B, C, D in the same column (among groups) and a, b, c, d in the same row (within groups) are significantly

different at P B 0.05

G1: Goats infected—untreated and expressed as control positive

G2: Goats infected and treated with BAF-EE

G3: Goats infected and treated with albendazole

G4: Goats uninfected and dosed with BAF-E E and expressed as control negative
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which support traditional application B. aegyptiaca fruit

against internal parasites.

Results of the present study did not show any abnormal

behavioral changes and evidence of toxicity during or after

treatment with BAF-EE, which are agreed with the reports

stated by Githiori et al. (2004), Albadawi (2010) and

Hassan (2014).

Moreover, H. contortus infection affected the home-

ostasis of goats which was clinically manifested mainly by

signs of anemia. The severity of the disease was depended

on the number of the infective larvae given to the animals,

which was in accordance with the findings of Rahman and

Collins (1990). According to Soulsby (1982), the devel-

opment of haemonchosis is a direct reflection of infective

dose. In this study, goats were infected with 10,000 L3,

which caused an acute form of haemonchosis. Our results

correspond to data from studies of Ameen et al. (2010) in

goats and Bowman (2014) and Iliev et al. (2017) in lambs

who described that the most often clinical signs of acute

haemonchosis are weakness, lethargy, lack of appetite,

thirst, rapid and shallow breathing, pale mucous mem-

branes and diarrhea. It was noticed in the experimental

goats that the prepatent period of H. contortus was 21 days

in all infected groups and the severity of clinical signs

coincided with the peak of egg shedding at the 4th and 5th

weeks PI.

The total worm burden at necropsy indicated that Baladi

breed of goats employed in this study were susceptible to

experimental infection with H. contortus. It is evident that

BAF-EE exhibited significant anthelmintic activity against

adult H. contorts worms compared with the untreated

control group. Similarly, the anthelmintic effect of B.

aegyptiaca has been reported against H. contortus in sheep

(Albadawi 2010; Hassan 2014). Treatment of H. contortus

with BAF-EE at a dose of 9 g/kg BW showed anthelmintic

efficacy of 75.08% at the 1st week PT and maximum

reduction of 88.10% in EPG at the 4th week PT. Similar

results have been found by Albadawi (2010) and Hassan

(2014), who recorded that the efficacy percentage of B.

aegyptiaca against H. contortus parasites and EPG in sheep

were 69.6 and 97%, respectively. Also, the efficacy of B.

aegyptiaca fruits was found to be 92.3% against F. hep-

atica (Koko et al. 2000) and Schistosoma mansoni (Koko

et al. 2005) as well.

The anthelmintic activity of B. aegyptiaca could be

attributed to its bioactive compounds working jointly or

separately for altering membrane permeability of the par-

asite (Chothani and Vaghasiya 2011) or binding the gly-

coprotein of the cuticle of the parasite (Kumar et al. 2011;

Thompson and Geary 1995), causing their death. Saponins

are known to cause damages in the membrane of the par-

asite and causing vacuolization and disintegration of their

tegument (Wang et al. 2010). Moreover, it has been

reported that alkaloids have the ability to intercalate with

protein synthesis of the parasite (Al-Shaibani et al. 2009).

In the present study, use of 5 mg/kg BW of albendazole

for the treatment of Haemonchosis showed an anthelmintic

efficacy of 98.29% after 4 weeks of treatment, while BAF-

EE at the rate of 9 g/kg BW revealed 88.10% efficacy.

Albendazole acted well against mature stages of the para-

site and the drug was responsible for delaying of some

worms to reach maturity. The present results can be

explained by the use of a crude extract of the plant con-

taining small concentrations of its active ingredients versus

the use of the synthetic anthelmintic drug containing the

chemical compounds in pure forms (Rates 2001).

Improvement of the condition of the uninfected BAF-EE

treated goats of G4 was noticed, which could be attributed

to the wide range of biological constituents of B. aegypti-

aca fruits’ mesocarp such as phytoconstituents, crude

proteins (3.2–6.6%), carbohydrates (64–72%), organic

acids (15%) and vitamin C (0.01–0.3%) (Chothani and

Vaghasiya 2011).

In this study, goats of infected untreated G1 showed

marked decreases in PCV and Hb values and microcytic

hypochromic anemia from the 3rd week PI to the end of the

experiment. These decreases might be attributed to blood

loss that resulted from the sucking activity of both larval

and adult stages of the parasite and from hemorrhages

associated with the damaged epithelium of the abomasa

(Urquhart et al. 1996). Gauly and Erhardt (2002), Amar-

ante et al. (2004) stated that, the PCV is an essential

parameter which may be used besides fecal egg count to

describe resistance against nematode parasites in sheep.

Albadawi (2010), Hassan et al. (2013), Rouatbi et al.

(2016), and Mannan et al. (2017) reported rather similar

results to ours after experimental infection with H. con-

tortus in small ruminants.

Goats treated with B. aegyptiaca and albendazole

revealed reduction in PCV and Hb values and microcytic

hypochromic anemia at the 3rd and 5th weeks PI, values

then regained 0 time levels after 2–4 weeks of treatment in

G2 goats and were still low (PCV) or slightly lower than 0

time (Hb) in G3 goats. Anemia recorded after 2 and

4 weeks of treatment was of the normocytic hypochromic

type in G2 and the microcytic normochromic type in G3.

Changes of the erythrocytic parameters observed after

treatment could indicate improvement of the condition of

animals after reduction of the worm burden. Similar results

were obtained by Koko et al. (2000), Adam (2006),

Albadawi (2010), and Hassan (2014). However, our results

disagree with Costa et al. (2006), Eguale et al. (2007),

Bizimenyera et al. (2008) who showed that treatment with

medicinal plants did not help animals to improve or

maintain their hematological parameters. Furthermore,

Hassan et al. (2013) reported that albendazole at a single
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dose of 5 mg/kg BW failed to improve the effect of H.

contortus infection on the erythrogram. This controversy

might be due to different parasitic infection levels and

environmental conditions.

In the present experiment, the significant increase in

leukocyte counts of infected goats was a reflection of sig-

nificant increase in lymphocytes, monocytes and eosino-

phils at the expense of neutrophils which showed reduced

counts than the normal levels. Similar results were reported

after experimental H. contortus infection by El Hassan

(2002), Albadawi (2010) and Hassan et al. (2013). The

increased number of lymphocytes could be related to an

antigenic stimulation of the abomasal mucosa due to

excretory-secretary products of H. contortus. The eosino-

philia and lymphocytosis observed are in agreement with

the findings of Albadawi (2010) and Hassan et al. (2013).

The increase in the number of eosinophils is considered an

important element in the response against H. contortus

infection as reported by Balic et al. (2000). Eosinophils

mobilized against specific parasites were frequently found

to cause immobility and death of larvae of homologous or

heterologous parasites often in association with antibodies

and/or other factors (Rainbird et al. 1998; Terefe et al.

2005).

The mean values of total leukocytes’ count in both

infected—treated groups (G2 and G3) tended to decrease

on the 7th and 9th weeks PI. These results are supported by

Koko et al. (2000), Albadawi (2010) and Hassan et al.

(2013) who recorded reduction in WBCs and eosinophils’

counts at the last 2 weeks after treatment with B. aegypti-

aca and albendazole.

Conclusion

Results of this study indicated that B. aegyptiaca showed a

significant anthelmintic activity against H. contortus at

dose of 9 g/Kg BW as determined by reduction in worm

burden and fecal egg counts of H. contortus, and can

improve hemogram and health condition of infected goats.

The present findings suggest that B. aegyptiaca could form

an alternative to commercially available synthetic anthel-

mintics. However, further investigations are required at

different doses and against different parasitic stages and

species to determine the true potentials of this plant as

anthelmintic for control of gastrointestinal nematodes of

small ruminants.
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