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Abstract The current study was designed to evaluate the

in vivo fasciolicidal activity of Moringa (M.) oleifera leaf

aqueous extract oral administration as well as its antibac-

terial activity against Clostridium (C.) novyi in sheep nat-

urally co-infected with fascioliasis and C. novyi. Sheep

naturally infected with fascioliasis were divided into 3

groups, heavily infected treated group, lightly infected

treated group and mixed infection control (non-treated)

group. Treatment groups were orally administered M.

oleifera leaves aqueous extract at a dose of 150 mg/kg

every 48 h for 21 days. Animal body weights, fecal egg

count, serum levels of anti-Fasciola IgG, cytokines (IL-2,

IL-17, IL-10), and bacterial count of C. novyi were eval-

uated. The results showed that treatment with M. oleifera

improved the body weight gain and decreased fecal egg

count in lightly and heavily infected groups compared to

the nontreated group with 100% reduction in egg count in

lightly infected sheep. Furthermore, the treatment with M.

oleifera significantly reduced the serum levels of IgG, IL-2,

and IL-17. Interestingly, elevated levels of IL-10 were

recorded in both heavily and lightly infected sheep. The

treatment with Moringa extract significantly decreased the

fecal bacterial count of C. novyi in both heavily and lightly

infected groups. In conclusion, this study highlights the

potential beneficial effects of M. oleifera leaf against

Fasciola (F.) gigantica and C. novyi.
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Introduction

Fascioliasis, a parasitic infection caused by Fasciola (F.)

hepatica and F. gigantica, is considered an important dis-

ease of ruminants causing significant weight loss, increased

rates of liver condemnation and animal mortalities (Mas-

Coma et al. 2014; Nyindo and Lukambagire 2015).

Moreover, Fasciola species have zoonotic importance,

affecting approximately 50 million people worldwide, and

are listed as a foodborne infection by the World Health

Organization (2015).Clostridium (C.) species are normal

bacterial inhabitants found in the gastrointestinal tract of

ruminants. Migration of Fasciola species to the liver and

the subsequent necrosis and damage to the hepatic par-

enchyma facilitate the transmission and anaerobic medium

required for systemic clostridial infection (Benavides et al.

2015; Cullen and Stalker 2015; Redford et al. 2017).

Infection with Clostridium novyi type B causes ‘‘black

disease’’ in sheep. It is associated with necrotic hepatitis

due to migration of immature liver fluke that release toxins

destroying the animal liver and causing sudden death (Uzal

et al. 2016). The synergistic interaction between the two

infections alters the infection duration, transmission risks,

and clinical symptoms (Cox 2001; Vaumourin et al. 2015).

Infection with F. gigantica is able to elicit Th2 immune

response and downregulated Th1 and Th17- type
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inflammatory immune responses, leading to increased

secretion of IFN-c, Il-2, IL-6, IL-12, IL-17, and IL-1b
cytokines in order to support the parasite’s existence within

the infected host (Pleasance et al. 2011; Zhang et al. 2017).

The down regulation of protective Th1 responses results in

an increase in the host’s susceptibility to many bacterial

infections (Cerf-Bensussan and Gaboriau-Routhiau 2010).

The use of anthelmintics and antibiotics in food animals

is fundamental to animal health and to the agricultural

economy as well. Drugs used in food-animals and drug

residues in food products do increase the health risk in

persons who consume products from treated animals (Hao

et al. 2014). Moreover, during the last decade, there has

been an increasing report in antibiotic resistance to dif-

ferent clostridial infections in animals and humans (Gho-

lamiandehkordi et al. 2009; Bannam et al. 2011; Zidaric

et al. 2012). Similarly, multiple reports confirmed anthel-

mintic resistance of Fasciola species in sheep, cattle and

humans (Ortiz et al. 2013; Brockwell et al. 2014; Kelley

et al. 2016). Medicinal plants have been widely utilized,

either as a single drug or in combination with synthetic

drugs to aid in control/treatment of various bacterial and

parasitic infections in animals and human. These plants

provide valuable natural products and drugs for develop-

ment of medicines against various disorders and diseases

(Pan et al. 2013; Bahmani et al. 2014).

Moringa oleifera, commonly known as Drumstick, have

many active components such as alkaloids, tannins, flavo-

noids, saponins and triterpenoids (Vats and Gupta 2017),

which showed potent anthelmintic activity and displayed a

potential antibacterial activity against Gram negative and

Gram-positive bacteria (El-Kholy et al. 2018). Aqueous

extract of M. oleifera has been shown a potent

immunomodulatory effect that can modulate the activation

of B cells and stimulate production of IgM, IgA and IgG

level after administration (Ojeka et al. 2018), and T cells

where it will result for induction of IL 10 production (Fard

et al. 2015; Tan et al. 2015) and inhibit production of

TNFa, IL-6, IL-8 (Kooltheat et al. 2014) and IL-2

(Sashidhara et al. 2009). Studies on humans and animals

revealed that M. oleifera is considered safe for consump-

tion (Stohs and Hartman 2015). The ovicidal activity for

Moringa extracts on Fasciola eggs in vitro was previously

reported by Hegazi et al. (2018).

When these findings taking together we should warrant

further consideration of M. olifiera as an immunomodula-

tory for immune disorders induced by fascioliasis. There-

fore, we hypothesized that the oral administration of M.

oleifera aqueous extract can provide protection against F.

gigantica and C. novyi by regulating the immune respon-

ses. To test this hypothesis, The present study was designed

to evaluate the oral administration effect of M. olifiera

aqueous extract on the body weight, fecal egg count, IgG,

cytokines (IL-2, IL-17, IL-10), and the bacterial load of C.

novyi in sheep naturally co-infected with F. gigantica and

C. novyi.

Materials and methods

Ethical approval

All experimental procedures were performed in accordance

with the institutional guidelines of the National Research

Centre’s Animal Research Committee under protocol

number 16/219.

Animals and ethical standard

A number of 30 reared sheep, aged 6–12 months, were

examined in this study. The animals were determined for

infection with F. gigantica using egg detection in fecal

samples by sedimentation technique according to the

method of Happich and Boray (1969). The examined ani-

mals were raised in the River Nile’s basin and fed regularly

on clover grasses and a concentrate mix. The infected

animals were classified based on the severity of fascioliasis

according to Attallah et al. (2013). The animals were fur-

ther classified to a lightly infection treated group, a heavily

infection treated group, a mixed lightly/heavily infection

control non treated group and healthy, non-infected, sheep

as a negative control.

Preparation of M. oleifera leaf aqueous extract and animal

treatment

Moringa leaves powder was a courtesy from Dr.

Aboelfetoh Abdalla’s research group at the National

Research Centre. 150 g of dried M. oleifera powder was

soaked in a 1 liter distilled water and incubated at 4� C on a

shaking incubator for 24 h then filtered using a filter paper

into a clean conical flask. The M. oleifera extract was

orally administrated to the lightly and heavily infection

treated groups every 48 h for 21 days at a dose of 150 mg/

kg body weight (Almanzor et al. 2014).

Body weight, fecal and blood sampling

All sheep were weighed on day 0 and re-weighed on day

21. Fecal samples were collected aseptically using rectal

digital palpation from each animal on days 0, 3, 5, 7, 9, 11,

13, 15, 17, 19, and 21. The degree of body condition was

scored 0–5 according to Russel et al. (1969) at the zero

days of treatment and 21 day post treatment (dpt). A por-

tion of each fecal sample was saved for Fasciola egg count

per gram using the sedimentation technique. The remaining
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portion of the egg sample was saved for bacteriological

examination to estimate C. novyi colony forming unit per

gram (CFU/g). Blood samples were obtained via Jugular

venipuncture at different treatment intervals. Serum was

separated and stored at - 20 �C until further analyses.

F. gigantica egg count and morphology

Briefly, 1 g of fecal sample was added to 45 ml of distilled

water in a graduated cylinder and thoroughly mixed using a

glass rod. The solution was filtrated using a sieve and

allowed to sediment. F. gigantica egg count was then

calculated and reported as eggs per gram (Happich and

Boray 1969).

Detection of F. gigantica specific antibodies

Antigen preparation

Adult F. gigantica flukes were obtained from infected

livers of water buffaloes freshly slaughtered at El Monib

local abattoir, Giza Governorate and washed several times

with distilled water. The crude worm antigen was prepared

according to the method previously described (Abdel-

Rahman et al. 2016). Adult flukes were homogenized in

0.2 M Tris–Hcl buffer, pH 7.4, with a glass homogenizer at

4 �C. The homogenate was then centrifuged at 14,000

round per minute (rpm) for 30 min at 4 �C, then the

supernatant was collected and assayed for protein content

using Lowery method (Lowry et al. 1951). The supernatant

was aliquoted and stored at - 20 �C.

F. gigantica specific IgG assay

The assay was utilized to evaluate the total IgG antibody

response of sheep after treatment using M. oleifera leaf

aqueous extract at different time points in treated and

control groups. The assay was performed according to the

method previously described (Oldham 1983), and the

optimal dilution of serum and concentration of the antigen

were determined using checkerboard titration. The cutoff

point of optical density values was determined as described

by Almazán et al. (2001).

Quantification of cytokines in sheep sera

Sandwich enzyme-linked immunosorbent assay (ELISA)

was used to measure serum cytokine levels. Cytokine

concentrations for sheep IL-10, IL-2 and IL-17 determined

with commercially available reagents and ELISA kits

purchased from Bioneovan Co., China and following the

manufacturer’s instructions.

Determination of C. novyi levels (bacterial count

CFU/g)

One gram from each fecal sample was homogenized in

9 ml of Phosphate Buffer Saline (1 9 PBS). 10 fold serial

dilutions of the homogenates in 1 9 PBS was cultured in

duplicates on neomycin blood agar using 100 ll of the

diluted specimen for each plate. The inoculated plates were

incubated at 37 �C and 5% CO2 for 24–48 h then the

bacterial colonies were counted using colony counter

according to the predefined criteria as described before

(Black 1996). The colonies of C. novyi were confirmed

microscopically and biochemically.

Statistical analysis

Data are expressed as mean ± standard deviation of the

mean (SD). Statistical analyses were performed using two-

way ANOVA followed by a post hoc test when appropri-

ate. The result were considered significant at the level

p\ 0.05. Statistics were computed using GraphPad Prism

software (version 6; GraphPad Software, Inc, La Jolla, CA,

USA).

Results

The effects of M. oleifera aqueous extract oral

administration on the body weight of sheep

naturally infected with F. gigantica

The heavy infected treatment group showed a significant

weight loss compared to the light and mixed infected

groups before initiation of the treatment with M. oleifera

aqueous extract (Day 0). Oral treatment with M. oleifera

resulted in a significant weight gain at day 21 in the lightly

infection treated group compared to heavily infected trea-

ted and mixed infection control groups (Fig. 1). The

treatment with M. olifera improved the body weight of

heavily infected sheep by 3.9 ± 0.1 and 4.5 ± 0.5 in

treated lightly infected ones.

The effects of M. oleifera aqueous extract oral

administration on the fecal egg count

and morphology

The lightly and heavily infected treated groups showed a

significant lower EPG across treatment time compared to

the mixed infection control groups. Significant differences

were noted between the lightly and heavly infected groups

at all-time points. The treatment with M. oleifera aqueous

extract resulted in a significant decrease in EPG in the

lightly infected treated group with complete resolution of
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the infection (Fig. 2a). However, in heavily infected group

the mean egg count was significantly (p B 0.001)

decreased with 99.2% reduction after 21 dpt. Furthermore,

the treatment with M. oleifera aqueous extract resulted in a

degeneration of Fasciola eggs and accumulated dark

embryo after the first dose of treatment at the end of

experiment the egg showed empty without cells or embryo

(Fig. 2b) This observation illustrates that treatment using

Moringa extract have an obivious effect on egg viability

and development.

The effects of M. oleifera aqueous extract oral

administration on the fecal bacterial load of C. novyi

The C. novyi was numerous short, thick, straight; round-

ended, gram positive rod occurs singly or in short chains

under a microscope. On blood agar, the pure culture was

small, irregular, whitish pale colored, finely granular and

surrounded by a typical zone of b-hemolysis. In cooked

meat medium, organism produced turbidity and gas with

pinkish discoloration of meat particles. Biochemical char-

acterization showed that all isolates fermented dextrose,

lactose, sucrose, maltose and produced acid and gas but did

not ferment mannitol. They were negative catalase, oxi-

dase, Indole, Voges–Proskauer, and methyl red. The bac-

terial load of C. novyi was reduced significantly during the

treatment with M. oleifera extract in both lightly infected

and heavily infected groups compared to untreated control

group till reach 2 9 104 after 21 day post treatment (dpt)

(Fig. 3).

The effects of M. oleifera aqueous extract oral

administration on serum IgG expression

The levels of IgG showed a decrease in the lightly infected

group compared to the heavily and mixed infection groups.

Significant differences were noted between the lightly and

heavily infected groups at most of the time points. The

Fig. 1 The effect of Moringa (M.) oleifera aqueous extract oral

adminstration on the body weight of sheep naturally infected with

Fasciola (F.) gigantica. The Sheep (6–12 months age) were classified

based on the severity of fascioliasis into three groups; lightly infected

treated group, heavily infected treated group, and mixed infected

control group. The lightly and heavily infected groups were treated

with M. oleifera aqueous extract for 21 days. The body weight of

sheep in the three groups was recorded at 0 and 21 days. Two-way

ANOVA was performed followed by multiple comparison tests. Data

represented in mean ± standard deviation (SD). Different letters

denote significance (p\ 0.05)

Fig. 2 a The effect of M. oleifera aqueous extract oral adminstra-

tionon the fecal egg count of sheep naturally infected with F.

gigantica. Eggs per gram (EPG) were counted using fecal sedimen-

tation technique in the three groups; lightly infected treated group,

heavily infected treated group, and mixed infected control group.

Data represented in mean ± standard deviation (SD). *Denotes

significance (p\ 0.05) between the three groups. Two-way ANOVA

followed by multiple comparisons test was applied. b Photomicro-

graph to show the ovicidal activity of M. oleifera aqueous extracts

treatment on sheep. A Normal F. gigantica egg. B, C, D, E, F, G, H,

I showed degenerated Fasciola egg and accumulated dark embryo at

3, 5, 7, 9, 11, 13, 15, 17 dpt respectively. J Showed empty F.

gigantica egg at 21 dpt (9100)
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treatment with M. oleifera aqueous extract resulted in a

gradual significant decrease in IgG in the lightly infected

treated group with complete resolution of the infection

(Fig. 4).

The effects of M. oleifera aqueous extract oral

administration on serum levels of IL-2, IL-17,

and IL-10

The treatment with M. oleifera aqueous extract resulted in

a significant decrease in serum level of both IL-17 and IL-2

and increase in the level of IL-10 regulatory cytokine in the

lightly infected treated group compared to the heavily

infected and mixed infection groups (Fig. 5a–c). The

temporal patterns of IL-2 and IL-17 showed an increase

after treatment with M. oleifera aqueous extract then star-

ted to decrease at day 5 and continuous decrease until day

21 (Fig. 5a–c).

Discussion

The current study was designed to investigate the in vivo

fasciolicidal and antibacterial effect of M. oleifera leaf

aqueous extract oral administration in naturally infected

sheep. The study showed a significant body weight gain in

the infected sheep treated with M. oleifera. This result is

anticipated as a reduction in parasites load would result in

improved growth rates and body condition scores. More-

over, it is obvious that M. oleifera contained a considerable

amount of protein, minerals and antioxidant that may have

improved digestion and absorption resulting in increased

Fig. 3 The bacterial counts of C. novyi in heavily, lightly, and mixed

infected sheep with F. gigantica and treated with M. oleifera leaves.

Data represented in mean ± standard deviation (SD). *Denotes

significance (p\ 0.05) between the three groups. Two-way ANOVA

followed by multiple comparisons test was applied

Fig. 4 The effect of M. oleifera aqueous extract oral adminstration

on the serum IgG expression in sheep naturally infected with F.

gigantica. IgG levels were quantified using specific IgG assay in the

three groups; lightly infected treated group, heavily infected treated

group, and mixed infected control group. Data represented in

mean ± standard deviation (SD). *Denotes significance (p\ 0.05)

between the three groups. Two-way ANOVA followed by multiple

comparisons test was applied
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body weight and host-resistance to the helminthes. These

results are in agreement with Moyo et al. (2013) who

reported an improved body condition score and a decrease

in coccidian oocysts and helminthes load in goats after

dietary supplementation with M. oleifera.

The fecal egg count of the infected sheep treated withM.

oleifera significantly decreased over the 21 days course of

treatment in heavily infection with completely disappear-

ance of eggs in lightly infection. Furthermore, the treat-

ment resulted in egg morphological changes; as Fasciola

eggs obtained from fecal samples showed marked degen-

eration and accumulated dark embryo. These results came

in agreement with our previous research (Hegazi et al.

2018) which revealed the in vitro ovicidal activity of

alcoholic and aqueous extract of M. oleifera leaf on Fas-

ciola eggs. One explanations for this finding is that M.

oleifera may induce toxic effect on F. gigantica worms,

resulting in alternation in worm fecundity and distortion of

their eggs similar to the effect reported on Haemonchus

contortus (Cabardo Jr and Portugaliza 2017). This toxic

effect may be related to the presence of saponins, tannins,

and flavonoids in M. oleifera leaves (Fatima et al. 2014).

Furthermore, M. oleifera treatment proved an

immunomodulatory effect in rats (Jayanthi et al. 2015)

leading to increasing the immune response which posi-

tively correlated with the reduction of worm number then

reduction in egg shedding. However, the mechanism by

which M. oleifera might function as fasciolicidal agent

needs further investigation.

In the present study, M. oleifera leaf aqueous extract

oral administration resulted in a significant decrease in IgG

levels in highly infected sheep, from day 3 and continued

until the end of the experiment. However, mean IgG titers

remained significantly higher than the assay control

Fig. 5 The effect of M. oleifera aqueous extract oral administration

on the serum levels of IL-2, IL-17, and IL-10 in sheep naturally

infected with F. gigantica. The serum levels of a IL-2, b IL-17, and

c IL-10 were quantified using ELISA in the three groups; lightly

infected treated group, heavily infected treated group, and mixed

infected control group. Data represented in mean ± standard devia-

tion (SD), *Denotes significance (p\ 0.05) between the three groups.

Two-way ANOVA followed by multiple comparisons test was

applied
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negative sera obtained from healthy, non-infected sheep.

Meanwhile, lightly infected treated sheep showed signifi-

cant decreases in serum IgG level to levels equivalent to

those of the assay negative control sera. This finding

indicated that M. oleifera oral administration may lower

the severity of the infection. Previous research reports

concluded that M. oleifera is an immune boosting agent

that can stimulate IgG, IgM and IgA production to fight

invading organisms until neutralization (Abd-Elhakim

et al. 2018). The resulted antibody may interact with crit-

ical sites in the surface membrane of the parasite. It is also

possible that the anti fasciolicidal activity of M. oleifera

aqueous extract may be related to tannins which can cause

paralysis of the Fasciola adult worm (Hoste et al. 2006;

Molan et al. 2000). Similarly, the presence of saponins is

known to destabilize the cell membrane and cuticle colla-

gen of the parasite (D’addabbo et al. 2011).

Cytokines are key regulators of immune inflammatory

responses (Pleasance et al. 2011; Zhang et al. 2005). The

beneficial effects of M. oleifera extract on the regulation of

Th1/Th2/Th17 balance were evaluated (Sudha et al. 2010).

Current results proved that both inflammatory Th1 cyto-

kine; IL- 2 and Th17 cytokine; IL-17 in heavily and lightly

infected sheep were suppressed by M. oleifera extract

treatment with the lowest level at 21 dpt. This result run-

ning parallel with the previous reports which proved that

M. oleifera downregulated the expression and production

of IL-2 cytokine (Sashidhara et al. 2009), which inhibited

the inflammatory reaction due to infection. On the other

hand, the presented results demonstrated a significant

gradual increase in anti-inflammatory cytokine IL 10 to

reach to its highest level at the 21 dpt in both high and

lightly infected sheep treated with M. oleifera extract. The

present result comes in accord with the previous study of

Fard et al. (2015) who proved that M. oleifera

hydroethanolic bioactive leaves extract significantly mod-

ulate the production of IL- 10 from macrophage. However,

the exact effect of M. oleifera on Th1/Th2 during fascio-

liasis remains obscured and needs further study.

The current results showed that the bacterial count of C.

novyi at zero days of treatment was 7 9 109–9 9 109 and

after treatment with Moringa extract the count were

reduced in both heavly and lightly naturally infected sheep

reached 2 9 104 after 21 dpt. M. oleifera was a potential

source of the antimicrobial molecule against pathogenic

Clostridium spp. The mechanism of reducing C. novyi

count was due to direct contact between theM. oleifera and

bacteria (El-Kholy et al. 2018). Moreover, M. oleifera

downregulated the levels of IL-2 and IL-17 and up-regu-

lated IL-10 expression resulting in a protective immune

mechanism against C. novyi.

More studies are required to fully understand the

immunological implications of using M. oliefera as target

drug to control fascioliasis inflammation-based disorder.

Further studies on understanding the effect of M. oliefera

on Nf-kB transcription factor may shed light on immune

modulatory mechanism of M. oliefera.

In conclusion, this study provides evidence that M.

oleifera may have potential therapeutic effects against F.

gigantica. However, further studies are warranted to

investigate the implicated molecular pathways and cell–

cell interaction during the treatment with M. oleifera in

naturally infected animals.
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