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Abstract Strongyloides species is a helminth of world-

wide distribution primarily in tropical and subtropical

regions. It is the only soil-transmitted helminth with the

ability for autoinfection so; it may lead to severe systemic

manifestations especially in immunosuppressed patients.

Chemotherapy is currently considered the best therapeutic

option for strongyloidiasis but some drugs are expensive

and others have side effects as nausea, diarrhea and

headache. Strongyloides larva is resistant to most chemical

agents so, search for plant extracts may provide other

effective but less expensive treatment. Lawsonia inermis

Linn, popularly known as Henna, has been proven to have

antihelminthic, antibacterial and antifungal properties.

The current study was carried out to evaluate the efficacy

of Lawsonia inermis on Strongyloides spp. In vitro using

scanning electron microscopy. Fifty Strongyloides species.

larvae and free living females were incubated with differ-

ent concentrations of Lawsonia (1, 10, 100 mg/ml), for

different incubation periods (24, 48, 72 and 96 h) in

comparison to the same concentrations of flubendazole at

the same different time points. The results showed that

Lawsonia inermis in a concentration of 10 mg/ml incu-

bated with Strongyloides spp. female for 24 h affected the

parasite cuticular surface in the form of transverse and

longitudinal fissures and transverse depression in compar-

ison to no cuticular change with flubendazole (100 mg/ml).

This suggests that Lawsonia inermis may be a promising

phytotherapeutic agent for strongyloidiasis.

Keywords Strongyloides � Lawsonia inermis �
Flubendazole

Introduction

Strongyloidiasis is a major global health challenge that is

underestimated in many countries. It is a chronic, soil-trans-

mitted infection caused byStrongyloides spp., a helminthwith

a worldwide distribution, primarily in tropical and subtropical

regions, where sanitary conditions are poor (Hall et al. 1994),

such as Central and South America, sub-Saharan Africa, and

South and Southeast Asia (Liu andWeller 1993; Concha et al.

2005). Foci of low endemicity are also reported in temperate

climates, such as the Mediterranean Coast, mostly among

elderly patients. Prevalence data indicate that 30–100 million

people are infected worldwide, but the figure is presumably

underestimated because infection is often subclinical (Olsen

et al. 2009; Devi et al. 2011; Khieu et al. 2013).

In Egypt, recent infection rate is not known as little

attention was directed towards this parasite, the prevalence
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rate ranges from 1.5 to 11 % (Salem et al. 1990; El-Shazly

et al. 2006; El-Sherbini et al. 2008).

Due to its peculiar life cycle Strongyloides may remain

indefinitely in the host, if not effectively cured (Concha

et al. 2005). It is the only soil-transmitted helminth (STH)

with the ability for auto-infection, and thus may lead to

systemic infections with high parasite densities, particu-

larly in immune-compromised hosts (Vadlamudi et al.

2006). Disseminated strongyloidiasis may lead to severe

complications with substantial mortality. Therefore effec-

tive and timely use of antihelminthics is essential. The

treatment must then reach the goal of the complete elimi-

nation of the parasite (Basile et al. 2010; Bisoffi et al.

2011).

Chemotherapy still the only effective tool to cure hel-

minthic infection as effective vaccines against them have

not been developed so far (Singh et al. 2002) Treatment

options for strongyloidiasis include ivermectin, thiaben-

dazole and albendazole. Ivermectin is currently considered

the best therapeutic option (Gilbert et al. 2010), but its use

is limited as it is relatively expensive. Also ivermectin can

produce some side effects such as headache, dizziness,

muscle pain, nausea, or diarrhea (Goodman and Gilman

2001; Singh et al. 2002; Bairagi et al. 2011).

Like the infective larvae of all nematodes, the Stron-

gyloides larva is resistant to most chemical agents. Search

for plant extracts may provide other effective but less

expensive treatment and could be of value in preventing

and treating helminthic multi-resistance (Nogueira et al.

2010; El-Sherbini and Osman 2013).

The identification of new antihelminthic drugs becomes

a priority because of the availability of a handful of drugs,

cost of treatments, and recent emergence of drug resis-

tance. Medicinal plants are a good source of bioactive

compounds for development of drugs. Most of the phyto-

chemicals, secondary metabolites of plants, are physio-

logically active. Plants are known to provide high source of

antihelminthic activity (Akhtar et al. 2000).

Lawsonia inermis Linn, popularly known as Henna or

Mehandi in India belongs to family Lythraceae. Henna is

naturalized and cultivated in the tropics of America, Egypt,

India and parts of the Middle East (Bairagi et al. 2011). The

leaf used for alleviating jaundice, skin diseases, venereal

diseases and small pox. Seeds are effective against dys-

entery, liver disorders. Root is considered as a potent

medicine for gonorrhea and herpes (Chaudhary et al.

2010).

The plant has been reported to have analgesic, hypo-

glycemic, astringent, antihemorrhagic, hepatoprotective,

immunostimulant, anti-inflammatory, antibacterial, anti-

microbial, antifungal, antiviral, antiparasitic, antitrypanos-

omal, antidermatophytic, antioxidant, tuberculostatic and

anticancer properties. It is considered as a valuable source

of unique natural products for development of medicines

against various diseases (Sastri 1962; Gupta 2003). L. in-

ermis L. was proved as antihelminthic by demonstrating

the in vitro antihelminthic activity of petroleum ether

(Bairagi et al. 2011), alcoholic (Sarojini et al. 2012) and

aqueous and hydroalcoholic extracts (Eguale and Giday

2009).

In early Islamic culture henna usage is very evident in

the book Prophetic Medicine where the medicinal practices

of Prophet Mohammed (PBUH), as mentioned by his fol-

lowers and others that were close to him in his household,

were recorded (AL-Arnaoutt and AL-Arnaoutt 1987).

Lawsonia inermis L. constituents are made up of man-

nite, tannic acid, mucilage and gallic acid, but the main

constituent is 2-hydroxynaphthoquinone, an important

pigment called lawsone (Rahmoun et al. 2013).

Although naphthoquinones do appear to exhibit a wide

spectrum of biological activities, the mechanisms of action

remain somewhat unclear. However lawsone was shown to

elicit in vivo lower toxic effects in mussel tissues than

tissues in higher organisms. This may be due to the lower

detectable levels of xanthine oxidase in the invertebrate

mussels (Heinrich et al. 2004; Lall et al. 2003; Osman et al.

2004).

Based on these observations this study will be under-

taken to determine the possible antihelminthic activities of

L. inermis L. stems against free living female and filariform

larvae of Strongyloides.

Materials and methods

Plant material and extraction procedure

Lawsonia inermis L. variety alba (Henna) plant was col-

lected from National Center of Agriculture, Cairo, Egypt,

2009. It was kindly identified by Prof. El-Mewafy Abdou

El-Mewafy, Head of Medicinal and aromatic plants

Department, Horticulture Research Institute, Egypt. A

voucher specimen no BUPD30 is deposited in Pharma-

cognosy Department, Faculty of Pharmacy, Beni-Suef

University, Egypt. After removal of leaves, the stems were

collected, left to dry in shade and powdered.

Preparation of the plant extract

The air-dried powdered stems of L. inermis L. (500 g) were

extracted with 70 % methanol by cold maceration till

exhaustion. The combined filtrates were evaporated to

dryness using a rotary evaporator under reduced pressure.

The residue was defatted with n-hexane. The semisolid

residue left after defatting was transferred to a dark glass

bottle and kept in a refrigerator until biological study.
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Phytochemical screening

Phytochemical screening of the defatted methanol extract

was carried out using standard procedures of different

chemical tests and chromatographic techniques to identify

the components (Harborne 1973; Trease and Evans 1989).

Yield % of the defatted methanol was 18 % w/v. Results

of phytochemical screening revealed the presence of phe-

nolic compounds, flavonoids, quinine and tannins.

Strongyloides spp. isolation

Strongyloides spp. Larvae and free living females were

isolated in Diagnostic and Research Unit of Parasitology

Department, Faculty of Medicine, Ain Shams University,

Egypt. Stool samples were collected from Stercoralis spp.-

infected subjects and were inoculated directly onto the

surface of 1.5 % non-nutrient agar (NNA) plates seeded

with Escherichia coli bacterial suspension and incubated in

a humidified chamber at 30 �C. The presence of Strongy-

loides spp. could be seen by examination of the agar plate

growth was carried out daily for up to 7 days with a light

and inverted microscopes using 409 objective. Subcultures

were done after 2 weeks from positive cultures with con-

firmed growth. The plates were incubated in humidified

chambers at 30 �C and examined after 24 h. Performing

sub-culturing several times facilitated the isolation of

Strongyloides spp.

Experimental design

In order to evaluate the in vitro strongyloidicidal activity of

Lawsonia extract on Strongyloides spp. by scanning elec-

tron microscopy 50 Strongyloides spp. larvae and free

living females were used for each control and experimental

group. They were incubated with different concentrations

of Lawsonia (100, 10, 1 mg/ml), for different incubation

periods (24, 48, 72 and 96 h). The plates were sealed and

incubated at 30 �C for different incubation periods. In

addition, controls containing only the parasite in PBS as a

non-treated control and parasite plus Flubendazole (100,

10, 1 mg/ml) as a reference drug control were submitted to

the same procedure. Each concentration was performed in

triplicate. After each incubation period, extraction from

each test and control plates were processed for scanning

electron microscopy.

Evaluation of the drug efficacy was carried

out by scanning electron microscopy

The specimens were collected and rinsed in 2.5 % glutar-

aldhyde fixative solution buffered with 0.1 % phosphate

buffer for 24 h. Specimens were then post fixed in osmium

tetroxide for 15 min. The specimens were then dehydrated

through ascending grades of ethanol and then were dried at

critical point dryer using liquid carbon dioxide with Bal-

Tec CPD030. The specimens were further mounted on

brass studs with aluminum conducting tape and coated with

gold in Bal-Tec SCD005 (Shoukry 2011). Specimens were

examined with Philips XL30 scanning electron microscope

operated at 10–30 kV, at the electron microscopy unit, Ain

Shams University.

Results

Lawsonia inermis L at 10, 100 mg/ml after 24,48,72,96 h

show ultrastructure changes while 1 mg/ml after

24,48,72,96 h show no ultrastructure changes. Flubendaz-

ole 1,10,100 mg/ml for 24,48,72,96 h show no ultrastruc-

ture change (Fig. 1).

Figures 2, 3, and 4 show an adult Strongyloides spp.

female scanned by electron microscopy after incubation

with flubendazole 100 mg/ml for 24 h as a reference drug

control. They show no changes in the cuticle of the worm

similar to untreated worms so used as a reference.

Figures 5, 6, 7 and 8 show an adult Strongyloides spp.

female scanned by electron microscopy after incubation

with L. inermis L. 10 mg/ml for 24 h. In Fig. 5 there is a

transverse fissure in the body of the worm. In Fig. 6 there is

a longitudinal fissure and transverse depression in the body

of the worm. Figure 7 shows a transverse fissure in the

body of the worm and also in Fig. 8 there is a longitudinal

fissure in the anterior part of the worm.

We select the minimal dose which give ultrastructural

effect, 10 mg/ml Lawsonia to demonstrate in figures.

The present study found that L. inermis L. exerts pro-

found effects in parasite morphology in the form of

transverse and longitudinal fissures and/or transverse

depression in the body of the worm.

Fig. 1 Lawsonia inermis stem and leaves
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The morphological effects were described on females

only but the larvae were disintegrated after incubation with

both the herb and drug.

The present work did not investigate the effect of

Lawsonia and flubendazole on motility and mortality of

free living female or larvae because the main idea is to

examine the effect of Lawsonia on ultrastructure of

Strongyloides by scanning electron microscopy.

Discussion

The search for new anthelmintic agents is an important line

of research because of the drug resistance acquired by

several helminthes (Shaefler 1989; Shalit et al. 1989). The

Fig. 2 Adult Strongyloides stercoralis female after incubation with

flubendazole 100 mg/ml for 24 h with no changes in the cuticle

Fig. 3 Adult Strongyloides stercoralis female after incubation with

flubendazole 100 mg/ml for 24 h with no changes in the cuticle

Fig. 4 Adult Strongyloides stercoralis female after incubation with

flubendazole 100 mg/ml for 24 h with no changes in the cuticle

Fig. 5 Adult Strongyloides stercoralis female after incubation with

Lawsonia inermis L. 10 mg/ml for 24 h with a transverse fissure in

the body of the worm

Fig. 6 Adult Strongyloides stercoralis female after incubation with

Lawsonia inermis L. 10 mg/ml for 24 h with a longitudinal fissure

and transverse depression in the body of the worm
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Strongyloides larva is resistant to most chemical agents.

Albendazole is one of the principal drugs used to treat

human strongyloidiasis (Horton 2000). However, the effi-

cacy of the treatment of strongyloidiasis with albendazole,

a benzimidazole derivative, has been inefficient due to

benzimidazole resistance (Nontasut et al. 2005; Singthong

et al. 2006).

Beta-tubulin represents the benzimidazole target. The

benzimidazoles exert their anti-parasitic effect by binding

directly to beta-tubulin and preventing its polymerization

into microtubules, thereby affecting various mierotubule-

based processes, which include cell division and intracel-

lular transport (Lacey 1990). Mechanisms of benzimid-

azole resistance are well established, and are known to

involve the target site mutations. It is associated with the

deletion of a benzimidazole-susceptible beta-tubulin gene,

decreasing the b-tubulin-benzimidazole interaction (Dris-

coll et al. 1989; Prichard 1994). Analysis of beta-tubulin

isotype sequences from susceptible and resistant worms

revealed the presence of a phenylalanine-to-tyrosine (Phe-

Tyr) mutation at position 200 in all resistant worms

examined (Kwa et al. 1994).

The search for natural antihelminthics is rewarding as it

will lead to the development of a phytomedicine to act

against parasite and have enormous therapeutic potential as

they can serve the purpose without any side effects that are

often associated with synthetic compounds (El-Sherbini

and Osman 2013).

Medicinal plants have provided copious leads to combat

diseases, from the dawn of civilization. The extensive

survey of literature revealed that L. inermis L. is highly

regarded as a universal panacea in the herbal medicine with

diverse pharmacological activity spectrum. This versatile

medicinal plant is the unique source of various types of

accepted chemical compounds, which are responsible for

various activities of the plant (Chaudhary et al. 2010).

It was reported that the phytochemical investigations of

L. inermis L. leaves have shown the presence of steroids,

saponins, tannins, flavonoids, b-sitosterolglucosides,
quinonoids, naphthalene derivatives, luteolin, betulin, lu-

peol, gallic acid, coumarins, xanthones and phenolic gly-

cosides (Dasgupta et al. 2003). These phytochemical

constituents are good source of antimicrobial and antioxi-

dant activity (Raja et al. 2013).

Sarojini et al. (2012) found that the ethanolic extract of

L. inermis L. was potent as antihelminthic agent due to the

presence of glycosides, terpenoids and flavonoids. On the

other hand, the methanolic extract was effective probably

due to the involvement of alkaloids, glycosides, terpenoids

and flavonoids. Previously, also Sultana et al. (2009)

demonstrated that ethanol extract and its components

lawsone and gallic acid showed significant protein glyca-

tion inhibitory activity.

Few reports was undertaken on stems of Henna, so the

present work aims the study testing the ability of L. inermis

L. stems, as a natural antihelminthic agent against free

living female and filariform larvae of Strongyloides spp.

The present study found that methanolic extract of L.

inermis L. 10 mg/ml incubated with Strongyloides spp.

female for 24 exerts profound effects on parasite mor-

phology affecting the cuticular surface of female worms in

the form of transverse fissure, longitudinal fissure and

transverse depression in the body of the worm (Figs. 5, 6,

7, 8). Worms were distorted, and their cuticle did not

appear to be intact, suggesting the possibility of direct

cytotoxic damage affecting parasite morphology. In con-

trast, incubation with flubendazole 100 mg/ml for 24 h as a

reference drug control resulted in no cuticular or surface

Fig. 7 Adult Strongyloides stercoralis female after incubation with

Lawsonia inermis L. 10 mg/ml for 24 h with a transverse fissure in

the body of the worm

Fig. 8 Adult Strongyloides stercoralis female after incubation with

Lawsonia inermis L. 10 mg/ml for 24 h with a longitudinal fissure in

the anterior part of the worm
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alterations in female adult worms of Strongyloides. Flu-

bendazole treated worms appeared transversally striated

and the female posterior region was slightly dorsally bent

(Figs. 2, 3, 4) similar to untreated worms.

It could be concluded that methanolic extract of L. in-

ermis L. possesses dose dependant antihelminthic activity

when compared to flubendazole. This effect of L. inermis

L. could be due to the presence of phenolic compounds

(e.g. gallic acids), flavonoids, quinine and tannins as

proved by Sarojini et al. (2012).

The Lawsonia effective dose in this experiment was

(10 mg/ml). Thus lower doses are not recommended, a fact

which is supported by Eguale and Giday (2009) who found

no statistically significant effect on the survival of adult

Haemonchus contortus at a Lawsonia concentration rang-

ing from 0.25 to 8.0 mg/ml.

The effect of Lawsonia and flubendazole on motility and

mortality of free living female or larvae will not be dis-

cussed because the main concern of the present work was

to examine the effect of Lawsonia on morphology of

Strongyloides by scanning electron microscopy.

The possible mechanism of the antihelminthic activity

of L. inermis L. could have been related to antioxidant

activity, increasing the hepatic glutathione reductase (GR),

superoxide dismutase (SOD) and catalase activities sig-

nificantly as proved by (Dasgupta et al. 2003).

In addition, antihelminthic activity of Lawsonia may be

due to its effect on inhibition of glucose uptake in the

parasites and depletion of its glycogen synthesis (Bairagi

et al. 2011), a mechanism which is similar to that of flu-

bendazole which inhibits cytoplasmic microtubules in the

intestinal or absorptive cells of the worms, thus inhibiting

glucose uptake and glycogen storage depletion, leading to

death of the worms within days (Jasra et al. 1990). How-

ever, Lawsonia has the additional advantage of being nat-

ural product with minimal side effects.

Lawsonia inermis L. may also have activated nicotinic

cholinergic receptor in the worms resulting in either per-

sistent depolarization or hyperpolarisation (Tripathi 2006).

The reported tuberculostatic and antimicrobial activities

of L. inermis L. (Henna) would indicate the probable

involvement of lawsone, i.e. 2-hydroxynaphthoquinone,

which is known to be the main bioactive constituent of this

herb, in the antimicrobial activity (Rahmoun et al. 2013).

The binding ability of quinones in different oxidation states

allows them to play an important role in biological systems

properties (Valderrama et al. 2008). This antioxidant

activity was also obtained by ethanol extract (Babili et al.

2013).

The antihelminthic potential of L. inermis petroleum and

alcoholic extracts were previously studied against Indian

adult earthworms due to its resemblance to intestinal

roundworms of human beings. These effects were mainly

on motility and viability not the morphology (Eguale and

Giday 2009; Bairagi et al. 2011; Sarojini et al. 2012).

However, morphological changes of the cuticle of adult

worm reported in this study were also detected using L.

inermis aqueous extract against the liver fluke Fasciola

gigantica where detachment of spines noticed (Jeyathila-

kan et al. 2012).

No data retrieved from the literature so far report surface

morphological changes caused by drugs on Strongyloides

spp. adults. So the present work is the first to note these

effects.

The surface alterations reported in this study, arise in

distinct areas of the body of Lawsonia treated Strongyloi-

des, leaving large regions apparently without alterations.

These observations taken with absence of any alterations in

flubendazole treated worms eliminate the hypothesis of the

cuticular alterations due to technique artifacts and confirm

that the cuticular alterations seen in treated worms are a

drug induced surface effects.

However, movement and activity of the parasite were

apparently normal. It is not possible, however, to under-

stand whether or not these alterations have biological sig-

nificance on the parasite itself or in the host-parasite

interplay at longer time if would have an accumulative

damage after yearly mass treatment as discussed by Otte-

sen et al. (1997) and Oliveira-Menezes et al. (2007) com-

menting on comparative analysis of a chemotherapy effect

on the cuticular surface of Wuchereria bancrofti adult

worms.

Morphological alterations as antihelminthic outcome

was also observed by Oliveira-Menezes et al. (2007) who

demonstrated cuticular changes of the W. bancrofti adult

worm surface obtained from a patient treated with dieth-

ylcarbamazine (DEC) co-administered with albendazole

(ALB). On the other hand, adult worms that were recov-

ered from a patient treated with DEC alone after a single

dose did not show such any abnormalities.

Other studies by scanning electron microscopy (SEM)

with the third stage of subperiodic Brugia malayi showed

damage on cuticular surface with ivermectin treatment, but

not with DEC or ALB when used alone or in combination

(Tippawangkosol et al. 2004). Moreover, tegumental

changes were also reported by Keiser et al. (2006) who

showed that tribendimidine acted similarly rapidly on the

intestinal trematode E. caproni.

Most of the toxicological studies report that toxic effects

due to the use of herbal medicine are associated with

hepatotoxicity. Other toxic effects of the kidney, nervous

system, blood and cardiovascular system, as well as mu-

tagenecity and carcinogenicity have also been published in

medical journals. Therefore, numerous advance biological

experimental techniques have been used as standard safety

test prior to the efficacy study. From the literature it has
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been noted that L. inermis L. exhibited significant hepa-

toprotective, antioxidant, antiinflammatory, antibacterial,

analgesic and adaptogenic effects indicating that it is a safe

substance to be used as a drug ordinarily (Chaudhary et al.

2010).

In our research we suggested that Strongyloides isolate

is most probably flubendazole resistant isolate regarding

structural changes. This work is the first research carried

out on Strongyloides spp. to test the effect of Henna as an

alternative for flubendazole. In vivo testing is a demand

necessary to be carried out.
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