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Abstract In the present study, zinc oxide (ZnO) and iron

oxide (FeO) nanoparticles were examined for their possi-

ble, in vitro anthelmintic effects against Toxocara vitulo-

rum. The worms were incubated for 24 h with different

concentrations (0.004, 0.008 and 0.012% w/v) of the

nanoparticles. The parasite mobility, mortality, superoxide

dismutase (SOD) activity, malondialdehyde (MDA) and

nitric oxide (NO) level were recorded at different time

intervals. The results showed that both of the nanoparticles

could significantly decrease worm’s mobility, increase

mortality rate as well as elevate MDA and NO content as

compared to control group in a time- and concentration-

dependent manner. SOD activity was elevated with the low

concentration of the nanoparticles but it was decreased in

higher ones. It can be concluded that ZnO and FeO

nanoparticles exert their anthelmintic effects via induction

of oxidative/nitrosative stress.
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Introduction

Helminth infections are widespread throughout the world,

ranging from tropical, subtropical to temperate climates,

affecting both humans as well as livestock animals and

cause huge economic losses worldwide [1]. Millions of

people from all over the world suffer from diseases such

as schistosomiasis, ascariasis and ancylostomiasis, par-

ticularly in countries with low public hygiene quality.

Such infestations can cause severe conditions, including

gastroenteritis, anemia, stunted growth, blindness and

lameness [2]. Toxocara vitulorum, adults of which are

15–30 cm in length, is a nematode living in small

intestines of cattle (Bos taurus, Bos indicus), Asian water

buffalos (Bubalis bubalis), and zebu found in tropical and

subtropical countries. It is transmitted to calves both

transplacentally before birth and via lactation after birth.

Infection by water or feed is very rare. In the live stock

industry, the parasite causes worldwide economic losses

in terms of anorexia and subsequent weight loss, and

even death [3, 4]. Until now, several widespread inci-

dences of the parasite infestation have been reported

from various regions of the world [3–6]. In the absence

of an effective vaccine, the only fruitful choice is

chemotherapy to cure and control parasitic disease, but

there are several reports of emergence of anthelmintic

resistance in parasites [1]. Furthermore, residual of these

agents, in domestic animal products (such as milk and

meat) can cause critical problems in humans. A survey in

South Africa revealed that resistance to anthelmintics is

in extremely serious situation and some strains of worms

may soon not be controllable by treatment of the current

anthelmintics [7]. Therefore, investigation of new agents

for treatment of worm’s infestation with the ability of

high toxicity to parasites and less resistance and residual

is the issue of considerable interest for pharmacists and

veterinarians.

Recently, many kinds of nanomaterials such as metal

oxide nanopowders [8], polymeric metallic nanoparticles

[9] and carbon nanotubes [10] have gone under condense
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investigation for their possible pharmacological effects.

The similar size of nanoparticles and biomolecules such as

proteins and polynucleic acids provide a wide utilization of

these materials in biology and medicine [11].

In the recent years, metal oxide nanoparticles have been

proposed as antibacterial [12], antiviral [13], antifungal

[14], antiprotozoal [15, 16] and anthelmintic [1] agents and

several studies have been performed in these fields. ZnO is

one of the five zinc compounds that are currently listed as

generally recognized as safe by the United State Food and

Drug Administration [17]. Since the FeO nanoparticles can

be easily sequestered by the spleen and eventually removed

by the cells of the phagocyte system, they have been pro-

posed as an excellent agent to drug delivery [18]. In this

study, we examined anthelmintic effects of zinc oxide and

iron oxide nanoparticles against T. vitulorum. Following

in vitro exposure of worms with the nanoparticles, parasite

mobility and mortality as well as SOD activity, MDA and

NO level as markers of oxidative/nitrosative damage were

determined.

Materials and methods

Chemicals and reagents

Ultrapure (C99%), high-quality zinc oxide (20–30 nm) and

iron oxide nanoparticles (20–40 nm) were purchased from

commercial supplier (Iranian Nanomaterials Pioneers

Company, Iran-Mashhad). The nanoparticles were origi-

nally synthesized by US Research Nanomaterials, Inc,

USA. The certificate of the nanomaterial was provided by

the commercial supplier (Figs. 1, 2, 3, 4). All other

chemicals and reagents were of the highest commercial

grade.

Collection and maintenance of parasites

Adult parasites were collected from the small intestine of

freshly slaughtered young cattle at a municipal abattoir of

Urmia, Iran. The worms were washed and carefully iden-

tified using a light stereomicroscope, then transported in

flask containing physiological solution (Figs. 5, 6).

Preparation of ZnO and FeO nanoparticles

suspension

Stock solution of the both nanoparticles were prepared by

suspending of them at a concentration of 10 mg/ml using

sonicator probe (Branson Sonifier, USA) at 30 W for

10 min, while the working solutions of 0.004, 0.008 and

0.012% (w/v) were prepared with Ringer solution [1].

Incubation of parasites with ZnO and FeO

nanoparticles suspensions

Seven conical flasks of 200 ml capacity were labeled with

different doses of the nanoparticles and control. Twenty

parasites were transported to each flask, containing 100 ml

of Ringer solution according to the previously recom-

mended procedure [19, 20] and incubated for 24 h at 37 �C
in an atmosphere of 5% CO2. The worms were monitored

at different time intervals for 24 h and the number of dead

Fig. 1 SEM image of ZnO nanoparticles

Fig. 2 XRD pattern of ZnO nanoparticles
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worms was recorded. After incubation, parasites were

washed with PBS several times to remove the adherent

particles and used for various studies.

Assessment of parasite motility

The motility of worms was periodically recorded at dif-

ferent time intervals up to the end of the experimental

course in various concentrations of the ZnO and FeO

nanoparticles along with the control group.

Assessment of biochemical markers

Prior to biochemical analyses, each worm (three for each

group) was cut into pieces and mixed with ice-cold 0.86%

NaCl. The mixture was homogenized with Ultrasonic

processor (Branson Sonifier, USA), and then centrifuged at

4000 rpm and 4 �C for 10 min. The resulting supernatants

were used for the determination of superoxide dismutase

(SOD), malondialdehyde (MDA) and nitric oxide (NO)

levels. SOD activity was assayed using the xanthine–

Fig. 3 SEM image of FeO nanoparticles

Fig. 4 XRD pattern of FeO nanoparticles

Fig. 5 Two adult Toxocara vitulorum. Note large, creamy-white

worm with blunt ends
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xanthine oxidase and nitroblue tetrazolium (NBT) system.

One unit of SOD was defined as the amount of protein that

inhibited the rate of NBT reduction by 50% [21]. Malon-

dialdehyde, a marker of lipid peroxidation, was evaluated

as thiobarbituric acid reactive substances (TBARS) by the

method of Nair and Turner [22]. The total nitrate/nitrite

content of the samples was measured according to the

Griess reaction [23]. In Griess reaction nitric oxide rapidly

converted into more stable nitrite, which in an acidic

environment is converted to HNO2. In reaction with sul-

phanilamide, HNO2 forms a diazonium salt, which reacts

with N-(1-naphthyl) ethylenediamine. 2HCl to form an azo

dye that can be detected by absorbing at 540 nm wave-

length. The NO content of the parasite was expressed as

nmol per mg of protein in samples.

Statistical analysis

The data were expressed as mean ± standard deviation (SD).

Statistical significances of differences among treatments were

determined by use of analysis of variance and covariance

(ANOVA), followed by Tukey’s pair-wise comparisons. A

significant difference was presumed at a P value\0.05.

Results

Parasite mobility

The changes in the mobility of worms are represented in

Table 1. The movements were carefully checked using a

light stereomicroscope. The motility was seriously

decreased with the increase in incubation period and con-

centration of the both nanoparticles. Middle and higher

doses of the both nanoparticles reduced the mobility as

compared to the respected control. The untreated control

worms remained active up to 12 h; however, a slight

decrease was observed at the end of incubation period.

Parasite viability

As can be seen from Table 2, both of the nanoparticles

showed anthelmintic effects in a time- and concentration-

dependent manner. The both have anthelmintic effects in

the first 6 h. FeO nanoparticle exerted its maximum effect

in 12 h. The data clearly show that within the same dose

and time point, FeO nanoparticle exerts greater anthel-

mintic effects than ZnO.

Fig. 6 Wing-like projections (alae) in the anterior end of Toxocara

vitulorum (magnification 95)

Table 1 The effect of ZnO and

FeO nanoparticles on the

mobility of Toxocara vitulorum

Groups Total worm used Motility rate, time (h)

3 6 12 24

ZnO 0.004% 20 ????a ????a ???b ???b

0.008% 20 ????a ???b ???b ??c

0.012% 20 ???b ??c ?d …e

Control 20 ????a ????a ????a ???b

FeO 0.004% 20 ????a ???b ??c ??c

0.008% 20 ???b ??c ??c ?d

0.012% 20 ??c ?d …e …e

Values within a row and column carrying different superscript letter (a–e) denote significant differences

(P\ 0.05)
a ???? (High), b ??? (Moderate), c ?? (Low), d ? (Very Low/negligible), e … (immobile)
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Super oxide dismutase (SOD) activity

SOD activities in the worm after exposure to a series of

ZnO and FeO nanoparticle concentrations for 24 h are

shown in Table 3. The incubation of worms with the dif-

ferent concentrations of the nanoparticles exerts variable

effects on the SOD activity. A slight increase of SOD

activities was observed at lowest concentration (0.004%

w/v) of both the nanoparticles at the end of the experi-

mental course, while their highest dose severely suppressed

enzyme activity.

Malondialdehyde (MDA) levels

The results of malondialdehyde contents are represented in

Table 4. No significant change was observed with lowest

concentration of ZnO and FeO nanoparticles in the first

6 h. However, the incubation of worms with both of the

nanoparticles resulted in elevation of MDA levels in a

time- and dose-dependent fashion.

Nitric oxide (NO) levels

The results of measurement of NO for the different groups

are depicted in Table 5. As can be seen both of the nano-

materials can induce nitrosative stress in a time- and con-

centration-dependent fashion.

Discussion

In the current work, the effects of zinc oxide and iron oxide

nanoparticles on T. vitulorum were assessed. In previous

years, several kinds of nanoparticles have been proposed as

anti-parasite agent [1, 16, 24]. With respect to increase in

resistance to existing anthelmintic, there is an urgent need

to investigate novel strategies for control of parasites.

Many parasitic helminths of veterinary importance because

of their unique genetic features are able to develop gradual

anthelmintic resistance; this becoming a major worldwide

constrain in livestock production can be considered as a

Table 2 Effect of various

concentrations and incubation

time of ZnO and FeO

nanoparticles on the worm

viability

Groups Total worm used Number of worms dead, time (h)

3 6 12 24

ZnO 0.004% 20 0aI 1abI� 3b� 8b�

0.008% 20 1aI 3bd� 7c� 13cK

0.012% 20 4bI 9c� 17d� 20dK

Control 20 0aI 0aI 0aI 2aI

FeO 0.004% 20 0aI 2abI 5b� 11c�

0.008% 20 3bI 5dI 13e� 16e�

0.012% 20 7dI 15e� 20f� 20f�

* Values within a column carrying different superscript letter (a–f) denote significant differences

(P\ 0.05)

** Values within a row carrying different superscript letter (I–K) denote significant differences (P\ 0.05)

Table 3 The effect of ZnO and FeO nanoparticles on the (SOD) activity in Toxocara vitulorum

Groups Total worm used Activity of SOD (U/mg prot)

3 6 12 24

ZnO 0.004% 20 9.62 ± 0.11 9.85 ± 0.21 10.3 ± 0.28 11.61 ± 0.11*

0.008% 20 10.44 ± 0.91 11.32 ± 0.38* 12.57 ± 0.61** 13.21 ± 0.31**

0.012% 20 11.77 ± 1.15* 12.63 ± 0.10** 8.06 ± 1.54** 7.83 ± 0.47**

Control 20 9.82 ± 0.11 9.71 ± 0.17 10.01 ± 0.2 9.93 ± 0.14

FeO 0.004% 20 9.46 ± 0.13 9.87 ± 0.39 10.62 ± 1.41 11.64 ± 0.09*

0.008% 20 10.33 ± 0.53 12.28 ± 0.26** 13.95 ± 0.96** 8.71 ± 0.01*

0.012% 20 11.76 ± 0.31* 8.83 ± 0.05* 7.21 ± 1.16** 8.13 ± 0.81**

Results are expressed as the mean ± SD (n = 3). Significantly different from the control: * P\ 0.05, ** P\ 0.01
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serious danger to future production and welfare of grazing

animals [25]. The results of the study revealed that both of

the nanoparticles are effective on the worm, evidenced by

increased mortality rate and decreased mobility of the

parasite. The effects were time and concentration depen-

dent. However, it was found that FeO nanoparticles are

more effective than ZnO. This can be related to the nature

of the nanoparticles. Each nanoparticle is characterized by

its own physicochemical features such as, size, specific

surface area and surface reactivity. These features can

influence nanotoxicological behaviors of nanoparticles

[26]. Superoxide dismutase (SOD) plays a critical role in

neutralizing of reactive oxygen species (ROS) and is

tightly associated with zinc ions. SOD possesses the largest

catalytic efficiency of any known enzyme. The enzyme

catalyzes the partitioning of the toxic superoxide (O2-)

radical with high proficiency [27, 28]. Parasitic nematodes,

like all aerobic organisms, require antioxidant enzymes to

cope with ROS generated during cellular metabolism.

Additionally, they have to protect themselves against ROS

produced by the host. Parasitic nematode enzymes that deal

with the superoxide anion radical, the superoxide dismu-

tases, have been described in every species examined [29].

Treatment with lower dose (0.004%, w/v) of the both

nanoparticles resulted in elevation of SOD activity. These

data suggested that ZnO and FeO treatment might result in

increase of ROS generation, which could stimulate SOD

activity to cope with this increased oxidative stress.

However, this protective system appeared to be over-

whelmed when the worms were treated with the highest

concentration (0.012%, w/v) of the nanoparticles. A sig-

nificant reduction of the SOD activity was recorded in the

T. vitulorum following treatment of worms with the highest

concentration of the nanoparticles, possibly due to the

saturation of the enzyme or consumption of it in parti-

tioning superoxide radicals as a result of overproduction of

ROS which renders the detoxification mechanism ineffec-

tive. These observations completely match the previous

report [1].

Measurement of lipid peroxidation is a golden marker of

oxidative damage caused by ROS, and the assessment of

MDA is a reliable method to gain such determination [30].

It was observed that the level of MDA was increased time

and concentration dependently. This is due to overpro-

duction of free radicals particularly hydroxyl radicals. ROS

attacks cell membrane phospholipids and results in per-

oxidation of them. Such injury to cell membrane finally

eventuates in cell death. Nitric oxide is major reactive

Table 4 The effect of ZnO and

FeO nanoparticles on the MDA

levels in Toxocara vitulorum

Groups Total worm used Malondialdehyde levels (nmol/mg prot)

2 6 12 24

ZnO 0.004% 20 1.11 ± 0.06 1.13 ± 0.55 0.98 ± 0.37 1.26 ± 0.01*

0.008% 20 1.08 ± 0.15 1.29 ± 0.02* 1.54 ± 0.03** 1.85 ± 0.17**

0.012% 20 1.31 ± 0.05* 1.63 ± 0.06** 1.81 ± 0.10** 2.01 ± 0.06**

Control 20 1.10 ± 0.07 1.08 ± 0.09 0.99 ± 0.05 1.14 ± 0.10

FeO 0.004% 20 1.02 ± 0.03 1.10 ± 0.13 1.28 ± 0.04* 1.67 ± 0.07**

0.008% 20 1.30 ± 0.17* 1.55 ± 0.11** 1.82 ± 0.20** 2.14 ± 0.16**

0.012% 20 1.91 ± 0.63* 1.97 ± 0.14** 2.18 ± 0.04** 2.37 ± 0.22**

Results are expressed as the mean ± SD (n = 3). Significantly different from the control: * P\ 0.05,

** P\ 0.01

Table 5 The effect of ZnO and FeO nanoparticles on the NO levels in Toxocara vitulorum

Groups Total worm used Nitric Oxide levels (nmol/mg prot)

2 6 12 24

ZnO 0.004% 20 25.11 ± 1.09 25.13 ± 1.15 24.98 ± 1.67 29.06 ± 2.01*

0.008% 20 24.88 ± 2.15 28.49 ± 1.38* 33.04 ± 1.21** 36.85 ± 1.37**

0.012% 20 30.01 ± 1.15** 35.63 ± 1.16** 39.81 ± 2.18** 46.01 ± 1.86**

Control 20 25.11 ± 0.74 25.08 ± 0.89 24.97 ± 0.95 25.14 ± 1.10

FeO 0.004% 20 25.02 ± 1.03 24.79 ± 0.88 26.58 ± 0.54* 37.67 ± 0.77**

0.008% 20 26.70 ± 0.47* 31.55 ± 1.09** 35.82 ± 1.20** 38.94 ± 1.16**

0.012% 20 32.61 ± 2.63** 37.97 ± 1.24** 42.18 ± 2.04** 49.37 ± 1.27**

Results are expressed as the mean ± SD (n = 3). Significantly different from the control: * P\ 0.05, ** P\ 0.01
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nitrogen species in biological systems. NO can react with

several oxidative molecules such as molecular oxygen,

ROS, transition metals and thiols to yield various reactive

nitrogen species and, therefore, induction of nitrosative

stress [31]. Oxidative/nitrosative stress can attack biologi-

cal systems and induce severe damages to biomolecules.

Even, it can cause irreversible change and destruction of

bio-structures in many of organs. Consistently, in the

recent study, it was observed that in vitro administration of

plant extract results in irreversible damage to cuticle and

hypodermis of T. vitulorum, including swelling, distortion

and vacuole formation [19]. The similar destructive effect

was also observed when ZnO nanoparticle was added to

Gigantocotyle explanatum media [1]. Oxidative stress not

only can cause structural damage, but also can eradicate

subcellular architecture such as mitochondria and thereby

overwhelms ATP production. This can finally be eventu-

ated in the worm paralysis [32, 33]. Another underlying

mechanism for antiparasitic effect of ZnO is induction

apoptosis. It is reported that following treatment of

Leishmania major promastigotes with ZnO nanoparticles,

necrotic and apoptotic effects in the parasite were emerged

[16]. It is well documented that metal oxide nanoparticles

release ROS in huge amount and thereby exert their cyto-

toxic effects [1, 30]. Taking together it can be concluded

that ZnO and FeO nanoparticles exert their anthelmintic

effects via induction of oxidative/nitrosative stress.
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