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Abstract
Purpose In the present study, the effect of different biocompatible concentrations from ZnO nanoparticles (ZnO NPs) on 
the physiological state and surface topography of the nematode P. equorum was determined in vitro.
Methods Different concentrations of ZnO NPs (100, 200, 300 and 400 mg/l) synthesized using the egg white were prepared 
followed by the incubation of parasitic worms with these concentrations in vitro. The physiological state of treated worms 
such as oxidative stress markers, enzymatic activities and biochemical parameters in addition to the surface topography was 
determined and compared with control untreated worms.
Results In comparison to control worms, it was observed that at high concentrations of ZnO NPs, most of the treated worms 
showed an increase in the levels of ALT, AST and ALP (worm muscle damage, and gonad injury); enhancement of the total 
protein content (worm cellular dysfunction); significant increase in MDA level (free radical-mediated worm cell membrane 
damage); depletion in GST and GSH activities (reduced ability to clear toxic compounds like lipid peroxides); CAT deple-
tion (superoxide dismutase and hydrogen peroxide toxicity) and NO increase (detoxification activity and stressful conditions 
on worms). SEM showed that there was a modified morphological appearance in the surface of treated worms; lips were 
wrinkled with irregularly arranged denticles, weathering of cuticle, bursts of cuticle layers, disruption of surface annulations 
and erosion of surface papillae of male around the cloacal opening.
Conclusion ZnO NPs at environmentally relevant concentrations achieved a significant antihelminthic activity against P. 
equorum which represents a successful model used in parasite control experiments.

Keywords Antihelminthic effect · ZnO NPs · Biocompatibility · Nematoda · Parascaris equorum · Physiological state

Introduction

Helminth infections are a major cause of morbidity and mor-
tality to livestock animals worldwide; these diseases are now 
receiving much attention because they affect approximately 
one billion of the world’s poorest people stimulating long-
term economic loss growth [7, 35]. Parascaris equorum and 
the small strongyles cyathostomins represent the most preva-
lent and pathogenic parasites today with high prevalence 

in equine populations although the management programs 
and regular anthelmintic treatments promoted by the World 
Health Organization [18, 64]. It is a host-specific intestinal 
helminth infecting horses, donkeys, and zebras and it is the 
most pathogenic parasite of juvenile equids less than 2 years 
of age [45]. The infection with this nematode is rare in adults 
because that the protecting immunity against this parasite 
starts to develop by the age of 6 months [20]. In Egypt, 
P. equorum is of the most endemic nematode representing 
the major cause of parasitic gastroenteritis in the domestic 
horses and donkeys [45]. Chemotherapy is the main effec-
tive tool to resist and control helminth parasites worldwide 
leading to sever negative effect on host animals [67]. Also, 
drug resistance against antihelminthic substances is a wide-
spread problem which is a heritable reduction in the sensitiv-
ity of a parasite population to the action of a drug, resulting 
from decreased drug uptake and increased metabolism of 
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the drug, the reduction being expressed as a decrease in the 
frequency of individual parasites affected by exposure to the 
drug [27]. Therefore, the development of nanoparticle-based 
drug formulations as an alternative to the classic antihel-
minthic drugs is important. These nanomaterials have been 
under investigation as a source material for the development 
of drugs with successful pharmacological effects [30]. Zinc 
is a necessary element for human health, but toxic to micro-
organisms [15], zinc oxide (ZnO) is found naturally in a 
mineral called zincite which is now received much attention 
because it is nontoxic and compatible with human skin [34]. 
It is one of the five zinc compounds that are currently listed 
as safe elements as documented by United State Food and 
Drug Administration agency [51]. Several studies have been 
carried out using zinc oxide nanoparticles in many biomedi-
cal fields [24]. However, applications of nanomaterials tend 
to be minimized because their synthesis usually occurs via 
some physical and chemical methods using toxic compounds 
[52]. So, safe eco-friendly green methods in synthesizing 
nanoparticles using bio-conjugated nanomaterials should 
be undertaken [3, 26]. Egg white or albumen is the liquid 
that surrounds the yolk of a chicken’s egg. It is beneficial to 
the human body with high nutritional quality [52]. The egg 
white proteins (ovalbumin) have various functional proper-
ties such as their solubility in water and tendency to associ-
ate with metal ions in solution. Metal ions such as  Mn2+/
Mn3+,  Fe2+/Fe3+,  Cu2+,  Zn2+, and  Ni2+ have been combined 
with egg white to obtain novel nanomaterials with inter-
esting properties [1]. Since that recent researches attempt 
to develop environmentally friendly nanoparticles to be 
antihelminthic against intestinal parasites [28, 35, 52], the 
present study aimed to evaluate the antihelminthic activity 
of the green synthesized zinc oxide nanoparticles using egg 
white against P. equorum infecting the domestic ass Equus 
africanus asinus (Equidae). Following in vitro treatment, 
some enzymatic activities (ALT, AST, ALP), biochemical 
parameters (total Protein, albumin, cholesterol, triglycerides) 
and oxidative stress markers (MDA, GSH, GST, catalase, 
NO) have been investigated in male and female worms in 
addition to the effect of ZnO NPs on the surface topography 
of the treated worms using scanning electron microscopy 
(SEM).

Materials and Methods

Synthesis of Biocompatible ZnO NPs from Egg White

The synthesis of ZnO NPs from the egg white was per-
formed according to the previously reported methods of 
Shoeb et al. [59]. In brief, 30 ml of freshly extracted egg 
white (5 mg/mL) was mixed with 70 ml aqueous solution 
of 0.25 M zinc acetate [Zn(CH3COOH)2.2H2O; Techno 

pharmachem company] under vigorous stirring at room tem-
perature. Ammonia  (NH3) solution at ~ pH 7.0 was added to 
the colloidal solution with continuous mixing. The cloudy 
white solution was centrifuged at 5000 rpm for 10 min. Pel-
let was washed twice by sterile distilled water, then collected 
and dried in a vacuum oven. The obtained dehydrated pow-
der of ZnO NPs was subjected to sintering at two different 
temperatures like 600 and 700 °C for 5 h and stored till use.

Characterization

The synthesis of ZnO NPs was confirmed by measuring 
the absorbance (A) in UV–Vis spectrophotometer (Thermo 
Scientific, United States) at a wavelength range between 
 A200–A800nm at room temperature. The size of the syn-
thesized NPs was examined by powder X-ray diffraction 
(XRD) using Cu–Kα radiation (XPERT–PRO, PANAna-
lytical). Transmission electron microscopy of the sintered 
ZnO samples was carried out by Jeol 100/120 kV TEM 
(JEOL Ltd, Tokyo, Japan) with an accelerating voltage of 
200 kV. The average crystallite diameter (d) of ZnO NPs was 
estimated by Scherrer’s formula as follows: d = Kλ/β cosθ. 
Where K = 0.89 is the shape factor, λ is the X-ray wavelength 
of Cu Kα radiation (0.154 nm), θ is the Bragg diffraction 
angle, and β is the full width at half maximum of the respec-
tive diffraction peak [50]. The average hydrodynamic size 
of ZnO NPs in water was determined by DLS (DTS Nano 
v5.2; Malvern Zetasizer Nano ZS, Malvern Instruments, 
Worcestershire, United Kingdom). ZnO NPs suspension was 
sonicated using a sonicator bath at room temperature for 
15 min at 40 W, and the DLS experiments were performed 
as described in accordance with Murdock [46].

Collection of Worms

Adult parasites were collected from the intestine of freshly 
slaughtered donkeys Equus africanus asinus (Equidae) at the 
Faculty of Veterinary medicine, Cairo University (Fig. 1a, 
b) and helminthologically examined for equine nematodes 
infection according to the method described by Boomker 
et al. [10]. Parasites were washed with saline solution to get 
rid of any debris and immediately transferred and kept in 
Goodwin’s solution at 37 °C till further use.

Incubation of Worms with the Biocompatible ZnO 
NPs

Different concentrations of the biocompatible ZnO NPs 
(100, 200, 300, 400 mg/L) were prepared to estimate their 
lethality. Ten worms in Goodwin’s solution were incubated 
with each concentration of ZnO NPs at 37 °C for 24 h in 
transparent containers along with the controls which were 
devoid of NPs. The experiment was done as three replicates 
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from each of the prepared concentrations. From these 
observations, the median lethal concentration (LC50) of 
the extract was calculated using Microsoft excel 2007 as 
a regression equation of mortality percentage of worms 
against concentration.

Worm Motility Assessment

The worm motility was recorded every 4 h intervals up to 
24 h in each concentration as well as control according to 
Kotze et al. [38]. After 24th of incubation, worms were gen-
tly removed from the worm–NPs container and then trans-
ferred to a clear flask contained Goodwins’ solution only 
and kept for 30 min for possible recovery of parasite motility 
at the same incubation temperature. Worms were recorded 
as motile, dead or in paralysis. A worm considered to be 
motile if it moved in a sinusoidal motion after its stimula-
tion by water at 40–50 °C; it was considered paralyzed if 
it was stimulated by water at 500 °C, only part of the body 
responded by raising the head and change of body color 
to pale white. Motility was also assessed when the worm 
pressed with an index finger. The percentage of immotile or 
dead worm was calculated as the number of immotile/dead 
worms divided by the total number of worms per concentra-
tion multiplied by 100.

Tissue Preparation for Oxidative Stress 
and Biochemical Studies

From each ZnO NPs concentration, few worms were homog-
enized in 50 mM Tris–HCl, pH 8.0 using a glass Dounce 
homogenizer (Swedesboro, USA) and further centrifuged 
at 3000 rpm for 10 min at 4 °C and supernatant was stored 

at − 80 °C until use [35]. Glutathione S transferase (GST) 
activity was determined using the GST Assay Kit (Sigma-
Aldrich, USA) utilizing 1-chloro-2,4 dinitrobenzene 
(CDNB) as a substrate [31]. The level of malondialdehyde 
(MDA), a marker for lipid peroxidation, was determined by 
the procedure of Buege and Aust [12]. Glutathione reduced 
(GSH); the major intracellular thiol utilized by cells for anti-
oxidant protection and the important biochemical marker 
of oxidative stress, was measured according to the protocol 
of Caito and Aschner [13] by spectrophotometric methods 
using 5,5′-dithio-bis(2-nitrobenzoic acid, DTNB). Catalase 
activity (CAT) which is important for the nematode in the 
protection against  H2O2-induced stress, promoting sur-
vival was measured according to the method of Kotze [37]. 
Nitric oxide (NO) which may be produced by the worm as 
a defense against stress was determined according to the 
method described by Masetti et al. [43]. Some biochemi-
cal parameters were measured using the accessible assay 
Kits (Sigma-Aldrich, USA) in supernatants of the tissue 
homogenates of the worm according to the standard proto-
cols: Aspartate Aminotransferase (AST) and Aspartate Ami-
notransferase (ALT) Activities [53], alkaline phosphatase 
activity (ALP) [8, 21], total protein [32], albumin level [23], 
total cholesterol level [54] and triglycerides level [63].

Scanning Electron Microscopy (SEM)

For SEM, the anterior and posterior parts of male and female 
worms of control as well as treated worms with ZnO NPs at 
a concentration of 400 mg/l were fixed in 2.5% glutaralde-
hyde in 0.1 M cacodylate buffer, rinsed in the same buffer 
at pH 7.2, post-fixed in 1% osmium tetroxide solution and 
1.25% potassium ferrocyanide (pH 7.2) for 1 h, dehydrated 

Fig. 1  a Photographs showing freshly isolated P. equorum worms from the intestine of Equus africanus asinus. b Incubated worms with ZnO 
NPs for antihelminthic activity
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in graded series of ethanol solutions (30–100%). They were 
allowed for a critical point drier (Bomer-900) coated with 
gold–palladium in a Technics Hummer V, and then exam-
ined with a Jeol SEM (Model JSM7610F, Jeol Ltd., Japan).

Statistical Analysis

Statistical analysis was evaluated through two-way analysis 
of variance (ANOVA) and the least significant difference 
(Duncun) post hoc test used to compare the group means, 
Data were presented as mean ± SE and p < 0.05 was consid-
ered as significant.

Results

Characterization of the Biocompatible ZnO NPs

Figure 2 shows a typical XRD pattern of ZnO NPs in the 
range of angle (2θ) 20–80°, which showed Bragg reflections 
with 2θ values of 31.63°, 33.09°, 34.39°, 36.12°, 47.34°, 
56.49°, 59.06°, 62.75°, 67.85°, 68.94°, and 76.89° corre-
sponding to (100), (002), (002), (101), (102), (110), (110), 

(103), (112), (201) and (202) of ZnO NPs, indicating that 
they possessed a hexagonal zincite type. The average crys-
tallite size of the ZnO NPs was found to be approximately 
0.249 nm (2.49 Å). The crystallite/particle size has been 
calculated using the Debye–Scherrer equation for all diffrac-
tion; D = (0.9 l/λ)/(β cos θ), where β is the full-width at half 
maximum (FWHM) of the peak in radians, θ is the angle of 
diffraction and λ is the wavelength of the X-ray radiation. 
The intensity peaks of XRD were confirmed that the crystal-
line sample was of ZnO which was hexagonal in structure 
with lattice parameters a = 3.249 Å and c = 5.206 Å. The 
presence of ZnO NPs in the solution and their size distri-
bution was confirmed and estimated by DLS analysis. The 
distribution diagram for nanoparticles has been shown in 
Fig. 3. A principal peak at 111.9 nm was observed indicat-
ing that the majority of the nanoparticles with an average 
primary particle size of 20.49 nm agglomerated into clusters 
of particles. The secondary peak was at 482 nm accounted 
for a much smaller fraction of larger agglomerates in the 
suspension. Zeta potential (i.e., surface potential) has a 
direct relation with the stability of a form and/or structure. 
The obtained zeta potential (Fig. 4) of green synthesized 
ZnO nanoparticles was (− 16.3 mV) which indicates a good 

Fig. 2  Powder XRD results of 
zinc oxide nanoparticles

Fig. 3  Particle size distribution 
of zinc oxide nanoparticles
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stability. TEM of the synthesized ZnO NPs (Fig. 5) indicated 
that most of the ZnO nanocrystals were formed of aggre-
gates of egg white albumin surrounded by the nanocrystals 
with polygonal shape and smooth surfaces and having aver-
age diameter of ~ 18 nm which was in good agreement with 
the particle sizes (~ 16.7 nm) calculated from the XRD data.

Ascaricidal Activity of the Biocompatible ZnO NPs

Exposure of the adult male and female P. equorum to 
different concentrations of ZnO NPs (100, 200, 300, 
400 mg/L) produced marked ascaricidal activity in com-
parison to the negative control group especially for female 
worms (dose dependant) which exhibited a 50% mortal-
ity rate after exposure to the concentration of 100 mg/l 
ZnO NPs (Fig. 6). Ascaricidal activity of ZnO NPs was 
recorded in male worms as 14% mortality following the 
exposure to the concentration of 400  mg/L ZnO NPs 
(Fig. 7).

Oxidative Stress Markers

In vitro exposure of worms to different concentrations of 
ZnO NPs exerts variable effects on oxidative stress mark-
ers (Fig. 8a–e). For male worms, a significant increase in 
MDA levels was recorded at high concentration of ZnO 
NPs (200, 300, 400 mg/l; p < 0.05) while at low concen-
tration (100 mg/l), insignificant increase was observed. For 
female worms, a significant increase in MDA levels was 
recorded between the four tested concentrations of ZnO NPs 
in a dose-dependent manner. In comparison to control, the 
detoxifying enzyme, glutathione S-transferase (GST) activ-
ity and glutathione reduced (GSH) activity showed signifi-
cant decrease in male (for 200, 300, 400 mg/l ZnO NPs) and 
female (for all tested concentrations of ZnO NPs) worms fol-
lowing exposure to all studied ZnO NPs in a concentration-
dependent manner only recorded for female worms. Catalase 
activity (CAT) was found to be decreased significantly in 
male worms exposed to ZnO NPs in a descending manner 
from low to high concentration in comparison to control 
worms. While for female worms exposed to ZnO NPs, the 

Fig. 4  Zeta potential distribu-
tion of zinc oxide nanoparticles

Fig. 5  a–c TEM images of ZnO nanoparticles synthesized by using the egg white. Bar 100 µm
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CAT level decreased significantly in all the tested concen-
trations in comparison to control with insignificant values 
between the four concentrations. An increase was observed 
in the level of NO in treated male and female worms, which 
is significant in male worms exposed to the high concentra-
tion of ZnO NPs (400 mg/l).

Enzymatic Activities and Biochemical Parameters

Aspartate (AST) and alanine (ALT) aminotransferases meas-
ured in homogenates of control and treated worms with the 
biocompatible ZnO NPs (Fig. 9a, b) showed significant 
increases in their values in male worms exposed to ZnO NPs 
in a concentration-dependent manner with the maximum 
increase was observed at the concentration of 400 mg/l com-
pared to control worms. No significant change in AST and 
ALT levels was recorded in treated female worms in com-
parison to control. The level of alkaline phosphatase (ALP) 
was observed to be increased significantly in male worms 
exposed to the four concentrations of ZnO NPs (Fig. 9c); 
the maximum increase was observed in worms treated with 
300 mg/l ZnO NPs in comparison to control worms. The 
total protein and albumin levels (Fig. 10a, b) increased 
significantly in male worms exposed to the concentrations 

300 and 400 mg/l ZnO NPs compared to control worms, 
while the level of these parameters was recorded with no 
significant change in treated female worms. Regarding cho-
lesterol and triglyceride levels (Fig. 10c, d), only treated 
male worms showed an increase in their levels compared 
to control worms, with significant data obtained in worms 
treated with the concentrations 300 and 400 mg/l ZnO NPs. 
However, no significant changes were recorded in the level 
of cholesterol and triglycerides in female worms exposed to 
any of the concentrations tested for ZnO NPs compared to 
control untreated worms.

Scanning Electron Microscopy

SEM examination revealed that the untreated worms 
expressed the typical cephalic and posterior ends 
(Fig. 11a–f), Three prominent lips typical of the ascaridoid 
nematodes were observed, one dorsal and two subventral 
surrounded the central stoma (Fig. 11a, b), the three lips 
met forming the triangular-shaped interlabia in between. The 
organization of the male and female labia was similar except 
for their larger size in female worms. The labia were set off 
from the rest of the body by a deep post-labial constriction, 
giving the appearance of the head extended over the anterior 

Fig. 6  Regression equation of 
mortality % of male P. eqorum 
against ZnO NPs concentration

Fig. 7  Regression equation 
of mortality % of female P. 
eqorum against ZnO NPs con-
centration
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extremity of the body. A single row of triangular denticles 
was present at the inner surface of each lip just below the 
anterior margin (Fig. 11c). The cuticular surface transver-
sally striated all over the body (Fig. 11d). The tail of the 
male was relatively long with a small button-like termina-
tion and equipped with numerous caudal papillae arranged 

as preanal, medioventral and postanal papilla (Fig. 11e, f). 
The tail of the female was conical and slightly attenuated 
at its distal one-third with no caudal papillae were seen. 
The results of scanning electron microscopy for the treated 
worms with 400 mg/l ZnO NPs (the concentration selected 
due to their effective physiological changes on treated 

Fig. 8  Anithelminthic effects of ZnO NPs on oxidative stress markers of P. eqorum: a malondialdehyde (MDA). b Glutathione-s-transferase 
(GST). c Glutathione reduced (GSH). d Catalase (CAT) and, e Nitric oxide (NO)
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worms) showed that they had a modified morphological 
appearance than untreated controls (Fig. 12a–h). The clas-
sical pattern was not seen and the cephalic region of the 
body including lips was severely wrinkled with rounded and 
blunt denticles compared with the control group (Fig. 12a, 
b). In addition, the margins of the postlabial constriction and 
the annuli were more extensively indented than that in the 
control group. Denticles were irregularly arranged with their 
tips not sharp as in control worms (Fig. 12c). In addition, 
deeply injured regions of the body and revealed significant 
cuticular damage as well as burst of cuticle layers in some 
regions along the body of the treated worms were observed 
compared to the untreated controls (Fig. 12d, e). Weathering 
of the cuticle resulted in the disruption of surface annula-
tions which were more prominent in the posterior region 
of worms as well as in the erosion of surface papillae of 
male around the cloacal opening (Fig. 12f–h). These SEM 
observations were recorded in nearly 100% of the samples 
analyzed.

Discussion

The need for developing alternative strategies during the 
use of existing anthelminthics in humans and livestock 
becomes urgent as a result of drug resistance (Catherine 
et al. 2007), where many worms of veterinary importance 
can develop gradual anthelminthic resistance due to their 
unique genetic features [58]. Nowadays, biocompatible 
nanoparticles are of the novel strategies that have been 
investigated to control parasitic helminthes [35, 66]. The 
present study attempts to investigate the anthelmintic effect 
of the biocompatible ZnO NPs on the nematode P. equorum, 
a pathogenic ascaridid infects the domestic horses and don-
keys in Egypt causing substantial economic losses. Since 
that aminotransferases and ALP enzymes in experimental 
organisms represent important strategies that can be used 
to evaluate NP toxicity [25, 49], in the current study, these 
parameters were measured in control and treated worms to 
validate the toxicity effect of ZnO NPs on P. equorum. In 

Fig. 9  Anithelminthic effects of ZnO NPs on enzymatic activities of P. eqorum: a Alanine transaminase (ALT). b Aspartate transaminase 
(AST). c Alkaline phosphatase (ALP)
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general, aminotransferases and ALP enzymes were observed 
to be increased in the current study following the exposure 
of worms to ZnO NPs, this may be attributed to a variety of 
conditions including muscle damage and gonad injury which 
is the main organ secreting these enzymes [39]. Also, the 
data obtained agreed with the study of Amni et al. [4] and 
Shafaei et al. [57] who revealed that ALT and AST activity 
of treated parasite group with toxic chemicals such as tric-
labendazole was higher than untreated ones. In the present 
study, it was observed that the total protein and albumin lev-
els were increased significantly in male P. equorum follow-
ing exposure to 300 and 400 mg/L ZnO NPs; this confirm 
the fact that proteins and albumin usually used as sensitive 
biomarkers of metal poisoning where enhancement of the 
total protein content can be a useful index of the severity 
of cellular dysfunction [56]. Also, the data obtained agreed 
with the study of Knox and Kennedy [36] who concluded 
that the increment in total protein is a useful indicator for the 
inflammatory processes and tissue dysfunction which may 
be a contributory self-healing mechanism following expo-
sure to high concentrations of ZnO NPs. Citiulo et al. [17] 

mentioned that the secreted protein by a parasite is capable 
of binding Zn metal as a defense response from the parasite 
against stress; also, Hewitson [33] revealed that parasite-
secreted proteins have a major role in worm immunoregula-
tion when they subjected to treatments with toxicants. The 
significant increase in the cholesterol and triglyceride levels 
in male worms coincides with the report of Nandurkar and 
Zambare [47], who related the increase of their levels to the 
stressful conditions which organisms have encountered. The 
levels of oxidative stress markers are an important indicator 
of the physiological state of the parasite. In conjunction with 
the reports of Rizvi et al. [55], Nazarizadeh and Asri-Rezaie 
[48] and Dorostkar et al. [22]), the significant increase in 
MDA level in the present study may suggest enhanced 
lipid peroxidation subsequent to NPs administration which 
reflects free radical-mediated worm cell membrane damage. 
GSH which is the most abundant non-protein thiol com-
pound and one of the main components of the detoxification 
pathways [41] was observed to be significantly decreased 
in treated worms compared to control, in accordance with 
Xiong et al. [68] and Ali et al. [2] who suggested that the 

Fig. 10  Anithelminthic effects of ZnO NPs on biochemical parameters of P. eqorum: a Total protein. b Albumin. c Cholesterol. d Triglycerides
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decrease in GSH content may be a common response of 
an organism to metal exposure. The significant depletion 
in GST activities in the homogenate of male and female 
worms exposed to ZnO NPs compared to the control group 
may be related to that the depletion in levels of GST shows 
that the treated parasite has a reduced ability to clear toxic 
compounds like lipid peroxides from the system [55]. Under 
the present experimental conditions, significant decrease in 
CAT activity was detected in both male and female worms, 
this is consistent with previous reports [11, 60] since it has 
been speculated that the presence of secreted superoxide dis-
mutase and the absence of secreted catalase cause metabolic 
uncoupling and lead to conversion of superoxide free radical 
to hydrogen peroxide which is highly reactive and toxic to 

the parasite [16]. NO is essential in different biological func-
tions of some helminthes; it is involved in muscular relaxa-
tion and is a mediator of a variety of neuropeptides on their 
activity in the ionic channels [6, 43]. Herein, an increase 
was observed in the level of NO in treated male and female 
worms, which is significant in male worms exposed to the 
high concentration of ZnO NPs (400 mg/l). This coincides 
with previous reports suggesting that NO plays an important 
role in the detoxification of free radicals of oxygen resulting 
from metal exposure in Ascaris lumbricoides functions as 
a deoxygenase, using NO to eliminate oxygen [5, 42, 44]. 
Several studies mentioned the mode of action of ZnO NPs 
as oxidative stress not only can cause structural damage, but 
also mitochondrial damage and ATP depletion which finally 

Fig. 11  Scanning electron 
micrographs of control 
untreated P. equorum. a, b Top 
views showing dorsal labium 
(DL), two ventral labia (VL) 
and internal labial papil-
lae (arrows), A single row 
of denticles were present at 
the inner surface of each lip, 
bars = 200 µm; 50 µm. c The 
single row of denticles (DE) 
showing unicuspid and bicuspid 
types, bar = 50 µm. d Transverse 
striations of cuticle, irregularly 
spaced, bar = 10 µm. e, f Pos-
terior preanal papillae (PA) of 
male, elevated from the cuticle, 
with two small structures in 
the center of each papillae, 
bars = 50 µm, 10 µm
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leads to the worm paralysis [13, 22]. Another mechanism for 
antiparasitic effect of ZnO is the induction of necrotic and 
apoptotic effects in the parasite. Also, metal oxide nano-
particles release ROS in a large amount which exert their 
cytotoxic effects on the target parasite [6].

Scanning Electron Microscopy

The examination of worms under investigation by scanning 
electron microscopy in various directions is important to 
confirm the exact shape and changes occurring to the object 
being scanned [19]. The information obtained with the aid 
of the SEM in the present study regarding the in vitro treat-
ment of P. equorum with the biocompatible zinc oxide and 

its effect on the anterior and posterior ends of adult male 
and female worms have not previously been reported in the 
literature. Wrinkling of the cephalic region and its lips in 
the treated worms with 400 mg/l ZoO NPS is in accord-
ance with the results obtained from the study of Chisholm 
and Xu [14] who improved NPs stress and toxicity effect 
on the normal morphology of nematode strains, Song et al. 
[61] mentioned that during the chronic metal treatment of 
the nemtaode Caenorhabditis elegans, the front and the 
rest of the body were severely wrinkled from vulva to tail 
compared with the control group which may be related to 
the direct interaction and absorption of the metal with the 
body of worms. Since that the cuticle is the tough extracel-
lular surface of the worm, which protects the animal from 

Fig. 12  Scanning electron 
micrographs of treated P. 
equorum with ZnO NPs 
(400 mg/l). a, b Lateral views 
showing the cephalic region of 
the body including lips severely 
wrinkled and the margins of the 
postlabial constriction and the 
interlabia (IL) and the annuli 
are more extensively indented, 
bars = 100 µm. c Irregular, 
undifferentiated denticles (DE) 
with rounded and blunt ends, 
bar = 50 µm. d Burst of cuticle 
layers (arrows), bar = 10 µm. e 
Fusion (arrows) and weather-
ing of the cuticle resulted in the 
disruption of surface annula-
tions, bar = 5 µm. f–h Erosion of 
posterior male preanal papillae 
(PA) and shrinkage of the cuti-
cle surrounding and covering 
papilla, bars = 100 µm, 20 µm, 
10 µm
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the environment and maintains the morphology and integ-
rity of the body [61], the surface topography of the ZnO 
NPs treated worms clearly shows pronounced damage in 
the cuticle with deeply injured regions as well as burst of 
cuticle layers in some regions along the body. This agrees 
with Khan et al. [35] who showed a severe damage in the 
cuticle of the worms during the study of ZnO NPs effect on 
Gigantocotyle explanatum; this may be because ZnO NPs 
induce generation of hydroxyl ions and ROS, which cause 
membrane damage [40]. Also, it was observed that the gen-
eral position and arrangement of pre- and postanal papillae 
in treated male worms were disrupted in addition to their 
erosion in comparison to the control group, similar results 
were mentioned by Behnke et al. [9]. So, the assessment of 
the in vitro interaction between NPs and nematode worms 
provides information of the in vivo behavior and biocompat-
ibility in a multicellular organism to evaluate their fate and 
toxicity [62]. Wang et al. [65] mentioned that the main route 
of NPs uptake into the nematode body is the alimentary sys-
tem, where the worms ingest NPs actively during feeding, 
they passively diffuse through the cuticle during exposure 
or the vulva, anus, and excretory pore, because these open-
ings connect the body of the worm to its environment [29]. 
The outermost layer of the nematode cuticle is mostly gly-
coproteins that provide the worms with a negative surface 
charge. This surface charge could interact electro-statically 
with nanomaterials leading to the adsorption of positively 
charged NPs onto the cuticle.
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