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Abstract
Cystic echinococcosis is a public health problem in developing countries that practice sheep breeding extensively. In the 
current study, the protoscolicidal activity of biosynthesized zinc oxide nanoparticles (ZnO NPs) derived from Mentha longi-
folia L. leaf extracts was investigated. The resultant ZnO NPs were characterized by means of various analytical techniques, 
such as ultraviolet–visible (UV–Vis) spectrometry, Fourier transform infrared (FT-IR) spectrophotometry, X-ray diffraction 
(XRD), scanning electron microscopy (SEM), and energy-dispersive X-ray spectroscopy (EDX) analysis. The results showed 
that the ZnO NP had the highest scolicidal activity at 400 ppm concentration after 150 min of exposure time, showing 100% 
mortality rate. The treated protoscolices exhibited loss of viability with several morphological alterations. Hence, an easy 
and effective green synthesis of ZnO NPs, with efficient scolicidal potential, is reported in this study.
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1  Introduction

Recently, biomedical nanomaterials have received more 
attention because of their prominent biological characteris-
tics and biomedical applications. With the development of 
nanomaterials, metal oxide nanoparticles show promising 
and far-ranging prospect for the biomedical field, especially 
for antibacterial, anticancer drug/gene delivery, cell imag-
ing, and biosensing [1]. Among these materials, zinc oxide 

(ZnO) nanoparticle is considered a good candidate in bio-
compatible application due to its biocompatibility, economic 
advantage, and low toxicity [1, 2]. Several methods such as 
physical [3], chemical [4], and biological methods [5] are 
used to synthesize ZnO NPs. The physical methods require 
high pressure and high temperature which are rather expen-
sive [6]. On the other hand, the chemical methods have a 
harmful impact due to the utilization of chemical materials 
as reducing agents, which causes many issues for the users 
and the ecological system [7, 8].

In fact, biological substances such as plant extracts, fungi, 
and bacteria are used for the synthesis of nanomaterials and 
they have many benefits for biomedical applications [9]. 
Among these biological sources for creating the nanostruc-
tures, plants have a significant role as a result of presence of 
large number of phytochemicals such as flavonoids, glyco-
sides, polyphenol, terpenoids, and enzymes [10].

It can be stated that the main difference between bio-
synthesis and other methods for nanoparticle preparation 
is that, first, the nanoparticles will be reduced, capped, and 
stabilized by phytochemicals which are available in the 
plant extract. Second, these phytochemicals are nontoxic, 
low-cost, and environmentally friendly and can be done 
within one pot [11]. Third, even after separation and puri-
fication stages of NP preparation, there are some OH and 
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other functional groups remaining to bind with the nano-
particles which make the nanomaterials more reactive than 
the other methods. For instance, the chemical method is not 
environmentally friendly and some of the reduction chemical 
materials are extremely toxic; i.e., they have harmful impact 
on the human life and environment, and most of them are 
expensive. Accordingly, researchers have paid more atten-
tion to the biological method for synthesizing metal and 
metal oxide NPs.

The use of nanoparticles has been disseminated for medi-
cal applications as a result of their important and unique fea-
tures, for example, surface to mass ratio that is much larger 
than that of other particles, and their quantum properties 
and abilities to adsorb and carry other materials like drugs, 
probes, and protein [12]. This study is our continuing inves-
tigation in the green synthesis nanoparticle area [5, 13–19].

Spillage of hydatid fluid rich in viable protoscoleces is 
the leading cause of echinococcosis recurrence; therefore, 
scolicidal agents are used for inactivating the protoscoleces 
during surgical procedure. However, these materials have 
adverse impacts totally [20]. Hypertonic saline is applied as 
a protoscolicidal material nowadays. Still, it caused hyper-
natremia, which results in convulsions, intracranial hemor-
rhage, necrosis and degeneration, and myelinolysis [21, 22].

Cystic echinococcosis (CE) is a neglected zoonotic para-
sitic disease caused by the larval stage of the cestode Echi-
nococcus granulosus and transmitted to humans by dogs 
[23]. Several studies have considered the disease as emerg-
ing and re-emerging with an increasing medical and public 
health concern in many countries [24]. Echinococcal infec-
tion has been designated by the World Health Organization 
as a neglected tropical disease because it principally affects 
economically poor populations in medically underserviced 
locations [25]. In Iraq, the disease is categorized as hyper 
endemic and it is one of the country’s most significant para-
sitic infections with major socio-economic consequences, 
due to its effect on both humans and livestock [26]. Findings 
in other research confirmed the high prevalence of CE in 
North Africa and the Middle East [27]. It is a life-threaten-
ing disease and complicated to treat; treatment of CE can 
only be achieved by surgical removal of the hydatid cyst in 
combination with anti-parasitic chemotherapy, and in some 
cases the disease inactivation of the protoscoleces by the 
method called PAIR (punctuation, aspiration, injection, re-
aspiration), combined with chemotherapy [28]. Despite the 
progress in surgical technique, secondary infection, resulting 
from spillage of viable protoscoleces during the interven-
tion, may occur. Prevalence of recurrence was recorded in 
2–25% of cases [29]. Additionally, anaphylactic reactions 
present a further risk; therefore, protoscolices are habitually 
applied, because of the risk of spillage of cyst fluid [30]. 
Treatment of CE still relies upon benzimidazole, like alben-
dazole and mebendazole, which targets parasite β-tubulin, 

consequently preventing the formation of microtubules; this 
leads to the destruction of the cell structure and subsequent 
death of the parasite [31]. However, due to the similarity 
between mammalian and parasite β-tubulin (> 90% identi-
cal amino acid residues), benzimidazoles exhibited severe 
adverse side effects like leukopenia, alopecia, hepatotoxic-
ity, and thrombocytopenia [32]. Moreover, prolonged drug 
therapy, following the infection, is recommend. In addition, 
usage of benzimidazole is mainly limited due to its low 
aqueous solubility and poor bioavailability. Therefore, poor 
gastrointestinal absorption results in inadequate systemic 
availability and lowered efficacy against hydatid disease 
[33]. Consequently, there is a constant motivation toward 
exploring a promising alternative to prevent the recurrence 
rate of the infection and to overcome the side effects of syn-
thetic medication [34].

Several researchers investigated the anti-parasitic and 
inhibitory effects of several nanoparticles on protoscolices. 
For example, Moazeni et al. found out that the combination 
of povidone iodine and silver nitrate, and Eucalyptus glob-
ulus essential oil showed a potent natural scolicidal agent 
[35]. Also, Salih and his group revealed that silver nanopar-
ticles (Ag NPs,) which were synthesized using Eucalyptus 
globulus, have powered scolicidal of 47.8% after 45 min of 
incubation [36]. Barabadi et al. showed that gold nanopar-
ticles (AuNPs) obtained through green synthesis have high 
scolicidal effects [37]. In view of the above facts, the aim of 
the current study was to investigate the efficacy of biosyn-
thesized ZnO NPs using leaf extract of Mentha longifolia 
L. as scolicidal agent against protoscolices of E. granulosus 
within the in vitro model.

2 � Materials and methods

In this work, the double distilled water has been used for 
growth and treatments processes. All the utilized chemical 
materials such as zinc nitrate hexahydrate, Zn(NO3)2.6H2O, 
sodium hydroxide, NaOH, and eosin stain are purchased 
from Sigma-Aldrich without further purifications.

2.1 � Plant collection

Fresh and healthy leaves of Mentha longifolia L. were col-
lected from Shaqlawa city (36°24′20″N, 44°19′15″E) in the 
Erbil Governorate in the Kurdistan Region of Iraq.

2.2 � Synthesis of ZnO nanoparticles

Twenty-five grams of fresh seasonable Mentha longifolia L. 
leaves was washed and cut into small pieces, and then heated 
in 250 mL double distilled water for 40 min at 80 °C. The 
aqueous extract was then filtered and kept in refrigerator for 
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further steps of the study. After this, the remainders were 
filtrated by using Whatman No.1 filter paper. For the prepa-
ration of the ZnO NPs, pure extraction was utilized to make 
an aqueous solution. A total of 50 mL of Mentha longifolia 
L. leaves extracted was added drop wise to 50 mL of zinc 
nitrate [Zn (NO3)2], under magnetic stirring at 75 °C for 
40 min. In addition to that, the pH of the final solution was 
handled by adding 1 M sodium hydroxide (NaOH) until a 
color change was observed in the final mixture, signifying 
the nucleation of ZnO NPs, as checked by UV–Vis method, 
followed by formation of some snowy sedimentation. The 
interaction of plant phytochemicals with metal salts alters 
the color of the reaction mixture and this is an indication of 
nanostructure formation which can be detected by means of 
Super Aquarius Cecil CE9500 UV/VIS dual beam spectros-
copy. Indeed, this method effortlessly proves the formation 
of nanostructure as it is a thumbprint technique and, in this 
case, the green synthesized nanoparticles display their sur-
face plasmon resonance (SPR). Thus, the brownish colored 
solution indicates the formation of ZnO nanoparticles.

The sedimentation was totally separated by using cen-
trifugation at 7000 rpm for 30 min and the solid powder 
was cleaned with methanol and distilled water four times to 
remove possible contaminating and other organic materials. 
Lastly, part annealing followed out on the Bunsen burner 
flame at ~ 500 °C for ~ 1 h as shown in Fig. 1.

2.3 � Characterization techniques

X-ray diffraction measurements were carried out using a 
PAN analytical X’ Pert PRO (Cu Kα = 1.5406 Å). The 

scanning rate was 1°/min in the 2θ range from 20 to 80°. A 
UV–Vis double-beam spectrophotometer (Super Aquarius) 
was used to monitor the formation of ZnO NPs. Also, mor-
phology study was investigated by field emission scan-
ning electron microscopy (FESEM) (Quanta 4500). The 
chemical composition of the prepared nanostructures was 
measured by EDX (energy-dispersive X-ray spectroscopy) 
performed in FESEM.

2.4 � Collection of protoscolices and viability test

Hydatid cysts of E. granulosus were obtained from natu-
rally infected liver of sheep from the Department of the 
Veterinary Medicine in Soran city, Kurdistan region in 
Iraq.

In accordance with Evrard et al. [33], the hydatid fluid 
was aseptically collected from the cyst. The collected fluid 
with protoscolices was transferred to a glass beaker and 
left for 15 min to allow the protoscolices to settle down. 
After that, the supernatant was discarded, and the precipi-
tated protoscolices were washed with normal saline. The 
viability of protoscolices was assessed by their motility 
under light microscopy. In addition, the viability was also 
detected by using 0.1% aqueous eosin stain. After expo-
sure for 5 min to the stain, unstained protoscolices were 
considered viable, whereas stained protoscolices were 
recorded as dead. When 97% or more viable protoscolices 
were present in the sediments, the sample was appropriate 
for the experiments.

Fig. 1   Schematic diagram of 
green synthesized ZnO nano-
particles



	 Emergent Materials

1 3

2.5 � In vitro scolicidal effect of ZnO NPs

To investigate the scolicidal effect of ZnO NPs against pro-
toscolices of E. granulosus, stock solution for the nanopar-
ticles was prepared and different concentrations of 400 ppm, 
200 ppm, and 100 ppm were prepared to test against the 
parasite with different exposures (15 min, 30 min,1 h, 1.5 h, 
2 h, and 2.5 h). Aliquot of 1 mL of each concentration was 
placed in each test tube to which approximately 10,000 pro-
toscolices were added. The contents of the test tubes were 
mixed well and incubated at room temperature. At the end 
of each incubation period, the supernatant was discarded 
gently; 1 mL of 0.1% eosin stain was added to the settled 
protoscolices. After 5 min, the upper part of the solution was 
again removed. The protoscolices were put on glass slide and 
covered with a cover slip and examined for viability by light 
microscopy. The percentage of mortality was determined by 
counting at least 100 protoscolices and estimated as percent-
age. Non-treated protoscolices with ZnO NPs which were 
kept in normal saline was considered the control for each 
incubation time. Each test was performed in triplicate.

3 � Results and discussion

3.1 � UV–Vis analysis

The optical property of ZnO NPs was investigated using 
ultraviolet and visible absorption spectroscopy. UV–Vis 
spectroscopy is usually used to confirm the synthesis of 
ZnO NPs. Conducting electrons vibrate at a certain wave-
length range and this is due to the surface plasmon reso-
nance (SPR) effect. Figure 2 shows the UV–Vis spectra for 
the synthesized ZnO NPs. An absorption band centered at 

365 nm proves the existence of ZnO NPs in the solution. The 
obtained UV–Vis results showed there is not any absorption 
peak around 500 nm, which indicates that ZnO nanoparti-
cles are free of ionized oxygen (hydroxyl free). Also, the 
outcome result is in a very good agreement with previously 
reported works [38–40].

3.2 � XRD analysis

The XRD diffraction peaks of the green synthesized ZnO 
NPs are shown in Fig. 3. The XRD patterns illustrate the 
peaks of the ZnO NPs at 31.90°, 34.57°, 36.41°, 47.70°, 
56.76°, 62.97°, 66.58°, 68.07°, 69.21°, 72.75°, 76.98°, and 
81.51°, which matches with the lattice parameters of (1 0 
0), (0 0 2), (1 0 1), (0 1 2), (1 1 0), (0 1 3), (2 0 0), (1 1 2), 
(2 0 1), (0 0 4), and (2 0 2), respectively. These planes can 
be indexed to the hexagonal wurtzite structure of the sample 
based on the International Center of Diffraction Data card 
(JCPDS-36–1451). Moreover, the lack of other peaks and 
signals indicates the phase purity of green synthesized ZnO 
NPs. Finally, the obtained XRD result of ZnO nanoparticles 
is in good agreement with those reported from previous lit-
eratures [41–43].

The lattice constants of the ZnO sample were determined 
at room temperature experimentally; from the XRD results, 
the lattice constant (a) parameter is 3.2346 Å and the (c) is 
5.2120 Å for the NPs. The narrow and strong diffraction 
peaks particularly (1 0 0), (0 0 2), and (1 0 1)) demonstrate 
the high crystalline quality of the ZnO sample. Through the 
XRD analysis data, the estimated size of the ZnO NPs was 
obtained using Debye–Scherrer’s formula given by the fol-
lowing equation:
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Fig. 2   UV–Vis spectrum of ZnO nanoparticles
Fig. 3   XRD result for the synthesized ZnO nanoparticles by zinc 
nitrate and Mentha longifolia L. extract



Emergent Materials	

1 3

where D is the crystalline size, λ is the X-ray wavelength, 
equals to 1.5406 Å, and β is the full width half maximum 
(FWHM) of the dominant peak (1 0 1), ~ 0.003. Therefore, 
the average crystalline size of the ZnO nanoparticles can be 
calculated to be in the range of 60–70 nm. Similar results 
have been obtained by both Wang et al. and Dash et al. [44, 
45].

3.3 � SEM and EDX analysis

The SEM analysis is conducted to investigate the morphol-
ogy of the ZnO nanoparticle. Here, a FESEM scanning elec-
tron microscope is used to demonstrate the shape and the 
size of ZnO NPs as shown in Fig. 4. From the SEM image, 
the random distribution of the agglomeration of smaller 
NPs with the presence of spherical shaped nanoparticle is 
clearly shown and the average particle size is comparable 
with our calculation from Debye–Scherrer’s equation using 
XRD results.

To obtain additional insight into the topographies of 
ZnO nanoparticles, the EDX analysis of the sample was 
performed from the same area as shown in Fig. 5. The 
EDX analysis confirms the presence of zinc oxide nano-
particles grown by the biosynthesized method. The ele-
mental analysis of the ZnO NPs yielded ~ 78.5% of zinc 
and ~ 21.5% of oxygen which proves that the produced 
ZnO NP is in its highest purified form [46]. The main 
components of the ZnO sample are Zn and O content, and 
also, they are uniformly dispersed on the surface of ZnO 
nanoparticles. The EDX study assured the existence of the 
zinc and oxygen and the presence of Au in EDX analysis is 
as a result of using gold coating in order to get better SEM 
images. From the X-ray diffraction peaks, SEM micro-
graphs, and EDX results, one can show that high-quality 
ZnO nanoparticles were formed without any impurity or 
other secondary phases.

3.4 � FT‑IR analysis

FT-IR analysis was implemented to verify the pureness 
and nature of the biosynthesized ZnO NPs. Metal oxides, 
in general, offer absorption bands in the fingerprint region, 
i.e., below 1000 cm−1 rising from interatomic vibrations. 
Therefore, in order to assess the composition and struc-
tural quality of the ZnO NPs, an FT-IR spectrophotom-
eter should be utilized. Additionally, the FT-IR spectrum 
provides information on the type of bonding within the 
samples in all phases of matter [47].

(1)D =

0.94

�cos�

The FT-IR spectra of the powder samples of the biosyn-
thesized ZnO NPs are presented in Fig. 6. Firstly, the nar-
row absorption peak at around 3455 cm−1 is attributed to 
the O–H stretching vibration of the intermolecular hydro-
gen bond. The appearance of this peak is probably due 
to the atmospheric moisture. The peak around 1362 cm−1 
corresponded to the amine (N–H) group of proteins or 
enzymes that exist in the utilized plant extract. The peak 
around 1115 cm−1 attributed to (C-O) bond, while the peak 
around 872 cm−1 is more likely corresponding to phenolic 
groups which are available in the plant extract [48]. The 
absorption peak at around 872 cm−1 is as a result of the 
formation of tetrahedral-coordination of zinc [49]. The 
sharp peak between 444 and 519 cm−1 is attributed to the 
ZnO stretching bonds. Similar results have been found by 
other researchers [50–52].

3.5 � Scolicidal efficiency of ZnO NPs

The results of the present study indicated the powerful 
in vitro scolicidal efficiency of the biosynthesized ZnO 
NPs. Figure 7 shows the percentage of mortality within 
the protoscoleces of E. granulosus which were treated with 
different concentrations of ZnO NPs (100 ppm, 200 ppm, 
and 400 ppm) in comparison to the untreated ones, i.e., 
control protoscoleces. The maximum protoscolicidal effect 
was found at a concentration of 400 ppm, followed by 
200 ppm and 100 ppm. The viability test was done for 
the protoscoleces sample and observed as 97% and con-
sidered appropriate to use in the experiment. The same 
sample was used for control and treatment, depending on 
the references.

In protoscoleces incubated with 400 ppm, the percentage 
of mortality reached 90% and 100% following 2.0 and 2.5 h 
of incubation, respectively. Also, all protoscoleces absorbed 
the eosin stain and colored red which indicated their death 
within 2.5 h after incubation, whereas the protoscoleces of 
the control group remain viable and seemed to be color-
less. These results demonstrate the dose-dependent proto-
scolicidal effect of ZnO NPs on E. granulosus protoscoleces. 
Similar outcomes have been found by Norouzi et al. [53, 54].

On the other hand, the mortality rate was low, by increas-
ing the time of exposure and decreasing concentration. As 
shown in Fig. 7, after 2.5 h of incubation, the mortality 
percentages were 100%, 69%, and 62% at 400, 200, and 
100 ppm of ZnO NPs, respectively, which indicated that the 
mortality percentage was time-dependent also, because the 
protoscolicidal efficacy of ZnO NPs increased on exposure 
for longer time periods [55].

There are several cardinal factors that influence the activi-
ties of nanoparticles that have been synthesized using green 
technology, the factors like particle size, pore size, shape, 
structure properties, and chemical composition. These 
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factors are directly related to the synthesis parameters of 
nanoparticles such as pH of the solution, temperature, con-
centration of the extracts used, concentration of the raw 
materials used, size, and above all the protocols that are 
followed for the synthesis process [56, 57].

3.6 � Morphological effects of ZnO NPs on E. 
granulosus protoscolices

The current study revealed that some protoscolices after 
incubation with ZnO NPs absorbed the eosin stain and 
colored red which indicated their death (Fig. 8b). Tegu-
ment of the parasite is the first part that got affected 
(Fig. 8f); most of the protoscolices were invaginated and 
showed different alterations like tegumental damage, dis-
organization of rostellar hooks, and loss of calcareous 
corpuscles (Fig. 8e, i). In addition, Fig. 8c showed evagi-
nated protoscolex which partially absorbed the eosin stain 
that indicate the initiation of its death [54]. The present 
finding showed that no viable protoscolices were noticed 
after 2.5 h of incubation with ZnO NPs at concentration 
of 400 ppm as in Fig. 8g.

On the other hand, the protoscolices of the control group 
seemed to be colorless and viable during the period of exper-
iment and seemed to be morphologically intact with clear 
and bright calcareous corpuscles (Fig. 8d).

Up to now, the preferable method for hydatid disease 
treatment is surgery [58]; however, spillage of hydatid fluid 
rich in protoscolices during surgical operation is the main 
cause of its recurrence as it forms secondary infection, in 
addition to the anaphylactic reaction which may lead to 
patient death [59]. Therefore, the injection of the cyst with 
protoscolicidal agents is an integral part of the surgery. 

There has been no record of an effective and safe agent yet. 
So, the exploration of new and effective scolicidal material 
with minimal side effect is highly recommended for urgent 
demand [37].

The findings of the present study showed that the ZnO 
NPs exhibited potential scolicidal effect which is time-
dependent [60]. This effect may be contributed to the char-
acteristics of NPs, the role of which against bacteria has 
been explained above, like their high surface area-to-volume 
ratios.

There are two proposed mechanisms for the explanation 
of the interaction between NPs and bacteria, mostly attrib-
uted to extreme reactive oxygen species (ROS) generation, 
mainly hydroxyl radicals and singlet oxygen [61], and the 
precipitation of NPs on the bacterial surfaces; or NPs accu-
mulate in the cytoplasmic area or in the periplasmic space, 
and hence disrupt the cellular activities, leading to mem-
brane disturbance, reasons of some of the effect by direct 
liaison between the NPs and the membrane in addition to 
ROS generation close to the bacterial membrane [62]. Sire-
lkhatim et al. suggested a formation of electrostatic forces 
during treatment of E. coli with ZnO [63]. Other research-
ers also explained these electrostatic relations between NPs 
and bacteria cell surfaces as a source for growth inhibition, 
and that the total bacterial charge is negative, owing to the 
extreme production of carboxyl groups [64, 65]. Therefore, 
the cell membrane is negatively charged; ZnO NPs possess 
a positive charge in a water suspension [66]. These reverse 
charges increase the whole effect by generating electrostatic 
forces, which act as a strong bond between NPs and the 
membrane of the microbes. Consequently, the bacterial 
membrane is damaged.

Fig. 4   FESEM micrographs of green synthesized ZnO nanoparticles

Fig. 5   EDX analysis of ZnO nanoparticles
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Recently, the same fact was documented regarding ZnO 
NPs; Ishida and coworkers concluded that the antibacterial 
effects are as a result of cell wall damage by ZnO-localized 
reaction, which leads to increase permeability of the mem-
brane, NP internalization because of uptake of toxic zinc 
ions, and ROS creation [67].

Furthermore, the results of the current study pointed out 
that the tegument of the parasite was the primary site of 
destruction when treated with ZnO NPs, which finally results 
in death. Tegument plays a vital role in the physiology of 
the cestode owing to its role in nutrition absorption, defense 
against enzymatic and immunological attack of the host, 
excretion, and ionic exchange [68]. Moreover, the alteration 
in the tegument affects the tegumental microtriches which 
interfere with protoscolices’ nutrition [69]. The death of the 

parasite may be due to programmed cell death or apoptosis 
which is the common type of eukaryotic cell death [70]. 
Furthermore, high level of apoptosis has been mentioned in 
Cystic echinococcosis of E. granulosus [71].

Mahmoudvand et al. have concluded that biogenic Se NPs 
which were synthesized by Bacillus have potent scolicidal 
effects particularly at concentrations 500 and 250 μg/mL as 
100% mortality after 10 and 20 min of treatment, respec-
tively [72]. Additionally, Rahimi et al. conducted a study on 
the effects of biosynthesized silver NPs which were derived 
from Penicillium aculeatum against protoscoleces [73]. 
Their findings pointed out that Ag NPs had effective and 
promising scolicidal action. Moreover, they recommended 
that Ag NPs can be considered potent scolicidal agent and 
could be applied for biomedical applications, due to their is 
cost-effectiveness and safety as they need nontoxic materials 
in comparison with the chemical process [73].

Furthermore, Barabadi et al. indicated that the green 
synthesized gold NPs from Penicillium aculeatum revealed 
scolicidal efficacy against protoscolices of E. granulosus 
[55]. High percentage of mortality was documented in the 
protoscolices which were treated with 0.3 mg/mL AuNPs 
for 120 min. The results of the Barabadi et al. study showed 
that AuNPs could be considered probable anti-E. granulo-
sus agent. They explained the anti-parasitic activity of the 
abovementioned nanoparticles by their high surface area-
to-volume ratio, which leads to new mechanical, chemical, 
electrical, optical, magnetic, electro-optical, and magneto-
optical properties which are unlike their original character-
istic [37].

Similarly, Ashajyothi et al. investigated the toxicity of 
biosynthesized ZnO NPs by a couple of administration 
routes (intra-peritoneal and intravenous) into experimental 

Fig. 6   FT-IR spectra of the 
biosynthesized ZnO NPs from 
Mentha Longifolia L. leaf 
extracts and zinc nitrate salt
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Fig. 7   Scolicidal effect of ZnO NPs against protoscolices of E. granu-
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Fig. 8   Representative images from light microscopy. a Alive pro-
toscolex after staining with 0.1% eosin stain. b Dead protoscolex 
after treatment with ZnO NPs after 30 min of exposure to ZnO NPs. 
c Partially dead evaginated protoscolex after 30  min of exposure to 
ZnO NPs. d Alive protoscolices without exposure to ZnO NPs and 
after staining with eosin. e Evaginated protoscolex showed altered 
tegument after 90 min of exposure to ZnO NPs. f Dead protoscolex 

showed tegumental damage after 90  min of incubation with ZnO 
NPs. g Totally dead and damage protoscolices after 2 h of incubation 
with ZnO NPs. h Two dead protoscolices after 30 min of exposure to 
ZnO NPs. i Dead protoscolex with rostellum disorganization. j Hook 
of damaged protoscolex. k Altered protoscolex after 1 h of exposure 
to ZnO NPs
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rats [74]. Their findings revealed that bio-ZnO NPs have 
no effects on the organs of the treated animals in compari-
son with other animals that were treated with bio-Cu NPs; 
these results make ZnO NPs a promising candidate alter-
native for biomedical applications. Moreover, Umar et al. 
demonstrated that ZnO NPs exhibit remarkable cytotoxic 
effects and ability to stimulate blebs on plasma membrane 
of breast cancer cell lines, which reinforces their apoptotic 
mechanism of action [75]. Membrane blebs and a decline 
in cell viability that were noticed in the treated cells might 
be caused by ROS, metal ions (Zn+2), and other molecules 
that were released in the medium by ZnO NPs. Further-
more, Siddiqi et al. stated that zinc oxide nanoparticles can 
be used for treating wounds, ulcers, and several microbial 
infections and also as a drug carrier in cancer treatment [76]. 
Accordingly, it is known to be a safe antibacterial agent that 
may substitute for antibiotics. Also, application of zinc 
oxide nanoparticles in various fields of science, medicine, 
and technology suggests that it is an essential substance for 
humans and animals.

Overall, the usage of medicinal plant extracts as pos-
sible reducing and stabilization agents to synthesize ZnO 
nanoparticles provides several advantages over conventional 
physical and highly toxic chemical techniques [77].

4 � Conclusion

This investigation described a green process for the forma-
tion of ZnO NPs by using Mentha longifolia L. which is an 
easy and eco-friendly procedure in the field of applied nano-
technology. In addition, as the ZnO NPs showed a scolicidal 
activity due to their small size, they could be employed for 
pharmaceutical purposes. Dose- and time-dependent mortal-
ity of the treated protoscolices was investigated. At highest 
concentration, 400 ppm, the percentage of mortality reached 
100%; all protoscoleces absorbed the eosin stain and were 
stained red which points to their death within 2.5 h. The 
protoscoleces of the control group remained viable and 
appeared to be colorless. The current investigation with 
its encouraging results is a good beginning for additional 
research on the ZnO NPs against parasites. Nevertheless, 
additional investigations are needed on the cellular and 
molecular mechanism. The extracellular synthesis of ZnO 
NPs could be extremely appreciated from the viewpoint of 
large-scale processes and using different types and sizes of 
NPs in in vivo animal model and for diverse uses. Further 
studies are required to investigate the effect of ZnO NPs 
in vivo within the animal model and for different periods.
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