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ABSTRACT. The over use of deltamethrin has resulted in the development of resistance. Thus, the search for a new
method to improve its acaricidal effect is the target of the present study. Layered double hydroxide (LDH) compounds
are now used as drug delivery systems. Deltamethrin (Butox®) was loaded on Zn-Fe LDH, Zn-Al-GA layered double
hydroxide (LDH), and Fe-oxide nanoparticles NPs. Then its acaricidal efficacy was evaluated. The nanocomposites
(NCs) were prepared by the co-precipitation method and characterized before and after deltamethrin loading. The
deltamethrin-loaded NCs were applied against the phenotypically resistant Rhipicephalus annulatus tick (adult and
larvae). The adult ticks treated by Butox® alone or Butox® loaded nanocomposites at different concentrations showed
no mortality. A significant (P≤0.05) reduction in egg production index was observed at the recommended dose (X) (1
µl/ml distilled water) and its bi-folds (2X, 3X, and 4X) in ticks treated with deltamethrin/Zn-Fe LDH nanocomposites
compared to deltamethrin alone. Moreover, no significant difference (P>0.05) was recorded in larval mortality between
the treatments with deltamethrin alone and its loaded nanocomposites. Also, the nanomaterials alone without
conjugation with deltamethrin revealed a low mortality rate. Deltamethrin-loaded nanocomposites even improve effect
against adult tick but cannot overcome tick resistance to deltamethrin that needs more search. The acaricidal activity
of deltamethrin was not improved after loading it with these nanocomposites.
Keywords: deltamethrin, Rhipicephalus annulatus, resistance, layered double hydroxides, Zn-Fe LDH, Zn-Al-GA
LDH, Fe-O NPs

Introduction
Rhipicephalus annulatus is an important ixodid
tick, widely spread in tropical areas [1]. This tick
causes significant economic loss due to its effect on
cattle production [2] and is considered a vector for
fatal infectious diseases including babesiosis, and
anaplasmosis [3,4]. In Egypt, R. annulatus is the
common tick species infesting cattle [5]. The
common method used for tick control is the use of
synthetic chemical acaricides [6]. The resistance of
R. microplus to pyrethroids and organophosphates
was recorded globally [7]. Also, pyrethroid-resistant

populations of R. annulatus in Egypt were reported
[5,8]. Moreover, synthetic chemical acaricides,
including deltamethrin, have been widely used to
control animal ectoparasites and insect pests
(mosquitoes, cockroaches, flies, and fleas) in
households [9].
Layered double hydroxid (LDHs) (hydrotalcitelike) compounds have special characters like
particle size, easy control, good biocompatibility,
and high loading capacities [10]. The LDH layerdrug intercalation was applied in drug delivery and
in water decontamination [11–14]. The LDH
nanomaterials have several uses in cancer therapy,
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cosmetics, and removal of toxic metals from
contaminated water [15–18]. The Zn-Al LDH and
Mg-Al LDH were used in bone healing [19]. The
doxycycline/LDH and amoxicillin/LDH prevented
ulcer formation and improved wound healing on
experimental animals (rats) [20]. Iron nanoparticles
are characterized by easy synthesis, low toxicity,
high diversity and antimicrobial effect. Accordingly,
it is used in drug delivery systems, and imaging for
the diagnosis of diseases [21], in anemia, and in
cancer treatments [22].
Therefore, it is necessary to investigate
synthesized nanoparticles, which are less likely to
cause ecological pollution and improve the efficacy
of the acaricides [23,24]. Synthesized metal
nanoparticles, such as silver nanoparticles, zinc
oxide nanoparticles, silicon oxide nanoparticles, and
titanium dioxide nanoparticles have been used with
some essential oils and herbal extract to control
ticks [23–26]. Moreover, Aboelhadid et al. [27]
used Ocimum basilicum essential oil loaded LDH to
improve its acaricidal efficacy against resistant R.
annulatus, and recorded a significant effect
larvicidal and repellency effect on larvae. To
increase the acid-resistant properties of LDH
composites, the surfaces can be covered with
unsaturated fatty acids such as oleic acid. Because
of their high stability in acid solution, these
composites are used in drug delivery to the intestine,
as they are unaffected by the stomach’s strongly
acidic gastric juices [28].
Consequently, the efficacy of Zn-Fe LDH-NPs,
Zn-Al-GA LDH-NPs, and Fe-NPs alone or
combined with deltamethrin were investigated
against larvae and adults of R. annulatus.

Materials and Methods
Commercial deltamethrin 5% (Butox®, EC; 5%
active ingredient, Arab Company for Chemical Ind.
Cairo, Egypt) was used for synthesis of Zn-Fe LDH,
Fe-NPs, Zn-Al-GA LDH nanoparticle-functionalized
deltamethrin hybrids. The nanomaterials were
provided by Professor Ahmed A. Farghali (Materials
Science and Nanotechnology Department, Faculty of
Postgraduate Studies for Advanced Sciences, PSAS,
Beni-Suef,
University,
Beni-Suef,
Egypt).
Deltamethrin, deltamethrin/Zn-Fe LDH, deltamethrin
/Fe-NPs and deltamethrin/Zn-Al-GA LDH
composites were evaluated against adult ticks and
larvae at different concentrations (recommended
dose (X) = 1 µl/ml distilled water, 2X, 3X, and 4X).

S.M. ABOELHADID et al.
Preparation of nanoparticles
Zn-Fe LDH, Zn-Al-GA LDH and Fe-oxide
nanoparticles
The co-precipitation method was used for
preparations of Zn-Fe LDH (4:1) and Zn-Al-GA
LDH (4:1:1) nanocomposites [29]. Zinc and iron
nitrates were mixed together at a 4:1 molar ratio in
50 ml distilled water at room temperature. During
continuous stirring, sodium hydroxide (2 mol/l) was
added drop by drop to pH 8.0 with stirring for 24 h
until precipitation of Zn-Fe LDH completed. The
same mixing of zinc and aluminum chlorides, and
GA at molar ratio (4:1:1) for Zn-Al LDH/GA
preparation. The resulted precipitate was filtered
and washed several times with distilled water at pH
7.0. The filtrate was kept in a vacuum oven dryer at
50°C for 24 h. The Fe-O NPs were prepared by
employing the bud extract of clove (Syzygium
aromaticum). Five grams from dried grinding clove
buds were washed with distilled water twice to
remove dust, then mixed with 250 ml distilled
water, and heated for 10 min. at 100°C. After
cooling in room temperature, the resultant extract
was centrifuged and filtered with No. 1 Whatman
filter paper. The filtrate was used for Fe-NP
synthesis. Fifteen ml clove extract were mixed with
5 ml of 0.3 molar iron nitrate (adjusted with 0.1
molar NaOH to pH~6) and incubated at room
temperature for 10 hours. The synthesized Fe NPs
were centrifuged, washed three times with distilled
water followed by ethanol, dried at 40°C, and kept
for characterization. Green synthesized Fe NPs
were calcined for 4 h at 550°C in oven under air.
Loading of deltamethrin on nanomaterials
Deltamethrin/Zn-Fe LDH, deltamethrin/Zn-AlGA LDH, and deltamethrin/Fe-NPs were prepared
by repeating the same procedures using different
concentrations of deltamethrin in each nanosuspension. Subsequently, the deltamethrin/NP
suspensions were stirred at room temperature for 20
h, filtrated through No. 1 Whatman filter paper,
washed by distilled water, and dried at 40°C,
respectively [20].
Characterization of nanomaterials
FeO-NPs, Zn-Fe LDH, and Zn-Al-GA LDH
were characterized by X-ray diffraction on a
PANalytical (Empyrean) X-ray diffraction with CuKα radiation (wave length 0.154 nm). Fourier
transform infrared spectroscopy (FTIR) was
recorded on PerkinElmer FTIR Spectrum BX
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(PerkinElmer Life and Analytical Sciences, CT,
USA). The morphological characters of nanoparticles were determined by images of field
emission high resolution scanning electron
microscope (Gemini, Zeiss-Ultra 55).
Efficacy of the synthesized/loaded deltamethrin
nanocomposites against R. annulatus
Tick collection and hatching of larvae
Adult female ticks of R. annulatus ticks were
collected from naturally infested cattle visiting
veterinary clinics and farms in Fayum governorate
from June through August 2020 (hot seasons). Ticks
were collected in carton boxes containing a
ventilation opening and transported to the
Laboratory of Parasitology, Faculty of Veterinary
Medicine, Beni-Suef University, Egypt. Tick
samples were washed with distilled water to remove
any debris and allowed to dry on filter paper. They
were identified as R. annulatus under a stereobinocular microscope with anterior and short
mouthparts, small eyes or absent, no festoons and
medium in size. The ticks were weighed, and
divided into groups, 10 ticks in each group. Adults
were kept in Petri dishes and used for the
experiments. A part of adult female ticks was kept in
a Bio-oxygen Demand (BOD) incubator at 37°C
and 80% relative humidity until they laid a large
number of eggs, then incubated for 14–18 days for
hatching to obtain the larvae needed for larval
bioassays.
Adult immersion test
The previously prepared solutions of
deltamethrin, deltamethrin/Zn-Fe LDH, deltamethrin
/Zn-Al-GA LDH, and deltamethrin/Fe NPs were
tested against engorged female ticks of similar size.
The engorged female ticks were immersed in 10 ml
of the solution for 2 min., then dried, and incubated
in BOD for 21 days in Petri dishes [30]. The
treatments were divided into 10 ticks per group and
five replications of each treatment were maintained.
The control group was treated by immersion in 10
ml distilled water (DW) for 2 min. The mortality
was observed daily in treated ticks. Eggs were
collected from each group separately and weighed
to calculate the egg production index EPI = (weight
of eggs/initial weight of engorged tick)×100.
Larval packet test
Larvae of 14 days-old were used for bioassay.
The filter paper was put in a Petri dish, and one ml
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of prepared nanocomposite solution was inoculated
to the filter paper. The impregnated paper was
allowed to dry and then folded to form packets.
Larvae (approximately 100) were transferred with a
brush into the experimental packet, which was
sealed by bulldog clips. The treated packets were
kept in a controlled environmental chamber set at
26–28°C and 80% relative humidity for 24 h. In the
control group, nanomaterial solutions were replaced
with distilled water [31].
Statistical analysis
Data of tick biological parameters were analyzed
statistically using the Statistical Package for Social
Science (SPSS for Windows (IBM), version 22,
Chicago, USA) to determine if variables differed
between nanomaterials. In addition, ANOVA tests
were applied to determine the differences between
means. The results are denoted by the symbol ± SE.
Probability values of less than 0.05 (P<0.05) were
considered significant.

Results
Characterization of NCs and its loading with
deltamethrin
Deltamethrin loaded with Zn-Fe/LDH, Zn-AlGA/LDH and Fe-NPs was confirmed by XRD,
SEM, and FT-IR. The prepared Zn-Fe LDH was
similar to typical XRD patterns of hydrotalcite-like
LDH materials. The Zn-Fe LDH was highly
crystalline with sharp diffraction peaks. The layered
structure of Zn-Fe LDH was confirmed by the
presence of main peaks at 2θ at 31.86°, 34.6°, 36.4°,
and 47.62° corresponding to (003) plane. The
comparison between XRD before and after
deltamethrin loading revealed that the decrease of
some diffraction peak intensity, e.g., 34.55°, 36.47°,
47.41°, 68.04°. The diffraction angle was at 23.7°
and 59.7° in the pattern of XRD after conjugation
and belongs to the deltamethrin. The basal peak
(2θ°=36.4755°) in the deltamethrin/Zn-Fe LDH
concise to an interlayer-layer distance of 2.46337 A°,
which was slightly higher than that in Zn-Fe LDH by
0.00047 A°. This means that the deltamethrin was not
intercalated in the Zn-Fe LDH layers but the highintensity peaks of 2θ values (36.4827° and
36.4755°) for Zn-Fe LDH and deltamethrin/Zn-Fe
LDH, respectively, were due to the interaction of
deltamethrin with metal cations, Zn(II) and Fe(III)
of the LDH (Fig. 1) The prepared Zn-Al-GA/LDH
look liked the typical XRD patterns of hydrotalcite-
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Figure 1. Zn-Fe LDH before and after conjugation with deltamethrin by XRD and FT-IR

like LDH materials with 33.50 nm crystallite size.
In the XRD pattern before and after conjugation
with deltamethrin, some diffraction peaks intensity
were decreased, e.g., 27.87°, 34.54°, and 40.32°.
The diffraction angle at 54.07° in the pattern of
XRD after loading belonged to the deltamethrin.
This decrease in the intensity of some peaks
confirmed the occurrence of some diffusion process
in the hexagonal structure of the synthesized parent
LDH. In the XRD pattern of Zn-Al-GA/LDH/
deltamethrin, some peaks became broad e.g., 9.87°,
13.03°, and 19.92°, which is due to the presence of
deltamethrin that caused exfoliation to layers of
LDH and the exfoliated layers became stacked.
Therefore, the sequential structure of LDH was
hidden (Fig. 2). After calcination of green clove Feoxide, the crystallinity of magnetite or hematite
green clove synthetized Fe-oxide became clear, due
to the removal of most organic components by heat,
and most of the prepared sample converted to
magnetite while the rest turned to hematite. The
diffraction peaks of calcinated green clove Fe-oxide
were matched with that of the hematite and
magnetite XRD pattern in card number (04-015-

9569 and 04-009-8420, respectively). The mean
diffraction peaks of XRD pattern of deltamethrin/
Fe-oxide at 2θ at 33.2°, 35.69°, 49.58°, 54.13°,
64.08°, which matched well with the hematite XRD
pattern (04-015-9569) with some peaks of low
intensity, e.g., 35.6°, 57.66°, and 62.59°. This
matched with magnetite XRD pattern (04-0098420). The conversion of magnetite form of Feoxide to hematite form of Fe-oxide was observed
due to interaction of deltamethrin with Fe-oxide.
Therefore, the increased intensity of some peaks
was detected, (e.g., 33.2°, 49.58°, and 54.13°) but
others with decreased intensity, (e.g., 35.69°,
62.59°). This conversion from magnetite to
hematite form was due to the magnetite form was
less stable so agglomeration occurred by
magnetostatic interaction and adsorption of oxygen
(Fig. 3).
The conjugation between deltamethrin and
nanomaterials (Zn-Fe LDH, Zn-Al-GA LDH and
Fe-oxide) was confirmed by detection of the
chemical interaction, the alternation in the chemical
bonds, functional groups, and the shifts in the wave
number of the peaks. The broadband located at
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Figure 2. Zn-Al-GA LDH before and after conjugation with deltamethrin by XRD and FT-IR

Figure 3. Fe-NPs before and after conjugation with deltamethrin by XRD and FT-IR
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Figure 4. Scanning electron microscopy image of Zn-Fe/LDH

Figure 5. Scanning electron microscopy image of Zn-Al-GA LDH

3477.72 cm-1 resulted from the hydroxyl groups of
layers stretching vibration and the interlayer water
molecules. While the band at 1635.15 cm-1

produced from the bending vibration of water.
The characteristic peaks of loaded deltamethrin
appeared at 1499.77 cm-1 for stretching vibration of
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Figure 6. Scanning electron microscopy image of FeO

C=C groups, at 3396.04 cm-1 assigned to stretching
vibration of the hydroxyl group, at 834.89, 943.05
and 2920.81 cm-1 resulted from the bending
vibration of the C-H, at 1062.11 cm-1 was due to
stretching vibration of a C-C bond. A weak peak
appeared at 3731 cm-1 due to the stretching
vibration of the N-H bond. Zn-Fe LDH had
hydrogen donors (OH groups) on its surface, and
there were hydrogen acceptors (-OH or -NH) in the
structure of deltamethrin that supported the Hbonding formations. The OH vibration mode peak
shifted from 3477 to 3396 cm-1 confirmed the
deltamethrin interaction with Zn-Fe LDH (Fig. 1
and 2).
Spectra of Zn-Al-GA/LDH showed bands at
1546.98 cm-1 corresponding to C=C, at 1232.31 cm-1
assigned to COO- and at 1036.59 cm-1 resulting
from phenol groups. The characteristic peak of
loaded deltamethrin on Zn-Al-GA LDH showed at
2931.79 cm-1 corresponding to aliphatic CH2 and
CH and at 692 cm-1 defined to the in-plane bending
vibration of replacement benzene, referring to the
presence of C=C. The increasing intensity and
shifting of peaks referred to the formation of
hydrogen bonds between H bond donor oxygen
atoms and LDH layers, which confirmed
conjugation of deltamethrin with Zn-Al-GA LDH
(Fig. 2).
The FTIR spectra of Fe oxide before and after
deltamethrin adsorption showed the absorbance
bands of magnetite Fe-oxide appeared at 686 and

598 cm-1 and at 462 cm-1 for hematite Fe-oxide.
The appearance of some peak vibration mode at
1643 and 1734 cm-1 and decreased the intensity of
vibration peak at 457 and 540 cm-1 indicated
interaction of deltamethrin with Fe-oxide and
conversation of magnetite to hematite Fe-oxide due
to disappearance of peak at 686 cm-1(Fig. 3). The
morphology of the synthesized materials was
studied using FE-SEM. The FE-SEM images of
both Zn-Al LDH/GA and Zn-Fe LDH represent a
well-defined sheet structure as could be seen in
figures 4 and 5. It is loose sheets in case of Zn-Fe
LDH. However, the layers are compacted in case of
the Zn-Al LDH/GA. The synthesized Fe-oxide NPs
were characterized and clearly showed the
formation of different spherical and compact small
layer nanoparticles with various other shaped
structures (Fig. 6).
Acaricidal bioassay of loaded deltamethrin
nanocomposites
Adulticidal effect
No mortality in adult ticks occurred with
deltamethrin alone or with deltamethrin-loaded
nanocomposites at different concentrations. Only a
significant reduction (P≤0.05) in egg production
was observed at the recommended dose (X) and the
folds of 2X, 3X, and 4X of ticks exposed to
deltamethrin/Zn-Fe LDH nanocomposite when
compared with that of deltamethrin alone,
deltamethrin/Fe-NPs and deltamethrin/Zn-Al-GA
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Table 1. Effect of deltamethrin and its freshly loaded nanocomposites against the resistant Rhipicephalus annulatus
adult tick
EPI % of
deltamethrin

EPI % of
deltamethrin
/Zn-Fe LDH

EPI % of
deltamethrin
/Fe-NPs

EPI % of
deltamethrin
/Zn-Al-GA LDH

4X

18.81 ± 6.000

0.8806 ± 0.104*

34.94 ± 3.677

27.78 ± 12.48

3X

38.89 ± 12.60

8.806 ± 3.124*

48.95 ± 6.205

55.87 ± 5.449

2X

63.76 ± 9.773

22.78 ± 4.682*

61.84 ± 9.931

60.10 ± 11.66

X

66.55 ± 7.996

36.30 ± 12.39*

67.51 ± 2.890

69.98 ± 5.065

1/2X

74.77 ± 25.04

60.44 ± 14.88

74.20 ± 12.53

86.10 ± 10.96

1/4X

83.66 ± 8.889

65.23 ± 3.085

81.28 ± 4.342

87.29 ± 12.70

1/8X

86.90 ± 12.20

71.49 ± 7.426

89.91 ± 10.33

85.28 ± 11.94

Nanocomposites

76.32 ± 17.47

81.18 ± 8.660

81.92 ± 18.67

82.92 ± 9.976

Control

91.96 ± 7.014

91.96 ± 7.014

91.96 ± 7.014

91.96 ± 7.014

Drug
concentration

Controls

Explanations: * – significant P≤0.05; EPI – egg production index; nanomaterials – Zn-Fe/LDH or Zn-Al-GA/LDH or
Fe-NPs; X means recommended dose of deltamethrin (Butox®) (one μl/ml); EPI % of deltamethrin (egg production
index percentage of ticks treated by deltamethrin); EPI % of deltamethrin/Zn-Fe LDH (egg production index
percentage of ticks treated by deltamethrin conjugated with Zn-Fe LDH); EPI % of deltamethrin/Fe-NPs (egg
production index percentage of ticks treated by deltamethrin conjugated with Fe-NPs); EPI % of deltamethrin/Zn-AlGA LDH (egg production index percentage of ticks treated by deltamethrin conjugated with Zn-Al-GA LDH)

LDH nanocomposites. Deltamethrin and its loaded
forms did not cause mortality or reduction in egg
production at low concentrations of 1/8X, 1/4X, and
1/2X. A significant decrease in the egg production
index (EPI) was reported at X, 2X, 3X, and 4X doses
of Zn-Fe LDH/deltamethrin (36.3, 22.78, 8.80 and
0.88%) in comparison with the EPI of deltamethrin
alone (66.5, 63.7, 38.8 and 18.8%), deltamethrin/FeNPs (67.5, 61.8, 48.9 and 34.9%), deltamethrin/ZnAl-GA LDH NPs (69.9, 60.1, 55.8 and 27.7%), and
the control (DW) group (91.9%) (Tab. 1).
Larval mortality
There was no significant difference in the larval
mortality percentage of deltamethrin alone and
deltamethrin-loaded Zn-Fe LDH, Fe-NPs, and ZnAl-GA LDH nanoparticles. The larval mortality was
78.9, 85.3, 100 and 100% for deltamethrin alone,
and 79.0, 85.9, 100 and 100% for deltamethrin/ZnFe LDH, and 83.6, 88.9, 100 and 100% for
deltamethrin/Zn-Al-GA LDH, and 84.7, 93.8, 100
and 100% for deltamethrin/Fe-NPs at different

concentrations of X, 2X, 3X and 4X, respectively
(Fig. 7). The calculated LC50 was (0.77X, 0.78X,
0.73X and 0.70X for deltamethrin, deltamethrin/ZnFe LDH, deltamethrin/Zn-Al-GA LDH and
deltamethrin/Fe-NPs, respectively (Tab. 2).
Moreover, the LC90 was 1.74X, 1.72X, 1.57X, and
1.37X, for the same materials respectively (Tab. 2).
No significant difference (P≥0.05) in mortality was
observed when the different concentrations (4X,
3X, 2X, and X) were used for treatment against
larvae. Whereas, the larval mortality was 100% at
4X and 3X of deltamethrin-loaded nanocomposites
and deltamethrin alone. Additionally, no significant
difference was observed in the larval mortality
(ranging from 85.3–93.8 % ) against X and 2X
concentrations of deltamethrin loaded nanocomposites and deltamethrin alone were recorded.
Larval mortality gradually decreased at low
concentrations of deltamethrin and deltamethrinloaded nanocomposites (1/2X, 1/4X, and 1/8X).
Also, the nanomaterials alone (Zn-Fe LDH, Zn-AlGA LDH, and Fe-NPs) without conjugation with
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Table 2. LC50 and LC90 of deltamethrin and its freshly loaded nanocomposites Rhipicephalus annulatus larvae
Drug

LC50

LC90

Deltamethrin

0.775 X

1.741 X

Deltamethrin/Zn-Fe LDH

0.776 X

1.727 X

Deltamethrin/Zn-Al-GA LDH

0.732 X

1.574 X

Deltamethrin/Fe-NPs

0.702 X

1.37 X

X means recommended dose of deltamethrin (Butox®) (one μl/ml)

deltamethrin revealed low larval mortality (l9.83,
11.1 and 10.1%, respectively).

Discussion
Synthetic chemical acaricides are the most
popular method currently being used for tick
control. Widespread use of deltamethrin has led to
the emergence of deltamethrin resistance.
Nanotechnology can help to solve many technical
problems in several applications, such as in
agriculture, development of antimicrobial, drug
carriers, and insecticides formulations [32,33].
Layered double hydroxide (LDH) formulations

have been used in drug delivery because of their
easy synthesis, controllable size, biocompatibility,
and they give the intercalated drug perfect coverage
(as interact between two substance for synthesis of
a good effective drug) [34]. Therefore, the ability of
LDH nanomaterials has been demonstrated as a
drug delivery system for ciprofloxacin to fight
bacterial infection of the middle ear of rabbits [35].
Consequently, the adulticidal and larvicidal effects
of deltamethrin-(Butox®) loaded nanocomposites
of Zn-Fe LDH, Zn-Al-GA LDH, and Fe-NPs
against R. annulatus ticks were evaluated through
the adult immersion test (AIT) and the larval packet
test (LPT), respectively.

Figure 7. Larval mortality treated by deltamethrin and its loaded nanoforms at different concentrations
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The used NCs (Zn-Fe LDH, Zn-Al-GA LDH,
and Fe-NPs) were prepared and loaded with
deltamethrin. Its interaction with deltamethrin
(Butox®) was confirmed by XRD and FT-IR, which
revealed successful loading. The prepared Zn-Fe
LDH and Zn-Al-GA LDH resembled the typical
XRD patterns of hydrotalcite-like LDH materials
[36–38]. The FT-IR spectrum of Zn-Fe LDH is
similar to that reported by [38,39].
No mortality was observed in the adult ticks
treated with deltamethrin even at high
concentrations. Deltamethrin resistance is prevalent
among the tick isolates from the study area, as
previously reported [5,8]. Consequently, the loaded
forms of deltamethrin with Zn-Fe LDH, Zn-Al-GA
LDH, and Fe-NPs at high concentrations (2X, 3X,
and 4X) showed no mortality in adult ticks, but only
a reduction in egg production and a decrease in the
egg production index. A mutation in the sodiumchannel of the R. annulatus tick (C190A in domain
II) was identified as the major cause of the
resistance [8]. Moreover, there is no significant
difference (P≥0.05) between the effect of
deltamethrin and its freshly loaded NCs against R.
annulatus larvae at any concentration. The larval
mortality of 100% was observed with treatment by
deltamethrin and its freshly loaded forms at high
concentrations (3X and 4X). Therefore, the used
NCs had no effect on the efficacy of deltamethrin.
Our results are comparable with the results of
another study [40] that reported a reduction in egg
production of R. microplus tick treated by cinnamon
oil (nanocapsules or nanoemulsions). Also, no
effects were recorded on R. annulatus treated with
deltamethrin/Ag NPs [24]. Contrary to the results of
the present study, the iron oxide nanoparticles (FeNPs) were lethal to Hyalomma spp. [41]. Moreover,
deltamethrin/ZnO caused 100% mortality of adult
R. annulatus tick and larvae [24]. Also, 93.33%
mortality was reported in larvae and adults of R.
microplus treated by deltamethrin loaded on Ag NPs
and neem leaf extract [42]. Over all, the loading of
deltamethrin on these NCs did not change its
efficacy against the resistant isolates of R. annulatus
ticks.
In this study, Zn-Fe LDH-, Zn-Al-GA LDH-, and
Fe-O-NPs conjugated with deltamethrin caused low
level of decrease in the egg production index of the
treated resistant adult R. annulatus ticks. Therefore,
the acaricidal activity of deltamethrin was not
improved after loading it with these nanocomposites.
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