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Abstract

The emergence of tick resistance against synthetic and eco-toxic chemical acaricides has
stressed the need to find target-specific, non-toxic, and more potent alternatives such
as botanicals. The current study was designed to investigate the acaricidal and repellent
potential of ethyl acetate extract of Moringa oleifera seeds against Rhipicephalus microplus
cattle ticks. Adult immersion test, larval immersion test, and tick climbing repellent assay
were carried out to evaluate the acaricidal and repellent potential of M. oleifera extract.
Five different concentrations (20, 10, 5, 2.5, and 1.25 %) of the ethyl acetate extract of
M. oleifera were prepared to evaluate the acaricidal and repellent potential. Different
parameters like adult tick mortality, larval mortality, egg hatchability, inhibition of egg
hatchability, oviposition reduction, reproductive index, reproductive efficiency index,
tick repellency, and product effectiveness were determined. Ethyl acetate extract of
M. oleifera showed 70% adult mortality after 24 h treatment when 20% concentration
was used. Similarly, 73% larval tick mortality was observed at 20% concentration. The
results also showed the dose-dependent response of ethyl acetate extract of M. oleifera
seeds against egg hatchability, inhibition of egg hatchability, oviposition reduction,
reproductive index, reproductive efficiency index, and tick repellency, confirming
that 20% concentration is effective as an acaricide and repellent against R. microplus.
Therefore, the tested extract can be considered a possible candidate for controlling R.
microplus in cattle.
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virus . No doubt, R microplus (Acari: Ixodidae)
infest livestock animals, but they also have zoonotic
potential because they can transmit certain pathogens
to humans P¢. For example, in the United States of
America, 4151 cases of human granulocytic anaplasmosis
(HGA) were recorded in 2016, and 2358 cases of

INTRODUCTION

Rhipicephalus (Boophilus) microplus ticks are hematophagous
ectoparasites of cattle (Bos taurus) and are mostly found
in tropical and subtropical regions ['l. R. microplus ticks
also infest other bovids including water buffalo (Bubalus

bubalis), gaur (B. frontalis), and banteng (Bos javanicus) 1.
R. microplus cattle ticks are causing huge economic losses
in terms of decreased milk and weight gain, morbidity,
mortality, hide damage, and cost of disease control. The
economic loss due to R.microplus is estimated at 22-
30 billion dollars/annum Pl They also transmit several
pathogens including Babesia bovis, Babesia bigemina,
Anaplasma marginale, and thrombocytopenia syndrome

babesiosis in 2017 781,

Various chemical drugs including pyrethroids (permethrin,
flumethrine), arsenical preparations, chlorinated hydro-
carbons (DDT, lindane), organophosphates (coumaphos),
carbamates (carbaryl) macrocyclic lactones (ivermectin),
formamidines (amitraz), phenyl pyrazoles (fipronil)
and insect growth regulators (fluazuron) were used to

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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control R. microplus population ©'°. Unfortunately,
the continuous and irrational use of these chemical
acaricides has led to the development of resistance in
the tick population M. The resistance is developed
because of the mediation of para-sodium channels and
mutation in the acetylcholinesterase enzyme system ['2.
These chemical acaricides are also not readily accessible
to the farmers because of their high costs. However, they
may have hazardous effects on human and animal health
through the contamination of cattle milk and meat %],
Due to the increasing emphasis on sustainable agriculture
and the growing interest in organic farming practices,
synthetic acaricides such as pyrethroids, organo-
chlorines, and organophosphates have faced restrictions
in the global market . Consequently, scientists and
researchers have changed their interest in the development
of new agents and are focusing on alternative control
strategies ['>'¢]. Therefore, many effective control strategies
have been used, including pheromone-assisted control,
vaccination, entomopathogenic fungi, nanoparticles, and
botanicals ['7'8],

Plant-derived products seek special attention among
the alternate control strategies and can be promising as
an acaricidal source "’ The insecticidal and acaricidal
potentials of these plant extracts are due to the presence
of chemical components and their interaction among
themselves 2. Furthermore, plant extracts are
biodegradable, eco-friendly, and target-specific to the
species.

Moringa oleifera is a globally distributed plant and most
people use it in their diet because of its therapeutic
properties. It has been used to cure various chronic
diseases for centuries because of its ethnomedicinal
properties ?2l. Because of its pharmacological properties,
it has been used as an antioxidant, anti-inflammatory,
antimicrobial, antiviral, antifungal, anthelmintic, and
anti-parasitic . These properties are due to the presence
of several chemical compounds such as tannins, flavonoids,
saponins, terpenoids, glycosides, steroids, coumarins,
proteins, carbohydrates, and starches. Other phytochemical
analysis revealed the presence of isoquercetine, astragalin,
isorhamnetin, daidzein, apigenin, luteolin, genistein,
epicatechin, ferulic acid, gallic acid, ellagic acid, sinapic
acid, caffeicacid, chlorogenicacid, salicylic acid, vicenin-2,
niazimicin, and niazirin ?4.

In this study, we investigated the potential of ethyl acetate
extract of M. oleifera on adult tick mortality, larval
tick mortality, percentage egg hatchability, inhibition
of oviposition, reproductive index, and reproductive
efficiency index of R. microplus. In addition, we also
investigated the repellent effect of M. oleifera against adult
ticks of R. microplus.

MATERIALS AND METHODS
Ethical Approval

This study was conducted with approval from the
Departmental Ethical Review Board, Department of
Parasitology, University of Agriculture, Faisalabad
(Approval No. PAR/315-24, dated 03-06-2024).

Plant Material Preparation

The seeds of M. oleifera were purchased from the local
herbal market in Karkhana Bazar Faisalabad, Pakistan.
The seeds were then identified by an expert botanist at
the Department of Botany, University of Agriculture,
Faisalabad, Pakistan. The seeds were then air-dried for
48 h and ground into fine powder. The powder was
kept in a clean and dry glass container (Imperial-G®).
The plant extract was prepared by mixing 300g of
M. oleifera powder into 2700mL of liquid ethyl acetate
(UNI-CHEM®) in a 1:10 w/v ratio. The material was
stirred continuously after regular intervals and filtered.
The desired extract was obtained by reducing the vacuum
under Xinchen®XZ-10L at 27°C. The extract was then
stored at -4°C until the analysis. The percentage yield was
then calculated by the formula given below:

weight of the dry extract
weight of the dry seeds before extraction

100

Percentage yield=

Collection and Preparation of Ticks

A total of 300 R. microplus ticks were collected from
different areas of Tehsil Chuk Chumbra, District
Faisalabad, Pakistan. The ticks were collected in 100
mL plastic bottles (Merum’) from different body parts
including the neck, groin, and udder of cattle with the help
of blunt end forceps (Premium’). The plastic bottles were
provided with tiny holes for proper aeration. The ticks were
then transported to the Chemotherapy Lab, Department
of Parasitology, University of Agriculture, Faisalabad,
Pakistan. The ticks were washed and identified under a
stereomicroscope (Nikon') according to the identification
guide 2. Two groups of 300 ticks were made. One group
contained 210 ticks for the adult immersion test and the
remaining 90 ticks were placed in a separate group and
incubated in biological oxygen demand (BOD at 27°C and
85% relative humidity. The latter was used to evaluate,
inhibition of oviposition (I0), egg hatchability (EH),
reproductive index (RI), and reproductive efficiency
index 7. The effectiveness of the product was also
investigated. For these purposes, the following formulas
were used.

IE control-IE treated
IE control

10 (%) = x 100

Number of eggs hatched
g8 X 100

EH (%) =

total number of eggs
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Weight of eggs laid

RI (%) = x 100

Weight of adult females before treatment

egg mass weightx% egg hatchin
% S8 S 8 % 20000
engorged female tick weight

REI =

RE control—RE treatment

PE (%) =

Bioassays

x 100

RE control

Adult immersion test, larval immersion test, and tick
repellent assay were used to evaluate the acaricidal and
repellent potential of ethyl acetate extract of M. oleifera
seeds.

Adult Immersion Test (AIT)

The adult immersion test was carried out to determine
the adult engorged R. microplus tick mortality. A total of
210 engorged female cattle ticks were divided into seven
subgroups which include five subgroups for five different
concentrations along with positive (cypermethrin 0.1%
of K-CYPER) and negative (distilled water) control
groups. Each subgroup was further subdivided into three
replications and each replication contained 10 ticks. Five
concentrations (20, 10, 5, 2.5, and 1.25) of M. oleifera were
prepared. 5 mL of each concentration was taken out in
separate Petri dishes (SMART LAB). The collected ticks
were then immersed, removed, washed with distilled
water, and placed on filter paper to dry. All dried ticks
were then transferred into a desiccator and placed in a
BOD incubator where temperature and relative humidity
were maintained at 27°C and 85% respectively. The adult
tick mortality of all groups was calculated after 6, 12, and
24 h treatment. The mortality of R. microplus ticks was
confirmed by the loss of motility or sensitivity and the
absence of motion of malpighian tubules and pedal reflex.

Percentage mortality was calculated by the following
formula:

Number of dead ticks
Total number of ticks

100 &

Percentage mortality =

Larval Immersion Test

The LIT was used to evaluate the larval mortality *).
Similar to the adult immersion test five concentrations
(20,10, 5, 2.5, 1.25%) concentrations were taken in 1.5 mL
microcentrifuge tubes. 100 R. microplus larvae were
placed in each 1.5 mL microcentrifuge tube. The positive
control group was treated with 1 mL of 0.1% cypermethrin
while the negative control was treated with distilled
water. After adding the larvae, the tubes were sealed and
shaken vigorously for 30 sec and then gently for 5 min.
Each treated larva was then transferred to filter paper to
dry. After that, the larvae were placed on Whatman filter
paper No. 1 (8.5%x7.5 cm), folded, and sealed with hairpins
to form a packet. These packets were then incubated at

27°C and 85% relative humidity. Live and dead larvae
were counted after 48 h treatment. The experiment was
repeated three times and larval mortality was counted
by the following formula:

Number of dead larvae

x 1008

Percentage mortality=
Total number of larvae

Tick Climbing Repellent Assay (TCRA)

The TCRA was used to investigate the repellent activity of
ethyl acetate extract of M. oleifera. The same protocol was
followed as adapted by U, For this procedure, two vertical
aluminium rods were taken which were spaced 7cm from
each other and attached to an aluminium base. Each
aluminium rod was encased in a glass tube with a piece of
filter paper wrapped around it. The top of each tube was
sealed with wet cotton wool. M. oleifera concentrations
(20, 10, 5, 2.5, 1.25 %) were applied to aluminum rods
and 30 ticks were placed for each concentration. A similar
procedure was done for positive (0.1% cypermethrin) and
negative control (distilled water). Some ticks were unable
to climb up due to the repellent effect of ethyl acetate
of M. oleifera and data were recorded for all groups.
The percentage repellency was calculated by using the
following formula:

100— (mean number of ticks not repelled)

Percentage Repellency = x 100

mean number of ticks not repelled by control

Statistical Analysis

Results of R. microplus adult cattle ticks (adult tick mortality,
larval mortality, reproductive index, reproductive efficiency,
inhibition of oviposition, percentage larval hatching,
and product effectiveness) were analyzed using Tuckey’s
test (P>0.05). Lethal concentrations (LCs, and LC,,) and
repellent concentrations (RCs, and RCy,) were calculated
by using Statistical Product and Service Solutions (SPSS)
software.

RESULTS
Yield of the Ethyl Acetate Extract of M. oleifera

Using the hydrodistillation process, a yield of 12.8%
was determined for the ethyl acetate extract of M. oleifera.

Adult Tick Mortality

Effect of Ethyl Acetate Extract of M. Oleifera Seeds on
Adult Tick Mortality: The results of the adult immersion
test for various concentrations (20, 10, 5, 2.5, 1.25%) of
ethyl acetate of M. oleifera seeds are shown in Table 1
and Fig. 1. Value for adult tick mortality was lowest at
AX=1% concentration whereas 70% mortality was seen at
EX=20% treatment. The results demonstrated that a 20%
concentration of M. oleifera showed a significant (P<0.05)
acaricidal effect against R. microplus adult ticks when
compared with negative control. LCs, and LCy, values
were calculated as shown in Table 2.
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Table 1. Percentage mortality of adult Rhipicephalus microplus ticks treated with various concentrations of ethyl
acetate extract of M. oleifera seeds under laboratory conditions (27°C and RH = 85%)
Concentra.tions of M. Mortality After 6 h Mortality After 12 h Mortality After 24 h
oleifera
AX 10£0¢ 16.6+5.77¢ 23.33+5.77¢
BX 23.33+5.77< 33.33£5.77¢ 43.33+5.774
CX 36.66+5.77% 46.66+5.77¢ 56.66+5.77<
DX 46.66+5.77% 56.66+5.77% 66.66+ 5.77%
EX 53.33+5.77° 63.33+£5.77° 70+10°
B@ 100£0° 100£0° 100£0°
NC 0+0° 004 0+0°
AX: M. oleifera 1.25%; BX: M. oleifera 2.5%; CX: M. oleifera 5%; DX: M. oleifera 10%; EX: M. oleifera 20%; PC: Positive Control; NC:
Negative Control. Mean+SD along with the same superscripts have a non-significant difference (P>0.05) from each other

% Mortlaity

AX BX X

-20

i Adultmortality 6 hrs

Concentrations

% Adult mortality 12 hrs

DX EX PC

B Adult mortality 24 hrs

Fig 1. Effect of different concentrations of M. oleifera on adult R. microplus
ticks. AX: M. oleifera 1.25%; BX: M. oleifera 2.5%; CX: M. oleifera 5%;
DX: M. oleifera 10%; EX: M. oleifera 20%; PC: Positive Control; NC:
Negative Control. Mean+SD along with the same superscripts have a non-
significant difference (P>0.05) from each other

Table 2. LC, and LC, values with 95% Confidence interval (C.I) of ethyl acetate extract of M. oleifera seeds against
adult tick mortality at different time intervals
Time LC50 (95% LC90 (95%
+ 2 2
Interval C.I) C.I) el X R
0.057 6.246
6h 0.91+0.62 0.176 0.947
M. oleifera Seed (0.019-1.070) | (3.019-8.302)
Extract
0.047 3.721
"
12h (0.017-1.009) | (1.171-5.223) 1.12+0.69 0.471 0.909
0.019 0.702
"
24h (0.007-0.461) | (0.039-3.121) 1.68+0.91 0.588 0.886
LC: lethal concentrations; X*: Chi-square; R*: coefficient of determination; SE: standard Error

Larval Mortality

Effect of Ethyl Acetate Extract of M. oleifera Seeds on
Larval Mortality: The larvicidal effect of ethyl acetate
extract of M. oleifera seeds at various concentrations (20,
10, 5, 2.5, 1.25%) was evaluated against the larvae of R.
microplus ticks. The results demonstrated that a 20%
concentration of M. oleifera showed a significant (P<0.05)
effect when compared with negative control. LCs, and
LCy, values were also calculated which showed toxicity at

12.41 and 2.41% doses respectively. Fig. 2 indicates that
as extract concentration increased, larval mortality also
increased.

Effectiveness of the M. oleifera Extract

The efficacy of ethyl acetate extract of M. oleifera seeds
against R. microplus ticks was determined through the
product effectiveness parameter. Different concentrations
of ethyl acetate of M. oleifera seeds were used and proved
to have different results concerning effectiveness against
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Fig 2. Effect of different concentrations of M. oleifera on larvae of R.
microplus ticks. AX: M. oleifera 1.25%; BX: M. oleifera 2.5%; CX: M.
oleifera 5%; DX: M. oleifera 10%; EX: M. oleifera 20%; PC: Positive Control;
NC: Negative Control. Mean+SD along with the same superscripts have a
non-significant difference (P>0.05) from each other

Table 3. Mean values of egg hatchability, % inhibition of hatchability, oviposition reduction, reproductive index, and
reproductive efficiency index engorged females of R. microplus treated with various concentrations of ethyl acetate
extract of M. oleifera seeds under laboratory conditions (27°C and RH = 85%)
o - ogrenE . Reproductive
Concentrations of Ese Hatchabili %Inhibition of | Oviposition Reproductive Efficienc
M. oleifera 88 ty Hatchability Reduction Index Y
Index
AX 80.55+1.50° 19.44+1.50° 54.73+0.90¢ 33.59+0.71° 54.12+2.05°
BX 75.11£3.20° 24.88+3.20° 62.87+1.70<¢ 27.54+1.26% 41.4 £3.64%
CX 63.11£5.27° 36.88+5.27° 69.05+1.64< 22.96+1.21% 29.07+3.92<¢
DX 42.44+1.67¢ 57.55%1.67¢ 79.94+4.92% 14.88+3.65 12.71%3.55%
EX 27.22+2.54¢ 72.77£2.54¢ 89.15+1.74° 8.04+1.29¢ 4.4+1.04<f
1(C 13.11+2.77¢ 86.88+2.01774 93.06+10° 5.14+0.74¢ 1.34+0.32¢
NC 88.22+2.52° 11.77+2.52* 40.66+0.95¢ 44.03+0.7° 77.7£3.36
AX: M. oleifera 1.25%; BX: M. oleifera 2.5%; CX: M. oleifera 5%; DX: M. oleifera 10%; EX: M. oleifera 20%; PC: Positive Control; NC:
Negative Control. Mean+SD along with the same superscripts have a non-significant difference (P>0.05) from each other
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Fig 3. Effectiveness of different concentrations of M. oleifera against R.
microplus ticks. AX: M. oleifera 1.25%; BX: M. oleifera 2.5%; CX: M. oleifera
5%; DX: M. oleifera 10%; EX: M. oleifera 20%; PC: Positive Control; NC:
Negative Control. Mean+SD along with the same superscripts have a non-

significant difference (P>0.05) from each other

R. microplus cattle ticks. The 20% concentration showed
significant (P<0.05) results when compared with the
negative control and had non-significant (P>0.05) results
from the positive control (0.1% cypermethrin) as shown
in Table 3 and Fig. 3.

Percentage Repellency

The results of tick repellency of ethyl acetate extract of M.
oleifera seeds at different concentrations (20, 10, 5, 2.5,
1.25%) were shown in Table 4 and Fig. 4. Tick repellency
was calculated at 4 h and 8 h post-treatment. The results
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Table 4. Percentage Repellency of adult Rhipicephalus microplus ticks treated with various concentrations of ethyl acetate extract
of M. oleifera seeds under laboratory conditions (27°C and RH = 85 %)
Concentrations of M. oleifera Repellency After 4 h Repellency After 8 h

AX 19.62+1.69% 14.94+2.13¢

BX 34.81+5.59¢ 29.89+6.4¢

CX 50.74+4.62¢ 43.05+2.22¢

DX 64.81+3.39% 49.1+4.89°

EX 77.4+4.2° 60.49+4.04°

E@ 97.77+2.22* 91.45+4.31*

NC 7.4%2.79¢ 4.27+2.82¢
AX: M. oleifera 1.25%; BX: M. oleifera 2.5%; CX: M. oleifera 5%; DX: M. oleifera 10%; EX: M. oleifera 20%; PC: Positive Control; NC: Negative
Control. Mean+SD along with the same superscripts have a non-significant difference (P>0.05) from each other

120 R

100

o®
S

40

% Rpeellency

20

AX BX CX DX EX PC NC

-20
Concentrations

#Repellency 4hrs B Repellency 8hrs

Fig 4. Effect of different concentrations of M. oleifera on repellency of
R. microplus ticks after 4 and 8 h interval. AX: M. oleifera 1.25%; BX: M.
oleifera 2.5%; CX: M. oleifera 5%; DX: M. oleifera 10%; EX: M. oleifera 20%;
PC: Positive Control; NC: Negative Control. Mean+SD along with the same

superscripts have a non-significant difference (P>0.05) from each other

revealed that the highest repellencies 77.4 and 60.49% were
observed after the 4™ and 8™ h of treatment respectively
when a 20% concentration of the extract was used.

Di1sCcuUsSION

Livestock have significant economic importance
worldwide. Various synthetic chemical drugs have been
used to control R. microplus but the continuous, frequent,
misuse of these drugs has led to the development of R.
microplus resistance 'l Scientists are moving towards
alternate sources such as vaccination, entomopathogenic
fungi, nanoparticles, and botanicals 2. Due to their
pharmacological properties, botanicals have been
extensively used as antioxidants, antibacterials, antivirals,
antifungals, and antiparasitic ****.. Research on plant
extracts revealed their insecticidal and acaricidal potential
and they could be used to control ticks as an alternative
replacement for synthetic compounds ¢,

M. oleifera plant is widely distributed and mostly present
in South Asian countries like Pakistan, India, and
Bangladesh. In different countries, it is often used for
medicinal purposes, mainly as a laxative and analgesic.
These properties are due to the presence of tannins,

phenolics, flavonoids, starch, carbohydrates, fats, vitamins,
alkaloids, and minerals . The present study was
conducted to evaluate the in vitro acaricidal and repellent
potential of ethyl acetate extract of M. oleifera seeds on
R. microplus engorged females and larvae. Adult and larval
immersion tests were carried out against R. microplus
ticks and results showed maximum adult (70%) and larval
mortality (73%) at 20% concentration. The LCy, values
were also calculated which showed that 6.246, 3.721, and
0.702% values are toxic at 6, 12, and 24 h for adult tick
mortality. The present study was in line with the same study
investigated by Radwan et al.*! that demonstrated the
acaricidal potential of Aloe vera and Rheum rhabarbarum
against R. microplus. A similar study was conducted by
Alborzi et al.!, in which the acaricidal potential of M.
oleifera against Hyalomma dromedarii ticks was evaluated.
The results also showed that the hydroethanolic extract of
M. oleifera caused the mortality of adults and larvae and
reduced the ability of ticks to lay eggs.

Our study also revealed the detrimental effects of ethyl
acetate extract of M. oleifera seeds against reproductive
parameters. It is evident by decreased egg-laying ability,
egg weight, and reproductive index. Egg hatchability and
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reproductive efficiency index have also been reduced.
This decrease in reproductive parameters is associated
with the presence of phytochemicals in M. oleifera. These
phytochemicals act synergistically on the salivary and
reproductive glands of ticks and act as antitick agents
421 Different studies confirmed the presence of a variety
of phenolics and flavonoids in M. oleifera which include
syringic acid, caffeic acid, p-coumaric acid, benzoic acid,
vallic acid, gallic acid, luteolin, galanin, quercetin, and
kamferol. Bustos-Baena et al.*! confirmed that caffeic
acid and vallic acid obtained by Randia aculeata had been
found effective against R. microplus and they are involved
in inhibiting the synthesis and functioning of different
hormones critical for the reproduction process, leading to
decreased egg production and decreased egg hatchability.
Zhang et al.*! investigated the potential of gallic acid
against Ectropis obliqua and found its application as
an anti-insect agent. In a similar study, Baz et al.l*!
determined the fumigant and adulticidal effect of garlic,
mustard, radish, and rosemary against insects and found
them to be an anti-insect agent. The previous study also
demonstrated that quercetin present in plant extracts can
target specific proteins in insects and hinder their feeding
activity . The phenolics particularly quercetin in plant
extracts can bind with different amino acids at specific
sites and denature the protein structure, hence leading to
the disintegration of cuticular membrane #’.. The previous
studies also revealed that the phenolics such as vallic acid
and ferulic acid caused oxidative stress by the production
of superoxide free radicals which have deleterious effects
on the growth and development of the insect 3. In
another study, it was confirmed that the application of
the phenolics to the insects particularly in ticks produced
oxidative stress markers (lipid peroxide, hydrogen
peroxide, and superoxides) that are involved in producing
oxidative stress and hence act as anti-tick agents. Guneidy
et al.* confirmed the effects of phenolics, flavonoids, and
tannins on tick cuticles and their penetration into the
cell membranes to create vacuum and dissociation.

RC;, and RC,, values were also calculated which showed
a repellent effect after 4 and 8 h treatment. The repellent
activities of M. oleifera may be due to the chemicals that
produce a vapor barrier around the insects and prevent
the insects from touching or settling on the skin. The
repellent effect of plant extracts decreases with time, as
results show that it is higher 4 h after treatment and
lower 8h after treatment. Based on the evidence provided
it is justified that phytochemicals are responsible for
anti-tick activities.

The results of the current study confirmed that the ethyl
acetate extract of M. oleifera seeds has acaricidal and
repelling effects against the R. microplus ticks. However,
animal trials are advised before endorsing the use of this

M. oleifera extract in practical application. Further study
and better techniques are also required to determine the
exact chemical composition of M. oleifera. In addition,
better and improved techniques may increase the yield
and residual life of plant extracts.
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