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Abstract

Aim: The present study focused on the evaluation of acaricidal efficacy of ethanolic extract of fruits of Datura stramonium against cattle tick
Rhipicephalus microplus in-vitro. The ethanolic extract of fruits of Datura stramonium were analysed for the presence of phytochemicals responsible for
antitick activities.

Methodology: The fruits of Datura
stramonium were dried, blended, powdered Ethanolic extracts of fruits of Datura stramonium
and extracted in ethanol using Soxhlet's
apparatus. In-vitro tests like Adult Immersion
Test and Larval Packet Test were utilized to
assess the effect of plant extract by utilizing Larval Adult Gas chromatography Fourier Transform

engorged R. microplus female. Reproductive [EEEISTRIONE e o Tt -Mass spectroscopy Infra-red Spectroscopy
Index, Inhibition of oviposition, adult and larval
mortality of female ticks were observed. The
phytochemicals present in the ethanolic fruits
extract of D. stramonium were assessed by

In vitro assays showing potent
acaricidal activities

Phytochemical investigations identify bioactive principles

Gas chromatography-Mass spectroscopy and that might be responsible for acaricidal activities
Fourier Transform Infra-red Spectroscopy.

Results: The present study indicated anti tick activities of ethanolic extract of Datura stramonium fruit against Rhipicephalus microplus by reporting a
mortality of 66.67%, Reproductive Index (0.11-0.16), Inhibition of oviposition ( 70.62%) and larval mortality (65%) at 100 mg mI" and LC,, value was
determined to be 61.66 mg ml". There was dose dependant mortality of adult and larva and inhibition of reproduction. The ethanolic fraction's spectral
examination revealed 31 components, with the presence of 2(4H)-Benzofuranone, 5,6,7,7a-(7.24), Hexadecanoic acid, methyl ester (9.16), 9,12,15-
Octadecatrienoic acid, methyl ester (9.35), 9,12,15-Octadecatrienoic acid (15.17), 2-Propenoic acid, 3-phenyl-, methyl ester (32.87) as major
phytocompounds.

Interpretation: These results showed that ethanolic extract of Datura stramonium fruits are source of phytochemicals with antitick activities. The findings
would be useful to the pharmaceutical industries for developing of ecologically friendly natural acaricides.
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Introduction

Invasive ectoparasitic infections reduce cattle
production, lessen its socio-economic potential and may even
cause mortality. Rhipicephalus microplus (Family Ixodidae)
commonly known as the tropical cattle tick is an economically
damaging ectoparasite being a vector for many important
diseases (Zamora et al., 2020). This one-host tick carries
diseases that are harmful to cattle, such as Babesiosis and
Anaplasmosis and even experimentally transmits Babesia equiin
horses (Moawad et al., 2020). They are mostly prevalent in
tropical and subtropical countries, with its status being endemicin
India. The prevalence of tick varies, with even reports of incidence
more than 50% in some regions of the country (Patel et al., 2019).
Ectoparasite populations exposed to costly, toxic environment
damaging ectoparasiticides on a regular basis has led to
insecticide/acaricide resistance in various agro climatic zones
throughout the globe. There have been reports of resistance to
pyrethroids and organophophates in R. microplus ticks (Guerrero
et al., 2012). This resistance can be avoided or delayed through
appropriate selection of acaricide, their rotations and mixtures
and through monitoring resistance (Sharma et al., 2021).

In recent times, use of synthetic or microbial pesticides
and biological control agents are being preferred against
arthropods. Several plant extracts and secondary metabolites
have acaricidal and repelling properties. They are powerful and
dependable acaricides as they are more effective with reduced
deleterious effects on humans and environment (Quadros et al.,
2020). Datura stramonium L. (Family: Solanaceae) commonly as
“Thorn Apple”, is one of the deadliest plant species owing to its
super toxic components. The presence of medicinal components
in its leaves, fruits, flowers, stem or roots established it as
traditional medicine and complementary therapies (Mukhtar et
al., 2019). The plant parts of Datura stramonium contain high
levels of tropane alkaloids atropine, hyoscyamine, and
scopolamine, which are anticholinergics. This plant has a
strong nauseating and therapeutic efficacy due to its
phytoconstituents and bioactive compounds (Singh and Singh,
2013). The anti-inflammatory and analgesic action can be due
to inhibition of cyclooxygenase (COX1 and COX2), which are
chemical mediators responsible for the stimulation of
nociceptors and induction of pain or inflammation (Chandan et
al., 2021). The extracts of Datura stramonium has been proved
to be have effective antimicrobial activity against Gram positive
and Gram negative bacterias (Gachande and Khillare, 2013).

The noxious property of plant is believed to the reason for
its strong nematicidal activities (Sharma and Trivedi, 2002) The
leaf extract of D. stramonium is reported to show larvicidal and
repellant activity against mosquitoes (Swati et al., 2012) as well
as acaricidal, repellent, and oviposition deterrent activity against
mites (Kurnal et al., 2010). Datura stramonium is mostly used as
anthelmintics and antiparasitic by farmers. The plant in its
growing stage acts as an insect repellant, protecting other nearby
plants from insects (Shagal et al.,, 2012). Studies have been

conducted on the insecticidal and acaricidal activities of different
parts of Datura plant (Shyma et al., 2014; Ghosh et al., 2015). In
this research, the efficacy of ethanolic extract of Datura
stramonium fruits was tested for potential acaricidal activities in
the cattle tick, R. microplus using larval packet test and adult
immersion test. The plant secondary metabolites can aid control
of ticks resistant to commercial acaricides which can be identified
by Gas chromatography coupled with mass spectrometry (Jin et
al., 2020). The ethanolic extract of fruits of Datura stramonium
were subjected to in-vitro tests for determing the acaricdal
efficacy and analysed through GCMS and FTIR spectroscopy to
identify phytoconstituents responsible for acaricidal activity .

Materials and Methods

Collection of plant material: Fresh fruits of Datura stramonium
were collected from their natural habitat in and around
Bhubaneswar, Odisha and were identified in the Department of
Botany, College of Basic Science & Humanities, Bhubaneswar.
The adulterants were separated, washed and dried in shade for
15-20 days. The dried fruits were then finely pulverized by blender
and the resulting powder was sieved through a mesh and keptina
separate clean and dry container. Hot extraction was done in
Soxhlet apparatus maintained at 70°C using 50 g of the plant
material and 500 ml of ethanol as solvent with apparatus running
for6-7 hrs.

Collection of target organism: Engorged R. microplus female
ticks were handpicked or collected using blunt end forceps with
gentle pressure, from the body of cattle and near cattle sheds as
per FAO (2004) guidelines. The ticks were identified under stereo-
zoom microscope as per taxonomical details (Walker et al., 2003)
and transferred into specimen bottles, washed and dried. About
20ticks were kept separately (28+1°C, 85+ 5 % RH) covered with
filter paper for oviposition. Eggs were laid up to 2 weeks, and
within 3-4 weeks hatched to larvae and these larvae were further
used in Larval packet test.

Adult Immersion Test: For adult immersion test, 120 ticks were
divided into four groups (four treatments) each comprising 30
ticks (10 ticks each in three replicates). Thirty ticks were used as
control where no treatment was applied. The procedure was
conducted based on FAO (1984) guidelines. The extracts were
dissolved in distilled water for making four different
concentrations (12.50, 25, 50, and 100 mg ml") with three
replicates were done for each concentration. The ticks were
submerged in working solutions of the plant extract for 5 min for
each dilution, while control group was immersed in distilled water.
The ticks were kept in room temperature for 24hr, thereafter
transferred to desiccators and kept in Bio-Oxygen Demand
incubator (28 + 2°C temperature and 80 + 5% relative humidity)
for oviposition. The tick mortality, weight of the eggs were
compared with the control group. They were allowed for
oviposition upto 14-15 days. The eggs were incubated and
percent hatching was determined visually.
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The corrected percent of tick mortality was calculated as
per Bagherwal et al. (1995). The reproductive index/index of egg
laying and percentage inhibition of oviposition/fecundity was
calculated using formulae (Goncalves et al., 2007).

Larval Packet Test: Larval packet test was conducted according
to FAO (1984) guidelines. Rectangle packets of 3.75%x8.5 cm
were made using Whatman filter papers. A 0.6 ml of the working
solutions of plant extracts was impregnated into the paper
rectangles for half an hour. The solutions were dried by keeping
the packets inside the incubator at 37°C for 30 min.
Approximately, 100 numbers of larvae were placed in each
rectangular folded packet and placed inside desiccators in BOD
incubator (28°C, 85 % RH). After 24 hr, packets were removed
and larvae were counted for mortality test.

Assesment of phytochemicals: A 5 mg extract of Datura
dissolved in 1 ml of GC-MS grade ethanol and 1 pl of it was used
for injection in the gas chromatography-mass spectrometer of
model GCMS-QP 2010, Shimadzu, Kyoto of Japan. Helium was
used as the carrier gas, with a flow rate of 1.0 mI min and an ion
source temperature of 250°C. Electron impact ionization was
used at 70 eV. The ethanolic fraction of Datura stramonium fruits
showed peak areas. The peaks were identified by NIST database
and retention index. lIdentification of metabolite was
accomplished by comparing retention time and mass spectra.
FTIR spectroscopy was used to identify the organic functional
groups present in the ethanolic fruit extract of Datura stramonium.
The FTIR spectrum was taken by loading ethanolic extract
sample in FTIR spectroscope in the mid infrared (IR) (FTIR,
Perkin Elmer Spectrum Two) with resolution 4, LiTa03 detector,
MIR source, Region of 450-4000 cm™, No of scans-8, Scan
Speed 0.2, Beam splitter — Opt KBr, UATR- Crystal Combination
Diamond be using attenuated total reflectance (ATR) technique.

Statistical Analyses: The data generated were analyzed
statistically and comparison of groups was done by One-way
ANOVAthrough SPSS Software version 20. Dose—response data
and lethal concentration (LC,,) was analysed by Log Probit.

Results and Discussion

Plant-based acaricides offer a lot of therapeutic potential
since they can kill ticks like Rhipicephalus microplus with less side

effects and more resistance (Ghosh et al., 2015). To address the
demands of farmers in a cost-effective way, further research in
plant-derived acaricidal is required today. Datura stramonim is a
wild weed of Solanaceae family possessing healing properties.
The toxic effects of plant is due to the presence of alkaloids, which
may induce anticholinergic poisoning if consumed in high
amounts (Pretorius and Marx, 2006). Datura stramonim extract
consists some alkaloids, terpenoids, and flavonoids that are
incriminated for its insecticidal properties (Berko et al., 2006).
Various species of Datura possess insecticidal, antifeedant and
acaricidal effects along with repellent and oviposition impediment
action. The ethanolic extracts of Datura stramonium leaves and
seeds have repellent, reproduction inhibiting and acaricidal
effects (Thevan et al., 2005).

The acaricidal efficiency of ethanolic extracts of fruits of
Datura stramonium against adult engorged females of
Rhipicephalus microplus were accessed by measuring the adult
and larval mortality and other reproductive indices through Adult
Immersion and Larval Packet Test. The yield of the extract from
Soxhlet’s extraction was 21.4%. A perusal of Table 1 shows that
the ethanolic extract of D. stramonium fruits showed highest adult
mortality rate (66.67%) at 100mg mi" followed by reduced
mortalities at lower concentration which were significant in
comparison to the control group. There was increase in
reproductive index (0.149 to 0.217) with decrease in the
concentration of extract. The fruit extract produced a maximum
inhibition of oviposition (70.63) at highest concentration. The
maximum larval mortality (65%) was observed at 100 mg ml’
whereas the lowest mortality (21.6%) was produced at 12.5 mgml’
significant differences amongst extract concentrations (Table 2).
Similar research with methanolic leaf extract of D. stramonium had
shown considerable acaricidal activity against R. microplus
revealing 73.3% adult death, 77.17 % oviposition inhibition, and
71 % larval mortality (Shyma et al., 2014). Furthermore, Ghosh et
al. (2015) reported 20% adult death after 72 hrs of administration
with ethanolic leaf extracts of D. stramonium, while D. metel fruits
caused 65% adult mortality. However, no previous documentation
on the acaricidal effect of Datura stramonium fruit extract has been
reported. The regression equation revealed LC,, of 61.66 mg ml” for
D. stramonium fruit extracts. The results of the present study showed
potent acaricidal activity of ethanolic fruit extract of Datura
stramonium against Rhipicephalus microplus suggesting the

Table 1: Adult mortality, Reproductive Index and Inhibition (RI) of oviposition (I0) by ethanolic extract of Datura stramonium fruits in engorged females of

Rhipicephalus microplus

Concentration Live tick weight Mortality Weight of eggs RI 10%

(mg ml’) (@ (%) laid (g)

Control 0.746 £ 0.016 0 0.380 + 0.061 0.507 +0.070 0

100 0.76 £ 0.005 66.667 + 3.333" 0.113 £0.010° 0.149 £ 0.014° 70.632 £ 2.676°
50 0.737 £ 0.007 43.333+£3.333" 0.134 £0.010° 0.182 +0.012° 64.128 + 2.458°
25 0.752 £ 0.004 20 +0.000c 0.148 + 0.006° 0.197 +0.008° 61.131 £ 1.651°
12.5 0.748 + 0.009 3.333 £ 3.333° 0.162 + 0.006 0.217 £0.010 57.204 + 1.970°

*Means bearing different superscript in the same column differ significantly (p<0.05)
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Table 2: Efficacy of Datura stramonium fruits ethanolic extract on Rhipicephalus micropluslarva

Concentration No of treated larva Live larva Dead larva Larval mortality (%)
Control 100 100 0 0

100 100 35+1.155 65+1.155 65+1.155°

50 100 40.667+0.667 59.333+0.667 59.333+0.667°

25 100 49.667+1.202 50.333+1.202 50.333+1.202°

12.5 100 78.333+1.453 21.667+1.453 21.667+1.453°

*Means bearing different superscript in the same column differ significantly (p<0.05)

Table 3: FTIR peak values with strength and functional group of ethanolic
extract of Datura stramonium fruits

Table 4: Retention time of active compounds and peak area of GCMS
spectral analysis of ethanolic fruit extract of Datura stramonium

Peak values Strength Functional groups
3349.46 s Carboxylic acid
2089.46 m alkynes

1632.5 m-s amides

1405.03 m amines

1353.67 m-s phenols

1055.4 m-s alcohols

1033.65 s Alkyl hallide
466.62 s Alkyl hallide

s= strong; m-medium

presence of acaricidal phytocomponents. The GC-MS analysis
identified many bioactive principles contained in the ethanolic fruit
extract of Datura stramonium out of which five compounds namely,
2(4H)-Benzofuranone, 5,6,7,7a- Hexadecanoic acid, methyl ester,
9,12,15-Octadecatrienoic acid, methyl ester, 9,12,15-
Octadecatrienoic acid, 2-Propenoic acid, 3-phenyl-, methyl ester
were present predominantly (Table 3). FTIR analysis showed the
presence of different functional groups (Table 4) like carboxylic acids,
alcohols, phenols and amines that corresponds to the compounds
identified through GC-MS analysis.

Hexadecanoic acid, methyl ester (methyl palmitate) that
have been reported from from Albizziae julibrissin has acaricidal
action, indicating that fatty acids are promising bioactive
substances for controlling R. microplus (Park et al., 2016). Methyl
ester of palmitic acid from Vitex negundo had larvicidal efficacy
against Culex quinquefasciatus (Kannathasan et al., 2008).
GCMS analysis revealed hexadecanoic acid, ethyl ester (12.74
%) in the crude extract of ethanolic extract Brunfelsia uniflora leaf
that exhibited in-vitro acaricidal action against eggs, larvae and
engorged females of bovine tick (Alsamir et al., 2019). 2(4H)-
Benzofuranone, 5,6,7,7a--tetrahydro-4,4,7a-trimethyl
(dihydroactinidiolide) is an insect semiochemical with Pherobase
F157Bp2 (Larsson, 2016). Methyl ester of 9,12,15
Octadecatrienoic acid (o-linoleic acid) has anti-inflammatory,
insectifuge, antihistaminic, and anti-parasitic activities (Panda et
al., 2020). Arceo-Medina et al. (2016) reported methyl esters of
octadecaneoic acid exhibiting anti-tick effect against larva and
adults of R. microplus. The acaricidal activity exhibited against

SINo Retention Height Area
time (%) (%)

Compounds

1 5.045 2.21 0.74  Furan, tetrahydro-3-methyl-

2 5.118 1.95 0.69  Cyclobutane, 1,2-diethyl-

3 5.150 1.69 0.85  Butyl isocyanatoacetate

4 5.465 172 039  5-Methyl-1,5-hexadien-3-ol
ester

5 5.530 1.37 0.59  trans-2-Aminocyclohexanol

6 5.749 2.18 1.03  Hexane, 2,2,3-trimethyl-

7 5.785 1.84 1.16  Pentafluoropropionic acid,
butyl

8 5.904 1.51 1.37
9 6.070 136 043

3-Buten-1-ol, 3-methyl-
Hexane, 4-ethyl-2,2-
dimethyl-

2-Propenoic acid, 3-phenyl-,
methyl ester
2(4H)-Benzofuranone,
5,6,7,7a-

Phthalic acid, 3-methylbenzyl
1,2-Benzenedicarboxylic

acid, b

Hexadecanoic acid, methyl
ester
9,12,15-Octadecatrienoic acid,
3-Methyl-2-(3-methylpentyl)-3-
9,12,15-Octadecatrienoic
acid, methyl ester

10 7.7192 17371 32.87

1" 10.823 635 7.4

12 11.794 4.1 4.29
13 17.491 172 1.05

14 18.649 922  9.16
15 22.070 16.39 1517

16 22.313 216 2.62
17 22.955 595 935

bovine tick in-vitro and free-living stage ex-situis supported due to
the presence of 9,12,15-octadecatriencic acid, ethyl ester
(21.18%) present in the ethanolic leaf extract of Brunfelsia
uniflora (Alsamir et al., 2019). 9,12,15-Octadecatrienoic acid
(linolenic acid) possess antiplasmodial properties (Melariri et al.,
2011). Conjugated linoleic acid benefits as insecticide due to
antifeedant effects, increased larval mortality, decreased
larval development and egg viability as it manipulates fatty
acid composition in non-mammalian systems leading to
embryonic mortality (Clements et al., 2019). Methyl ester of 2-
Propenoic acid, 3-phenyl- (cinaminic acid ester) extends
antimicrobial, antioxidant as well as acaricidal activity against
mange mites (Chen et al., 2018). Cinnamic acid and its ester
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derivatives occur commonly in plants with low toxicity and
certain degree of acaricidal activity (Zhang et al., 2015). The
phyto compounds recovered from the ethanolic fruits extract
of Datura stramonium in the present study possess anti tick
effect that could embolden researchers for further
investigation to validate its use as an anti-tick formulation.

The fast development of anti-tick drug resistance, high
cost of current acaricidal medicines is hampering effective tick
control in cattle. The present investigation is the only study that
elucidates the acaricidal effect of ethanolic fruits extract of D.
stramonium on adult and larva mortality as well as reproduction
parameters. Further studies to evaluate the major metabolites
singly as well as in combination could pave way for a possible
economical and environment friendly means to prevent the
menace of R. microplus infestation.
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