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ABSTRACT

Purpose: Ticks (Acari: Ixodidae) are the heamatophages arthropods and an important disease causing
ectoparasites of animals and Human. Ticks are primarily controlled by the application of chemical acaricides,
though tick populations control has not been achieved adequately. The objective of this present study is to
appraise the acaricidal and repellent efficiency of Nicotiana tabacum and Lawsonia inermis extracts using
different solvents against H. bispinosa.

Methods: The leaves of N. tabacum as well as leaves and seeds of L. inermis were extracted by soxhlet
apparatus with five solvents. The active compounds were analyzed by GC MS analysis. A stock solution of
plant extracts was prepared in Dimethyl Sulpho Oxide and the subsequent concentrations of 5, 10.15, 20 and 25
mg/ml for acaricidal and 0.5, 1, 1.52, and 2.5 mg/ml for repellency bioassay were used as working
concentration.

Findings: Among the tested extracts, the methanolic and ethanolic extract of both the plants showed the highest
activity against ticks. The percent larval tick mortality of N. tabacum and L. inermis varied from 46.9 % to
96.5%, at higher concentration of 25 mg/ml.The repellencies observed in extracts of N. tabacum leaf ranged
from the lowest 0.5 mg/ml (31.9%) to the highest 2.5 mg/ml (99%) concentration.

Conclusion: The results obtained from the study highlighted the ethanolic and methanolic extracts of Nicotiana
tabacum and Lawsonia inermis plant products may be used as an alternative to synthetic anti-tick products.
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1. INTRODUCTION

Ticks (Acari: Ixodidae) are the obligate blood sucking
arthropods and are important ectoparasites of animals
of both domestic and wild life [1]. Ticks and tick-
borne diseases (TTBDs) affect 75- 80% of the global
cattle population, particularly in tropical and
subtropical countries [2]. The world monetary losses
due to TBDs have been estimated as US $14,000-
18,000 million per year and in nationwide it was
approximately US $ 498.7 million [3]. India is the
fastest growing country and more than 70 percent
population of India is earning from agricultural and
animal husbandry sector and about 30.5 million
people depend upon livestock for their livelihood.
Ixodidae ticks are considered as the most
economically important tick species parasitizing
livestock, wild animals and humans in India [4], in
which Haemaphysalis bispinosa is one among the
important species that affect the health of cattle.
These species of ticks cause major effect on the
animal husbandry and productivity of cattle,
veterinary health, diary production and quality of skin
[2,5].

Control of ticks in livestock has primarily been
brought about by the application of chemical
acaricides and more recently by insect growth
hormones [6]. Even recent technology developments
in tick control strategies are ongoing, though tick
populations control has not been achieved sufficiently
[7]. Further, the enormous use of chemical acaricides
leads to resistance, health hazards can harm the
humans, animals and environment [8]. The amounts
present in the environment have been shown to be
toxic to some species of zooplankton and fish [9,10].
In humans, this repellent may cause insomnia, mood
disturbances, impaired cognitive functions, seizures,
toxic encephalopathy, and allergic reactions [11].

So there is an urgent need to develop an alternative
plant based substances as acaricides to control

Ixodidae ticks [12]. Botanical pesticides are
biodegradable and their use as an acaricide is a
practical ~ sustainable alternative and reduces

environmental contamination and human health
hazards. Many plant species have been traditionally
used to control ticks, but the efficacy of extracts of
many of the plant species have not been investigated
and validated in the laboratory. Validation of
traditionally used plants in the laboratory would be a
reliable source of anti-tick products and an important
step in the strategy for development of plant based
alternatives to chemical acaricides. The plants,
Lawsonia inermis Linn (Family: Lythraceae) is a
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much branched glabrous shrub or small tree (2-6 m in
height) and Nicotiana tabacum belongs to Solanaceae
family commonly known as tobacco, is herbaceous
plant. The plant L. inermis and N. tabacum has been
reported high therapeutic value in the field of
medicine including the insecticide and acaricidal
effects [13,14]. In particular tobacco plants have been
used as acaricides in past many years to control insect
pests or parasites of medical importance.

The aim of the present study is to evaluate the
acaricidal activity of L.inermis leaf and seed as well
as N.tabacum leaf extract against H.bispinosa ticks.
Here we extracted the plant parts with different
polarity solvents by soxhlet extraction and evaluated
their bioactivity against the H.bispinoa tick and
identified the main chemical constituents of the
effective extracts using gas chromatography-mass
spectrometry.

2. MATERIALS AND METHODS

2.1 Tick Collection and

Maintenance

Laboratory

Blood fed adult H.bispinosa ticks were collected and
identified by morphological identification key [15].
The collected ticks were placed in a plastic container
(7 cm x 5 cm) capped with a piece of cotton cloth and
tubes were placed in an incubator at 28 +1°C and RH
> 80%for oviposition. The collected adults, freshly
laid eggs and subsequent larva were used for
acaricidal and repellency bioassay.

2.2 Plant Collection and Preparation

The healthy leaves and fresh seeds of L.inermis
collect from different locations as well as the leaves
of N.tabacum were purchased from a commercial
supplier. The collected plant parts were washed with
tap water to remove all the dust and shade dry at room
temperature. The dried each plant parts were ground
in electric grinder separately and it was stored in air
tight container until further use.

2.3 Extraction by Soxhlet Apparatus and
Yield Calculation

Five different solvents with different polarity such as
distilled water (D.H,0O), 90% Ethanol (C,HsOH),
90.5% Methanol (CH;0OH), 99.5% Acetone (C3H60),
99.8% Chloroform (CHCI; ) were used for the
extraction according to the polarity. The powdered
solid plant material (75-100 gm) was placed in a
thimble made up of Whatman No.1 filter paper and



kept inside the soxhlet apparatus. Extraction for each
plant materials was carried out in 9-16 hours at
boiling temperature with 75 -85 cycles. After the
complete evaporation of solvent, extract was stored in
airtight glass vial and kept in 4°C. The percentage
yield of the plant extract in each solvent was
calculated according to the formula: % Yield of the
extract = Cx /Cy X100 Cx = Plant material weight
after extraction process Cy= Plant material weight
taken for extraction [16].

2.4 Preliminary Phytochemical Analysis

The extracted plant product's primary phytochemicals
were identified using the procedures described by
[17]. The phytochemical constituents such as
alkaloids, flavonoids, tannins, terpenoids, steroids,
saponins, and cardiac glycosides were tested.

2.5 Active Compound Identification by GC
MS Analysis

The extract compound was analyzed by performed
using a gas chromatograph coupled to a mass
spectrometer (GC-MS) equipped with an auto-
injector and a fused-silica capillarycolumn. Helium is
used as the carrier gas at a flow rate of 1.2 ml/min.
Injector and detector temperatures were set at 250°C
and 280°C, respectively. Column temperature set to
60°C for 5 minutes, then gradually increased to 160°C
at 4°C min- for 1 minute and finally increased to
270°C at 15°C for 1 minute min-1.

2.6 Egg Immersion Test (EIT)

150 eggs of H. bispinosa were placed in glass vials
(5 cm x 2 cm) with filter paper at the bottom
immersed with 1 ml of test solutions in different
concentrations of 5,10,15,20 and 25 mg/ml. Control
eggs were treated with 1% DMSO only. Three
replicates were maintained for each treatment, and the
experiment was conducted in an incubator
temperature of 25 +1°C and RH > 80% and regularly
observed until hatching began. The hatched larvae
were separated every day from the unhatched eggs
and observed for two more weeks before they were
declared unhatched and dead. Percent ovicidal activity
= Number of unhatched eggs/ Total number of eggs
introduced x100.

2.7 Larval Immersion Test (LIT)

One-week-old H. bispinosa larvae were immersed
with different concentrations (5, 10, 15, 20 and 25
mg/ml) of test solutions. Each concentration was
replicated 3 times (100 larvae/replicate) and control
plates were treated with 1% DMSO. After treatment,
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the larvae were incubated at 25 + 1°C, relative
humidity of > 80%. After 24 h, the dead larvae were
counted for calculation of the mortality rate. The
larvicidal activity was assessed by the following
formula: Percent larvicidal activity = Number of
dead larva / Total number of larva introduced x 100
[18].

2.8 Repellency Bioassay

A climbing repellency bioassay was adopted as
previously described [19] to test for the repellent
properties of extracts. Test and control Whatman
No.1filter papers (2.5 cm x 2.5 cm) were treated with
5 ml of different concentrations (0.5, 1, 1.5,2, and 2.5
mg/ml) of sample solutions and repellency activity
was reported. The control filter paper was
impregnated with 1% DMSO and twenty adult ticks
were introduced on a glass beaker for assay. The
treated and control paper was placed in the middle of
the glass rod. The ticks that were climbed on the
upper part of the filter paper were considered not
repelled, and those on the bottom of the filter paper,
naked part of the apparatus, and on the base part were
considered repelled. Each experiment was repeated
three times. The repellent effect was calculated as
percentage repellency according to the formula:
Percentage repellency = 100—(Mean no. of ticks on
test/mean no. of ticks on control) x100 [20].

2.9 Statistical Analysis

Probit analysis (EPA 2006) was used to analyze the
results of acaricidal and repellency assays percentage
(LC 59 & RC 5) with the calculation of Confidence
Interval (CI) of the mean number of ticks dead or
repelled by the treatment. Each replication was
considered independently. Statistical significance on
dose response with each concentration was
determined by one-way analysis of variance
(ANOVA). All significant levels are set at P<0.05.
SPSS windows version IBM 20 was used for data
analysis.

3. RESULTS AND DISCUSSION

With the aim of selecting potential acaricides,
L.inermis and N.tabacum were screened for their toxic
effectson egg, larva and adults of H.bispinosa.
Among the tested extracts, the methanolic and
ethanolic extract of both the plants showed the highest
activity against ticks. The yield of two plants
extraction is summarized in Fig. 1.The highest and
lowest percentage yield obtained were 38.2% and
3.2% forL. inermis ethanol andN. tabacum
chloroform  leaf  extract. ~ The  preliminary
phytochemical constituents detected in the different



extracts are shown in Table 1. Phytochemical tests
showed presence of alkaloids, saponins, glycosides,
terpenoids and tannins in ethanolic extracts of L.
inermis leaf and seed as well as alkaloid, terpenoids,
flavonoids and tannins in N. tabacum ethanolic leaf
extract.

The methanolic and ethanolic extract of both the
plants showed the highest ovicidal activity ranged
from 66.6% to 98.5%, at 25 mg/ml concentration. The
percent larval tick mortality caused by the ethanol and
methanol extracts of N. tabacum and L. inermis varied
from 46.9% to 96.5%, at higher concentration of 25
mg/ml. When compared to tobacco extracts, there was
only a low (46.9% to 53.5%) percentage mortality
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was showed by the L.inermis extracts. The probit
analysis clearly indicates that the ethanolic and
methanolic extract of N. tabacum leaf has the highest
potential to kill the eggs of H. bispinosa with LCxs
values of 1.47 & 0.68, followed by L.inermis seed
extract with LCsy values of 1.33 & 1.25 and leaf
extract with 0.95 & 1.17 LCs, values (Table 2).
Analyzing the dose response, the LCs, and LCgy
values of N. tabacum extract were ranged from 0.4 to
1.09 and 42 to 63.8 respectively and in L. inermis it
range from 2.5 to 3.46 and 25.1 to 95.4 (Table 3). The
homogeneity of variance was significant at all the
analyses; also, the ANOVA was significant (P value
<0.05).
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Fig. 1. Percentage extract yield of L. inermis (LI) and N. tabacum (NT) leaf and seed in water, ethanol,
methanol acetone, and chloroform

Table 1. Preliminary phytochemical analysis of five solvent extracts of L. inermis and N. tabacum

Plant Solvent Alkaloid

Flavonoid

Saponin  Tannin Glycoside  Terpenoid

Water
Ethanol
Acetone
Chloroform
Methanol

L. inermis
Leaf

+ + + !

+ + !

Water
Ethanol
Acetone
Chloroform
Methanol

L. inermis
seed

+ + !

+ o+ [+
+ + + A+ |+ A+ + o+

Water
Ethanol
Acetone
Chloroform
Methanol

N. tabacum
leaf

+ + +|!
I++I

U |+
ro+
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Table 2. Statistical analysis of ovicidal activity of L. inermis and N. tabacum against H. bispinosa

Extract Solvent Mortality % LC LC90 R’ df P Cl
(Meanz SE) 50 value
at 2.5 (mg/ml)

L. inermis

Leaf Water 48.5+0.13 319 28 093 4 0.006 (0.08-0.23)
Ethanol 71.0+£0.14 095 191 097 4 0.001 (0.44-0.76)
Methanol 66.6 £ 0.15 117 17 097 4 0.001 (0.93-1.6)
Acetone 36.8+£0.14 5,05 95.2 095 4 0.004 (0.72-1.71)
Chloroform 46.4£0.13 5.7 40.5 094 4 0.005 (0.37-0.96)
Control 6.5+ 0.51 - - - - - -

L. inermis Water 58.0 £0.14 213 61 097 4 0.001 (1.14-2.12)

seed Ethanol 81.9£0.13 133 442 096 4 0.002 (1.8-3.4)
Methanol 83.0+£0.14 125 309 094 4 0.003 (1.7-3.9)
Acetone 59.6 £0.13 275 812 086 4 0.038 (1.15-3.08)
Chloroform 58.5+0.14 224 223 097 4 0.001 (1.48-2.5)
Control 4.5 +0.43 - - - - - -

N. tabacum Water 93.7£0.18 054 371 094 4 0.005 (1.19-3.15)

Leaf Ethanol 95.6 £0.19 147 332 091 4 0.01 (1.03-3.68)
Methanol 98.5+0.19 0.68 287 087 4 0.02 (0.71-4.21)
Acetone 55.6 £0.14 271 81 089 4 0.01 (0.41-1.89)
Chloroform 92.4 £0.18 090 183 098 4 0.000 (2.3-3.8)
Control 44+031 - - - - - -

Table 3. Statistical analysis of larvicidal activity of L. inermis and N. tabacum against H. bispinosa

Extract Solvent Mortality % LC50 LC90 R? df P Cl
(Meanz SE) value
at 2.5 (mg/ml)

L. inermis

Leaf Water 48.5 £0.15 3.43 54 088 4 0.001 (0.32-1.58)
Ethanol 46.9+0.13 3.46 71.6 099 4 0.000 (0.64-0.85)
Methanol 56.3+0.13 2.5 51.6 088 4 0.01 (0.42-1.99)
Acetone 31.9+0.13 8.2 48.7 098 4 0.001 (0.79-1.32)
Chloroform  41.2+0.13 4.2 46.7 097 4 0.001 (0.72-1.25)
Control 2.7+ 0.05 - - - - - -

L. inermis Water 42.0+0.13 3.9 74.1 094 4 0.000 (1.04-1.41)

seed Ethanol 51.9+0.15 3.01 25.1 079 4 0.04 (0.86-1.99)
Methanol 53.5+0.15 2.7 954 079 4 0.04 (0.04-1.72)
Acetone 46.9+0.13 34 25.1 092 4 0.008 (0.69-2.10)
Chloroform  55.31+0.13 2.3 58.3 098 4 0.001 (1.25-2.09)
Control 2.510.03 - - - - - -

N. tabacum  Water 94.4 £0.18 0.4 42 099 4 0.000 (1.7-2.39)

Leaf Ethanol 97.6 £0.19 0.65 57.1 060 4 0.122 (1.01-5.14)
Methanol 95.9+£0.19 0.56 63.8 075 4 0.054 (0.07-3.47)
Acetone 75.5+0.14 1.09 60.2 092 4 0.009 (0.69-2.24)
Chloroform  91.5 +0.15 0.73 44.3 091 4 0.01 (0.97-3.43)
Control 2.4+0.01 - - - - - -
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The most active methanolic and ethanolic plant
extracts were selected on the basis of their toxicity
against ticks, for further analysis. The bioactive
compounds were identified using GCMS analysis
present in the ethanolic and methanolic extracts of L.
inermis and N. tabacum. A total of 16 compounds
were identified in L .inermis, with higher percentage
of  carotene  (47.7%), tocopherol  (42.2%),
octadecadienoic acid (14.5%), linoleic acid (11.8%),
hexadeconoic acid (11.1%), silicic acid (10.4%),
Neophytadine (7.4%), and phytol (3.3%). In N.
tabacum, a total of 20 compounds were identified
with higher percentage of phytol (25.1%), phytol
(19.3%), pyridine (15.3%), Neophytadiene (6.29%),
stigmasta (4.9%), pyridiene (4.6%). and solanesol
(3.3%) (Table 4).

The repellencies observed in extracts of N. tabacum
leaf ranged from the lowest 0.5 mg/ml (31.9%) to the
highest 2.5 mg/ml (99%) concentration. L. inermis
extracts of leaf exhibit repellency ranged
from 121% to 76% and  repellencies
observed in extracts of L. inermis seed ranged from
10.8% to 73.2% from 0.5mg/ml - 2.5mg/ml
concentration. Tick repellency (> 90%) was found in
both ethanolic and methanolic extracts at 2 mg/ml
concentration producing an RCs, of 0.29 and 0.19
respectively. The effective Response concentration
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(RCsp) values of each extracts were shown in the
Fig. 2.

In this study, the plant species such as L. inermis and
N. tabacum were tested for the acaricidal activity
against H. bispinosa. The results showed that
ethanolic and methanolic leaf extracts of N. tabacum
and L. inermis exhibited its toxicity against egg and
larvae of H. bispinosa. Mortality increased with
increases in concentration of extract. Among the
identified bioactive phytochemicals terpenoids and
alkaloids are potential insecticidal growth-inhibitors,
and insecticidal activities. Earlier report suggested
that flavonoids affect the reproductive functions of
ticks. The neurotoxic properties of Alkaloid in the
plant extracts were reported to cause mortality and
inhibition of fecundity [21]. This finding corroborates
with the findings of other researchers on N. tabacum
against the cattle ticks R. microplus [22,23] and R.
appendiculatus [24]. The acaricidal and repellent
activity of the N.tabacum extracts in our study is
consistent with results from other studies [21]. The
tobacco leaf extract caused repellency even at the
lower concentrations of 1mg/ml, 2mg/ml respectively.
The presence of pyridine alkaloids, Neophytadiene,
Phytol, Heptatriacotanol, and Solanesol in the extracts
of N.tabacum may account, for the observed
insecticidal and medicinal effects [25-27].

Table 4. Compounds identified from L.inermis and N.tabacum ethanolic and methanolic extract by GC

MS analysis.
Lawsoniainermis Nicotianatabacum
Compound Name RT* % Compound Name RT* %
Undecane 9.0 5.75 Decane 4.2 1.73
Neophytadiene 31.4 7.49 Pyridine 16.3 15.3
Hexadecanoic acid 33.6 9.81 Neophytadiene 33.2 9.82
12-cis-octadecadienoate 37.2 8.04 farnesyl acetone B 34.9 1.43
2-hexadecen-1-ol 37.6 17.9 1-Naphthalenepropanol 38.0 1.80
2,6,10,14,18-Pentamethyl-2 49.3 18.03 Sclareolide 38.2 11
2,6,10-trimethyl,14-ethylene 28.8 1.79 phytol isomer 38. 25.17
Phytol 35.2 3.34 Isolongifolol, methyl ether  39.7 2.38
Octadecatrienoic acid 36.4 22.55 1-Heptatriacotanol 40.7 3.37
psi.-Carotene 47.2 47.77 Lactaropallidin 40.7 1.27
Cyclopropanedecanoic acid 46.1 22.4 Octacosanol 45.6 15
alpha.-Tocopherol-.beta.-D- 47.1 42.2 Tetrapentacontane 48.7 2.72
mannoside
Silicic acid 5.6 10.4 Squalene 50.3 2.17
Furanone, 18.0 7.2 Solanesol 50.6 3.37
Linoleic acid 38.5 11.81 Duvatriendiol 46.6 1.04
Vitamin E 49.1 59.73 Alloaromadendreneoxide  46.7 1.62
Stigmasta 50.2 4.96
1-Hexacosanol 47.5 0.77
Tetrapentacontane 50.7 0.81
gamma.-Sitosterol 52.5 1.78

* Retention time
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Fig. 2. RC50 values of L. inermis (LI) and N. tab

Our study also reported the acaricidal efficiency of
L.inermis plants against H.bispinosa ticks. However
the repellent efficiency of L.inermis is less toxic when
compared with N.tabacum. The present study results
are in agreed with earlier studies reported the
insecticidal activity of L. inermis leaves that control
cowpea weevil [28] as well as other insects pests [29].
The insecticidal activity of L. inermis leaves may
attribute to its major constituents (eugenol,
hexadecanoic  acid, Phytol, o-terpineol and
Etherphenylvinyl [30]. In L.inermis, the use of
undecane as an anti-allergic and anti-inflammatory
agent was reported by dabin et al , 2020. In adition
presence of neophytadine and phytol is also reported
in two plants, which is reported with insecticidal and
other medicinal properties in previous studies [31,32].

4. CONCLUSION

The identification of compounds present in the study
plants helps to reveal the repellent, insecticidal and
growth inhibiting properties. The current results
indicate that the extracts of N. tabacum were more
effective in exhibiting the anti-tick activity against the
H.bispinosa ticks tested. The present study also
clearly establishes the acaricidal properties of the leaf
and seed extract of L.inermis. Based on study results
ethaolic and methanolic extracts of these plant may be
used as a source of anti-tick agents. The results
obtained from the study highlighted the use of plant
products as an alternative to synthetic anti-tick
products.
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