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In vitro acaricidal efficacies of crude extract D
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Rhipicephalus annulatus
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Abstract

Background Ticks and tick-borne diseases continues to be a global problem with direct and indirect impact on both
humans and animals. The use of acaricides has been a common tick control method because of their ease of use

and commercial availability; however, there are rising cases of resistance to synthetic acaricides, resulting in serious
economic losses. This study aimed to evaluate the acaricidal activity of crude extracts and fractions from the leaves of
Croton hirtus against the cattle tick Rhipicephalus annulatus. An adult immersion test method was adopted to assess
the acaricidal potential of the C. hirtus extract and fractions at varied concentrations (1-20%), with 2% Tween-80

and 2% cypermethrin serving as negative and positive controls, respectively. Field ticks from cattle were collected,
grouped (n=10), and exposed to various test preparations. Tarsal reflexes, photosensitivity, reproductive indices, and
oviposition inhibition were measured at 6 h post-immersion and daily for 14 days. Microsoft Excel® 2017 spreadsheet
was used for data collation, and results were analysed with one-way ANOVA and Tukey HSD test on GraphPad (Prism
7), with p<0.05 considered statistically significant.

Results Findings showed 100% tick mortality and a 95% inhibition of oviposition with the chloroform fraction (1%).
The egg mass varied across the treatment groups, with the chloroform fraction being the least (< 10 mg), while the
aqueous extract and other fractions were like the negative control. The mean adult mortality rate was not statistically
different across the treatments.

Conclusion The chloroform fraction (1%) of C. hirtus leaves exhibited superior acaricidal activity against R. annulatus
ticks compared with other fractions. Future research should explore and document the mechanisms of action of this
essential oil as a natural tick control remedy.
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Background

Livestock production is an important aspect of agricul-
ture in Nigeria, accounting for almost 31% of the nation’s
agriculture-sourced gross domestic product (Jimoh et
al., 2023). Cattle farming, a major source of protein, is
practiced within three major systems: intensive, semi-
intensive and extensive, with over 15 million herds being
raised extensively (FAO, 2018). Despite having the larg-
est cattle population in Africa, Nigeria has not been able
to meet the growing demand for animal-sourced protein.
Multifactorial causes have been responsible; however,
diseases are the leading cause of poor cattle productivity
(Mamman et al., 2021).

Ticks are important ectoparasites of animals globally
(Liyanaarachchi et al., 2015). These blood-sucking para-
sites are vectors of many pathogens that cause diseases
in warm-blooded animals (Ramalho-Ortigao & Gubler,
2020). In addition to diseases, they cause direct harm to
livestock, including anemia, irritation, immunosuppres-
sion, and poor hide quality, resulting in low market value.
Annual global losses from ticks and tick-borne diseases
are estimated to be nearly US$7 billion, underscoring
the urgency of effective control strategies (Fouche et al.,
2019).

Several tick control management approaches have
been developed, including the use of biological control
agents, anti-tick vaccines, breeding of tick-resistant live-
stock, and chemical acaricides (Rodriguez-Vivas et al.,
2018). Among these options, synthetic acaricides remain
the most widely used because of their accessibility, rapid
onset of action, and ease of use (Schorderet-Weber et
al., 2018). However, prolonged and indiscriminate use
has led to the emergence of acaricide-resistant tick

Fig. 1 Picture of the Croton hirtus plant
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populations, with the accumulation of acaricide resi-
dues in meat and milk and environmental contamination
(McNair, 2015). These limitations highlight the need for
safer and environmentally friendly alternatives for tick
control in modern livestock production.

Recently, the search for safer and more effective acari-
cides has involved the use of plants (Zhang et al., 2024).
Plant species contain diverse bioactive constituents with
pharmacological properties, including alkaloids, phe-
nolics, terpenoids, flavonoids, and saponins (Adenubi et
al., 2018). Vernonia amygdalina, Calpurnia aurea, Rici-
nus communis, and Nicotiana tabacum are examples of
plants that have demonstrated acaricidal activity (Ade-
nubi, 2017; Fouche et al., 2016; Kemal et al., 2020). None-
theless, further research is needed to identify additional
botanicals with potential efficacy against economically
important tick species, such as Rhipicephalus annulatus.

Rhipicephalus annulatus, commonly known as the
southern cattle tick, is predominantly found in tropi-
cal and subtropical regions, where it infests cattle, small
ruminants, and horses (Tan et al., 2021). It is a major vec-
tor of bovine piroplasmosis, transmitting Babesia bovis,
Babesia bigemina, and Anaplasma marginale (Hassan et
al., 2025). Owing to its significant impact on cattle health,
productivity, and survival, R. annulatus continues to
impose a substantial economic burden on livestock pro-
ducers (Adenubi et al., 2021).

Croton hirtus is a woolly leafed herb of the fam-
ily Euphorbiaceae that is widely used in African eth-
nomedicine because of its rich phytochemical profile,
which includes glycosides, alkaloids, steroids, terpenoids,
anthraquinones, and flavonoids (Ramalho-Ortigao &
Gubler, 2020). Traditionally, this plant has been used to
treat skin infections, epilepsy, diabetes, malaria, convul-
sions, inflammation, and pain (Isyaka et al., 2024). Studies
from Vietnam and Brazil have shown that various Croton
species exhibit antibacterial, mosquito larvicidal, and
molluscicidal activities, likely attributed to their volatile
compounds, such as -caryophyllene and caryophyllene
oxide (de Jesus Prado et al.,, 2022; Luu-dam et al., 2023).
However, little is known about the acaricidal potential of
C. hirtus leaves against Rhipicephalus annulatus, particu-
larly in Nigeria.

Methodology

Study location

This study was conducted at the Department of Veteri-
nary Pharmacology and Toxicology, Federal University of
Agriculture, Abeokuta (FUNAAB), Ogun State, Nigeria.

Collection of plant material

Fresh C. hirtus leaves (Fig. 1) were collected from their
natural habitat within the University community of
FUNAAB, situated at 7°13'47”N latitude and 3°26'21"E
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longitude. The plant was identified and authenticated at
the Department of Botany, Federal University of Agricul-
ture, Abeokuta, where a voucher specimen (FHA-4279)
was allocated. Following identification, the leaves were
air-dried and ground into a fine powder.

Extraction and fractionation

The powdered leaves (5 kg) were soaked in distilled water
at a 1:10 ratio for 48 h, separated using a muslin cloth,
and filtered using Whatman number 1 (Aiyegoro &
Okoh, 2010). Rotary evaporation at 60 °C was performed
to concentrate the filtrate. The crude extract was further
fractionated into chloroform and ethyl acetate fractions
in a separating funnel (Awouafack et al., 2013). Follow-
ing bioassay-guided isolation, the crude aqueous extract,
chloroform and ethyl-acetate soluble fractions from each
plant were tested for acaricidal efficacy against adult
female R. (B) annulatus ticks.

Essential oil extraction

The essential oil (EO) was extracted from fresh leaf of C.
hirtus using the hydrodistillation method in a Clevenger
apparatus (Ogunwande et al., 2019). After being blended,
the fresh plant material was weighed and put into an
extraction flask filled with distilled water. The flask was
set up on the heating mantle, and the temperature was
raised to 100°C. At this temperature, hot steam with EO
moves into the cooling chamber, where the vapor is con-
densed. The EO is collected over water and dried over
crystals of sodium sulphate and kept in a vial bottle at
4°C.

Collection and housing of field ticks

Engorged female R. (B.) annulatus ticks were carefully
hand-picked from cattle at the lairage of Lafenwa abat-
toir (Fig. 2). The ticks were then transported in perfo-
rated, labeled plastic jars to the Department of Veterinary
Pharmacology and Toxicology laboratory, College of Vet-
erinary Medicine (COLVET), FUNAAB. The ticks were
then identified with a digital microscope using both taxo-
nomic descriptions and morphological keys, as described
by Dantas-Torres (2019). Ticks were housed in a tick
rearing chamber with a temperature of 25 (+3) °C, a rela-
tive humidity of 70-80%, and a light/dark cycle of 14:10 h
(Thorsell et al., 2006).

Experimental procedure

Adult Immersion Test (AIT) was employed as outlined
by Adenubi et al. (2021). Engorged adult female ticks
were grouped (10 ticks per group) and each group was
weighed. Test samples of varying concentrations (20,
10, 5, 2.5 and 1%) were prepared with Tween 80 (2%)and
ticks were immersed in the two ml of test solution for two
minutes while gently agitating them. Tween-80 (2%) was
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Fig. 2 Rhipicephalus annulatus tick
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Fig. 3 Ticks housed in the tick-rearing chamber at controlled temperature
and relative humidity,

used as negative control while commercial grade Cyper-
methrin (2%) served as the positive control. All tests were
performed in duplicate. After treatment, each tick was
placed in transparent bowls lined with tissue non-tissue
fabric for the post-immersion observation. All bowls
containing the ticks were then placed in the tick-rearing
chamber for a 14 day period (Fig. 3).

After treatment, each tick (in each bowl) was moni-
tored at zero hour and at sixth hour to observe the tar-
sal reflex and photosensitivity, following the procedure
described by Akande et al., (2020). Thereafter, they were
checked every 24 h for tarsal reflexes, photosensitivity
and oviposition. On day 14, the eggs were collected and
weighed, for the estimation of reproductive indices (RI)
and percentage inhibition of oviposition (IO %) for treat-
ments and controls using the following formula:
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RI — weightofeggs(g)
~ Initialweightofengorgedfemales(g)

where RI = Reproductive index

(RInegativecontrol—RIextract)

10 (%) = 100

(RInegativecontrol)
where IO = Inhibition of oviposition.

Data analysis

Data obtained was recorded in Microsoft Excel® and sta-
tistically analyzed using GraphPad Prism (version 7.0).
Descriptive statistics was used to express results of tick
adult mortality, reproductive indices, and inhibition
of oviposition expressed as mean and standard error
of mean (SEM) of proportion while Larva hatch was
expressed as either positive or negative.

Results

Yield of the crude extract, fractions and EO of C. hirtus
leaves

Fractions from the crude extract had various colours and
weights; the aqueous fraction had a dark-brown powder,
weighing 4.2 g; the ethyl-acetate fraction had a green
powder with a yield of 12.63 g; while the chloroform frac-
tion was a dark-brown viscous semi-solid with a yield of
13.9 g. Essential oil from the plant had a straw coloura-
tion and yielded a total volume of two (2) mLs. Table 1).

Acaricidal activities of crude extract, fractions and essential
oil of C. hirtus leaves at different concentrations

In this study, 2.5% test concentration of the crude extract
caused 80% mortality with 1% concentration causing only
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Table 1 Yield of the crude extract, fractions and EO of C. hirtus

leaves

Extract and essential oil Yield Colour

Aqueous Extract 4249 Dark brown powder

Ethyl-acetate 1263 g Green powder

Chloroform 139¢g Dark brown with a
viscous consistency

Essential Oil (EO) 2mls Straw-coloured

liquid

40% tick mortality (Fig. 4). Essential oil of C. hirtus leaves
at 1% and 2.5% concentrations caused 70% mortality but
the other concentrations, like 5%, 10% and 20%, caused
an average of 60% tick death (Fig. 5). For the ethyl-acetate
fraction, concentrations of 1%, 2.5%, 5% and 10% caused
tick mortality that ranged between 50 and 80%. However,
20% concentration of ethyl-acetate fraction demonstrated
the highest (90%) acaricidal activity (Fig. 6). Unlike other
fractions, all the test concentration of the chloroform
fraction caused 100% tick mortality and comparable to
the positive control (Fig. 7) (Table 2).

Tarsal reflex score and photosensitivity of treated ticks
with aqueous crude extract of C. hirtus leaves

In the first 24 h, no death was reported for all the test
treatments with ticks having normal tarsal reflexes and
photosensitive reaction (Table 2). For crude extract, tar-
sal reflex score decreased after the first 24 h with ticks
appearing weak and paralysed as cypermethrin control
had 100% mortality. Similarly, in the essential oil group,
tick activity declines after 24 h to 40% on day 14. While
ethyl acetate and chloroform test concentrations cause
66% and 100% death respectively.

1% AQ
2.5%AQ
5% AQ
10% AQ
20% AQ
2% Tween

U B L

2% Cypermethrin

150-
£ 1004
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£
(o]
£
L 50-
0
0
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Fig. 4 Acaricidal activities of C. hirtus aqueous crude extract (at various concentrations) against R. annulatus tick
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Fig. 5 Graph showing the acaricidal activities of C. hirtus EO against R. annulatus tick
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Fig. 6 Graph showing the acaricidal activities of C. hirtus ethyl-acetate fraction (at various concentrations) against R. annulatus tick

Percentage mortality, reproductive indices and inhibition
of oviposition of engorged female R. (B.) annulatus ticks
treated with different concentrations of crude (aqueous)
extract, EO and fractions of C. hirtus leaves

Crude (aqueous) extract, EO, Ethyl acetate and Chloro-
form fractions of C. hirtus exhibited varying acaricidal
activity, with the Choroform exhibiting higher tick killing
activity at 1% concentration which is comparable to the
positive control cypermethrin. In addition, ticks across
each treatment oviposited eggs that weighed between 300
and 600 mg unlike what was observed with Chloroform
treatment, where there was a reduction in oviposited
eggs. The reproductive indices and inhibition of oviposi-
tion in the Chloroform test treatments between 10 mg/

ml-100 mg/ml ranged from 93.4 to 95%. After 21 days of
observation, only the eggs from ticks treated with Chlo-
roform fraction of C. hirtus failed to hatch (Table 3).

Discussion

The colour of crude extract of C. hirtus leaves and its frac-
tions ranged from dark brown to green and varied con-
sistency, while the EO had a distinct straw-colour and a
citrus scent. The essential oil color and smell is majorly a
result of terpenes like B-caryophyllene and a-cadinol, and
their abundance vary for geographical and seasonal fac-
tors (Luu-dam et al.,, 2023). The yield for the crude, frac-
tions and essential oil of C. hirtus obtained in this study
was low; this compares with reports from other studies
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Fig. 7 Graph showing the acaricidal activities of C. hirtus chloroform fraction (at various concentrations) against R. annulatus tick

(do Vale et al., 2021; Luu-dam et al., 2023). Variations in
the extract yield are influenced by extraction solvent and
method, geographical location of the study, and environ-
mental factors such as rainfall and temperature (Daouda
et al., 2014; De Lima et al., 2012; Mittal & Nanda, 2017).
Ultimately, the type and amount of secondary bioactive
metabolites present in the extract would vary and influ-
ence their biological activity.

Following adult immersion tick test, this study docu-
ments the chloroform fraction of C. hirtus leaves as hav-
ing the best tickicidal activity against R. (B.) annulatus at
the concentration of 10 mg/mL. However, varying acari-
cidal activity was observed with other fractions in this
study (50%—80%) with aqueous crude extract having the
poorest activity (<50%) even at the highest test concen-
tration of 20%. Comparative studies of Chloroform frac-
tions and essential oil extraction have shown that the
latter contains broader range of bioactive components
including fatty acids, esters, and monocyclic (Akande et
al., 2020) compounds, which in this study may appear
to improve the acaricidal activity, suggesting synergis-
tic interactions between volatile and non-volatile com-
pounds (Aly et al., 2024; Martos et al., 2013).

Tarsal reflexes and photosensitivity scoring are usually
adopted as measures of the effect of the test acaricide on
tick activity during in vitro studies (Adenubi et al., 2023).
In this study, all test treatments caused changes in the tar-
sal reflex score like what was observed in the cypermethrin
treatment. Cypermethrin, a more commonly used syn-
thetic pyrethroid insecticide, caused paralysis and death of
ticks post immersion. This is because it disrupts voltage-
sensitive sodium channels in the nervous system of ticks,
leading to paralysis and death (Akande et al., 2020).

Chloroform fraction of C. hirtus leaves caused a 95% inhi-
bition of oviposition, reduction in the mass of eggs, thus
impacting the reproductive indices of treated R. (B.) annu-
latus. Also, eggs oviposited failed to hatch after a 21-day
period. Thus suggesting that the treatment impacted the
hatchability of tick larva. This finding aligns with Adenubi et
al. (2021), in a study that also documents a botanical (Euca-
lyptus globulus) essential oil as possessing both adulticidal
and larvicidal effects against ticks. Other plants have been
recorded to cause death to ticks via other mechanistic path-
ways, two examples include Ligusticum striatum, which
causes distruption of the oxidative glycolytic pathway in
dust mites, and Zanthoxylum bungeanum causes inhibition
of acetylcholinesterases in ticks (Tang et al., 2025).

Plants with prospects as acaricides are of significance
because of the growing concerns of acaricide resistance.
Also, many of the commercially available acaricides per-
sists in food and even the environment resulting in food
poisoning and death of many non-target insect species
(Flamini, 2006; Muzini¢ & Zeljeiic’, 2018). Adopting the
use of botanicals would help address many of these chal-
lenges and improve animal health and productivity.

Conclusion and recommendation

This study showed the acaricidal potential of chloroform
fraction of C. hirtus leaves against engorged adult female
R. (B.) annulatus ticks. In addition, it caused a reduction
in tick oviposition and inhibited larva hatch from tick
eggs. Further research needs to isolate compounds and
validate which is responsible for the acaricidal action and
identify whether this compound is present in all part of
the C. hirtus plant.
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Table 3 Table showing the cross tabulations between the test concentrations, mean adult mortality, mass of eggs, reproductive

indices, inhibition oviposition and larva hatch

Test Sample Conc. (%) MAM + SEM (%) Mass of eggs (mg) RI 10 (%) LH
Crude (aqueous) extract 1 70.00+30.00 400 04 20 +
25 90.00+ 10.00 400 0.5 0 +
5 80.00+20.00 600 0.5 0 +
10 85.00£15.00 300 0.38 25 +
20 85.00+£15.00 600 043 14 +
Essential Oil 1 75.00+5.00 300 0.38 25 +
25 70.00+0.00 400 0.44 Nl +
5 60.00+0.00 400 033 33 +
10 60.00+0.00 300 0.25 50 +
20 60.00+0.00 400 033 33 +
Ethyl acetate 1 75.00+25.00 300 40 +
03
25 90.00+10.00 300 0.6 20 +
75.00+25.00 600 0.46 8 +
10 65.00+£5.00 300 027 45 +
20 85.00+£5.00 300 038 25 +
Chloroform 1 90.00+10.00 10 0.03 95
25 90.00+10.00 <10 0.03 934 -
75.00+25.00 <10 0.03 95 -
10 95.00+5.00 10 0.03 934 -
20 90.00+10.00 200 04 20 +
2% Cypermethrin 2 95.00+5.00 0 0 100 -
2% Tween-80 2 50.00+0.00 400 0.9 10 +

MAM: Mean adult mortality; SEM: Standard error of mean; RI: Reproductive index; IO: Inhibition of oviposition; LH: Larva hatch; +: Positive; -: Negative

Limitations
Seasonal changes influenced the availability of the ticks
for the study.

Abbreviations

EO Essential oil

PT Post treatment

MAM  Mean adult mortality

RI Reproductive index

(0] Inhibition of oviposition
LH Larva hatch

SEM Standard error of mean
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