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Highlights
« Several acetone and ethanol plant extracts exhibit acaricidal activity at a 1% concentration.

* The acetone stem extract from Cissus quadrangularis had a similar efficacy to that of
chlorfenvinphos (CM = 100) at a 0.03% concentration.
* The ethanol leaf and flower extract from Calpurnia aurea also had a similar efficacy to that

of chlorfenvinphos (CM = 100) at a 0.03% concentration.
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Abstract

The goal of our research is to develop a lower cost eco-friendly tick control method because
acaricides that are commonly used to control ticks are often toxic, harmful to the environment
or too expensive for resource-limited farmers. Acetone and ethanol extracts were prepared
and their acaricidal activities determined against the southern cattle tick, Rhipicephalus
(Boophilus) microplus. A 1% solution of each of the plant extracts was prepared for efficacy
testing using the adapted Shaw Larval Immersion Test (SLIT). The acetone stem extract from
Cissus quadrangularis (Vitaceae) and the ethanol leaf and flower extract from Calpurnia
aurea (Fabaceae) had potent activity like that of the commercial acaricide, chlorfenvinphos
[corrected mortality (CM) = 100.0%]. The ethanol extracts of the stem of C. quadrangularis
(CM =98.9%) and that of the roots, leaves and fruit of Senna italica subsp arachoides (CM =
96.7%) also had good acaricidal activity. The toxicity of the plants was determined by
screening against Vero cells and they were found to have low cytotoxicity. There is potential
for the development of botanicals as natural acaricides against R. (B.) microplus that can be
used commercially to protect animals against tick infestation. Further studies to isolate the
acaricidal active compounds and to determine the environmental fate, species toxicity and
skin toxicity of these plants species are, however, required before they can be considered as a

treatment against ticks.
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1. Introduction

The southern cattle tick, Rhipicephalus microplus (Acari: Ixodidae), formerly known as
Boophilus microplus (Murrell and Barker 2003), has established populations throughout the
world in tropical and subtropical regions. It is responsible for significant financial losses
associated with direct injury and with the transmission of haemoparasites to its host
(Rachinsky et al. 2008).

Conventional tick control is accomplished by using chemical agents called acaricides which
are applied as dips, sprays or may also be poured on at various frequencies. The
disadvantages of acaricides are that they are expensive, ticks have developed resistance to
them and the stable residues of conventional acaricides may pollute milk and meat products
as well as the environment. Furthermore, these acaricides are not readily available to
resources-limited farmers (Okello-Onen and Rutagwenda 1997). These farmers have resorted
to low cost alternatives such as using plants in ethno-veterinary practices to control ticks
(Njoroge and Bussmann 2006).

The growing demand for organic meat production and environmentally friendly acaracides
has led to an intensification of scientific research on plant-based products that have acaricidal
properties. Plants have been recognised as being potential sources of acaricidal agents
(Franscisco et al. 2003). Major advantages of the use of plant-based products for tick control
are that they are biodegradable and therefore less toxic to the environment and to non-
targeted species (Liang et al. 2003).

We have previously reported on the acaricidal activity of organic extracts of South African
plants against Rhipicephallus decoloratus (Koch, 1844) Acari: Ixodidae) (Fouche et al.
2016). Herein we report on some of the preliminary results of rapidly screening a large

number of plant extracts against R. (B.) microplus.



2. Materials and methods

The plants and methods followed were those described by Fouche et al. (2016).

Table 1. The corrected mortality (CM) of the eleven indigenous South African plant

species screened against R. (B.) microplus.

Entry Plant and plant part Solvent Mortality CM
used in extraction (%) (%)
1 Aloe rupestris (Leaves) Acetone 17.0 24
Ethanol 54.2 46.1
2 Calpurnia aurea (leaves, flowers) Acetone N.D. N.D.
Ethanol 100.0 100.0
3 Senna italica subsp arachoides Acetone N.D. N.D.
(roots, leaves, fruit) Ethanol 97.2 96.7
4 Cissus quadrangularis (stems) Acetone 100.0 100.0
Ethanol 99.0 98.9
5 Cleome gynandra (leaves) Acetone 46.0 36.5
Ethanol 84.3 81.5
6 Ficus sycomorus (Bark & stems) Acetone 421 31.9
Ethanol 29.0 16.5
7 Monsonia angustifolia (whole plant) Acetone 454 35.8
Ethanol 61.4 54.6
8 Pelargonium luridum (whole plant) Acetone 46.8 374
Ethanol 66.9 61.1
9 Schkuhria pinnata (whole plant) Acetone 19.7 5.5
Ethanol 36.3 25.1
10 Sclerocarya birrea (bark, root) Acetone 411 30.7
Ethanol 32.7 20.8
11 Tabernaemontana elegans (leaves) Acetone 34.6 23.1
Ethanol 16.5 18
12 Diluent (negative control) - 15 15
13 Chlorfenvinphos - 100 100

N.D. — not determined because larvae too mixed up with extract debris to be evaluated
Negative control: consisted of only diluent (acetone used to prepare extractions)

Positive Control: 300 ppm (Field concentration of Chlorfenvinphos) Supadip 30% m/v
CM = corrected mortality



3. Results

3.1. Determination of the acaricidal activity

The results of testing the plant extracts for efficacy using the adapted SLIT are shown in
Table 1. The most potent extracts had activity at 1% concentration that was similar to
chlorfenvinphos at a 0.3% concentration. Among the acetone extracts C. quadrangularis
(stem) had the best activity (CM = 100%). The ethanol extract of C. aurea (leaves, flowers)
also had potent activity like chlorfenvinphos (CM = 100%). C. quadrangularis (stem) and S.
italica subsp arachoides (roots, leaves, fruit) ethanol extracts had good activity (CM = 98.9%
and 96.7% respectively) while P. luridum (whole plant) and M. angustifolia (whole plant) had
a much lower activity (CM = 61.1% and 54.6% respectively). The toxicity of the plant
extracts against Vero cells was determined in a previous study and was found to be

acceptable (Fouche et al. 2016).

4. Discussion

The ethanol extract from C. aurea (leaves, flowers) had potent activity similar to
chlorfenvinphos (CM = 100.0%) at a 0.3% concentration. The main chemical constituents of
C. aurea are phenolic compounds (Adedapo et al. 2008) It may therefore be concluded that
the efficacy of the ethanol extract C. aurea (leaves) may be due to its ability to kill or
severely compromise the mobility of ticks.

Phytochemical screening of the leaf extract prepared from 70% ethanol was done and
several chemical constituents were found to be present such as alkaloids, cardiac glycosides
flavonoids, phenols, saponins, steroids, tannins, and terpenoids (Mulata et al. 2015). Tannin-
rich plant extracts have been reported to have acaricidal effects against larvae of R. (B.)

microplus (Fernandez-Salas et al. 2011). Phenols, terpenoids, and alkaloids are also known to



possess insecticidal ctivities (Ghosh et al. 2007). Alkaloids have neurotoxic properties which
cause mortality (Wink 2012).

The fact that C. aurea (leaves, flowers) have potent acaricidal activity is important for a
field application of tick control by rural pastoralists. There is thus potential for C. aurea
(leaves, flowers) to be used for tick control since this plant species is found throughout Africa
and also has the ability to resist drought and overgrazing. The potential value of C. aurea to
both commercial stock farmers and seminomadic pastoralists is further enhanced by the fact
that this plant species is easy to cultivate. Since this plant is not toxic to the environment it
will be an ideal component of integrated pest management systems (Liang et al. 2003) and
therefore the practical and economic aspects of the exploitation of C. aurea should therefore

be investigated.

The ethanol extract (roots, leaves, fruit) of Senna italica subsp arachoides (CM = 96.7%)
also had good acaricidal activity. Elsayed et al. (1992) isolated flavonoids, tamarixetin (3-
rutinoside-7-rhamnoside), [-sitosterol, stigmasterol, a-amyrin, 1,5-dihydroxy-3-methyl
anthraquinone and anthraquinone from the aerial parts of S. italica subsp arachoides. More
recently, Asfour et al. (2015), isolated compounds from the methanol extract of the aerial
parts such as g-sitosterol (1), (22E)-3-4-hydroxycycloart-22-en-24-one, uvaol, daucosterol,
methyl-3,4-dihydroxybenzoate, emodin, 4-hydroxyphenyl-O--D-glucopyranoside, aloin B,
and rutin. Since methanol and ethanol have similar polarity it is likely that these compounds
were also extracted with ethanol and would thus be present in the ethanol extract. These
compounds may thus have contributed to the acaricidal activity of Senna italica subsp

arachoides (roots, leaves, fruit).

The acetone stem extract of C. quadrangularis (stem) had potent activity like
chlorfenvinphos (CM = 100.0%) at a 0.3% concentration while the stem ethanol extract had

almost similar activity (CM = 98.9%). Two steroidal principles and two asymmetric



tetracyclic triterpenoids were found in the stem of C. quadrangularis. There have also been
reports of p-sitosterol, d-amyrin, d-amyrone, and flavonoids (quercetin), having different
potential metabolic and physiological effects, being present (Jainu and Devi, 2004; Jakikasem
et al., 2000). Unique stilbene derivatives termed quadrangularins A, B and C (Adesanya et
al., 1999) have also been reported. A phytochemical analysis of the stem ethanolic extract
revealed the presence of alkaloids, flavonoids, phenols and tannins in C. quadrangularis
(Chidambara Murthy et al., 2003). Thus, the acaricidal activity of the stem extract of C.

quadrangularis could be attributed to one or several of the compounds present in it.

The ethanol extract of C. gynandra (leaves) had potent acaricidal activity (CM = 81.5%)
while the acetone extract had no activity. In a phytochemical analysis study of the leaf extract
of C. gynandra prepared from 90% ethanol several chemical constituents such as cardiac
glycosides, cyanogenetic glycosides, triterpenes, saponins, flavonoids, phenols and tannins
were found to be present (Anbazhagi et al. 2009). In a more recent study by Srinivas et al.
(2014) steroids and alkaloids were reported in addition to several of the compounds reported
by Anbazhagi et al. (2009). The antimicrobial activity of C. gynandra has been due to
bioactive constituents such as tannins, flavonoids, alkaloids and saponins. These bioactive
constituents may thus also have been responsible for the acaricidal activity of C. gynandra

(leaves) in this study.

For M. angustifolia (whole plant) only the ethanol extract exhibited activity (CM = 54.6%).
This was also the case for P. luridum (whole plant) (Ethanol: CM = 61.1%). Lignans are a
group of naturally occurring phenolic compounds and Khorombi (2006) isolated five aryl
naphthalene lignans (suchilactone, justicidin A, 5-methoxyjusticidin A, chinensinaphthol,
retrochinensinaphthol methyl ether and) during the fractionation of the organic (methanol-
dichloromethane) extract of M. angustifolia. Podophyllotoxin, a naturally occurring

aryltetralin lignan, has interesting insecticidal and antifungal activities (Wang et al. 2014).



The lignans isolated from M. angustifolia (whole plant) may thus be responsible or may have

contributed to the acaricidal activity in this present study.

In the previous study all the plant extracts had low toxicity in the cytotoxicity assay (Fouche
et al. 2016). When comparing the activity of the acetone and ethanol plant extracts against R.
(B.) microplus to that against R. (B.) decoloratus, it is evident that more extracts were active
and had a higher activity against R. microplus. Thus, it appears that R. (B.) microplus is more
susceptible to the effects of the active principles in the extracts than R. (B.) decoloratus.
Ethno-veterinary leads are valuable in selecting species to be screened for the discovery of
novel, natural acaricides for combatting the southern cattle tick, R. (B.) microplus, and other

tick species.

5. Conclusion

Two plant species, tested as a 1% concentration of the plant extract, have potent acaricidal
activities against R. (B.) microplus when compared to chlorfenvinphos at 0.3%. The eleven
South African plants used in ethno-veterinary medicine in this study had relatively low
toxicity against Vero cells. There is potential for these plants to be developed as acaricides to
overcome complications linked to the use of chemical acaricides. From all the plants tested C.
quadrangularis, C. aurea and S. italica subsp arachoides could be good alternatives in an
integrated control effort against the southern tick, R. (B.) microplus. Further studies to isolate
the acaricidal active compounds and to determine the environmental fate, species toxicity and
skin toxicity of these plants species before they can be considered as a treatment against ticks,

are warranted.
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