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Abstract—Acaricides are commonly used to control ticks but are
toxic, harmful to the environment and too expensive to resource-
limited farmers. Traditionally, many communities in South Africa
rely on a wide range of indigenous practices to keep their livestock
healthy. One of these health care practices includes the use of
medicinal plants and this offers an alternative to conventional
medicine. An investigation was conducted at the CSIR in South
Africa, and selected indigenous plants used in communities were
scientifically evaluated for the management of ticks in animals. 17
plants were selected from 239 plants used traditionally in South
Africa. Two different organic extracts were prepared from the 17
samples, resulting in 34 plant samples. These were tested for efficacy
against two tick species, namely Rhipicephalus microplus and
Rhipicephalus turanicus. The plant extracts were also screened
against Vero cells and most were found to have low cytotoxicity.
This study has shown that there is potential for the development of
botanicals as natural acaricides against ticks that are non-toxic and
environmentally benign.

Keywords—Rhipicephalus microplus, Rhipicephalus turanicus,
ticks, plant extracts, South Africa.

I. INTRODUCTION

T present, livestock productivity in Africa is struggling to

keep pace with the growing demands of an ever
increasing human population. Africa accounts for a share of
22% of the global market [1]. The overall share of the
livestock industry in Africa’s GDP is 5% for South Africa and
between 25% and 30% for the underdeveloped countries in the
region, such as Kenya; Uganda; and other south, north, and
east African countries. Nearly 70% of the population in these
countries own livestock, including pastoralists living in arid
and semi-arid zones. Of these, nearly 200 million people rely
on livestock for income. Thus, livestock plays a pivotal role in
providing nutrition for a majority of the population in Africa
[1].

Parasites and animal diseases are major threats to the
African livestock industry. The major parasites that infect
animals include ectoparasites (ticks, mites, lice, and fleas) and
endoparasites (tapeworms, protozoa, trematodes or flukes, and
nematodes). Owing to the high cost of parasiticides, many
farmers in Africa use natural plant-based medicines to protect
and treat their livestock population against diseases [1].
Moreover, the use of plant-based medicines continues to grow
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as there is no resistance reported with the use of these
medicines in veterinary practice.

Tick-borne diseases are regarded as one of the major
impediments to efficient livestock production across Africa.
Based on prevalence and economic impact, some of the major
tick-borne diseases in the Southern African Development
Community (SADC) region are bovine anaplasmosis, bovine
babesiosis, Heartwater, African swine fever, bluetongue, and
East Coast Fever. Ixodid ticks such as Amblyomma hebraeum,
Rhipicephalus decoloratus, Rhipicephalus turanicus and
Rhipicephalus microplus in particular are prevalent in SADC
[2].

The African tick, Rhipicephalus is a tick species found in
South Africa and the most vital constrains to cattle have been
ticks and tick-borne diseases [3], [22]. The African blue tick,
Rhipicephalus decoloratus, transmits African redwater
through a protozoal parasite, and tick-borne gall sickness
through a bacterial parasite. Blue ticks prefer cattle but will
feed on horses, donkeys, sheep and goats and is a one-host
parasite [1]. The appearance of the two ticks, R. turanicus and
R. sanguineus is very similar and it is difficult to distinguish
between them. This is probably mainly due to the widespread
distributions of both of these ticks. R. turanicus is found in the
Gauteng and KwaZulu-Natal Provinces of South Africa [1].

Amitraz, ivermectins, and pyrethroids are the most
commonly used acaricides for the prevention of tickborne
diseases in the global livestock industry. However, over the
years, ticks have become increasingly resistant to these
acaricides. Many researchers state that the severity of tick
resistance has reached a level where resistance must be
expected in ticks within five to ten years of introduction of any
new type of acaricide [1].

For many decades, medicinal plants have been utilized as
the principal source of prevention and control of livestock
diseases. Rural poultry farmers largely focus on
ethnoveterinary medicine (EVM) due to the lack of
veterinarians in rural areas. High cost of allopathic medicine is
also an important factor for farmers so they rely on EVM.
Plant-based parasiticides are the safest options for industry
players to ensure 100% organic nature of their product output.

There are more than 68,000 plant species in Africa, of
which nearly 35,000 are known to have some medicinal
properties. Medicinal plants and the drugs derived from them
form a crucial part of the healthcare remedies for rural people
in Africa. There are more than 3,000 medicinal plant species
in Southern Africa itself, of which nearly 300 species have a
common use in the traditional healthcare system in Africa [1].
The aim of this project was to investigate and produce new,

386 scholar.waset.org/1307-6892/10007717


http://waset.org/publication/Evaluation-of-South-African-Plants-with-Acaricide-Activity-against-Ticks/10007717
http://scholar.waset.org/1307-6892/10007717

International Science Index, Pharmacological and Pharmaceutical Sciences Vol:11, No:6, 2017 waset.org/Publication/10007717

World Academy of Science, Engineering and Technology
International Journal of Pharmacological and Pharmaceutical Sciences
Vol:11, No:6, 2017

natural and safe ingredients from indigenous South African
plants for the effective management of ticks in animals.

II. MATERIALS AND METHODS

A. Plant Material Collection

17 South African plants species (Aloe rupestris, Antizoma
angustifolia, Calpurnia aurea, Senna italica subsp arachoides
(Burch.) Lock, Cissus quadrangularis, Clematis brachiata,
Clematis villosa, Cleome gynandra, Ficus sycomorus, Gnidia
deserticola, Hypoxis rigidula, Maerua angolensis, Monsonia
angustifolia, Pelargonium luridium, Schkuhria pinnata,
Sclerocarya birrea and Tabernaemontana elegans) were
collected and voucher specimens were submitted to the South
African Biodiversity Institute in Pretoria, South Africa.

B. Production of Plant Extracts

Collected plant material was dried in an oven at 30-60 °C
and hammer milled to obtain fine ground plant material. Two
different organic solvents were used to prepare extracts;
ethanol and acetone, from each of the 17 plant species. The
solvent extracts were prepared by pouring 200 ml of solvent
onto 20 g ground plant material which was then stirred for 1 h.
The residue was re-extracted with the same amount of solvent
for 1 h and for the third time, the same volume of solvent was
used but the mixture was stirred overnight. The extracts were
combined and the ethanol and acetone evaporated using a
rotary evaporator.

C.Adapted Shaw Larval Immersion Test (SLIT)

Fully engorged females of R. microplus (Acari: Ixodidae)
were obtained from Clinvet International, Bloemfontein,
South Africa. The strain used 1is susceptible to an
organophosphate acaricide, chlorfenvinphos, at a field
concentration of 300 ppm. The ticks were placed into 5
conical flasks containing 20 females each. The flasks were
incubated at 26 + 2 °C at a relative humidity of greater than
70% for oviposition and hatching. Testing was performed
between 17 and 25 days post hatching.

The test, originally described by Shaw was used and
modified to increase the period of larval incubation after
treatment to 72 h before the test was read [4]. A 1% w/v
extract dilution was prepared and 0.1 g of extract was weighed
and diluted in 10 ml of distilled H,O containing 0.02% Triton
X-100 and 1% acetone (diluent). After dilution, the solution
was vortexed for 1-10 min depending on solubility and then
put in an ultrasonic water bath for 10 min to dissolve the
extract in the diluent. Some extracts did not dissolve
completely and was used as a suspension.

Approximately, 200 larvae between 16 and 25 days post
hatching were placed between two round Whatman no 1 filter
papers (diameter 120 mm) to form a larvae sandwich. It was
then placed in a pie plate (diameter 140 mm) and ten ml of a
1% solution from the plant extract was poured over the tick
sandwich to expose larvae to the solution. Each run also
included a positive control (300 ppm — Field concentration of
Chlorfenvinphos — Supadip 30% w/v) and a negative control
(diluent). After 30 min, excess solution was drained from the
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filter paper sandwich and it was transferred to a clean filter
paper (Whatman no 1, diameter 250 mm). 100 larvae were
brushed from each half of the sandwich onto a clean filter
paper envelope. It was crimped closed and placed in an
incubator at a temperature of 26 = 2v°C and RH > 70%. After
72 h the number of live versus dead larvae was counted and
efficacy of extract to kill the larvae was determined against a
negative control sample. Incubation for each plant extract was
done in duplicate. The corrected mortality (CM) as well as the
mean for each plant extract.
CM was calculated by making use of Abbott’s formula i.e.:

CM% = [%i1 — %c/100 — Y%c] % 100

where % 1 = % mortality in test extract; %c = % mortality in
negative solvent control (diluent); CM% = corrected mortality

D.Adult Immersion Test (AIT)

Fully engorged females of R. turanicus were obtained from
Clinvet International, Bloemfontein, South Africa. The contact
bioassay described by [16] was employed. 1 pl of a 20%
concentration (100 mg/500 pl of acetone) of the extract of
each plant species was placed on the dorsum of each of ten
ticks (R. turanicus) for 1 minute before storing them in a vial
covered with a perforated stopper. The same was done for the
negative control (distilled water only) and positive control
(Cypermethrin 0.55% m/v). Each treatment was replicated
three times. The vials were examined hourly for 6 hours after
treatment and the findings were recorded. Mortality rate was
recorded after 24 hours. Ticks were considered alive if they
exhibited normal behaviour (when breathed upon or physically
stimulated with a tweezer). Any tick that did not respond to
human breath (CO,) after 30 seconds was considered dead,
those showing some difficulty in movement or maintaining a
normal posture were termed weak or very weak if there was
no leg coordination or ability to right themselves.

The tick mortality rate was calculated according to
Chungsamarnyart [17] as follows:

Corrected mortality, CM (%) = T/C x 100

where T is the number of ticks alive in the treatment group; C
is the number of ticks alive in the control group.

E. Determination of the Cytotoxicity of the Plant Extracts

The plant extracts were screened against Vero African
Green monkey kidney cells using the tetrazolium-based
(MTT) colorimetric assay to determine the cell viability [5].
Each of the plant extracts were redissolved in their extracting
solvents (acetone or ethanol) and tested at a concentration
range of 1-0.001 mg/ml. Doxorubicin was used as a control.
The test was repeated in quadruplicate and the assays were
repeated three times. A plant extract having a LCs value less
than 20 pg/ml is regarded as toxic.
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TABLE I

EVALUATION OF ACARICIDAL AND CYTOTOXICITY ACTIVITY OF PLANT EXTRACTS AGAINST TWO TICK SPECIES

CM (%) CM (%

1 ) Cytotoxicity

Family Plant Name Traditional Use Reference Plant Solvent AIT,R. LIT,R.
Part . - (ICso pg/ml)
turanicusmicroplus
Acetone  ND ND ND
[6] Roots
Aloe ) Ethanol 10 ND ND
Asphodelaceae - Expels pin worms 63.46 +
rupestris Acetone  ND 24 11.00
[6] Leaves 101 '99 n
Ethanol 0 46.1 336
Antizoma Verbal Acetone 73 26.6 43.59+6.28
Menispermaceae angustifolia External parasites. Use for ticks on cattle commlfgﬁcation, Roots Ethanol 60 673 2430 +022
Stape Acctone 100 ND 16;"'96; *
Calpurnia “ Ehanol ND  ND ND
Fabaceae aurea Used for lice and to relieve itches. Destroy maggots in [7] N
sores on cattle. Treat abscesses. LeavesAcetone 100 XXX 1676‘96;’
and :
flowersEthanol ND 1000 > 0;* '933 =
Senna Anthelmintic. Used to treat influenza, purgatives, Roots, Acetone 80 xxx 46.31+2.89
Leguminosae italica subs stomach complaints and diarrhea, indigestion, liver and [8] leaves N
g 1OSP gall bladder complaints, gastrointestinal disorders, and Ethanol ND 96.7 550.67
arachoides d . . - 12.49
ysmenorrhoea, uterine pain. fruit
Vitaceae Cissus Used for burns, wounds, febrile pain, malaria, induce (61, [7] Stems Acetone  ND 100.0 41.44+2.96
quadrangularis milk flow in cattle, gastro-intestinal complaints ’ Ethanol ND 98.9 7433 +3.68
117.00 +
Ranunculaceac Clematis Intestinal worms. Used as enemas for abdominal [6] Whole Acetone 50 579 4.08
uned brachiata disorders, rashes, vermifuge and for bots on horses. plant 485.28 +
Ethanol ND 0.0 2174
Clematis Verbal Acetone ND ND 45.05+0.93
Ranunculaceae . Roundworms L oots
villosa communication Ethanol ND 100.0 76.72 +3.04
Cleome Treatment of headaches and stomach aches, epileptic fits Acetone 70 328 553.61 +
Capparidaceae nandra and earache. It repels effectively all stages of the [10],[11]  Leaves ’ 18.83
£ livestock ticks R. appendiculatus and A. variegatum Ethanol 80 80.5 39.51+0.36
Acetone 90 ND 48.74+1.32
. St
Ficus “™ Bthanol ND  ND 1220
Moraceae sycomorus Ectoparasites, mental illness, wound dressing and [12] 72 '94 N
diarrhoea Bark Acetone 0 22.5 3 ‘91
and '
stems Ethanol ND 11.6 45836+
7.87
Gnidia . . Verbal Whole Acetone 70 75.6 89.61 +4.76
Thymelaeaceae - Malaria and parasites S
deserticola communication plant Ethanol 70 19.5 93.53+6.44
Hypoxis Acetone  ND 59.9 64.04+2.53
Hypoxidaceae riéri) dula Ticks and fleas. Antibacterial activity [13] Bulbs Ethanol ND 252 34122‘4;;39 +
Acetone 100 543 73.76 +0.27
Leaves 126.83 +
Maerua Nematodes and parasites, vapour or steam is inhaled to  [8], verbal Ethanol 30 100.0
Capparaceae angolensis treat children with convulsions communication 585
W u Y Acetone 50 ND  73.76+0.27
Stems
Ethanol ND ND ND
. . s . 120.37 +
Geraniaceae Monsonia Malaria, helminthiasis, anthrax (cattle), diarrhoea [14] Whole Acetone  ND 334 406
angustifolia (calves and lambs). plant Ethanol 80 520 34.67+086
. Anthelmintic, used to treat diarrhoea, backache and Acetone 0 35.0 30.58+3.40
Geraniaceae Pﬁlj':%?ﬂxm abdominal pain in infants, and dysentery, sick calves, [6], [8] Wlt; (r)llte hanol
colic, nausea, vomiting and fever. p Ethano 17 59.6  32.86+1.06
Asteraceae Schkuhria Malaria, used for eye infections, pneumonia, diarrhoea, (71, [15] Whole Acetone 90 46 39.93+1.80
pinnata heartwater, abortifacient and as a contraceptive. ’ plant Ethanol 70 244 89.14+4.14
Used for malaria, diarrhoea, dysentery, proctitis, Bark Acetone ND 30.0 41827+
Sclerocarya prophylactic, fever, stomach ailments, headaches, ulcers, and 7.89
Anacardiaceae birrea y toothache, backache, infertility, constipation, to 61, [8] root Ethanol ND 20.1 486.71 +
strengthen the heart, destruction of ticks, menorrhagia, ’ 3.11
schistosomiasis, sore eyes, heart pain, snake bite and Fru Acetone 63 ND ND
other venoms. Ethanol 30 ND ND
Tabernaemontana . Verbal Acetone ND 223 3235+0.88
Apocynaceae Parasites . eaves
elegans communication Ethanol 27 0.8 40.04+4.78
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In Table I, LIT is Larval immersion test. AIT is Adult
immersion test. LPT is Larval packet test. ND is Not
Determined. Xxx means Larvae too mixed up with extract
debris to be evaluated. Doxorubicin: 2.97 + 0.016pg/ml
Negative control: diluent (used to prepare extractions).
Positive control: 300 ppm (Field concentration of
Chlorfenvinphos) Supadip 30% m/v, CM 99.0%. CM is
corrected mortality.

F. Statistical Analysis

Determination of the cytotoxicity of the plant extracts was
done in triplicate. The results were expressed as mean +
standard deviation (SD). P values of <0.05 were regarded as
significant.

III. RESULTS

A. Determination of the Acaricidal Activity

For efficacy testing the larvae of R. microplus were exposed
to a 1% solution (0.1 g per 10 ml) of each of the plant extracts.
The results are shown in Table 1. 14 of 34 plant extracts
produced mortality greater than 50% with most of it ethanol
extracts (10). Ethanol extracts of C. aurea (leaves, flowers), C.
quadrangularis (stems), C. villosa (roots) and M. angolensis
(leaves) had the best activities (CM = 100%). Among the
acetone extracts, C. quadrangularis (stems, CM = 100%) had
the best activity followed by G. deserticola (whole plant, CM
= 75.6%). For efficacy testing the adults of R. turanicus were
exposed to 1 pl of a 20% concentration (100 mg/500 pl of
acetone) of each of the plant extracts. The results are shown in
Table I. 17 of 34 plant extracts produced mortality greater than
50% with most of it acetone extracts (12). Acetone extracts of
C. aurea (stems, leaves and flowers) and M. angolensis
(leaves) had the best activities (CM = 100%). Among the
ethanol extracts, C. gynandra (leaves) and M. angustifolia
(whole plant) had the best activities (CM = 80%).

B. Determination of the Cytoxicity of the Plant Extracts

The results are shown in Table I. From these results, it is
evident that none of these plant extracts could be classified as
toxic since their LCso values were greater than 20 pg/ml. For
the acetone extracts, C. gynandra was the least toxic (LCs=
553.61 pg/ml) followed by S. birrea (LCsp= 418.27 pg/ml).
Amongst the ethanol extracts Senna italic subsp arachoides
was the least toxic (LCso= 550.67 ng/ml) followed by C.
aurea (LCso= 504.32 pg/ml).

IV. DISCUSSION

Four ethanol extracts namely that of C. aurea (leaves,
flowers), C. quadrangularis (stems), C. villosa (roots) and M.
angolensis (leaves) and two acetone extracts namely of C.
aurea (stems, leaves and flowers) and M. angolensis (leaves)
showed excellent activities (CM = 100%). Different activities
were observed for the larvae and adult stages of the two tick
species. Although differences were observed, two plant
species, of C. aurea and M. angolensis consistently showed
potent aricicidal activity against both tick species.

C. aurea is a multi-stemmed, evergreen plant with light
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open crown belonging to the pea and bean family of trees
(Fabaceae). This genus is well spread in most places including
forests, hills, bushvelds and other places. In southern Africa, it
is well distributed in the Eastern Cape throughout to KwaZulu
Natal, Mpumalanga, Swaziland, Gauteng, Limpopo [7]. In
South Africa, C. aurea is used traditionally to control lice, to
treat itches and allergic rashes and destroy maggots in sores on
cattle [7]. There is potential for C. aurea to be used for tick
control since this plant species is found throughout Africa and
also has the ability to resist drought and overgrazing. Phenolic
compounds were identified as the main chemical constituents
of C. aurea [18] that are thought to be responsible for the
attraction of over twelve species of ticks.

M. angolensis is indigenous to the tropical east of South
Africa and Swaziland [8] and belongs to the family
Capparaceae. The leaves are used in traditional medicine to
treat infections and parasitic diseases as well as diseases of the
digestive tract (verbal communication). In South Africa the
Venda people use the leaves and bark which are heated over a
fire, without water, and the resultant vapour or steam is
inhaled to treat children with convulsions [8].

C. quadrangularis is a perennial succulent vine indigenous
to Asia and Africa belonging to the Vitaceae family. The
green stems are up to 3 cm in diameter and applied to heal
sores and wounds in livestock [19]. There are short-lived
broad and fleshy lobed green leaves towards the ends of some
stems. The plant is drought tolerant but not very frost resistant.
It can be found in dry woodland areas in Mpumalanga and
Limpopo provinces, but widespread inland in Southern Africa.
Several pharmacological activities have been reported for this
plant such as bone fracture healing, gastroprotective, antiulcer,

antioxidant, analgesic, antiosteoporotic, antihemorrhoidal,
anti-inflammatory, anabolic and androgenic,
parasympathomimetic, antibacterial, antifungal and

anthelmintic activity [6], [7].

G. deserticola belongs to the family Thymelacaceae and is
well distributed in Africa, Arabia, India and Sri Lanka with
more than half of the species of this genus indigenous to South
Africa [8]. Traditionally, African species of Gnidia are used to
treat ailments in humans including asthma, backaches,
malaria, nightmares, burns, snake bites, headaches, influenza
and fevers, constipation, ulcers and a whole range of other
conditions [8]. Although Gnidia species are used to treat wide
range of conditions in humans, severe irritant effects and death
among humans and animals have been reported due to the
presence of poisonous coumarins and diterpene esters [20].
Chemical investigation showed the Gnidia species to contain
various groups such as cumarins, flavonoids, lignans,
sesquiterpenes, diterpenes, sterols and lipids among other
constituents [20].

M. angustifolia is an herb and belongs to the Geraniaceae
family. It grows annually and is found in open grasslands
across South Africa and tropical Africa. The plant usually
grows up to 0.5 m in height and the seeds are usually
dispersed by rain in rainy seasons and wind in windy seasons.
It is well distributed across the southern Africa region
including South Africa, Lesotho, Swaziland, Namibia and
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Mozambique [14]. Other traditional uses include the use as a
blood cleanser and for the treatment of heartburn, anthrax and
diarrhoea [8]. Unfortunately, not much phytochemical
investigations have been done on this species or the genus as a
whole. However, extracts and compounds isolated from this
species have been reported to treat dementia and erectile
dysfunction [21].

When comparing the activity of the acetone and ethanol
plant extracts against R. microplus to that against R. turanicus,
it is evident that ethanol extracts exhibited a higher potency
compared to acetone extracts. Thus, it appears that R.
microplus is more susceptible to the effects of the active
principles in the ethanol extracts.

V.CONCLUSION

Acetone extracts prepared from the stems, leaves and
flowers of Calpurnia urea as well as the acetone and ethanol
extracts from the leaves of Maerua angolensis exhibited
excellent acaricidal activity against the tick species,
Rhipicephalus microplus and Rhipicephalus turanicus. These
plant extracts showed low toxicity against Vero cells. Further
studies, especially in vivo evaluation needs to be conducted as
well as the isolation and identification of the compounds
responsible for the acaricidal activity in these extracts. This
will be beneficial for the discovery and development of novel
natural acaricides. These plant species could be good
alternatives in an integrated control effort against these ticks to
overcome problems associated with the use of chemical
acaricides.
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