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Abstract

Tick-borne infections in livestock are wide-spread in Africa. They present a great constraint to livestock development, particularly
in the improvement of local breeds. This is due to the fact that many different tick-borne infections occur in the continent. This prob-
lem is magnified by the high susceptibility of foreign breeds of livestock being used to improve livestock productivity in many African
countries. Brown Ear tick, Rhipicephalus appendiculatus, is the vector of Theileria parva, the pathogen of the tick-borne disease, East
Coast Fever. A commonly used conventional arthropod repellent N, N-diethyl-3-methylbenzamide (DEET) is still used for repelling
a wide range of insects such as, ticks and mites by many famers in Kenya. However, conventional drugs have many harmful effects
to both the animals and human beings, additionally they cause considerable environmental pollution. In search for effective green
and non-toxic alternatives to DEET against different hematophagous arthropods, there has been renewed interest in repellents of
botanical origin. Phytochemicals have arguably fewer side effects and are readily available. A monoterpene of relatively low volatil-
ity, p-menthane-3,8-diol (PMD), obtained from lemon eucalyptus leaves (Eucalyptus citriodora) has shown potent repellence against
mosquitoes. This study was designed to evaluate the structure-activity studies of p-menthane-3,8-diol stereoisomers and analogues
against the Brown ear tick. The essential oil of lemon eucalyptus was extracted by hydrodistillation. Commercial standards of (+)
and (-)-isopulegol were hydrated at C-8 using the oxy-mercuration/demercuration procedure to obtain (+) and (-)-trans-p-men-
thane-3,8-diol respectively. (+)-Cis-p-menthane-3,8-diol stereoisomers were prepared from ()-citronellal via the Zimmermann and
English procedure that involved acid catalyzed cyclization of (+)-citronellal. GC-MS was used to identify the chemical composition
of E. citriodora oil, while the structural elucidation of the synthesized PMD stereoisomers was done using 1H-NMR and 13C-NMR
spectroscopy. The E. citriodora oil, menthane diol stereoisomers, its analogues and DEET were screened for their repellent activity
against R. appendiculatus, through subjecting them to a dual choice tick climbing bioassay. The results revealed that methane diols
were potently repellent against R. appendiculatus and comparable to that of DEET. Racemates of cis and trans were as repellent as (+)
and (-)-trans diols. PMD analogues of the diol (L-menthol, 1-a-terpineol) showed much lower repellency against R. appendiculatus
compared to p-menthane-3,8-diol stereoisomers. E. citriodora oil had much lower repellency than PMD stereoisomers, but signifi-
cantly higher repellency than L-menthol and 1-a-terpineol. This study concludes that menthane-diol stereoisomers and E. citriodora
oil have potent repellency activity against the Brown Ear tick (Rhipicephalus appendiculatus) and can be used in the management of

ticks and insects in livestock.
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Introduction

In sub-Sahara Africa, East Coast Fever (ECF) is caused by Thei-
leria parva [1] and transmitted by Brown ear tick, Rhipicephalus
appendiculatus. ECF is one of the major constraints to the develop-
ment of the livestock industry [2] An estimated 9.65 million heads
of cattle (both indigenous and exotic) are at risk of ECF [3]. The
disease is associated with up to 10% mortality in zebu calves in
ECF endemic areas and can cause up to 100% mortality in suscep-

tible exotic and indigenous breeds [4].

Control and management of both vector and pathogen have
continued to rely heavily on the application of synthetic chemical
acaricides on the host. This has proved to be unsuitable in many
ways [5]. The acaricides can eliminate ticks from the host, but do
not prevent continued re-infections from the source environment
where ticks spend 90% of their life. For effective management of
ticks, there is need to look for a mechanism to control ticks on in-
dividual hosts as well as in the host environment in order to con-
trol re-infections during grazing. One possible strategy towards
achieving this would be use of tick’s repellents on the host and

tick-repellent plants in the pasture [6].

A commonly used commercial arthropod repellent, N N-
diethyl-3-methylbenzamide (DEET), is still considered the best
available product repelling a wide variety of insects, ticks and
mites [7]. In humans, however, the repellent may cause insomnia,
mood disturbances, impaired cognitive functions, seizures, toxic
encephalopathy and allergic reactions [9]. Though DEET is not ex-
pected to be bio-accumulative, it has been found to cause consider-
able environmental pollution [8]. More recent research has shown
that mosquitoes, as well as being ‘blinded’ by the chemical, actively
dislike the smell of DEET [8]. Studies have also shown that plant-
based repellents can be as effective as DEET or even better [9]. The
practical application of tick-repellent plants and essential oils and
their integration with other measures either on the host or in the
pasture land could be a practical and economical way of control-

ling not only livestock ticks but other arthropod vectors [10].

p-Menthane-3,8-diol, obtained from lemon eucalyptus (Euca-
lyptus citriodora), known for a long time in China for its mosquito
repellent properties, has shown particular promise in this regard
[11]. The essential oil of E. citriodora, with its high content of cit-
ronellal, is one of the three perfumery oils distilled on commercial
scale from the eucalyptus species [12]. In addition to yielding an
important essential oil from its leaves, E. citriodora is grown for
its sawn timber. The wood has also been reported to be resistant
to termite attack [13]. It has long been shown that oil of lemon Eu-
calyptus has repellent effects on mosquitoes and chemical studies
have shown that its principal constituents are citronellal, isopu-
legol and a-pinene [14].
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Materials and Methods

In this study, p-menthane-3,8-diol stereoisomers were synthe-
sized from isopulegol and citronellal. All synthetic chemicals and
DEET were purchased from Sigma - Aldrich Chemical Company
(USA) with a purity of 95%.

(+) and (-)-isopulegol were hydrated at C-8 using the oxy-mer-
curation/demercuration procedure to obtain (+) and (-)-trans-p-
menthane-3,8-diol respectively. (+)-Cis-p-menthane-3,8-diol and
(#)-trans-p-menthane-3,8-diol stereoisomers were prepared from
(#)-citronellal via the Zimmermann and English procedure that
involved acid catalyzed cyclization of (%)-citronellal. The current
study also sought to establish if there exists any stereochemical
requirement(s) for repellent action of p-menthane-3,8-diol against
the R. appendiculatus, and how the blend of isomers (racemic
mixture) compares with its single isomer. To establish the struc-
tural requirements for repellency of p-menthane-3,8-diol against
the R. appendiculatus; two analogues of PMD were bio-assayed,
1-a-terpineol (hydroxyl group at C-8, with a double bond at C-2)
and L-menthol (hydroxyl group at C-8). Experimental Ticks, R. ap-
pendiculatus were obtained from colonies at the International Live-
stock Research Institute (ILRI) and bred at International Centre of
Insect Physiology and Ecology ICIPE, Nairobi County in Kenya. Rear-
ing conditions were as described by [14].

Tick repellency Bioassay

The tick climbing bioassay design exploited the well-known
predisposition of ticks to climb up and aggregate on grass stem to
await passing host [16]. This experiment was set up at ICIPE, Nai-
robi County, Kenya. An aluminum base of area 105 cm? with two
stands of 26 cm in height and 7.0 cm apart was put in a basin of
water, 1.5 cm deep (the water restricts the movement of the ticks
to the aluminum base). Two sets of glass tubes were used; one of
4.5 cm (outer one) and the other one 0.8 cm (smaller inner tube)
in diameter. A strip of filter paper (Whatmann No 7, 2 cm wide)
was stapled to form a collar around the upper parts of each smaller
inner glass tubes at a distance of 15 cm from the aluminum base
to provide the source of either test odors or pure solvent. A set up
consisting of an aluminum base (15 x 7 x 1.5 cm) with a pair of
aluminum rods (26 cm 1 x 0.7 cm d) 7 cm apart covered with glass
tubes (0.8 cm d) was used (Figure 1). One collar on the pair of tubes
was treated with test sample solution and the other with the sol-
vent (dichloromethane) to serve as control. After the solvent was
allowed to evaporate (10 min), these tubes were shielded with wid-
er tubes (4.5 cm d) from 4 cm above the aluminum base to facilitate
relatively uniform vertical gradients of the test sample along the
3.7 cm gap between two tubes. Wet cotton wool plugs on the top
of these tubes ensured relatively high humidity (>75 %) within the
columns. Ten ticks of mixed age and sex were placed at the Centre
of the aluminum base and observed for 60 minutes. The apparatus
was placed in a tray with shallow water, which prevented the dis-

persal of test ticks from the base.
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Initial comparison of the responses of the ticks in the set up
with and without residual dichloromethane on one and both sides,
showed no bias for either side and no effects of the residual sol-
vent. A piece of whatman paper measuring 4 cm by 1 cm, folded
and stapled to make a ring, was impregnated and placed on the
glass covering about 12 cm from the bottom. The test materials
(synthesized p-menthane-3,8-diol stereoisomers, analogues, Eu-
calyptus citriodora oil and the aqueous fraction) and the solvent
were dispensed using a calibrated Eppendorf pipette and equili-
brated for 30 min before ten adult ticks of mixed ages and sexes
were released at the centre of the aluminum base. Prior to each
bioassay, ticks were kept at high relative humidity (>85% RH) for
24 hrs in containers with moist cotton wool, so that they were not
dehydrated and as a result would have less tendency to drown in
the water surrounding the aluminum base (Figure 1). All bioassays
were conducted in a room keptat 28 + 1 °C and 75 + 5% RH, which
had an exhaust fan running continuously. The assays were run for
60 minutes, and the number of ticks above the filter paper strip
on the control glass tube (Nc) and on the treated glass tube (Nt)
were recorded at 15, 30, 45 and 60 minutes. After each test, the ap-
paratus was thoroughly cleaned and dried at 100 °C. Each dose of
the test material was tested 12 times; each time with a fresh, naive
adult tick. The repellent effect of the essential oils was evaluated

according to the formula adopted by [17] on equation 1.0 below.
Where Nt and Nc represent the number of ticks that climbed on

or passed the treated and control collar of filter papers on the glass

tubes, respectively.
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Figure 1: Tick climbing bioassay apparatus [15].

Tick climbing bioassay apparatus (placed in a tray with shallow
water, not shown): A, aluminium base; B, aluminium rod (26 cm
1x 0.7 cm d); B,, 0.8 cm d glass tube; B,, filter paper collar; C, 4.5
cm d glass tube plugged with dry cotton wool. The two aluminium

rods, B, on the aluminium base, A, (15 x 7cm), were 7 cm apart.
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The outer tubes, C are held in position, 4 cm above the aluminium
base, A by a retort stand clamp. The ten ticks were introduced on
the aluminium base, A, at a position marked with a star, 3.5 cm from

the base of the aluminium rods, B, [17].

Synthesis of (+)- and (-)-trans-p-menthane-3,8-diol from (+)-
and (-)-isopulegol.

This synthesis was achieved according to [19]. Mercury (II) ac-
etate (1.3g, 3.9 x 10*moles) was weighed; 9ml of water was then
added and stirred until the acetate dissolved. Tetrahydrofuran, 9ml
was then run in rapidly; followed by (+)- and (-)-isopulegol (0.5g,
3.24 x 10 moles). The mixture was stirred at room temperature
for 24 hrs to ensure completion of the oxy-mercuration step. Next,
5 mL of 3M NaOH followed by NaBH, 0.16 g, 4.23 x 10-*moles of 3.5
b mL NaOH was added slowly. The rate of addition of both solutions
was controlled to maintain temperature at 25°C, through cooling.
The organic (THF) layer was separated from the aqueous alkaline
layer. The aqueous layer was saturated with NaCl and extracted
with tetrahydrofuran (3 x 10 ml) to extract the organic compound,
dried (anhydrous Na,SO,) and filtered. The solvent was removed
from the filtrate by evaporating in vacuo at 45°C; further concentra-
tion was done by blowing the solvent off under white spot nitrogen,
to obtain a white thick opaque liquid. This crude PMD was puri-
fied on a silica gel column (230 - 240 mesh); eluent 20-40% ethyl
acetate in hexane). Further purification of the PMD product was
achieved by crystallization from the hexane-ethyl acetate mixture
to obtain the desired product in 90% yield. Structure confirmation

was done using 'H-NMR and *C-NMR spectroscopy.

Synthesis of (%)-cis-p-menthane-3,8-diol and (%)-trans-p-men-
thane-3,8-diol from (%)-citronellal

This was prepared from (+)-citronellal using the modified pro-
cedure of [19]. (#)-Citronellal (2 g, 1.296x10? moles) was added in
a dilute sulfuric acid solution (100 ml, 5%) and stirred for 25 hrs.
The organic layer was separated from the aqueous layer. To quench
the residual acid sodium bicarbonate was added to the organic lay-
er until the effervescence stopped. The aqueous layer was extract-
ed with dichloromethane (5x20 ml), after saturating the solution
with NaCl. The dichloromethane extract was dried using anhydrous
Na,SO, and filtered. The solvent was then removed by evaporating
in vacuo at 40°C. Purification was done on a silica column (230-240
mesh, eluent 20-40% ethyl acetate in hexane) to separate the target
cis-diols from the trans products and un-reacted starting material.
The diol products were analyzed by GC-MS, two sharp peaks at t,
14.0 and 17.1 minutes were obtained. Separation of the target cis-
diols from the trans-diols was done by preparative HPLC followed
by crystallization from the hexane-ethyl acetate to obtain the de-
sired product in 81% yield. Structure confirmation was done using
'H-NMR and *C-NMR spectroscopy.
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Figure 2: Structures of (+)-trans-p-menthane-3,8-diol (1a); (-)-trans-p-menthane-3,8-diol (1b); (+)-cis-p-menthane-3,8-diol (2a);
(#)-trans-p-menthane-3,8-diol (2b); L-menthol (3) and 1-a-terpineol (4).

Gas Chromatography

Mass Spectrometry Structure determination of the components
in the E. citriodora oil, the synthesized p-menthane-3,8-diol stereo-
isomers were identified using GC-MS. GC-MS analyses were per-
formed with a VG Masslab 12-250 quadruple gas chromatography-
mass spectrometer. Chromatographic separations were achieved
using a fused silica capillary column (Hewlett Packard, 50 m x 0.32
mm ID) coated with Carbowax 20M (0.3 pm film thickness) with
helium as the carrier gas. Injections were made in the splitless
mode with helium as the carrier gas. Compounds were identified
by their electron impact (El) mass spectral data, order of elution
and relative GC retention times, and by comparison of their mass
spectra and GC retention times to those of authentic samples. The
computer on the GC-MS system records a mass spectrum for each
scan for the unknown chemical in the sample and compares the
mass spectrum from a sample component with mass spectra in
the National Institute of Standards and Technology (NIST). mass
spectral library. Identification of compounds in E. citriodora oil
and synthesized p-menthane-3,8-diol were verified by comparison

with authentic samples.

NMR Spectroscopy Structure confirmation of synthesized p-
menthane-3,8-diol stereoisomers was done using 'H NMR and 3C
NMR spectroscopy. Iy NMR (400 MHz) and 13¢ NMR spectra (101
MHz) were recorded on Agilent NMR spectrometers. The chemical
shifts were reported in parts per million (ppm), and the residual
solvent peak was used as an internal reference: proton (chloro-
form ¢ 7.26) and carbon (chloroform ¢ 77.0). Multiplicities were
indicated as follows: s (singlet), d (doublet), t (triplet), q (quartet),
m (multiplet), dd (doublet of doublet), br s (broad singlet). Cou-

pling constants were reported in hertz (Hz).

Statistical Analysis The mean % repellency presented in tables
of results was computed from the original untransformed data us-
ing (R - software, version 2.15.2 (2012-10-26)). Data were normal-
ized by logarithmic (log (n + 1)) transformation before being sub-
jected to one-way analysis of variance (ANOVA). Means between
treatments were separated using the Student-Newman - Keuls test
at P<0.05 with SAS. During analysis, percentage repellency (PR)
values were converted to repellency probabilities ranging from
0 to 1 in order to fit into a probit model. Dose-response data was
subjected probit analyses using the % repellency values obtained
from triplicate experiments, and expressed as repellent doses (RD)

at RD_, using SAS statistical software.

Results

Composition of Eucalyptus citriodora oil Air-dried E. citriodora
leaves (1 kg) yielded 1.84% (18.4g) of essential oil. Gas chromatog-
raphy-mass spectrometry (GC-MS) showed the presence of thirty-
eight (38) compounds in the oil fraction as shown in figure 3 and
table 1. Previously, chemical investigations by [20] had shown that
the three principal components of the oil of the Kenyan grown E.
citriodora are citronellal (65-88%), citronellol (2-25%) and isopu-
legol (2-19%). However, in this study the principal components of
the oil of E. citriodora sampled from Arboretum, Nairobi County
were citronellal (32.03%), citronellol (19.41%), cineole (9.87%)
and isopulegol (5.97%) (Figure 3 and Table 1).

Figure 4-8 shows the total ion chromatogram of the synthesized
Menthane-diol stereoisomers. The figures confirm the purity of the
synthesized PMD stereoisomers. Figure 7 and 8 was obtained fol-
lowing resolution of racemic, (*)-cis-p-menthane-3,8-diol (Figure
6), using Chiral Prep-HPLC.
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Figure 3: Total ion chromatogram showing E. citriodora oil profile.
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CH.
1 10.75 1.32 B-Pinene e 1.32
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CHs O
H
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CHs; O
H
5 15.07 19.41 Citronellol 19.41
HaC~ “CHa
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H
10 18.81 1.59 Amorpha-4,7(11)-diene (I;I:/:I\ 1.59
=l
11 19.01 0.92 y-Cadinene — . 0.92
12 19.10 2.99 Cis-calamenene \©|$ 2.99
13 20.51 1.48 Dauca-5,8-diene /\\Y:\ 1.48
,K\ y_;/
14 20.67 1.39 y-Cadinene /Q& 1.39
15 20.83 0.82 Trans-dauca-4(11),7-diene 0.82

Table 1: Major constituents in the essential oil of E. citriodora analyzed by Gas Chromatography-Mass Spectrometry (GC-MS).
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Figure 4: Total ion chromatogram of (+)-trans-p-menthane-3,8-diol synthesised from (+) - isopulegol.
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Figure 5: Total ion chromatogram of (-)-trans-p-menthane-3,8-diol synthesised from (-) - isopulegol.

Abundance

Time—> ° 5o 10.00 15.00 20.00 2_00 30,00 35.00

08

Figure 6: Total ion chromatogram showing (#)-cis-p-menthane-3,8-diol (1) and (#)-trans-p-menthane-3,8-diol (2) profile obtained

from (+)-citronellal synthesis.
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Figure 7: Total ion chromatogram of (cis)-p-menthane-3,8-diol separated by Chiral prep HPLC.
Time—> o 5.00 10,00 15.00 2000 2..00 30.00 35.00
Figure 8: Total ion chromatogram of (trans)-p-menthane-3,8-diol separated by Chiral prep HPLC.
(Trans)-p-Menthane-3,8-diol gave the following physical and (Cis)-p-Menthane-3,8-diol gave the following physical and spec-

spectroscopic characteristic’s m.p 73 -74 °C, [a] =+10.2 and -9.8 troscopic characteristic’s m.p. 67.5 - 68.0 °C, [a] =+9.6 and -9.1. 'H-
'H-NMR (400 MHz, CDCL,) : 0.85 - 0.98 (m, 2 H), 0.92 (d, /=6.5 Hz, ~NMR (400 MHz, CDCl,: 0.87 (d, J=6.35 Hz, 3 H), 0.89 - 0.94 (m, 1 H),
3H), 1.01-1.12 (m, 1 H), 1.16 - 1.25 (m, 6 H), 1.33 - 1.48 (m, 2 H), ~ 1.05 (ddd, j=14.53, 12.70, 2.08 Hz, 1 H), 1.12 - 1.18 (m, 1 H) 1.22
1.61-1.73 (m, 2 H), 1.89 - 1.98 (m, 1 H), 3.71 (td, J=10.50, 4.15 Hz, (s, 3 H), 1.35(s,3 H), 1.63 - 1.75 (m, 2 H), 1.75 - 1.88 (m, 3 H), 3.14
1 H), 4.23 (brs, 1 H) 4.44 (brs, 1 H). *C-NMR (100 MHz, CDCL): (s, 1 H), 3.41 (brs, 1 H), 4.40 (brs, 1 H). *C-NMR (100 MHz, CDCL,):
21.93,23.61,27.00,29.92,31.31, 34.49, 44.41,53.27,72.83,74.97.  20.21,22.15, 25.52, 28.71, 28.86, 34.80, 42.44, 48.20, 67.96, 73.19.
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Figure 9: 'H-NMR spectrum of (trans)-p-Menthane-3,8-diol.
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Figure 10: *C-NMR spectrum of (trans)-p-Menthane-3,8-diol.
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Figure 11: 'H-NMR spectrum of (cis)-p-Menthane-3,8-diol.
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Figure 12: 3C-NMR spectrum of (cis)-p-Menthane-3,8-diol.

Abbreviations are as follows: s, singlet; d, doublet; t, triplet; q,  E. citriodora oil and the aqueous fraction of the hydro-distillate.
quartet; m, multiplet; br, broad. Table 4 summarizes RD,  of p-menthane-3,8-diol stereoisomers,
PMD analogues, DEET, E. citriodora oil and aqueous fraction of the

Repellency of PMD stereoisomers, analogues, E. citriodora oil, hydro-distillate

DEET and aqueous fraction

Table 2 provides results of percentage repellency of PMD stereo- Two phytochemical blends were assayed in the study, E. citrio-

isomers and DEET, and table 3 provides those of PMD analogues, dora oil and water extract of the hydro-distillate. E. citriodora oil

% Repellency (+ SE)
Test Compound
0.0001 0.001 0.01 0.1 1
(x) Cis-PMD 70.5+39* | 77.1+£5.2* | 81.5+£58% | 86.2+5.2° 95.8+3.9°

(£) trans-PMD 70.7+4.0° | 76.7+57* | 80.7+6.0° | 93.2+4.8 95.8 £3.9°

(-)-Trans-PMD 73.0+£57* | 753+53* | 83.4+58* | 851%57* | 96.6+3.7°

(+)- Trans-PMD 73.5+57* | 759+£51* | 79.0+£51* | 82.8+5.3® | 955412

DEET 73.4+56* | 769+56* | 83.1+58* | 87.8+5.12 97.0 £ 3.3*

Table 2: % Repellency (+SE) of PMD stereoisomers and DEET at different doses (mg).

Means in columns followed by the same letters are not significantly different (P < 0.05; SNK test).
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Test Compound Mean % Repellency (+ SE) at different doses (g)
0.0001 0.001 0.01 0.1 1
L-Menthol 62.3+42> | 755+7.7°| 79.5+7.4> 91.2 £5.5° 95.6 £ 4.1°
1-a-Terpineol 33.8+£8.3° | 60.7+7.5°| 77.8+7.8" 89.2+6.1° 96.5 £ 3.8°
E.citriodora oil 81.1+7.9% |899+6.4*| 98.9+2.2? 100 £ 0° 100 £ 0?
Aqueous Fraction | 41.5+2.9° | 57.0+2.5°| 62.0+4.8° 66.3 + 4.4° 70.4 £5.2¢
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Table 3: % Repellency (£ SE) of PMD analogues and E. citriodora oil (g).

Means in columns followed by the same letters are not significantly different (P < 0.05, SNK test).

RD, of p-menthane-3,8-diol stereoisomers, analogues, DEET and E. citriodora oil
PMD Stereoisomers and Essential Oil RD,, (x 10 mg)

(-)-Trans-PMD 2.03¢
(+)-Trans-PMD 2.04¢
(¥)-Trans-PMD 1.21¢
(+)-Cis-PMD 1.42¢
DEET 1.43¢4

E. citriodora oil 189.33¢

L-Menthol 1734.12°

1-a-Terpineol 6960.34*

Aqueous Fraction 9425.44*

Table 4: Probit analysis of dose-response relationship (RD,) of p-menthane-3,8-diol (PMD) stereoisomers, analogues, DEET and E.

citriodora oil.

Means in columns followed by the same letters are not significantly different (P < 0.05; SNK test).

had much lower repellency than PMD stereoisomers, but signifi-
cantly higher repellency than L-menthol and 1-a-terpineol (Table 2
and 3). Racemic citronellal and isopulegol are present in relatively
large amounts in the terpenoid fraction of E. citriodora oil and are
easily convertible to menthane diol. The aqueous fraction of the
hydro-distillate was least repellent to the Brown ear tick (Table 4).
It was found to contain aromadendrene oxide, linalool, citronellic
acid and ursolic acid, which have been shown to be weakly repel-
lent to arthropods [21].

Discussion

Two interesting structural effects on repellence may be high-
lighted. First, racemates ((£) - (cis)-PMD) and (%) - (trans)-PMD
(trans)-PMD were as repellent as (+)-Trans-PMD and (-) - (trans)-
PMD [22] Thus, repellency was neither stereospecific nor stere-
oselective. This shows that the precise orientation of the hydroxyl
groups (at C-3 and C-8) in menthane diol skeleton is not important
in conferring repellency against R. appendiculatus. From the prac-
tical standpoint, these results mean that one can obtain synthetic
or semi-synthetic products of optimal repellent action against R.
appendiculatus without regard to the stereochemical form of the
starting material or the diol product. Interestingly, a similar result
was also obtained against Anopheles gambie s.s. [23]. This suggests
some similarity in the chemoreceptors and odorant-binding pro-

teins (OBPs) of mosquitoes and ticks. Secondly, analogues of the diol

(L-menthol, 1-a-terpineol) showed much lower repellency against
R. appendiculatus compared to p-menthane-3,8-diol stereoisomers.
Menthol (3) has the menthane ring as well as a hydroxyl group at
C-3, while 1-a-terpineol has a menthane ring and a hydroxyl group
at C-8. Thus, the presence of a second hydroxyl group in menthane
diol is important for repellency against the Brown ear tick. More-
over, the presence of a double bond, which changes the shape of the
molecule, further reduces the repellence of 1-a-terpineol. Previ-
ously, these PMD analogues were found to be attractive to Anophe-
les gambiae, particularly at higher doses [23] This indicates that al-
though there are common features in the odorant-binding proteins
(OBPs) of mosquitoes and ticks, as reflected in their behavioural
responses to PMD stereoisomers, there are also significant differ-
ences. Unlike mosquitoes, ticks lack antennae and they detect host
cues using sensilla located on the tarsi of the front legs. Their olfac-
tory reception neurons may be narrowly tuned to specific odors
[24,25]. The presence of two hydroxyl groups in PMDs raises their
polarity, which would lower their volatility. This may be of particu-
lar advantage in substantially extending the rate of their evapora-
tion, thus enhancing the longevity of their performance. E. citrio-
dora oil had much lower repellency than PMD stereoisomers, but
significantly higher repellency than L-menthol and 1-a-terpineol.
The results show potential for use of menthane-diol stereochemi-

cal blend prepared by cyclization of (£)-citronellal obtainable in
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good quantities from citronella grass as efficacious tick repellent.

Conclusions and Recommendations

This study has found out that PMD stereoisomers and E. citrio-
dora oil possess potential repellency activity against the Brown
Ear tick (Rhipicephalus appendiculatus). The study recommends
use of stereosisomers of Menthane-diol and E. citriodora oil/ plant
leaves by farmers in management of the Brown Ear tick (Rhipi-
cephalus appendiculatus). Additionally, livestock farmers can grow
citronella grass which can be used to synthesize PMD stereochemi-

cal via cyclization of (£) - citronellal.

Suggestion for Further studies

Further studies should be carried out to determine the mecha-
nism of repellency from the extract. Other analogues of Menthane-
diol should be analyzed for brown tick repellency and other ecto-

parasites in livestock.

Conflict of Interests
The authors declare that they have no competing conflict of in-

terests that could affect or influence publication of this paper.

Funding

This research project was partly supported by Kenyatta Univer-
sity. International Centre for Insect Physiology and Ecology (ICI-
PE) provided material support to undertake hydrodistillation and
chemical analysis of E. citriodora oil, and purification of synthe-
sized PMD compounds. Chemical elucidation of synthesized PMD
stereoisomers were carried out on an Agilent NMR spectrometer

at the University of Massachusetts Boston.

Acknowledgements

The authors are grateful the staffs of International Centre for
Insect Physiology and Ecology (ICIPE), in the departments of Ap-
plied Bio-prospecting Program (ABP), Behavioral and Chemical
Ecology Department (BCED) and Biostatistics department for their
assistance in making this project a success. Alex is also grateful to
the Chemistry department of Kenyatta University for provision of

some consumables.

Authors Information
All authors have accepted to send the manuscript for publica-

tion to this journal, and declare no competing financial interest.

Disclosure
This article is part of Alex M. Muthengi Thesis [25], and no pre-

print version had been deposited in a journal in any form.

Data Availability
The data used to support the findings of this study are provided
in this article. However, any additional information can be provid-

ed by the corresponding author upon request.

13
Ethical Approval

All the reagents used in this study were prepared, used, and dis-
posed of according to the setlaboratory guidelines and the material
safety and data sheets (MSDS).

Bibliography

1. WraggD, etal. “Alocus conferring tolerance to Theileria infec-
tion in African cattle”. PLoS Genetics 18.4 (2022): e1010099.

2. Kasaija Paul D., et al. “Inspiring anti-tick vaccine research, de-
velopment and deployment in tropical africa for the control
of cattle ticks: review and insights”. Vaccines 11.1 (2022): 99.

3. Jabbar M, et al. “Economics and policy research at ILRI, 1975-
2018". In The Impact of the International Livestock Research
Institute (639-679). Wallingford UK: CABI (2020).

4. Nyabongo L., et al. “Prevalence of tick-transmitted pathogens
in cattle reveals that Theileria parva, Babesia bigemina and
Anaplasma marginale are endemic in Burundi”. Parasites and
Vectors 14 (2021): 1-15.

5. Githaka NW, et al. “Acaricide resistance in livestock ticks in-
festing cattle in Africa: Current status and potential mitigation
strategies”. Current Research in Parasitology and Vector-Borne
Diseases 2 (2022): 100090.

6. Strydom T, et al. “The economic impact of parasitism from
nematodes, trematodes and ticks on beef cattle production”.
Animals 13.10 (2023): 1599.

7. Malak N, et al. “Current perspectives and difficulties in the
design of acaricides and repellents from plant-derived com-
pounds for tick control”. Experimental and Applied Acarology
(2024): 1-16.

8. Rabbani A, et al. “Green Technologies for Pesticide Contami-
nated Soil and Water”. Sustainable Production Innovations: Bio-
remediation and Other Biotechnologies (2024): 163-192.

9. Wood M],, et al. “Development and laboratory validation of a
plant-derived repellent blend, effective against Aedes aegypti
[Diptera: Culicidae], Anopheles gambiae [Diptera: Culicidae]
and Culex quinquefasciatus [Diptera: Culicidae]”. Plos One 19.3
(2024): e0299144.

10. Adenubi OT, et al. “Ethnoveterinary plants and practices for
the control of ticks and tick-borne diseases in South Africa”.
Ethnoveterinary Medicine: Present and Future Concepts (2020):
251-267.

11. Moore EL, et al. “An online survey of personal mosquito-repel-
lent strategies”. Peer]/ 6 (2018): e5151.

Citation: Alex M Muthengi, et al. “Structure-Repellence Potential of Stereoisomers of Menthane-Diol and Analogues against the Brown Ear tick
(Rhipicephalus appendiculatus)". Acta Scientific Nutritional Health 9.2 (2025): 03-14.


https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1010099
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1010099
https://pubmed.ncbi.nlm.nih.gov/36679944/
https://pubmed.ncbi.nlm.nih.gov/36679944/
https://pubmed.ncbi.nlm.nih.gov/36679944/
https://cgspace.cgiar.org/items/a5356cba-9feb-437b-bdb7-030d1bdb6e9d
https://cgspace.cgiar.org/items/a5356cba-9feb-437b-bdb7-030d1bdb6e9d
https://cgspace.cgiar.org/items/a5356cba-9feb-437b-bdb7-030d1bdb6e9d
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-020-04531-2
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-020-04531-2
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-020-04531-2
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-020-04531-2
https://www.sciencedirect.com/science/article/pii/S2667114X22000164
https://www.sciencedirect.com/science/article/pii/S2667114X22000164
https://www.sciencedirect.com/science/article/pii/S2667114X22000164
https://www.sciencedirect.com/science/article/pii/S2667114X22000164
https://pubmed.ncbi.nlm.nih.gov/37238028/
https://pubmed.ncbi.nlm.nih.gov/37238028/
https://pubmed.ncbi.nlm.nih.gov/37238028/
https://link.springer.com/article/10.1007/s10493-024-00901-y
https://link.springer.com/article/10.1007/s10493-024-00901-y
https://link.springer.com/article/10.1007/s10493-024-00901-y
https://link.springer.com/article/10.1007/s10493-024-00901-y
https://www.researchgate.net/publication/373536633_Green_Technologies_for_Pesticide_Contaminated_Soil_and_Water
https://www.researchgate.net/publication/373536633_Green_Technologies_for_Pesticide_Contaminated_Soil_and_Water
https://www.researchgate.net/publication/373536633_Green_Technologies_for_Pesticide_Contaminated_Soil_and_Water
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0299144
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0299144
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0299144
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0299144
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0299144
https://link.springer.com/chapter/10.1007/978-3-030-32270-0_11
https://link.springer.com/chapter/10.1007/978-3-030-32270-0_11
https://link.springer.com/chapter/10.1007/978-3-030-32270-0_11
https://link.springer.com/chapter/10.1007/978-3-030-32270-0_11
https://peerj.com/articles/5151/
https://peerj.com/articles/5151/

Structure-Repellence Potential of Stereoisomers of Menthane-Diol and Analogues against the Brown Ear tick (Rhipicephalus appendiculatus)

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Fayez S., et al. “Eucalyptus-derived essential oils alleviate
microbes and modulate inflammation by suppressing super-
oxide and elastase release”. Frontiers in Pharmacology 14
(2023): 1218315.

Ismayati M., et al. “Eucalyptus Bark Tannin for Green Chemis-
try Agent. In Eucalyptus: Engineered Wood Products and Other
Applications (137-161). Singapore: Springer Nature Singa-
pore (2023).

Unni PS,, et al. “Chemical composition and toxicity of commer-
cial Mentha spicata and Eucalyptus citriodora essential oils on
Culex quinquefasciatus and non-target insects”. Environmen-
tal Science and Pollution Research (2024): 1-22.

Wanzala W, et al. “Essential oils of Tagetes minuta and Titho-
nia diversifolia affect host location behaviour and on-host at-
tachment site preference of the brown ear tick, Rhipicephalus
appendiculatus in the semi-field studies”. Arabian Journal of
Medicinal and Aromatic Plants 6.2 (2020): 55-71.

Noll ME. “The Control of Stomoxys Calcitrans (Stable Flies)
with Essential Oils (Doctoral dissertation, University of Bris-
tol) (2020).

Lwande W, et al. “Gynandropsis gynandra (L) Brig, essential
oil and its constituents as tick (Rhipicephalus appendiculatus)
repellents”. Phytochemistry 50 (1999): 401-405.

Browning TO. “The aggregation of questing ticks, Rhipicepha-
lus pulchellus on grass stems, with observations on Rhipiceph-
alus appendiculatus”. Journal of Physiology and Entomology 1
(1976): 107-114.

Le TH.,, et al. “Synthesis of para-menthane 3, 8-diol from Eu-
calyptus citriodora essential oil for application in mosquito
repellent products”. In E3S Web of Conferences (Vol. 407, p.
04008). EDP Sciences.

Mwangi JW, et al. “Eucalyptus citriodora essential oil content
and chemical varieties in Kenya”. Journal of East African Agri-
cultural Forestry 46 (1981): 89-96.

Dharsono HDA, et al. “Ocimum species: A review on chemi-
cal constituents and antibacterial activity”. Molecules 27.19
(2022): 6350.

Borrego LG, et al. “Effect of the Stereoselectivity of para-Men-
thane-3, 8-diol Isomers on Repulsion toward Aedes albopic-
tus”. Journal of Agricultural and Food Chemistry 69.37 (2021):
11095-11109.

Barasa SS., et al. “Repellents activities of stereoisomers of p-
menthane -3,8-diols against Anopheles gambiae (Diptera:
Culicidae)”. Journal of Vector Control, Pest Management and
Resistance 39 (2002): 736.

24.

25.

14
Grison C,, et al. “Reflexion on bio-sourced mosquito repellents:
nature, activity, and preparation”. Frontiers in Ecology and Evo-
lution 8 (2020): 8.

Mugwiria MA. “Structure-Repellence Studies on Synthesized
Stereoisomers of (Doctoral Dissertation, Kenyatta University)”
(2013).

Citation: Alex M Muthengi, et al. “Structure-Repellence Potential of Stereoisomers of Menthane-Diol and Analogues against the Brown Ear tick
(Rhipicephalus appendiculatus)". Acta Scientific Nutritional Health 9.2 (2025): 03-14.


https://pubmed.ncbi.nlm.nih.gov/38074126/
https://pubmed.ncbi.nlm.nih.gov/38074126/
https://pubmed.ncbi.nlm.nih.gov/38074126/
https://pubmed.ncbi.nlm.nih.gov/38074126/
https://www.researchgate.net/publication/376580907_Eucalyptus_Bark_Tannin_for_Green_Chemistry_Agent
https://www.researchgate.net/publication/376580907_Eucalyptus_Bark_Tannin_for_Green_Chemistry_Agent
https://www.researchgate.net/publication/376580907_Eucalyptus_Bark_Tannin_for_Green_Chemistry_Agent
https://www.researchgate.net/publication/376580907_Eucalyptus_Bark_Tannin_for_Green_Chemistry_Agent
https://pubmed.ncbi.nlm.nih.gov/38393552/
https://pubmed.ncbi.nlm.nih.gov/38393552/
https://pubmed.ncbi.nlm.nih.gov/38393552/
https://pubmed.ncbi.nlm.nih.gov/38393552/
https://research.wur.nl/en/publications/essential-oils-of-tagetes-minuta-and-tithonia-diversifolia-affect
https://research.wur.nl/en/publications/essential-oils-of-tagetes-minuta-and-tithonia-diversifolia-affect
https://research.wur.nl/en/publications/essential-oils-of-tagetes-minuta-and-tithonia-diversifolia-affect
https://research.wur.nl/en/publications/essential-oils-of-tagetes-minuta-and-tithonia-diversifolia-affect
https://research.wur.nl/en/publications/essential-oils-of-tagetes-minuta-and-tithonia-diversifolia-affect
https://www.researchgate.net/publication/230167018_The_aggregation_of_questing_ticks_Rhipicephalus_pulchellus_on_grass_stems_with_observations_on_Rappendiculatus
https://www.researchgate.net/publication/230167018_The_aggregation_of_questing_ticks_Rhipicephalus_pulchellus_on_grass_stems_with_observations_on_Rappendiculatus
https://www.researchgate.net/publication/230167018_The_aggregation_of_questing_ticks_Rhipicephalus_pulchellus_on_grass_stems_with_observations_on_Rappendiculatus
https://www.researchgate.net/publication/230167018_The_aggregation_of_questing_ticks_Rhipicephalus_pulchellus_on_grass_stems_with_observations_on_Rappendiculatus
https://www.tandfonline.com/doi/pdf/10.1080/00128325.1980.11663072
https://www.tandfonline.com/doi/pdf/10.1080/00128325.1980.11663072
https://www.tandfonline.com/doi/pdf/10.1080/00128325.1980.11663072
https://www.mdpi.com/1420-3049/27/19/6350
https://www.mdpi.com/1420-3049/27/19/6350
https://www.mdpi.com/1420-3049/27/19/6350
https://pubs.acs.org/doi/10.1021/acs.jafc.1c03897
https://pubs.acs.org/doi/10.1021/acs.jafc.1c03897
https://pubs.acs.org/doi/10.1021/acs.jafc.1c03897
https://pubs.acs.org/doi/10.1021/acs.jafc.1c03897
https://pubmed.ncbi.nlm.nih.gov/12349856/
https://pubmed.ncbi.nlm.nih.gov/12349856/
https://pubmed.ncbi.nlm.nih.gov/12349856/
https://pubmed.ncbi.nlm.nih.gov/12349856/
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2020.00008/full
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2020.00008/full
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2020.00008/full
https://ir-library.ku.ac.ke/server/api/core/bitstreams/54dcb5ab-c3e9-4d37-a3bb-6022d9e25cab/content
https://ir-library.ku.ac.ke/server/api/core/bitstreams/54dcb5ab-c3e9-4d37-a3bb-6022d9e25cab/content
https://ir-library.ku.ac.ke/server/api/core/bitstreams/54dcb5ab-c3e9-4d37-a3bb-6022d9e25cab/content

