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ABSTRACT

The mechanism of ixodid tick (Acari: Ixodidae) repellency by gum haggar, a resin produced by Commipho-
ra holtziana (Burseraceae), was investigated by evaluating activity against the cattle tick, Boophilus micro-
plus. In an arena bioassay, a hexane extract of the resin of C. holtziana exhibited a repellent effect lasting
up to 5 h. The hydrocarbon fraction of the resin extract was shown to account for the repellent activity,
and was analysed by coupled gas chromatography-mass spectrometry (GC-MS). Major sesquiterpene
hydrocarbons were tentatively identified as germacrene-D, 3-elemene and B-bourbonene. The identity
and stereochemistry of the former compound was confirmed as the (+)-isomer by peak enhancement
using enantioselective GC, whereas the latter 2 compounds, which are most likely degradation products
of germacrene-type precursors, were identified through isolation by preparative gas chromatography fol-
lowed by microprobe-NMR spectroscopy. GC comparison of gum haggar with another resin, C. myrrha,
which was inactive in the tick bioassay, showed that the latter contained much lower levels of these
hydrocarbons. To assess the suitability of the gum haggar resin as a general acarine repellent, further
tests were made on a major acarine pest of European and US animal husbandry systems, the red poultry
mite, Dermanyssus gallinae (Acari: Dermanyssidae). Gum haggar extract, and the isolated hydrocarbon
fraction, showed strong repellent effects in an olfactometer assay, and again gum myrrh showed no
effect. These findings provide a scientific basis for the observed anti-tick properties of gum haggar, and
demonstrate the potential for its development as a general acarine repellent for use in animal husbandry
systems.
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1. Introduction

Commiphora spp. shrubs (Burseraceae) are native East African
species, found in Kenya, Uganda, Tanzania, Ethiopia and Somalia
(Beentje, 1994; Gillett, 1991). One of these species, C. holtziana, is
a thornless tree with hairy trifoliate leaves, yellow flowers and al-
most round slightly hairy fruits. The trunk and branches are blue
and covered with a thin white papery bark peeling in sheets. An-
other species, C. myrrha, is a thorny tree which has hairless toothed
leaves with a large terminal leaflet and two tiny lateral leaflets.
Male flowers are about 5 mm long and come out just before the
rains. Fruits are about 1.2 cm long including the pronounced beak.
The bark has a silvery sheen and peels in pieces. Both species are
also known to secrete gum resins, the products from C. holtziana
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and C. myrrha being known as “gum haggar” and “gum myrrh”,
respectively.

The resins from C. holtziana and C. myrrha have been collected
for centuries and found wide use in a number of folk traditional
practices. These include use as ointments to heal wounds, oral
medicines and perfumery substances (Kokwaro, 1976; El Ashry
et al., 2003; Lemenih et al., 2003). More recently, the antitumour
activity of these resins has been studied (Zhu et al., 2001). Farmers
also use traditional formulations of gum resins, in particular the re-
sin from C. holtziana, to kill and repel tick pest populations on cam-
els and cattle, and for mange control (Chikamai and Gachathi,
1994).

The chemical composition of C. holtziana and C. myrrha gum res-
ins has been reported elsewhere (Provan et al., 1987; Cavanagh
et al,, 1993; Zhu et al., 2001, 2003; Dekebo et al., 2002; Morteza-
Semnani and Saeedi, 2003; Marongiu et al., 2005; Hanus et al.,
2005; Ahmed et al., 2006). These studies show that the resins
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comprise mainly sesquiterpene hydrocarbons and furanosesquit-
erpenes, some of which are known from unrelated studies to be
effective arthropod repellents, e.g. germacrene-D has been shown
to be an effective aphid repellent (Bruce et al., 2005). Other hydro-
carbons found in C. holtziana include B-selinene, B-elemene, &-
elemene, y-elemene, a-cubebene and pB-bourbonene (Provan
et al., 1987).

Despite the wide use of gum haggar in tick control by East Afri-
can farmers, the scientific basis of tick repellency has not been fully
elucidated. A previous study has investigated the acaricidal activity
of chemical components from Commiphora spp. resins, including C.
erythraea and C. myrrha (Marudufu, 1982). Although the tick repel-
lency of C. erythraea resin has also been demonstrated (Carroll
et al., 1989), the components which are responsible for the activity
were not identified.

The aim of this study was to confirm the repellency of gum hag-
gar using the cattle tick, Boophilus microplus (Acari: Ixodidae) as a
model species, and to identify the active chemical components
using coupled GC-mass spectrometry (GC-MS) and NMR spectros-
copy. The chemical components were compared with gum myrrh,
collected from C. myrrha, which is known locally to be only weakly
active or inactive in this context. Identification of the active com-
ponents would provide the underpinning science required for local
commercial production of the resins as tick repellents, and there-
fore control of tick-borne diseases. Furthermore, it would provide
a means of assessing the quality of the material produced, i.e. the
robustness of future commercial production. The study also inves-
tigated the repellent activity of the resins towards another major
acarine pest, the red poultry mite, Dermanyssus gallinae (Acari:
Dermanyssidae) which is found in chicken production systems, in
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order to determine the potential for developing the resins as more
general acarine repellents.

2. Results
2.1. Tick behaviour

In control experiments, a high number of B. microplus larvae
walked onto the hexane treated surfaces (Fig. 1A). The hexane ex-
tract of gum haggar was repellent at the concentration tested (1%
v:v, Fig. 1B). Ticks approaching the treated surface were noticed
to mostly turn back (not recorded numerically) before entering
the 16 mm ring surrounding the treated surface, as demonstrated
by the low number of ticks counted at defined time periods in this
area. The repellent action was already lost in the second ring, i.e. at
16-26 mm from the treated surface (Fig. 1B). After 2-3 h the repel-
lent effect was reduced as some ticks walked onto the treated sur-
face and the percentage of ticks in the surrounding rings increased.
No ticks were counted on the treated surface after 4-5 h, but this
effect was not accompanied by a reduction in the number of ticks
on the surrounding rings. After 7 h, the number of larvae walking
onto the treated surface increased, and after 24 h, the repellent ef-
fect had disappeared (data not shown). The hydrocarbon fraction of
gum haggar extract, prepared by Florisil® column chromatography,
was less active than the crude extract, as revealed by the earlier en-
try of a higher number of ticks to the 16 mm ring surrounding the
treated zone in the first hour (Fig. 1C). The hexane extract of gum
myrrh was not repellent at the concentration tested (1% v:v), i.e.
the distribution of ticks between the different zones was similar
to the control experiments (Fig. 1D).

250

W

Gum haggar (Commiphora holtziana)

200

150

100

% ticks / 1000 cm?

50

d | :
0

1 2-3 45
time interval after application (h)

o
n
g

Gum myrrh (Commiphora myrrha)

n
o
o

-
o))
o

% ticks / 1000 cm?
>
o

(o))
o
!

1 2-3 4-5
time interval after application (h)

Fig. 1. Effect of gum haggar, Commiphora holtziana, hexane extract, a gum haggar hydrocarbon fraction obtained by small-scale liquid chromatography of the hexane extract
over Florisil®, and gum myrrh, C. myrrha, hexane extract on Boophilus microplus larval behaviour. The median number of ticks was calculated for each time interval (1 h,2-3 h
and 4-5 h). The median counts on the central patch and on the inner three rings were then expressed as the number per unit area and percentages calculated relative to the

number of ticks on the outer ring (26-36 mm) for each time interval and treatment.



Table 1
Behavioural responses of fed and starved adult red poultry mites, Dermanyssus
gallinae, in a four-way olfactometer, to gum haggar, Commiphora holtziana, hexane
extract, a gum haggar hydrocarbon fraction obtained by small-scale liquid chroma-
tography of the hexane extract over Florisil®, and gum myrrh, C. myrrha, hexane
extract

Observations?® (mean + SE)

Treated Control® P N

Tests with fed mites

10% (v:v) C. holtziana extract 3.00+0.68 5.83+0.68 0.03 20
10% (v:v) C. holtziana hydrocarbon fraction 1.70+0.63 6.10+0.78 0.003 10
10% (v:v) C. myrrha extract 425+130 4.40+1.24 NS© 10
Tests with starved mites

10% (v:v) C. holtziana extract 1.70£0.65 2.20+0.82 0.003 10
0.5% (v:v) C. holtziana extract 2.55+0.21 2.15+0.63 NS¢ 20

Figures refer to the mean number of visits in the treatment arm and the mean
number of visits in three control arms during a 20 min period.

4 Cumulative counts over 20 min.

b Control: paraffin oil.

€ NS: not significantly different (paired t-test).

2.2. Mite behaviour

Olfactometer assays showed that the hexane extract of gum
haggar, presented as a formulation in paraffin oil was repellent to-
wards starved and fed adult D. gallinae at the concentration tested
(10% v:v), but not at a lower concentration (0.5% v:v) for starved
mites (Table 1). The hydrocarbon fraction of gum haggar extract,
prepared by liquid chromatography and also formulated in paraffin
oil (10% v:v), was also repellent for fed mites, suggesting that the
activity of the crude extract was retained in this fraction. In con-
trast, the hexane extract of gum myrrh (10% v:v) showed no signif-
icant activity compared to the control.

2.3. Chemical composition of gum haggar hydrocarbon fraction
GC-MS analysis of the behaviourally active hydrocarbon frac-

tion of gum haggar extract revealed the presence of over 15 sesqui-
terpene hydrocarbons (Fig. 2; Table 2). The most abundant
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Table 2

Compounds identified from coupled GC-MS analysis of gum haggar, Commiphora
holtziana, hydrocarbon fraction obtained by small-scale liquid chromatography of
hexane extract over Florisil®

Peak no. (see Fig. 2) Compound? % Peak area by GC
1 5-Elemene™® 16.69
2 a-Copaene 2.67
3 B-Bourbonene®< 20.84
4 a-Bergamotene 243
5 B-Ylangene 4.56
6 p-Caryophyllene 2.10
7 Calarene 5.72
8 y-Muurolene 3.53
9 v-Elemene 2.26

10 Humulene 2.63

11 Bicyclogermacrene 2.07

12 (+)-Germacrene-D¢ 11.64

13 B-Selinene 3.55

14 a-Selinene 2.56

15 3-Cadinene 2.79

¢ Tentative identification unless otherwise stated.

b Identification confirmed by 'H NMR.

¢ Stereochemistry not assigned.

d Stereochemistry determined by peak enhancement using enantioselective GC.

compounds were tentatively identified as 3-elemene (16.69%), B-
bourbonene (20.83%) and germacrene-D (11.64%). Using authentic
samples of (+) and () isomers, the identity of germacrene-D was
confirmed by peak enhancement on GC, and the stereochemistry
determined to be the (+)-isomer by peak enhancement using enan-
tioselective GC. 'TH NMR spectroscopy of pure materials prepared
by preparative-scale GC confirmed the identity of the other 2 com-
pounds. The stereochemistry of the other 2 compounds was not
determined due to unavailability of authentic samples of stereoiso-
mers for enantioselective GC.

3. Discussion

The results of this study confirm that gum haggar, obtained
from the plant C. holtziana, is significantly repellent towards ticks,
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Fig. 2. Total ion chromatogram (TIC) obtained by coupled GC-MS analysis of gum haggar, Commiphora holtziana, hydrocarbon fraction obtained by small-scale liquid
chromatography of the hexane extract over Florisil®. Analysis was obtained from a non-polar HP-1 column. Peak numbers correlate to compounds listed in Table 2 identified

by coupled GC-MS.



and that, in contrast, gum myrrh, obtained from C. myrrha, pos-
sesses no, or at least little, activity. These data are in line with eth-
nobotanical use by farmers in East Africa of gum haggar to repel
ticks, when applied as a traditional formulation to the skin of cat-
tle. The data suggest that one or more of the sesquiterpene hydro-
carbons, present in greater amounts in gum haggar compared with
gum myrrh, are responsible for the repellent activity of the resin, as
indicated by the activity of the hydrocarbon fraction isolated by
column chromatography. Some of the hydrocarbons have been
previously reported as components of C. holtziana (Provan et al.,
1987). Both resins contain large amounts of furanosesquiterpe-
noids, but the higher level of sesquiterpene hydrocarbons in gum
haggar is due to a lower level of oxidation which is needed for for-
mation of the furanosesquiterpenoids (Provan et al., 1987). Thus,
the repellent activity is accounted for by germacrene-type com-
pounds, predominantly (+)-germacrene-D, which is known from
other studies to be an effective arthropod repellent (Bruce et al.,
2005). The presence of other sesquiterpene hydrocarbons, includ-
ing 3-elemene and B-bourbonene, in the hydrocarbon fraction is
likely to be accounted for by either rearrangement or isomerisation
of germacrene-type precursors upon extraction/isolation (New-
man, 1972; Yoshihara et al., 1969). The disappearance of the activ-
ity of the fraction after only one hour in the laboratory assay can be
rationalised by the chemical nature of (+)-germacrene-D, which is
volatile and thus likely to evaporate, and which as mentioned
above, is prone to rapid aerial oxidation and rearrangement. It is
likely that the remainder of the resin provides both antioxidant
protection of this compound, and acts as a natural slow-release for-
mulation. Evidence for these suggestions is provided by the crude
resin being biologically active against the cattle tick for up to 5h
after application, i.e. much longer than that for the hydrocarbon
fraction alone. This longevity of activity could be valuable in
exploiting gum haggar further for local protection of livestock.

The use of African plant oils and resins to control tick pests
through repellency, immobilization or acaricidal activity has been
studied elsewhere. The essential oil of molasses grass, Melinis min-
utiflora, has been shown to repel the brown-ear tick, Rhipicephalus
appendiculatus (Mwangi et al., 1995), as has the essential oil of
the shrub, Cleome monophylla (Ndungu et al., 1995), Ce. hirta (Ndun-
gu et al.,, 1999), and the East African shrub, Gynandropsis gynandra
(Lwande et al., 1999). The gum resin from C. erythraea has been
shown to repel the lone star tick, Amblyomma americanum and
the American dog tick, Dermacentor variabilis (Carroll et al., 1989).
The results of this study confirm the reported anti-tick properties
of gum haggar from C. holtziana. Furthermore, this study is the first
report of the repellency of a plant-derived material for the red poul-
try mite, D. gallinae, and demonstrates the potential for using gum
haggar as a general purpose acarine repellent. Further studies are
underway to determine whether the repellent effect can be ex-
tended to other invertebrate pest species affecting animal health
and welfare, and even to the control of phytophagous pests.

4. Materials and methods
4.1. Collection of gum resins

The gum resins of C. holtziana ssp. holtziana Engl. (gum haggar)
and C. myrrha var. molmol Engl. (gum myrrh) were collected from
branches and trunks of shrubs (5-7 years old) located in the Kaisuit
desert, in the Marsabit district of Northern Kenya, and sent to
Rothamsted Research for preparation of extracts required for
behavioural bioassay studies and chemical analysis. Voucher spec-
imens of these plants were deposited at the National Herbarium,
Addis Ababa University, Addis Ababa, Ethiopia: C. holtziana
(072793) and C. myrrha (072825).

4.2. Gum resin extraction

For tick behavioural bioassays, extracts of gum haggar and gum
myrrh were prepared by sonicating material (200 mg of each) in
hexane (2 ml) for 10 min, and leaving at ambient temperature
overnight. The stock solutions (10% v:v in hexane) were diluted
to 1% (v:v) with hexane prior to use in bioassays. Additionally, a
gum haggar hydrocarbon fraction was also used in bioassays. This
was prepared by grinding the resin (5 g) into a powder and extract-
ing the powder with hexane (100 ml) for 24 h at ambient temper-
ature. The extract was dried (MgSQ,4) and filtered. A portion of this
extract (5% v:v, 3 ml) was subjected to liquid chromatography
through Florisil® (100-200 mesh), using hexane as the eluant, with
the eluant (5% v:v) being used in bioassays.

For mite behavioural bioassays, 5% (v:v) hexane extracts of gum
haggar and gum myrrh were prepared as described above. A por-
tion of each stock solution (20 ml) was concentrated to half the
volume, i.e. 10% v:v, and mixed with paraffin oil (10 ml). The hex-
ane was evaporated under a gentle stream of nitrogen to give 10%
(v:v) solutions in paraffin oil. Additionally, a portion of the gum
haggar stock solution (5%, 1 ml) was diluted x 10, i.e. 0.5% v:v,
and paraffin oil (10 ml) added. The hexane was evaporated under
a gentle stream of nitrogen to give a 0.5% (v:v) solution in paraffin
oil. A portion of the gum haggar stock solution (5%, 10 ml) was con-
centrated to half the volume, i.e. 10% v:v, and was passed through a
short column of Florisil® using hexane as the eluant. This was con-
centrated to 5 ml and paraffin oil (5 ml) added. The hexane was
evaporated under a gentle stream of nitrogen to give a 10% (v:v)
solution in paraffin oil.

4.3. Gas chromatography (GC)

GC analysis was performed on a HP6890 gas chromatograph
equipped with a cool on-column injector, flame ionization detector
(FID), and fitted with a HP-5 capillary column (30 m x 0.25 mm
i.d.,, film thickness 0.25 pm). The oven temperature was set at
30°C for 1 min, then programmed at 5 °C/min to 150 °C, held at
this temperature for 0.1 min, then programmed at 10 °C/min to
250 °C. The carrier gas was hydrogen.

Enantioselective GC was performed on a 5890A gas chromato-
graph equipped with a B-cyclodextrin (Supelco beta-DEX™120;
30m x 0.25 mm i.d., film thickness 0.25 um) capillary column.
The oven temperature was maintained at 40 °C for 1 min, then pro-
grammed to increase at 3 °C/min to 150 °C, then at 5 °C/min to
180 °C. The temperature was maintained at 180 °C for 15 min.
The carrier gas was hydrogen.

4.4. Coupled GC-mass spectrometry (GC-MS)

GC-MS analyses were carried out using a fused silica capillary
column (30 m x 0.25 mm i.d., film thickness 0.25 um, DB-5), fitted
with an on-column injector, which was directly coupled to a mag-
netic sector mass spectrometer (Thermo-Finnigan MAT95 XP, Bre-
men, Germany). lonization was by electron impact (70 eV, source
temperature 250 °C). The oven temperature was maintained at
30 °C for 5 min, and then programmed at 5 °/min to 250 °C. The
carrier gas was helium. Tentative identifications were made by
comparison of spectra with mass spectral databases (NIST, 2005),
and confirmed by peak enhancement on GC using authentic sam-
ples of chemicals.

4.5. Preparative-scale GC-nuclear magnetic resonance (NMR)
spectroscopy

Preparative GC was performed on a HP5890 gas chromatograph
equipped with a cool on-column injector, flame ionization detector



(FID), and fitted with a megabore HP-1 capillary column
(30 m x 0.53 mm i.d., film thickness 5 um). The oven temperature
was maintained at 40 °C for 1 min, then programmed to increase
at 5°C/min to 150°C, then maintained at this temperature for
20 min. Compounds were collected by cold trapping (solid CO,)
in a short length of silica tubing (40 cm, 0.53 mm i.d.), and eluted
with deuterated benzene (Cg¢Dg, 100 pl) directly into a micro-
probe-NMR tube. 'H NMR spectroscopy was performed using a
Bruker Avance 500 MHz NMR spectrometer equipped with a
2.5 mm microprobe.

4.5.1. 5-Elemene

12 pg of a compound tentatively identified as an elemene iso-
mer by GC-MS was isolated and determined to be &-elemene,
due to features including the presence of 5 double bond protons
and a pendant isopropyl group. éy (500 MHz, CsDg) 6.00 (1H, dd,
J10.8, 17.5), 5.47 (1H, br s), 5.13 (1H, dd, J 1.2, 17.6), 5.09 (1H, br
s), 5.08 (1H, dd, ] 1.2, 10.9), 4.95 (1H, s), 2.84 (1H, br s), 2.26 (1H,
quintet, J 6.8), 2.00 (1H, br q, ] 6.4), 1.86 (3H, s), 1.5-1.7 (2H, m),
1.19 (1H, dd, ] 6.8, 6.9), 1.11 (3H, d, ] 6.9), 1.11 (3H, d, ] 6.9), 1.09
(3H, s).

4.5.2. B-Bourbonene

3.6 pg of a compound tentatively identified as a bourbonene
isomer by GC-MS was isolated and determined to be B-bourbon-
ene due to features including an exomethylene moiety. oy
(500 MHz, CgDg) 5.01 (2H, s), 2.64 (1H, br m), 2.55 (1H, m), 2.33-
2.40 (2H, m), 1.97 (1H, m), 1.84 (1H, dd, ] 7.4, 12.8), 1.77 (1H, br
d, ] 12.7), 1.5-1.7 (5H, m), 1.30 (1H, m), 1.04 (3H, s), 1.00 (3H, d, J
6.6), 0.98 (3H, d, ] 6.6).

4.6. Chemicals

Samples of B-bourbonene (78% pure by GC) and 5-elemene (98%
pure by GC) were obtained using preparative-scale GC as described
above. Authentic samples of (+) and (—)-germacrene-D were ob-
tained by incubation of farnesyl pyrophosphate with purified, ex-
pressed (+) or (—)-germacrene-D synthase and subsequent
hexane extraction and purification through a short column of silica
gel (BDH, 40-63 um)/MgSO,4 (10:1) (Prosser et al., 2004).

4.7. Ticks and mites

Boophilus microplus (Canestrini), the cattle tick, was obtained
from Novartis Animal Research SA, St. Aubin, FR, Switzerland,
where they were reared on cattle. Tick larvae were held in an envi-
ronmental cabinet under long-day conditions of 10:10 h, 28 °C,
85% relative humidity separated by 2 h ramps representing dawn
and dusk. Larvae of B. microplus used in experiments were 2-10
weeks old.

Poultry red mites, Dermanyssus gallinae, used in olfactometer
experiments, were collected from poultry sheds at Lévsta Research
Station, Swedish University of Agricultural Sciences, Uppsala, in
traps made of pieces of corrugated cardboard (7 x 14 cm). This
method is based on positive thigmo-kinesis behaviour of the mites.
Collected mites were either used directly for experiments, or
stored in a refrigerator at 5 °C and used in bioassays within two
weeks.

4.8. Tick behaviour

A glass crystallizing dish (90 mm diameter, 50 mm high) was
used to study the behaviour of B. microplus larvae. A 10 mm circu-
lar patch and concentric rings of 16, 26 and 36 mm diameter were
marked on the underside of the dish. The stimuli (10 pl) or the sol-
vent hexane (10 ul) were applied to the central surface inside the

dish, resulting in a concentration of 125 ugextract/cm?. After
allowing to dry for 5 min, the dish was placed upside down into
a large Petri dish over 1000-2000 B. microplus larvae. When suffi-
cient ticks had reached the roof of the dish (10-30 min), the num-
ber of ticks in one video frame at different time intervals (at three
intervals in the first hour, and at two intervals each in 2-3 h and 4-
5 h intervals) was counted on the central treated circle and in the
three concentric rings. The median number of ticks was calculated
for each time interval (1 h, 2-3 h and 4-5 h). The median counts on
the central patch and on the inner three rings were then expressed
as the number per unit area and percentages calculated relative to
the number of ticks on the outer ring (26-36 mm) for each time
interval and treatment.

4.9. Mite behaviour

Behavioural assays using adult D. gallinae were carried out in a
four-way olfactometer as described previously (Pettersson, 1970).
The apparatus consisted of a star-shaped arena with four extended
arms to which stimuli could be introduced. Air was drawn towards
the centre of the olfactometer. One test mite was placed in the cen-
tre of the olfactometer and its position noted every 2 min for
20 min. Each experiment was replicated 10-20 times and the re-
sults analysed by paired t-test; the mean number of visits into
the treatment arm was compared with the mean number of visits
to the three control arms. If the mite did not move between two
consecutive observations the experiment was terminated and the
data discarded. Stimuli tested were applied in 0.5 ul microcaps.
Control stimuli comprised of paraffin oil. Mites were not sexed
prior to use, and were regarded as starved if they were used more
than 12 h after capture in poultry sheds.
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