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Effects of Lavender and Linalool on Neurotransmission
and Contraction of Smooth Muscle
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ABSTRACT

Introduction: Lavender (Lavandula angustifolia) is commonly used in household products, perfumes, aromatherapy
and complementary medicines. This study assesses the effects of lavender and its component linalool on
neurotransmission and contraction of smooth muscle. Methods: The concentration-dependent effects of lavender
(0.001% to 0.05%) and linalool (0.001% to 0.05%) on electrically evoked nerve terminal impulse (NTI) and
excitatory junction current (EJC) amplitudes were assessed, while the effects of lavender (0.03%) and linalool
(0.03%) on b5-hydroxytryptamine, acetylcholine, histamine, noradrenaline and oxytocin evoked responses were
examined. Reversibility of lavender (0.03%) and linalool (0.03%) effects on electrically evoked NTI and EJC
amplitudes, as well as on acetylcholine evoked contractile responses, were also analysed. Results: Lavender and
linalool caused concentration-dependent decreases of electrically evoked NTI and EJC amplitudes, and attenuated
the contractile responses towards 5-hydroxytryptamine, acetylcholine, histamine, noradrenaline and oxytocin.
Repeated washing of tissues treated with lavender following pre-treatment with acetylcholine reversed the inhibitory
effects of lavender, whereas linalool’s effects were not readily reversible. Conclusion: Lavender and linalool may
cause inhibition of smooth muscle presynaptic action potential propagation and postsynaptic G-protein coupled
receptor evoked responses.

Key words: Excitatory junction current, G-protein coupled receptor, Lavandula angustifolia, Linalool, Nerve terminal
impulse, Smooth muscle contraction, Synapses.

INTRODUCTION

Flowers of the common or English lavender plant (Lavan-
dula angustifolia) are typically grown in gardens for their
scent and purple-blue colours, and lavender is commonly
used in household products, perfumes, aromatherapy and
complementary medicines."” Lavender oil extracted from
the flowers is a mixture of various chemicals, including
short carbon-based chemicals and terpenes, with linalool

ies have reported that lavender and linalool possess anti-
6-13

inflammatory and antinociceptive properties.
Lavender has been reported to exert presynaptic effects
ex vivo with concentration-dependent decreases rat hemi-
diaphragm contractile forces caused by phrenic nerve
stimulation.'"*"” In addition, the postsynaptic effects ex

comprising 39.6% to 41.2% of lavender.”® Anecdotal
accounts suggest that lavender brings about feelings of
emotional and physical relaxation, while numerous stud-
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vivo of are reported to cause (1) relaxation of electrically
stimulated and acetylcholine or histamine pre-contracted
guinea pig ilea, (2) decreased amplitudes of evoked
neurotransmission of mouse hemidiaphragms, and (3)
concentration-dependent reductions of directly electri-
cally stimulated rat hemidiaphragm twitch responses and
electrically evoked and rhythmic contractions of guinea
pig ilea."”"" Proposed mechanisms for lavender’s effects
include intracellular pathway changes, reduction of free
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intracellular calcium ion concentrations, effects upon the
cell membrane, and sodium and calcium channels. #5181

Linalool has also been shown to have presynaptic effects
ex vivo upon rat hemidiaphragms stimulated via the
phrenic nerve."** It also reduces voltage-gated currents
of the newt olfactory receptor and retinal horizontal and
ganglion cells, and voltage-gated channel openings in rat
cerebellar Purkinje cells.’ Linalool has been shown to act
in a concentration-dependent manner to decrease com-
pound action potential amplitudes of frog and rat sci-
atic nerves, intact rat dorsal root ganglion neurons and
sodium current amplitudes of dissociated rat dorsal root
ganglion neurons.?’* Proposed mechanisms for linalool
include effects upon the cell membrane and the open-
ing of presynaptic voltage-gated calcium, potassium and
sodium channels."”""*

Due to ongoing interest in the use of lavender and lin-
alool for smooth muscle relaxation, the present study
compares and contrasts their concentration-dependent
effects and their reversibility at presynaptic and postsyn-
aptic sites of action. Firstly, the concentration-dependent
effects of lavender and linalool on smooth muscle electri-
cally evoked nerve terminal impulse (NTI) and excitatory
junction current (EJC) amplitudes were investigated. Sec-
ondly, lavender and linalool effects on 5-hydroxytrypta-
mine (5-HT), acetylcholine, histamine, noradrenaline and
oxytocin evoked contractions of smooth muscle were
assessed, along with their reversibility. Collectively, this
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study attempted to obtain information on the effects of
lavender and linalool on neurotransmission and contrac-
tion of smooth muscle.

MATERIALS AND METHODS
Chemicals

Lavender oil (Lavandula angustifolia Pure Lavender Oil,
100% purity) was produced by Dematin Pty Ltd (Nabowla,
Australia). Linalool ((*)-Linalool, = 95% purity), 5-HT
(Serotonin creatinine sulfate complex), acetylcholine
(Acetylcholine chloride, = 99% purity), histamine (His-
tamine bisphosphate monohydrate) and noradrenaline
(L-(=)-Norepinephrine (+)-bitartrate salt monohydrate,
= 98% purity) were produced by Sigma-Aldrich Corp.
(St Louis, Missouti). Oxytocin (Ilium syntocin, 10 IU/
ml) was produced by Troy Laboratories Pty Ltd (Syd-
ney, Australia). Concentrated lavender and linalool were
each diluted in buffer to create lavender or linalool physi-
ological buffer solutions at concentrations ranging from
0.001% to 0.05%. These solutions were mixed well prior
to their application to tissues.

Concentrations of lavender and linalool are expressed as
a percentage by volume, and it is important to note that
lavender itself is a variable mixture of chemicals, includ-
ing linalool.>>***° In experiments that examined a single
concentration of lavender or linalool, a concentration of
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Figure 1: The effects of 0.001-0.05% lavender (A) and linalool (B) and reversibility of these effects (C and D for 0.03%
lavender and linalool, respectively) on electrically-evoked nerve terminal impulse (INTI) amplitudes of mouse ductus
deferentes. A and B show electrically-evoked N'TT amplitudes normalised to control (100%) values (represented as
bars). C and D show electrically evoked N'TT amplitudes without (Control) and with lavender (C) and linalool (D), and

after thorough washing of the tissues with buffer solution (Washed)
Results are expressed as mean amplitudes + SEM for six individual experiments. *=p<0.05, ***= p<0.001, ns= not significant

0.03% was examined as this concentration of lavender
has been reported to bring about a sensation of relax-
ation when administered odorously.”’

Animals

Inbred male C57BL/6] mice (Mus musculus, 6 weeks post-
natal) were used for electrophysiological experiments.
Out bred Wistar rats (Raztus norvegicus, 11 weeks postnatal)
were used for organ bath experiments, with males being
used for experiments that examined the effects of 5-HT
and acetylcholine on ilea and noradrenaline on ductus
deferentes and naive females being used for experiments
that examined the effects of oxytocin on uterine horns.
Out bred male Tricolour guinea pigs (Cavia porcellus, 400
g to 600 g) were used for organ bath experiments that
examined the effects of histamine on ilea, as guinea pig
ilea express greater numbers of histamine receptors than
rat ilea.®® All rodents were housed within rooms main-
tained on a 12 hout day/night cycle at room temperature,
with food and water available ad /ibitum. Animal ethical
clearance was granted by the Animal Ethics Committee
at the University of Queensland (Australia).

All rodents were sacrificed by cervical fracture, with mice
and rats being first anesthetised with CO,, after which
the tissue of interest was removed. Ductus deferentes
were bisected and only the prostatic section was used for
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experimentation. Uterine horns were also bisected, and
ilea were cut into sections approximately 2 cm in length.

Electrophysiological and Contractile
Experimentation

The electrophysiology experiments were conducted as
described previously” Tissue contraction expetiments
involved mounting tissues into organ baths where duc-
tus deferentes and ilea were bathed in contractile Tyrode’s
solution (32°C) and uterine horns bathed in Kreb’s solu-
tion (37°C). 5-HT concentrations ranging from 1x107M
to 3x10° M, and acetylcholine, histamine and noradrena-
line concentrations ranging from 1X10° M to 3x10* M
were tested on tissues both in the absence and the presence
of lavender or linalool. Oxytocin concentrations rang-
ing from 1X10°IU/ml to 3X10?IU/ml were examined
from lowest to highest using cumulative concentrations at
3-minute intervals both in the absence and the presence of
lavender or linalool. Twelve individual experiments were
performed in the absence of lavender or linalool and nine
individual experiments were performed in the presence of
lavender or linalool (n=12 for control; n=6 for each chem-
ical). Data were plotted using Graph Pad Prism® (Version
5.04, Graph Pad Software Inc., San Diego).

Statistical Analyses

The statistically significant effects of lavender and linalool
on electrically evoked NTI and EJC amplitudes, and the
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Figure 2: The effects of 0.001-0.05% lavender (A) and linalool (B) on electrically evoked excitatory junction current
(EJC) amplitudes of mouse ductus deferentes. Amplitudes were normalised relative to the control (100%) values (repre-
sented as bars). The control is shown above the filled grey bar

Results are expressed as mean amplitudes + SEM for six individual experiments.” = p<o.os,
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Figure 3: Effects of 0.03% lavender (A) and linalool (B) on noradrenaline-evoked contractions of rat ductus deferentes.
Circles indicate contractile forces measured in the absence of compounds (controls), while squares indicate contractile

forces in the presence of lavender or linalool

Results are expressed as mean contractile forces + SEM for twelve (controls) or six (lavender and linalool) individual experiments.

reversibility of electrically evoked NTI amplitudes and
acetylcholine and noradrenaline evoked contractile forces,
were determined using an unpaired two-tailed one-way
analysis of variance with a Tukey’s multiple comparison
post-test. The statistically significant effects of lavender
and linalool on 5-HT, acetylcholine, histamine and nor-
adrenaline evoked contractile forces and oxytocin evoked
increases of minimum tensions were determined using an
unpaired two-tailed two-way analysis of variance with a
Bonferroni post-test. Statistical analyses were conducted
using Graph Pad Prism® (Version 5.04).
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RESULTS

NTI Amplitudes

The effects of lavender and linalool were examined at
concentrations ranging from 0.001% to 0.05% on the
electrically evoked NTI amplitudes of mouse ductus
deferentes. Both lavender and linalool caused statistically
significant concentration-dependent decreases of electri-
cally evoked NTI amplitudes relative to the respective

control at concentrations ranging from 0.01% to 0.05%

Phcog Commn, Vol 5, Issue 3, Jul-Sep, 2015
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Figure 4: Effects of 0.03% linalool on contractions of rat ilea evoked by 5-HT (A) and acetylcholine (B), guinea pig ilea
by histamine (C) and rat uterine horns by oxytocin (D). Circles indicate responses measured in the absence of linalool
(controls) while squares represent responses in the presence of linalool

Results are expressed as mean responses + SEM for twelve (controls) or six (linalool) individual experiments. *** = p<0.001”
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Figure 5: Reversibility of 0.03% lavender (A) and linalool (B) on acetylcholine-evoked contractions of rat ilea. contrac-
tile forces were obtained without (Control) and with lavender (A) and linalool (B), and then after thorough washing of

the tissues with buffer solution (Washed)
Results are expressed as mean acetylcholine evoked contractions + SEM for six individual experiments. *** = p<0.001, ns=not significant

(p<0.05; n=6 for each chemical; Figures 1A and 1B). As
such decreases might be attributed to tissue damage, the
reversibility of lavender and linalool was also tested. After
lavender was washed from the ductus deferentes, there
were no statistically significant differences between the
electrically evoked NTI amplitudes relative to the respec-
tive control (p>0.05; n=06; Figure 1C). Conversely, after
linalool was washed from the ductus deferentes, statisti-
cally significant differences were observed between elec-
trically evoked NTI amplitudes relative to the respective
control (p< 0.05; n=0; Figure 1D). Thus, lavender effects
were reversible, whereas linalool’s effects were not.

EJC Amplitudes

Similarly, both lavender and linalool were examined at
concentrations ranging from 0.001% to 0.05% on the
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electrically evoked EJC amplitudes of mouse ductus
deferentes. As with their effects on electrically evoked
NTI amplitudes, both lavender and linalool caused statis-
tically significant concentration-dependent decreases of
electrically evoked EJC amplitudes relative to the respec-
tive control at concentrations ranging from 0.01% to

0.05% (p<0.05; Figure 2).

Noradrenaline Evoked Contractile Forces

Increasing concentrations of noradrenaline generated a
sigmoidal contraction curve with an EC, of 4.53x10°
M (n=12; Figure 3). Lavender and linalool caused sta-
tistically significantly decreases of noradrenaline evoked
contractile forces at concentrations ranging from 3X10¢

M to 3x10*M, producing comparatively higher EC,  val-
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ues for lavender (8.73X107 M) and linalool (3.70x107 M)
(p<0.05; n=0 for each chemical; Figure 3).

Contractile Forces and Minimum Tensions Evoked
by Other Neurotransmitters

As was done for noradrenaline, the effects of lavender
and linalool at a concentration of 0.03% were examined
on 5-HT, acetylcholine and histamine evoked contractile
forces and oxytocin evoked increases of minimum ten-
sions. 5-HT (1xX10°M to 3%X10° M) and acetylcholine
(1X10° M to 3x10* M) were tested on rat ilea, whereas
histamine (1X10°M to 3X10* M) was tested on guinea
pig ilea. Oxytocin (1xX10°IU/ml to 3xX107IU/ml) was
tested on rat uterine horns. The overall increase of con-
tractile forces and minimum tensions with increasing con-
centrations of the these agonist compounds followed a
sigmoidal curve, with the EC, for 5-HT being 6.41x107
M, acetylcholine being 3.14X107 M, histamine being
5.37x10* M and oxytocin being 4.84%x10°IU/ml (n=12
for each agonist; Figure 4).

In the presence of 0.03% lavender or linalool, significant
decreases of 5-HT evoked contractile forces occurred at
concentrations ranging from 1X10°M to 3x10°M (p<0.05;
n=9 for each chemical; Figure 4A; data for lavender not
shown). They also significantly reduced acetylcholine and
histamine evoked contractile forces at concentrations
ranging from 1X107M to 3X10*M (p<0.05; n=9 for each
chemical; Figures 4B and 4C; data for lavender not shown).
The increases in minimum tensions caused by oxytocin
were also significantly reduced in the presence of 0.03%
lavender or linalool at oxytocin concentrations ranging
from 3X10°1U/ml to 3X1021U/ml (p<0.05; n=6 for each
chemical; Figure 4D; data for lavender not shown).

Reversibility of Inhibitory Effects of Lavender and
Linalool

As shown in Figure 5A, rat ilea contractions evoked by
acetylcholine were reduced by lavender, but returned to
control values following repeated washes with Tyrode’s
buffer solution (p<0.05; n=06). However, this is not the
case with linalool, where the acetylcholine evoked contrac-
tile forces inhibited by linalool failed to return to control
values despite repeated washing with Tyrodes solution (p>
0.05; n=06; Figure 5B). This suggests that the inhibitory
effects of linalool on smooth muscle tissue are irreversible.

DISCUSSION

We observed statistically significant concentration-depen-
dent decreases of electrically evoked NTI amplitudes of
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mouse ductus deferentes by lavender and linalool. This
may suggest that these chemicals cause concentration-
dependent inhibition of the propagation of action poten-
tials along the axons innervating smooth muscle cells,
as indicated in earlier studies.’’*The effects of linalool
are supported by earlier findings showing that linalool
decreased the amplitudes of evoked neurotransmission
of mouse hemidiaphragms.'” Linalool has been found to
have many other neurophysiological effects. It non-selec-
tively depresses voltage-gated currents of newt olfactory
receptor cells, inhibits voltage-gated currents of newt
retinal horizontal and ganglion cells, and inhibits voltage-
gated channel opening in rat cerebellar Purkinje cells.”
concentration-dependent depressant
effects on compound action potential amplitudes of rat
sciatic nerves and intact rat dorsal root ganglion neurons,
as well as sodium current amplitudes of dissociated rat
dorsal root ganglion neurons.” It can also suppress com-
pound action potential amplitudes of frog sciatic nerves.”
Our findings with lavender also support previous studies
that have demonstrated attenuation of electrically evoked
NTI amplitudes,'*" including the concentration-depen-
dent relaxation of rat hemidiaphragms when electrically
stimulated via the phrenic nerve." It is likely that lavender
and linalool attenuate electrically evoked N'TI amplitudes
by non-specific inhibition of axonal voltage-gated sodium
channels. Together, these findings suggest that both lav-
ender and linalool have a local anaesthetic-like effect.

Linalool causes

Lavender and linalool caused statistically significant con-
centration-dependent decreases of electrically evoked
EJC amplitudes of mouse ductus deferentes. An EJC is
a depolarisation within a smooth muscle cell generated by
exocytosed adenosine 5-triphosphate binding to, and sub-
sequently opening, P2X| receptor ligand-gated cation chan-
nels localised within the smooth muscle cell membrane,
facilitating an influx of cations into this smooth muscle
cell**** Thus, it is possible that lavender and linalool cause
a concentration-dependent decrease in the flow of cations
through P2X| receptor ligand-gated cation channels and
subsequently cause concentration-dependent attenuation
of the generation of local depolarisations within smooth
muscle cells.It is, however, unlikely that lavender or lin-
alool specifically inhibit P2X| receptor ligand-gated cation
channels, as this typically requires a highly specific molecu-
lar structure for channel binding.>>’

Noradrenaline evoked concentration-dependent increases
of contractile forces, which were diminished in the pres-
ence of lavender and linalool. This was also observed
for 5-HT, acetylcholine, histamine and oxytocin evoked
responses in the presence of a concentration of 0.03%
lavender and linalool. While this study did not specifically

Phcog Commn, Vol 5, Issue 3, Jul-Sep, 2015
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examine the mechanisms by which lavender and linalool
decreased smooth muscle G-protein coupled receptor
(GPCR) mediated contractile forces and minimum ten-
sions, it is well established that all agonists examined
cause tissue contractions via activation of the G_subfam-
ily signalling pathway. Noradrenaline evokes contractions
of mouse and rat ductus deferentes by binding primarily
to o GPCRs, which mediate their effects primarily via
the G, subfamily.”**' 5-HT evokes contractions of rat ilea
by binding primarily to 5-HT,, GPCRs, which mediate
their effects via the G subfamily.** Acetylcholine evokes
contractions of rat ilea primarily via the M, GPCR but
also to a lesser extent via the M, GPCR, which enhances
the effect of the M, GPCR, with the M, GPCR expressed
at four-fold higher levels than the M, GPCR.* M, GPCRs
mediate their effects primarily via the G, subfamily but
also via the G_ subfamily and G, and M, GPCRs mediate
their effects via the G subfamily.**" Histamine contracts
guinea pig ilea by binding primarily to H GPCRs, which
mediate their effects via the G_ subfamily,*"*
cin increases tension within rat uterine horns by binding
to OT GPCRs, which mediate their effects primarily via
the G_ subfamily but also via the G, subfamily.>**

while oxyto-

The activation of G, subfamily GPCRs leads to an
increase of the cytosolic concentration of calcium ions and
subsequently causes the translocation of cytosolic phos-
pholipids A« to the smooth muscle cell membrane.”*’
Phosphorylation of cytosolic phospholipids A, « by
specific kinases subsequently causes the hydrolysis of
phospholipids of the smooth muscle cell membrane,
thereby generating arachidonic acid.”® Arachidonic acid is
converted into prostaglandin G,, which is subsequently
converted into prostaglandin H, by prostaglandin-endo
peroxide synthase-1 under physiological conditions.””*
Prostaglandin H, is subsequently converted into prosta-
59,61

glandin F, by prostaglandin-F synthase.”™! Prostaglandin
I, evokes increases of the tension of non-pregnant rat
uterine horns by binding primarily to FP GPCRs localised
within the myometrium, which mediate their effects pri-
marily via the G_subfamily but also via G . While the
present study did not specifically examine the mechanisms
by which lavender and linalool decrease smooth muscle
GPCR evoked contractile forces and minimum tensions,
we should note that all agonists examined evoked the
respective aforementioned response via activation of the
G, subfamily signalling pathway. Therefore, it is possible
that lavender and linalool inhibit the G_subfamily signal-
ling pathway via at least one mechanism common to all
smooth muscle types examined. We also cannot dismiss
the possibility that there is a site common to all smooth
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muscle types examined that, when affected by lavender or
linalool, can decrease smooth muscle contraction.

Lavender is a mixture of various chemicals, including lin-
alool (approximately 40% content),”® however both lav-
ender and pure linalool generally exerted similar effects
on the smooth muscle examined. One notable exception
is the reversibility of lavender’s attenuation of electrically-
evoked NTI and EJC amplitudes and tissue contractions
caused by acetylcholine. This was found to be irrevers-
ible when linalool was applied to the tissues. The reasons
behind this phenomenon remain unclear and require
further study. It suggests that lavender extract contains
compound(s) that abolish the irreversible inhibition of tis-
sue contraction caused by linalool. This finding, alongside
linalool’s powerful inhibitory effects on tissues co-admin-
istered with agonists (5-HT, acetylcholine, histamine, noz-
adrenaline and oxytocin) provide evidence that linalool is
the primary, biologically active component of lavender.

CONCLUSION

The mechanisms of action of lavender and linalool appear
to be multi-factorial and lead to the inhibition of presynap-
tic action potential propagation and postsynaptic GPCR-
evoked responses in different smooth muscle tissue types.
Our findings support eatlier studies documenting the anti-
inflammatory and antinociceptive properties of lavender,*"?
and that the mechanisms outlined in the present study may
underlie the smooth muscle relaxation and analgesic prop-

erties of products containing lavender or linalool.
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NTI  :nerve terminal impulse

EJC  :excitatory junction current
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GPCR : G-protein coupled receptor.
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Highlights of Paper

Lavender and linalool decreased electrically evoked nerve terminal impulse amplitudes and electrically evoked

excitatory junction current amplitudes.

Lavender and linalool decreased 5-hydroxytryptamine, acetylcholine, histamine, noradrenaline and oxytocin evoked

contractile responses.

Lavender’s effects on smooth muscle contraction were reversible whereas linalool’s effects were not readily reversible.
Lavender and linalool cause smooth muscle relaxation via several mechanisms and thus have potential therapeutic

applications.

Author Profile

. Curtis Poyton is the director of Medical Compliance, an Australian corporation that imple-
ments and keeps up-to-date policies and procedures tailored to Australian medical practices and their
staff, through the ongoing provision of information, advice, assistance, training and documentation.
He completed his PhD in the field of Pharmacology at The University of Queensland, Australia

where he examined the effects of plant-derived chemicals on smooth muscle.

inflammation.

REFERENCES

224

Rademaker M. Allergic contact dermatitis from lavender fragrance in
Difflam® gel. Contact Dermatitis 1994; 31(1): 58-9.

Lewith GT, Godfrey AD, Prescott P. A single-blinded, randomized pilot
study evaluating the aroma of Lavandula augustifolia as a treatment for
mild insomnia. J Altern Complement Med. 2005; 11(4): 631-7.

Umezu T, Nagano K, Ito H, Kosakai K, Sakaniwa M, Morita M. Anticonflict
effects of lavender oil and identification of its active constituents.
Pharmacol Biochem Behav. 2006; 85(4): 713-21.

Fakhari AR, Salehi P, Heydari R, Ebrahimi SN, Haddad PR.
Hydrodistillation-headspace solvent microextraction, a new method for
analysis of the essential oil components of Lavandula angustifolia Mill. J
Chromatogr A. 2005; 1098(1-2): 14-8.

An M, Haig T, Hatfield P. On-site field sampling and analysis of fragrance
from living lavender (Lavandula angustifolia L.) flowers by solid-phase
microextraction coupled to gas chromatography and ion-trap mass
spectrometry. J Chromatogr A. 2001; 917(1-2): 245-50.

Alaoui-Ismaili O, Vernet-Maury E, Dittmar A, Delhomme G, Chanel
J. Odor hedonics: connection with emotional response estimated by
autonomic parameters. Chem Senses. 1997; 22(3): 237-48.
Atanassova-Shopova S, Roussinov KS. On certain central neurotropic
effects of lavender essential oil. I1zv Inst Fiziol (Sofiia). 1970; 13(1): 69-77.
Abe S, Maruyama N, Hayama K, Ishibashi H, Inoue S, Oshima H, et al.
Suppression of tumor necrosis factor-alpha-induced neutrophil adherence
responses by essential oils. Mediators Inflamm. 2003; 12(6): 323-8.

Dale A, Cornwell S. The role of lavender oil in relieving perineal discomfort
following childbirth: a blind randomized clinical trial. J Adv Nurs. 1994;
19(1): 89-96.

Atanassova-Shopova S, Roussinov KS, Boycheva I. On certain central
neurotropic effects of lavendar essential oil. II Communication: Studies
on the effects of linalool and of terpinenol. Izv Inst Fiziol (Sofiia). 1973;
15(1): 149-56.

Peana AT, Paolo SD, Chessa ML, Moretti MD, Serra G, Pippia P. Linalool
produces antinociception in two experimental models of pain. Eur J
Pharmacol. 2003; 460(1): 37-41.

Peana, AT, D’Aquila PS, Panin F, Serra G, Pippia P, Moretti MDL.
Anti-inflammatory activity of linalool and linalyl acetate constituents of
essential oils. Phytomedicine 2002; 9(8): 721-6.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Nickolas Lavidis is a Senior Lecturer and Researcher at the School of Biomedical Sciences,
The University of Queensland. His research interest is environmental factors that influence neuro-
nal plasticity. He is also interested in how stress influences reactive species, the nitrergic system and

Yamada K, Mimaki Y, Sashida Y. Anticonvulsive effects of inhaling
lavender oil vapour. Biol Pharm Bull. 1994; 17(2): 359-60.

Ghelardini C, Galeotti N, Salvatore G, Mazzanti G. Local anaesthetic
activity of the essential oil of Lavandula angustifolia. Planta Med. 1999;
65(8): 700-3.

Lis-Balchin M, Hart S. A preliminary study of the effect of essential oils
on skeletal and smooth muscle in vitro. J Ethnopharmacol. 1997; 58(3):
183-7.

Lis-Balchin M, Hart S. Studies on the mode of action of the essential oil
of lavender (Lavandula angustifolia P. Miller). Phytother Res. 1999; 13(6):
540-2.

Re L, Barocci S, Sonnino S, Mencarelli A, Vivani C, Paolucci G, et al.
Linalool modifies the nicotinic receptor-ion channel kinetics at the mouse
neuromuscular junction. Pharmacol Res. 2000; 42(2): 177-82.
Buyikokuroglu ME, Gepdiremen A, Hacimiftioglu A, Oktay M. The
effects of aqueous extract of Lavandula angustifolia flowers in glutamate-
induced neurotoxicity of cerebellar granular cell culture of rat pups. J
Ethnopharmacol. 2003; 84(1): 91-4.

Prashar A, Locke IC, Evans CS. Cytotoxicity of lavender oil and its major
components to human skin cells. Cell Prolif. 2004; 37(3): 221-9.
Narusuye K, Kawai F, Matsuzaki K, Miyachi E. Linalool suppresses
voltage-gated currents in sensory neurons and cerebellar Purkinje cells. J
Neural Transm. 2005; 112(2): 193-203.

Leal-Cardoso JH, da Silva-Alves KS, Ferreira-da-Silva FW, dos Santos-
Nascimento T, et al. Linalool blocks excitability in peripheral nerves
and voltage-dependent Na+ current in dissociated dorsal root Ganglia
neurons. Eur J Pharmacol. 2010; 645(1-3): 86-93.

Zalachoras |, Kagiava A, Vokou D, Theophilidis G. Assessing the local
anesthetic effect of five essential oil constituents. Planta Med. 2010;
76(15): 1647-53.

Khan A, Ahmad A, Akhtar F, Yousuf S, Xess |, Khan LA, et al. Ocimum
sanctum essential oil and its active principles exert their antifungal activity
by disrupting ergosterol biosynthesis and membrane integrity. Res
Microbiol. 2010; 161(10): 816-23.

Henley DV, Lipson N, Korach KS, Bloch CA. Prepubertal gynecomastia
linked to lavender and tea tree oils. N Engl J Med. 2007; 356(5): 479-85.

Phcog Commn, Vol 5, Issue 3, Jul-Sep, 2015



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45.

Poyton, et.al.: Lavender and linalool effects on smooth muscle

Kunicka-Styczynska A, Sikora M, Kalemba D. Antimicrobial activity of
lavender, tea tree and lemon oils in cosmetic preservative systems. J Appl
Microbiol. 2009; 107(6): 1903-11.

NeherA, Gstottner M, Thaurer M, Augustijns P, Reinelt M. Schobersberger
W. Influence of essential and fatty oils on ciliary beat frequency of human
nasal epithelial cells. Am J Rhinol. 2008; 22(2): 130-4.

Akutsu H, Kikusui T, Takeuchi Y, Sano K, Hatanaka A, Mori Y. Alleviating
effects of plant-derived fragrances on stress-induced hyperthermia in
rats. Physiol Behav. 2002; 75(3): 355-60.

Hemedah M, Loiacono R, Coupar IM, Mitchelson FJ. Lack of evidence
for histamine H3 receptor function in rat ileum and human colon. Naunyn
Schmiedebergs Arch Pharmacol. 2001; 363(2): 133-8.

Chand KK, Lee KM, Schenning MP, Lavidis NA, Noakes PG. Loss of
B2-laminin alters calcium sensitivity and voltage-gated calcium channel
maturation of neurotransmission at the neuromuscular junction. J Physiol.
2015; 593(1): 245-265.

Bennett MR, Merrillees NCR. An analysis of the transmission of excitation
from autonomic nerves to smooth muscle. J Physiol. 1966; 185(3): 520-35.
Burnstock G, Prosser CL. Conduction in smooth muscles: comparative
electrical properties. Am J Physiol. 1960; 199(3): 553-9.

Brock JA, Cunnane TC. Electrical activity at the sympathetic neuroeffector
junction in the guinea-pig vas deferens. J Physiol. 1988; 399(1): 607-32.
De Potter WP, Smith AD, De Schaepdryver AF. Subcellular fractionation
of splenic nerve: ATP, chromogranin A and dopamine B-hydroxylase in
noradrenergic vesicles. Tissue Cell. 1970; 2(4): 529-46.

Vulchanova L, Arvidsson U, Riedl M, Wang J, Buell G, Surprenant A, et
al. Differential distribution of two ATP-gated channels (P2X receptors)
determined by immune cytochemistry. Proc Natl Acad Sci U S A. 1996;
93(15): 8063-7.

Hansen MA, Barden JA, Balcar VJ, Keay KA, Bennett MR. Structural
motif and characteristics of the extracellular domain of P2X receptors.
Biochem. Biophys Res. Commun. 1997; 236(3): 670-5.

Evans RJ, Lewis C, Virginio C, Lundstrom K, Buell G, Surprenant A, et al.
lonic permeability of, and divalent cation effects on, two ATP-gated cation
channels (P2X receptors) expressed in mammalian cells. J Physiol. 1996;
497(Pt 2): 413-22.

Jaime-Figueroa S, Greenhouse R, Padilla F, Dillon MP, Gever JR, Ford
APD. Discovery and synthesis of a novel and selective drug-like P2X1
antagonist. Bioorg Med Chem Lett. 2005; 15(13): 3292-5.

Ohmura T, Oshita M, Kigoshi S, Muramatsu |. Identification of a1-
adrenoceptor subtypes in the rat vas deferens: binding and functional
studies. Br J Pharmacol. 1992; 107(3): 697-704.

Alonso-Llamazares A, Zamanillo D, Casanova E, Ovalle S, Calvo P, et
al. Molecular cloning of a1d-adrenergic receptor and tissue distribution
of three a1-adrenergic receptor subtypes in mouse. J Neurochem. 1995;
65(6): 2387-92.

Wu D, Katz A, Lee CH, Simon MI. Activation of phospholipase C by a1-
adrenergic receptors is mediated by the a subunits of Gq family. J Biol
Chem. 1992; 267(36): 25798-802.

Briejer MR, Mathis C, Schuurkes JAJ. 5-HT receptor types in the rat ileum
longitudinal muscle: focus on 5-HT2 receptors mediating contraction.
Neuro gastroenterol Motil. 1997; 9(4): 231-7.

Borman RA, Burleigh DE. Functional evidence for a 5-HT2B receptor
mediating contraction of longitudinal muscle in human small intestine. Br
J Pharmacol. 1995; 114(8): 1525-7.

Launay JM, Birraux G, Bondoux D, Callebert J, Choi DS, Loric S et al.
Ras involvement in signal transduction by the serotonin 5-HT2B receptor.
J Biol Chem. 1996; 271(6): 3141-7.

Loric S, Maroteaux L, Kellermann O, Launay JM. Functional serotonin-
2B receptors are expressed by a teratocarcinoma-derived cell line during
serotoninergic differentiation. Mol Pharmacol. 1995; 47(3): 458-66.
Candell LM, Yun SH, Tran LLP, Ehlert FJ. Differential coupling of subtypes
of the muscarinic receptor to adenylate cyclase and phosphoinositide

Phcog Commn, Vol 5, Issue 3, Jul-Sep, 2015

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

hydrolysis in the longitudinal muscle of the rat ileum. Mol Pharmacol.
1990; 38(5): 689-97.

Brauner-Osborne H, Brann MR. Pharmacology of muscarinic acetylcholine
receptor subtypes (m1-m5): high throughput assays in mammalian cells.
Eur J Pharmacol. 1996; 295(1): 93-102.

Peralta EG, Ashkenazi A, Winslow JW, Ramachandran J, Capon DJ.
Differential regulation of Pl hydrolysis and adenylyl cyclase by muscarinic
receptor subtypes. Nature 1988; 334(6181): 434-7.

Migeon JC, Thomas SL, Nathanson NM. Differential coupling of m2 and
m4 muscarinic receptors to inhibition of adenylyl cyclase by Gia and Goa
subunits. J Biol Chem. 1995; 270(27): 16070-4.

Michal P, El-Fakahany EE, Dolezal V. Muscarinic M2 receptors directly
activate Gg/11 and Gs G-proteins. J Pharmacol Exp Ther. 2007; 320(2):
607-14.

Griffin MT, Figueroa KW, Liller S, Ehlert FJ. Estimation of agonist activity
at G protein-coupled receptors: analysis of M2 muscarinic receptor
signaling through Gilo, Gs, and G15. J Pharmacol Exp Ther. 2007;
321(3): 1193-207.

Ash ASF, Schild HO. Receptors mediating some actions of histamine. Br
J PharmacolChemother. 1966; 27(2): 427-39.

Maruko T, Nakahara T, Sakamoto K, Saito M, Sugimoto N, Takuwa
Y, et al. Involvement of the By subunits of G proteins in the c-AMP
response induced by stimulation of the histamine H1 receptor. Naunyn
Schmiedebergs Arch Pharmacol. 2005; 372(2): 153-9.

Li H, Choe NH, Wright DT, Adler KB. Histamine provokes turnover of
inositol phospholipids in guinea pig and human airway epithelial cells via
an H1-receptor/G protein-dependent mechanism. Am J Respir Cell Mol
Biol. 1995; 12(4): 416-24.

Ku CY, Qian A, Wen Y, Anwer K, Sanborn BM. Oxytocin stimulates
myometrial guanosine triphosphatase and phospholipase-C activities via
coupling to Gag/11. Endocrinology. 1995; 136(4): 1509-15.

Strakova Z, Soloff MS. Coupling of oxytocin receptor to G proteins in rat
myometrium during labor: Gi receptor interaction. Am J Physiol. 1997;
272(5 Pt 1): E870-E6.

Channon JY, Leslie CC. A calcium-dependent mechanism for associating a
soluble arachidonoyl-hydrolyzing phospholipase A2 with membrane in the
macrophage cell line RAW 264.7. J Biol Chem. 1990; 265(10): 5409-13.
Yoshihara Y, Watanabe Y. Translocation of phospholipase A2 from cytosol
to membranes in rat brain induced by calcium ions. Biochem Biophys Res
Commun. 1990; 170(2): 484-90.

Muthalif MM, Hefner Y, Canaan S, Harper J, Zhou H, Parmentier JH, et al.
Functional interaction of calcium-/calmodulin-dependent protein kinase I
and cytosolic phospholipase A2. J Biol Chem. 2001; 276(43): 39653-60.
Hamberg M, Svensson J, Wakabayashi T, Samuelsson B. Isolation
and structure of two prostaglandin endoperoxides that cause platelet
aggregation. Proc Natl Acad Sci U S A. 1974; 71(2): 345-9.

O’Banion MK, Winn VD, Young DA. cDNA cloning and functional activity
of a glucocorticoid-regulated inflammatory cyclooxygenase. Proc Natl
Acad Sci U S A. 1992; 89(11): 4888-92.

Watanabe K, Yoshida R, Shimizu T, Hayaishi O. Enzymatic formation
of prostaglandin F2a from prostaglandin H2 and D2. Purification and
properties of prostaglandin F synthetase from bovine lung. J Biol Chem.
1985; 260(11): 7035-41.

Friel AM, O’Reilly MW, Sexton DJ, Morrison JJ. Specific PGF2a receptor
(FP) antagonism and human uterine contractility in vitro. BJOG. 2005;
112(8): 1034-42.

Matsumoto T, Sagawa N, Yoshida M, Mori T, Tanaka |, Mukoyama M,
et al. The prostaglandin E2 and F2a receptor genes are expressed in
human myometrium and are down-regulated during pregnancy. Biochem.
Biophys Res Commun. 1997; 238(3): 838-41.

lto S, Sakamoto K, Mochizuki-Oda N, Ezashi T, Miwa K, Okuda-
Ashitaka E, et al. Prostaglandin F2 alpha receptor is coupled to Gq in
cDNA-transfected Chinese hamster ovary cells. Biochem. Biophys Res
Commun. 1994; 200(2): 756-62.

225



Reproduced with permission of copyright owner.
Further reproduction prohibited without permission.



