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The present study examined the pharmacological actions of four different plant-derived essential oils (rose, ylang-ylang, cam-
omile, orange) in two types of conflict tests using ICR mice. In the Vogel conflict test, in which any drinking behavior of the
mice was punished by an electric shock, the benzodiazepine agonist, diazepam (DZ), increased the number of electric shocks
the mice received. This number increased after administration of rose oil. In contrast, ylang-ylang, camomile, and orange oil
did not produce such an effect in this test. In the Geller conflict test where lever-pressing of mice was reinforced by food pel-
lets and then punished by electric shock, response (lever-pressing) rate during the alarm period was increased as well by the
positive control drug, DZ. Similarly, the response rate during the alarm period increased after administration of rose oil.
Here as well, ylang-ylang, camomile, and orange oils did not produce an anticonflict effect. In the Vogel conflict test, the an-
ticonflict effect of DZ was reversed by the benzodiazepine antagonist, flumazenil (Ro15-1788) (FL). However, the effect of
rose oil in this test was not antagonized by FL. The present study showed that rose oil possesses anticonflict effects, and that
the effects are not mediated by the benzodiazepine binding site of the GABA

 

A

 

 receptor complex. Such pharmacological ac-
tions may at least partially account for human behavioral effects attributed to essential oils. © 1999 Elsevier Science Inc.
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VARIOUS plant-derived essential oils (EOs) have tradition-
ally been used in Europe in the treatment of a variety of dif-
ferent illnesses. The medicinal use of EOs began in the an-
cient Egyptian Era, and has been practiced ever since. The
“aromatherapy” movement (18) has spread world-wide, de-
spite the lack of a scientific basis for the effectiveness of EOs.

On the other hand, the long history of EOs in therapy sug-
gests that they may indeed be effective, and for this reason the
author hypothesized that EOs possess pharmacological ef-
fects. EOs are believed to be effective in treating mental dis-
orders (18); for example, it is believed that EOs, such as rose,
ylang-ylang, camomile, jasmine, and lavender are effective in
relieving anxiety.

Conflict paradigms, where animals must choose whether to
accept reinforcers such as food and water when they are ac-
companied by punishment such as electric shock, have facili-
tated preclinical evaluation of putative antianxiety drugs
given that these methods exhibit good predictive validity as
animal models for anxiety (1). Thus, the present study tested
anticonflict effects of four different EOs (rose, ylang-ylang,
camomile, and orange oils) in two types of conflict methods

(Vogel and Geller) in order to test the hypothesis that EOs
are effective for treating anxiety.

Rose, camomile, and ylang-ylang oils were selected be-
cause these oils are believed to possess antianxiety effects
(18). On the other hand, it is believed that orange oil does not
possess such an effect.

 

METHOD

 

Animals

 

Male ICR mice (Clea Japan, Tokyo) were used for analy-
sis. The mice were 7 weeks old and weighted between 30–35 g
at the start of the experiment. The mice were housed in Plexi-
glas cages (10 mice/cage) with stainless steel wire mesh tops
and excelsior bedding. Commercial solid food (Clea Japan)
was available ad lib except in Experiment 2. The animals were
housed in a room artificially illuminated by fluorescent lamps
on a 12 L: 12 D schedule (light period: 0700–1900 h), and the
room was maintained at 25 
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C.
All experiments in this study were performed in accor-
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dance with the Ethics Committee for Experimental Animals
of the National Institute for Environmental Studies, Japan.

 

Chemicals

 

The drugs used in this study were diazepam (DZ) (benzodiaz-
epine agonist; Cercine Inj.

 

®

 

, Takeda Chem. Ind., Osaka), and
flumazenil (FL) (Ro15-1788, benzodiazepine antagonist; An-
exate Inj.

 

®

 

, Yamanouchi Pharmaceutical Co., Tokyo). Oils of
rose, ylang-ylang, and camomile were extracted from flowers
of 

 

Rosa sp

 

., 

 

Cananga odorata

 

, and 

 

Anthenis nobilis

 

 (or 

 

Matri-
caria chamomilla

 

), respectively. The orange oil was extracted
from the rind of 

 

Citrus sp

 

. (16). All of the samples were pro-
duced by Maggie Tisserand Ltd. (Brighton, UK). DZ was di-
luted in 10% propylene glycol (PG) solution, and FL was di-
luted in physiological saline (0.9% NaCl solution). All EOs
were diluted with olive oil (Wako Pure Chemical Ind., Os-
aka). All injection volumes were 1 ml/100 g body weight, and
the injections were administered subcutaneously in the case
of DZ and FL, and intraperitoneally in the case of EOs.

 

Experimental Procedures

Experiment 1: Vogel conflict test. 

 

A modification (19) of the
method of Vogel et al. (21) was used in this study.

On the first day, individual animals that had been deprived
of water for 2 days were put into separate chambers, and were
allowed to drink water for 40 min (the habituation proce-
dure). One week later, the same animals, which had again
been deprived of water for 2 days prior to the test, were sub-
jected to the Vogel conflict test 20 min after administration of
DZ, EOs, or their vehicles. The mice had ad lib access to wa-
ter from the spout in the chamber, and the number of licks of
the spout was recorded simultaneously in each chamber for
40 min. Every 20th lick was punished by an electric shock (30 V,
ca 0.1 mA, 50 Hz AC, duration 

 

5

 

 0.3 s) through the grid, and
the number of electric shocks the mice received during the 40
min was recorded.

The apparatus used in this study has been reported previ-
ously (19,20). Five Plexiglas chambers (180(W) 

 

3

 

 100(D) 

 

3

 

120(H) mm) and a recorder (VC-3002-L and VC-2050-L,
O’hara & Co., Tokyo) were used for the experiments. A wa-
ter bottle was placed on top of each chamber, with water be-
ing available from the bottle spout, which could be reached
from inside the chamber. The number of licks of the spout
was counted simultaneously in each chamber. Every 20th lick
was punished by an electric shock through the grid, which
constituted the floor of the chamber.

 

Experiment 2: Geller conflict test. 

 

Animals were trained un-
der a MULT FR20/FR20 punishment schedule of food re-
inforcement, which was a modified method (10) of that estab-
lished by Geller and Seifter (4). The schedule consisted of
four pairs of an alternating safe period of 5 min and an alarm
period of 5 min. Thus, each session lasted 40 min. During the
safe period, the mouse’s lever pressing was reinforced by food
pellets at FR20 without electric shock. During the alarm pe-
riod, which was indicated by a warning stimulus (tone signal;
800 Hz, 90 dB), every 20th lever press was punished with an
electric shock (50–90 V, ca. 0.3 mA, 50 Hz AC, duration 

 

5

 

 0.3 s).
After establishment of stable baseline responses for the safe
and alarm periods, animals showed a high response rate dur-
ing the safe period (about 30 lever presses/min) and a low re-
sponse rate during the alarm period (about three lever
presses/min). Subsequently, challenge testing sessions were
conducted at intervals of 3–4 days in which DZ or EO was ad-
ministrated to animals 20 min before the start of the test ses-

sion. Response rates were recorded separately for the safe
and alarm periods. On nonexperimental days, animals were
trained without any treatment, and the stability of behavioral
baseline was checked. Daily access to food was limited to
maintain a food-deprivational state.

The apparatus for the Geller conflict test has been re-
ported previously (20). The apparatus consisted of an operant
chamber, a schedule controller, and a data recorder (GT-
8510, GT-8005, and GT-7715, respectively; O’hara & Co., To-
kyo). The chamber was made of acrylic fiber board and alu-
minum panels with a dimension of 80(W) 

 

3

 

 90(D) 

 

3

 

 100(H)
mm. A stainless steel lever was set vertically in the side wall
of the chamber. A saucer for food pellets was set in the same
wall. The floor consisted of a stainless steel grid, wired to pass
an electric current in accordance with a conflict schedule. A
speaker for presenting a warning stimulus was set in the cen-
ter ceiling of the chamber.

 

Experiment 3: Interaction between DZ or rose oil and the
benzodiazepine antagonist, flumazenil (Ro15-1788) (FL) in
the Vogel conflict test. 

 

FL is a benzodiazepine antagonist of
benzodiazepines for the GABA

 

A

 

 receptor complex (15,17).
In this experiment, FL was first coadministrated with DZ in
animals undergoing the Vogel conflict test to confirm the DZ
antagonizing effect of FL in these experimental conditions.
FL was then coadministrated with rose oil to animals under-
going this conflict test to examine whether rose oil acts as a
benzodiazepine agonist.

 

Statistical Analyses

 

Overall differences in the means of all treatments in Ex-
periments 1 and 2 were examined by one-way ANOVA fol-
lowed by comparisons between the control and each treat-
ment by Dunnet’s test (two tailed). Results of Experiment 3
were examined by one-way ANOVA followed by Tukey’s
test for all combinations. A 5% of level of significance was
used (22).

 

RESULTS

 

Experiment 1. Vogel Conflict Test

 

As expected, the positive-control drug DZ, produced a sig-
nificant anticonflict effect, in that the number of electric
shocks the mice received increased significantly after adminis-
tration of the benzodiazepine anxiolytic (Fig. 1a), 

 

F

 

(4, 159) 

 

5

 

2.667, 

 

p

 

 

 

,

 

 0.05.
Rose oil showed a similar anticonflict effect at 400 and 800

mg/kg (Fig. 1b), 

 

F

 

(4, 84) 

 

5

 

 5.460, 

 

p

 

 

 

,

 

 0.01. Ylang-ylang oil
also tended to increase the number of electric shocks the mice
received (Fig. 1c). However, the difference was not statisti-
cally significant, 

 

F

 

(4, 80) 

 

5

 

 2.267, NS. Camomile and orange
oils did not show any evidence of an anticonflict effect (Fig.
1d and e). At their highest dose levels, these two EOs actually
reduced the number of electric shocks the mice received, sug-
gesting that they inhibited drinking behavior at these doses
[camomile oil: 

 

F

 

(4, 94) 

 

5

 

 4.204, 

 

p

 

 

 

,

 

 0.01; orange oil: 

 

F

 

(5, 108) 

 

5

 

4.957, 

 

p

 

 

 

,

 

 0.01]. When the data for orange oil at 1600 mg/kg is
eliminated from the statistical analysis, ANOVA revealed it
showed no significant effect on the target behavior, 

 

F

 

(4, 94) 

 

5

 

1.336, 

 

p

 

 

 

.

 

 0.05, although it appeared to increase in groups ad-
ministered 400–800 mg/kg.

 

Experiment 2. Geller Conflict Test

 

In this paradigm as well, the positive-control drug in-
creased response rates during the alarm period. DZ showed
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anticonflict effects in the conflict test, 

 

F

 

(4, 45) 

 

5

 

 8.141, 

 

p

 

 

 

,

 

0.05 (Fig. 2a) at dose levels (1 to 2 mg/kg) that did not affect
the response rate during the corresponding safe period, 

 

F

 

(4,
45) 

 

5

 

 0.257, NS.
Rose oil had a similar effect on response rates during the

safe and alarm periods in that it increased response rates dur-
ing the alarm period, 

 

F

 

(3, 36) 

 

5

 

 2.944, 

 

p

 

 

 

,

 

 0.05, at a dose level
(400 mg/kg) that did not alter response rates in the corre-
sponding safe period (Fig. 2b). Response rates during the safe
period decreased after administration of a relatively higher
dose (800 mg/kg) of rose oil, 

 

F

 

(3, 36) 

 

5

 

 4.512, 

 

p

 

 

 

,

 

 0.01. Ylang-
ylang oil did not show any effects on response rates during ei-
ther the safe or alarm periods throughout the range of dose
levels (200–1600 mg/kg) [safe period, 

 

F

 

(4, 45) 

 

5

 

 0.165, NS;
alarm period, 

 

F

 

(4, 45) 

 

5

 

 0.074, NS] (Fig. 2c). Camomile oil at
dose levels of 400 and 1600 mg/kg did not affect response
rates during the alarm period (Fig. 2d), 

 

F

 

(3, 36) 

 

5

 

 1.936, NS.
Response rates during the safe period tended to decrease at
1600 mg camomile oil/kg, but this change was not statistically
significant, 

 

F

 

(3, 36) 

 

5

 

 2.455, NS. Orange oil did not show a
statistically significant effect on response rates during the
alarm period, 

 

F

 

(4, 45) 

 

5

 

 0.159, NS (Fig. 2e), even at dose lev-
els affecting response rates during the safe period, 

 

F

 

(4, 45) 

 

5

 

3.488, 

 

p

 

 

 

,

 

 0.01.

 

Experiment 3. Interaction Between DZ or Rose Oil and FL as 
Determined in the Vogel Conflict Test

 

As in Experiment 1, the number of electric shocks the mice
received increased at 0.75 mg DZ/kg. FL completely reversed

DZ’s anticonflict effects at an antagonist dose (1 mg/kg) that
had no effect on this measure alone (Fig. 3a) 

 

F

 

(3, 113) 

 

5

 

2.952, 

 

p

 

 

 

,

 

 0.05.
In contrast, FL showed no effect upon anticonflict action

that rose oil exhibited, 

 

F

 

(3, 86) 

 

5

 

 7.297, 

 

p

 

 

 

,

 

 0.01, in this para-
digm (Fig. 3b).

 

DISCUSSION

 

The use of EOs in the treatment of various illnesses over
the centuries suggests that these EOs might have some degree
of efficacy. The odor of EOs is believed to be important for
their effectiveness in treating various illnesses. In fact, the
odor of a given EO can change mood. However, I think that it
is unlikely that the odor of EOS is potent enough to treat an
illnesses. Therefore, the author hypothesized that EOs exert a
pharmacological action. The present study was conducted to
test this hypothesis. As EOs were administered intraperito-
neally, their effects do not come from their odor. EOs are li-
pophilic, and were diluted with olive oil. It was highly proba-
ble that the absorption rate of EOs from olive oil to the blood
stream might be quite low, and thus IP injection was selected
as the administration route. In general, absorption rate is
higher for IP injections than for SC injections, given that the
density of blood vessels is much higher in the abdomen than
under the skin.

The specific hypothesis to test for such pharmacological
actions was guided by reports that many EOs may be effective
in the treatment of mental illness, and in particular, that rose,
ylang-ylang, and camomile oils might display antianxiety ef-

FIG. 1. Effects of (a) diazepam, (b) rose oil, (c) ylang-ylang oil, (d) camomile oil, and (e) orange oil
on Vogel conflict behavior in ICR mice. Each column shows the mean value of the number of electric
shocks the mice received during the 40-min session beginning 20 min after drug administration. Verti-
cal lines denote SEM. [(a): n 5 32–33, (b): n 5 15–18, (c): n 5 15–18, (d): n 5 19–20, (e): n 5 18–23, for
each column]. Significant differences as compared with vehicle-treated control value. [*p , 0.05,
**p , 0.01, respectively; Dunnet’s test (two tailed)].
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fects in humans (18), and that orange oil is not effective in this
regard. Therefore, the present study examined the effects of
these oils on two types of conflict behaviors, which are stan-
dard methods for preclinical evaluation of putative anxiolytics
(1) in mice.

The Vogel conflict test (21) has been used to evaluate anti-
conflict effects of drugs in animal studies involving primarily
rats. In the present study, this method was applied to mice. A
previous study from this laboratory showed that this test was
applicable to mice in that it demonstrated an anticonflict ef-
fect for the benzodiazepine anxiolytic DZ, in this species (19).
Subsequently, we reported that the organic solvents trichloro-
ethylene and tetrachloroethylene have anticonflict effects de-
monstrable in mice by this method (20). The author has also
confirmed an anticonflict effect for pentobarbital using this
method in mice (data not shown).

The present study confirmed the anticonflict effect of DZ
reported earlier in this test in ICR mice (19). These experi-
mental conditions were then used to examine the anxiolytic
actions of the four EOs above. The results indicated that of
the four, only rose oil has a significant anticonflict effect like
that of DZ. These results demonstrate for the first time that
EOs such as rose oil may actually possess a specific pharmaco-
logical action.

To explore the generality of these results, the present
study further examined the effects of these EOs in the Geller
conflict test, another standard method for preclinical evalua-
tion of putative anxiolytics (1). This method has also been ap-
plied to mice in the examination of various psychoactive drugs
(7,10–13). The Geller anticonflict test has also been used to
assess anticonflict effects of the organic solvents, trichloroeth-
ylene and tetrachloroethylene (20). The author in these stud-

ies has confirmed the previously observed anticonflict effect
of DZ in this test (unpublished).

Response (lever-pressing) rates during the alarm period
increased after administration of DZ without any effects on
response rates during the corresponding safe period, indicat-
ing that DZ exhibited an anticonflict effect in the Geller
conflict test in this strain of mice. Similarly, rose oil pro-
duced a significant anticonflict effect in this test, whereas the
other three oils did not show any such effect, a finding is that
analogous to the profile of results observed in the Vogel con-
flict test.

The present study demonstrated significant anticonflict ef-
fects of the EO rose oil, a finding that suggests that, like DZ,
it possesses a pharmacological action against anxiety. On the
other hand, ylang-ylang and camomile oils, which also have
putative anxiolytic effects in humans (16,18), did not show any
anticonflict effects in either of these two conflict tests. Orange
oil, for which no claim of an antianxiety effect has been made,
did not show anticonflict effects in this study. The possibility
exist that ylang-ylang, camomile, and orange oils, which
showed no effects, simply are not being absorbed into the
blood stream. This possibility should be investigated in the fu-
ture. However, although the claimed effectiveness of EOs
may not be corroborated here, it is notable that the present
study suggest that EOs actually possess pharmacological ac-
tions. These actions, rather than their odor, may account for
the therapeutic use of EOs, despite the dearth of scientific ex-
aminations of their effectiveness for treating human disease.
The pharmacology of EOs remains a promising topic for fu-
ture research.

Rose oil exhibited the same anticonflict effects as did DZ,
and as such, the present study undertook a pharmacological

FIG. 2. Effects of (a) diazepam, (b) rose oil, (c) ylang-ylang oil, (d) camomile oil, and (e) orange
oil on Geller conflict behavior in ICR mice. Upper panels of each figure show response (lever-press-
ing) rates during the safe (unpublished) period and lower panels show response rates during the
alarm (punished) period. Points show mean values and vertical lines indicate SEM [(a): n 5 10, (b):
n 5 10, (c): n 5 10, (d): n 5 10, (e): n 5 10 for each point]. Significant differences compared with
vehicle-treated control value (*p , 0.05, **p , 0.01, respectively; Dunnet’s test (two tailed)].
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analysis of rose oil to discover its mechanism of action using
the probe, FL, a benzodiazepine antagonist (6). As expected,
the effect of DZ was clearly antagonized by FL. On the other
hand, the same dose of FL did not attenuate the anticonflict
effect of rose oil, suggesting that rose oil does not share the
same mechanism of action with benzodiazepine agonists,
namely through benzodiazepine binding site of the GABA

 

A

 

receptor.
Narcotic analgesic morphine are known to cause no anti-

conflict effects in conflict tests in rodents (2,3,5), suggesting
that the anticonflict effects of the drugs in the tests are not the
product of an analgesic action. Therefore, it is highly probable
that the anticonflict effect of rose oil in the present study do
not result from any analgesic action of the oil, if it indeed pos-
sess an such action. The precise mechanism underlying the ac-
tion of rose oil remains unclear, although it is possible to elim-
inate the possibilities described above. Recently, the author
discovered that the 

 

s

 

 receptor antagonist cyclazocine pos-
sesses an anticonflict action (unpublished data). In effect, it
has been reported that 

 

s

 

 receptor antagonist showed antianx-
iety-like effect in rodents (8). Thus, the 

 

s

 

 receptor may be in-
volved in the conflict behavior and may be a medium for the
anticonflict action of rose oil. Alternatively, some unknown
mechanism, such as signal transduction within neurons, re-
sponsible for the anticonflict action of chemicals may underlie

the action of rose oil given that the mechanism for conflict be-
haviors have not yet been completely elucidated.

It is well known that benzodiazepines have side effects
such as myorelaxation and drowsiness. The most serious side
effect is drug dependency (9). Given this, nonbenzodiazepine
anxiolytics have been sought, but thus far, none have been
found. Selective serotonergic receptor agonists, especially
5-HT

 

1A

 

, were candidates for nonbenzodiazepine anxiolytics,
but their antianxiety action is of a low order in comparison
with that of the benzodiazepines (9). Previous studies have
shown that one member of this drug class, buspirone, does not
exhibit an anticonflict effect in mice (13,14). The author of the
present study has also confirmed that buspirone does not
show anticonflict effects in the two kinds of conflict tests used
in the present study (unpublished). Rose oil behaves in the
studies reported here as a nonbenzodiazepine anxiolytic. The
low order of toxicity observed in this EO’s wide-spread use
suggests that it should be given further consideration as a can-
didate for a nonbenzodiazepine anxiolytic drug.
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