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Introduction

In recent years, stress in society has become a serious 
problem and the related mental disorders have been increasing. 
Furthermore, in the first year of the COVID-19 pandemic, global 
prevalence of anxiety and depression increased by a massive 
25%, according to a scientific brief released by the World Health 
Organization (WHO) [1]. But when that stress becomes long-
term or chronic, a stress response can cause disability in social 
life. Besides the anxiety, irritability or depression, there are other 
serious influences caused by stress that further the increase the risk 
of other diseases and suicide, as well as gastrointestinal disorders, 
eating disorders, immunological disease, and cardiovascular 
diseases [2], which are mostly involved in the body’s autonomic 
nervous system. Therefore, prevention and treatment of mental  

 
stress-related illnesses is imperative [3]. Although medication is 
generally used to treat psychiatric disorders, it has disadvantages 
such as side effects and dependence.

Alternative therapies such as acupuncture, moxibustion, and 
aromatherapy characterized with fewer side effects but effective in 
stress reduction and anti-anxiety [4], are expected to provide total 
care for the body and mind and attracting attention progressively. 
A combination of acupuncture and moxibustion is generally used 
to treat mental disorders in clinic, but a certain number of patients 
who are uncomfortable or fearful of acupuncture stimulation may 
prefer to only receive more comfortable moxibustion therapy 
without pain. However, there have been almost no papers or 
evidence focusing on moxibustion alone or on the aroma of 
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moxibustion that can be performed conveniently as a method of 
self-care. In this study, we used the anxiolytic effect of the fragrance 
of Artemisia essential oil (AEO), the main ingredient of moxa used 
in moxibustion therapy, to investigate the influence on autonomic 
nervous system (ANS) through cardiac by heart rate variability 
(HRV) analysis and other effects including animal activities of rats.

Materials and Methods

Animals

Six-week-old Male Sprague-Dawley (SD) rats (SLC, Inc. Japan) 
were used in our experiment. The animals were allowed to 
acclimatize for 1 week prior to the start of the experiment with 
serial handling every day. They were maintained in a room at 23 
± 2°C and 50-65% humidity with a 12-h light/dark cycle (lights 
on at 7:00) and were fed a regular diet (ND: MF, Oriental Yeast 
Manufacturing Co., Ltd., Tokyo) and tap water. To assess the health 
status of the rats, body weight and food intake were measured 
every week. The animal study was permitted by the Ethics 

Committee on Animal Use of the Suzuya University of Medical 
Science and conducted according to the “Guide for the Care and 
Use of Laboratory Animals (NIH Publication)”. 

To improve the reproducibility of the experiment with a small 
sample size, we used the improved elevated equipment (IEBW) 
diagram to classify the individuality of the rats which consists 
of an open arm without walls and a closed arm surrounded by 
acrylic plate walls with a 2 x 4 cm board 190 cm high from the 
floor [5]. Rats were placed on the tip of the open arm, then allowed 
to explore the area freely for 3 minutes. Through ANS activity and 
behavior according to the time spent in the open arm, the rats 
were divided into two types. L-type rats that stayed in the open 
arm for a long time (≥60 s) were hypo anxious with lower fear and 
anxiety toward the height of 190 cm, while S-type rats that stayed 
in the open arm for a short time (<60 s) were hyper anxious with 
higher fear and anxiety toward the height. The classified eleven 
L-type rats were used in this present study (Figure 1).

Figure 1: Diagram of improved elevated beam walking (IEBW). IEBW is an improved version of the elevated plus maze (open arm has no 
wall and closed arm has wall). Both a view from the top and a view from the side are shown in the figure.

Experimental Methods

Experimental Process

After one-week preliminary breeding, the classified uneasiness 
and high sensitivity rats were operated with an installation of 
a living body electric potential transmitter to observe the ANS 
changes during this experiment period at all times. One-week 
post-operation, interventions 3 hours a day were carried out. After 
14 times of continuous intervention, an opening field-test (OFT) 
was performed. And at the sampling, we had the small intestine 
extracted (Figure 2A). In addition, except the intervention period, 
all the rats’ activities such as intake of eating or drinking at the 
breeding environment were recorded with a video camera (Figure 
2B).

Autonomic Nerve Activity

The experimental rats were given local anesthetics 
(ropivacaine hydrochloride hydrate, surface anesthesia, drops into 
the incision site) and general anesthetics (sodium pentobarbital, 
40 mg/kg, i.e.). A wireless telemeter (TR50BB; KAHA sciences 
Ltd.) was performed to implant the device in the abdominal cavity, 
and intramuscular injections of antibiotics (imipenem hydrate 
and cilastatin sodium, 8.3 mg/kg) were administered to prevent 
postoperative infection. A 7-day postoperative recovery period 
was allowed before this experiment was initiated. HRV data were 
recorded over time by a biopotential transmitter attached to the 
rats during the experiment, and cardiac autonomic activity was 
assessed by spectral analysis of R-R interval variability using a 
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Lab Chart software (Bioresearch center, Japan). The LF and HF 
components were expressed in standardized units (LFnu and 
HFnu), where HFnu indicates cardiac parasympathetic activity 

and LFnu indicates sympathetic activity with parasympathetic 
modulation.

Figure 2: (A) Experimental schedule. (B) One-day experimental schedule including intervention and evaluation indexes at metabolic cage 
and home cage.

Intervention Method and Measurement in Metabolic Cage

Eleven anxiety-sensitive rats were randomly divided into a no-
treatment group (CONT, n=6) and a scent treatment group (AEO, 
n=5). The intervention was performed daily for 3 hours during a 
2-week period in a metabolic cage (MC) to measure respiratory 
quotient and locomotor activity. In contrast with the CONT group 
being untreated and only placed at MC for 3 hours, for the scent 
treatment of AEO group, 100% pure wormwood essential oil 
(Artemisia Essential Oil, Kohakudo) extracted from leaves and 
stems and collected by steam distillation, mixed with odorless oily 

Triethyl Citrate (Tokyo Chemical Industry Co., Ltd.) was placed in 
a small cage connected to the metabolic cage. The metabolic cage 
was connected to a vacuum pump that sequentially sucked air 
from the small cages at a flow rate of 2.04L/min to deliver fresh 
aroma and air to prevent acclimation. In addition, during the 
intervention, the evaluation of energy metabolism including the 
indexes of respiratory quotient, oxygen consumption and quantity 
of motion were also measured through a metabolic measurement 
system for small animals (MK-5000RQ, Muromachi machine Inc.), 
which was tethered to the metabolic cage (Figure 3).

Figure 3: Experimental apparatus for aroma intervention. The vacuum pump aspirated the air in the metabolic cage and successively 
aspirated the air of the small cage, where AEO in the glass container of 15cm in diameter was in. The rat in a metabolic cage was 
continuously exposed for an aroma of AEO from a small cage.

Behavior in home cage and OFT

In addition to the assessment of autonomic activity, the rats’ 
behavior in the home cage (HC) other than a 3-hour treatment 
period was recorded by video camera from 18:00 until 8:00 of 
the next day. The time zones of 18:00-19:00, 19:00-7:00, and 
7:00-8:00 were designated as light period 1 (Light1), dark period 
(Dark), and light period 2 (Light2), respectively, conforming to the 

12-h light/dark cycle in animal room, respectively. Also, aiming 
at finding changes of rats’ behavior, the amount of activating or 
resting time of rats during each period were added and calculated. 
An open-field test (OFT) devised by Broadhurst [6], is often used 
to evaluate anxiety states in rodents under novel environments, 
observing exploratory behaviors such as spontaneous locomotion 
and time spent in a central area without walls [7]. In this study, the 
measurement was conducted after 2 weeks of aroma conversation 
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using a circular open-field apparatus (OF-25R, diameter 75 cm, wall height 40 cm, Muromachi Machinery, Japan) shown in (Figure 4), 
which is composed of 3 compartments, A-Zone at the periphery, B-Zone in the middle, and C-Zone in the center.

Figure 4: Open-field test (OFT). After the 14th intervention, rats were placed in the apparatus and allowed to explore the area freely for 10 
minutes.

The rats were placed in the apparatus and allowed to 
explore freely for 10 minutes, the activities of the rats including 
spontaneous movements and searching activities to each zone 
and the time spent there in the apparatus was recorded by a video 
camera, and then their behaviors were analyzed by ANY-maze™ 
(Stoelting Co., Ltd.). The longer they stayed in the A-Zone, was 
more passive and anxious; and the longer they stayed in B-Zone, 
the more motivated and active they were, and the more courageous 
and active they were when entering C-Zone. Furthermore, to 
measure psychological changes over time in more detail, the 
10-minute exploratory behaviors were analyzed by dividing three 
sections into a one-third (beginning of 1/3, middle 1/3, and last 
1/3). Meanwhile, the autonomic nervous system (ANS) activities 
were also evaluated concurrently (Figure 4).

Elasticity Measurement of Small Intestine

After 2 weeks of AEO conversion and OFT measurement, the 
rats were killed, and the jejunum and ileum of the small intestine 
were removed. It was then measured for elasticity using a load-
displacement measuring unit (KE-FSA-05K2-5N, IMADA, Japan) 
by means of tension and the time before the bowels being teared.

Statistics Analysis

All results are expressed as mean ± SE for each group. 
Homogeneity of variances was checked using the Levene’s test 
by SPSS statistics 28 (IBM, Tokyo, Japan), And the following 
comparison between two groups was performed by pair t-test. P 
values less than 0.05 were significant.

Results

Autonomic Nerve Activity 

Before the study, the mean autonomic nerve activity in MC, 

a substantial difference between CONT and AEO groups of LFnu 
and HFnu were not seen. But at the time of the 14th fragrance 
intervention, a remarkable 19% decrease of LFnu was considered 
in AEO group than the CONT group (Figure 5-A). In HC, where 
everyday actions were observed except for 3 hours of fragrance 
revelation time. After the last measure, LFnu decreases and the 
following increase were seen during the light and dark periods, 
respectively. Even a significant difference of LFnu was not shown 
between the two groups, but a remarkable drop of LFnu and 
sthenia of HFnu were seen in AEO group when compared with 
CONT group at light2 period (p=0.058) (Figure 5B).

10-minute average autonomic nerve activities based on search 
actions under the novel environment by OFT was regularly used 
to evaluate rats’ uneasy states. From detailed analysis of ANS 
through the divided three portions of 10 minutes, a tendency of 
LFnu drop and HFnu rise was shown in each section after 14th 
intervention, especially at the beginning of 1/3 period, AEO rats 
showed a significant decrease of LFnu than CONT rats (Figure 5C).

Behaviors In Home Cage

In addition to the actions of rats in metabolic cage by the 
fragrance revelation, rest state such as sleeping or keeping still 
with open eyes, as well as activity state like feeding behavior, 
standing or personal grooming in home cage were observed. 
After the continuous 14 interventions, rest, and activity quantities 
during the period of 12 hours (18:00~8:00) in home cage were 
calculated. At light period, which means the rest time to rats, two 
groups showed almost the same aspects (data not shown), but at 
the dark period, which indicates the activity time to rats, AEO rats 
showed a large decrease of rest time together with an increase of 
active time (p=0.054) (Figure 6).
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Figure 5: Autonomic nerve activity Changes. (A) Autonomic nerve activity in MC at the 14th intervention. (B) Autonomic nerve activity in HC 
after 14th intervention. (C) Autonomic nerve activity in OFT device after 14th intervention. *p<0.05 vs CONT.

Figure 6: Total time for rest and activity in dark period after 14 times of intervention.
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Figure 7: 10-minute activities in OFT Device. (A) Number of entries into each zone. (B) Activity time in each zone. (C) Sojourn time in each 
zone.

Actions in OFT

In the open field device, activities were recorded with a video 
camera to evaluate self-motion in each division and the sojourn 
time there, which indicates an index of the uneasy state of rats. 
For the sojourn time, moving time and the number of times to 
enter into each zone, were not significantly different between the 
two groups. However, even though there was no difference in total 
movement time compared with the CONT group, both a longer 
trend to enter into the intercentral part of B-zone and the sojourn 
time there was seen in AEO group, which might possibly represent 
these rats’ some positive and active behaviors with a calm state 
than CONT rats, because the latter rats were shown more entries 
into each zone but shorter time where they stayed there (Figure 
7).

Changes of Respiratory Quotient (RQ) and Oxygen 
Consumption (VO2) 

To examine whether the continuous　fragrance revelation 
has influence on energy consumption, we measured respiratory 
quotient and oxygen consumption at the time of the last 
intervention in metabolic cage. Concurrently, momentum changes 
such as eating and grooming actions were also observed, at the 
last time of intervention, CONT and AEO groups showed -6.8% and 
-55.8% decreased respectively when compared with pre-study. 
In accord with the actions in the metabolic cage, AEO (RQ: 0.83, 
VO2: 6.85) showed a significant decrease in both RQ and VO2 than 
CONT (RQ: 0.85, VO2: 7.81), whereas there was not a difference 
before the experiment (Figure 8).

Figure 8: Metabolic changes at the 14th intervention in metabolic cage. (A) Respiratory quotient (RQ) changes. (B) Oxygen consumption 
(VO2) changes. (C) Rate of change in quantity of motion. *p<0.05 vs CONT.

Small Intestinal Elasticity and Tension

It is known that gastrointestinal motility has a close relation to 
autonomic nerve activity, so to observe an influence that fragrance 
revelation gave to the bowels on uneasiness high sensitivity rats, 
the small intestinal elasticity was measured. Figure 9 showed the 
result of small intestine’s state. The tension of jejunum and ileum 
as well as the time before ileum being sharp, which relates to the 
exercise of bowels closely, was not shown significantly between 
the two groups, but the tendency that AEO group was throughout 
higher than CONT rats, together with a significant longer time was 
found in AEO group before the ileum was split. In addition, the 

parameters mentioned above were also accorded with the feelings 
and views of us when we took out the small intestine at sampling.

Discussion

Essential oil has been used as one of the nature cures for a 
long ago. Food fragrance or soap, laundry detergent is widely used 
as well as aromatherapy. In late years, the essential oils exerted 
anxiolytic-like effect, as such oils including lavender essential 
oil reveal stronger potential for development of new treatments 
for anxiety disorders [8-10]. Therefore, as a new cure for anxiety 
disorder that there are few side effects, the interest in aroma is 
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receiving more study. The mugwort is used as Chinese medicine 
and raw materials of the moxibustion from the ancient times, has 
been extensively investigated and shows promising activities such 

like the effects of depression and uneasy reduction or insomnia by 
the clinical practice of acupuncture [11-13].

Figure 9: Intestinal elasticity. (A) Intestinal tension. (B) Time before the intestines being split. *p<0.05 vs CONT.

However, the current literature remains sparse for studies 
on the inhalation of the moxa odor to potential anxiolytic-like 
effects or stress relief up to this point. In this present study, we 
distinguished the rats’ characters by IEBW and selected the 
hypersensitive uneasiness model rats, which also purposes to limit 
the variations of data as possible even with a small sample size. It 
is known that sympathetic nerve becomes dominant in the state of 
hyperstrain by stress and decreased in a relaxed state. Autonomic 
nervous system controls a neuromodulation function to keep the 
constancy of the living body corresponding to environmental 
stress and plays an important role in reflex responses to blood 
pressure, pulse, the exercise of stomach and intestines et al. [14]. 
In addition, mental diseases such as adjustment disorders with 
excessive reactions to social life stress that cause maladaptive 
states, are classified as stress-related obstacle [15].

At the 14th intervention time, a calm tendency of LFnu drop 
and HFnu ascent of AEO rats were seen in our present study. For 
the impetus of rats such as actions of food intake or standing 
in MC, a large decrease in AEO (-55.8%) than CONT group 
(-6.8%) when compared with baseline was accorded with these 
autonomic nervous activities above as well. Furthermore, in the 
OFT after continuous fragrance measures, AEO showed all drops 
for ten minutes and a significant decrease in LFnu and a rise of 
HFnu during the beginning of 1/3 period. These results suggested 
that the fragrance measures of the mugwort might possibly bring 
relaxation by controlling sympathetic nerve activities under the 
novel environment, where the rats would more easily feel some 
stress load. In addition, it is known that anxiety disorder and 
depression are also annoyed with some symptoms like the loss of 
joy and interests, decrease in activities, as well as anorexia and its 
caused weight reduction.

During the dark period (activity time for rats) in HC, the action 
time of AEO rats tended to be longer than the CONT. In addition, 
the AEO group indicated a will to enter the intermediate zone 
with less comings and goings through each domain, together 
with a longer-time tendency to stay in the B-Zone and activate 
there. It is reported that the rats prefer to spend in the central 
part of C-Zone or B-Zone around C than A regularly considered 
to have less fear and anxiety, and an improvement of searching 
will be full of curiosity contrarily under the novel environment 
likewise [16]. Therefore, besides the relaxation action previously 
described at the intervention time of AEO, the effect in raising the 
will of the spontaneous activity after that might also be expected. 
It is suggested that the effect of mug wort fragrance was not only 
instantaneous but also continuous.

Since behavior pattern presents a reverse correlation between 
nontubal and diurnal animals. Namely, rats are active at night 
eating lively during the dark period whereas people do in the 
day [17]. Narusawa’s study on autonomic nerve activities for 
dyscoimesis at the sleep stage showed that sympathetic nerve 
tended to be high in the early period of falling sleep and it possibly 
correlates the difficulty of sleep that the patient feels [18]. In 
addition, Kobayashi reported that night awakening during sleep 
was characterized by predominance of the sympathetic system 
including increased heart rate for patients with post-traumatic 
stress disorder (PTSD), which was especially observed at the early 
period of sleep due to the adjustment disorder of the autonomic 
nerve and related to the shallow sleep of the patient as well [19]. In 
our experiment, CONT group presented obviously increased LFnu 
in the early period of the falling sleep, it resembled the results of 
the researchers stated above. In addition, according to the action 
evaluation at the early period of sleep (Light2 period) by the video, 
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AEO group showed a shorter time to fall into resting state and an 
early trend to fall asleep. These findings seemed to show AEO’s 
sleep conduction effects in uneasiness and high sensitivity rats, 
which might contribute to the improving effects for sleep disorder 
coexistent for a mental disease including uneasiness.

Respiratory quotient, also known as the respiratory ratio 
(RQ), is defined as the volume of carbon dioxide released over the 
volume of oxygen absorbed during respiration. It is a dimensionless 
number used in a calculation for basal metabolic rate when 
estimated from carbon dioxide production to oxygen absorption 
[20]. Generally, it is thought that the ratio of sugar consumption 
is high near to 1.0 and lipid close to 0.7. Moreover, lipid is also 
known to burn during rest time, conversely sugar mainly when 
doing exercises [21]. In our study, AEO showed a higher RQ than 
CONT, it seemed to show that AEO group had many ratios of lipid 
metabolism relatively and tended to become a resting state. On 
the other hand, VO2 is known to increase along with the exercise 
strength including momentum [22]. The results show that AEO’s 
lower VO2 (6.85) means a decreased exercise strength than CONT 
rats (7.81), in conjunction with the decreased momentum found 
at the 14th intervention, it seemed to present AEO rats got closer 
to energy metabolism at rest. As a result of the above, it seemed to 
suggest that the sustained intervention of the mugwort fragrance 
could enhance rest even under the stress environment.

Psychosomatic disorders caused by mental stress always 
produce some kinds of physical diseases such as stomach 
duodenal ulcer or sleep disturbance. Among the kinds of 
therapies, spasmolytic is often used for a digestive organ 
disease, but resulted from its use restrictions due to side effects, 
alternative therapies including aroma have been developed by 
researchers [23,24]. Jejunum and ileum are generally used for 
parameters of the related studies on spasmolysis action. Aishah 
reported that inflammatory bowel disease in conjunction with 
the stress resulted in constrictive drop of the bowels [25]. Azuma 
demonstrated a drop of the retraction of ileum and colon in stress 
mice [26,27]. In addition, the elasticity of bowels is related to 
peristalsis, and its drop would influence bowels’ motor functions 
[28]. Our findings that AEO group was significantly longer in the 
time of small intestine being sharp along with its higher tension to 
high sensitivity and uneasiness rates was also agreed with Azuma’s 
results. Against the controlled shrinkage of bowels due to stress in 
CONT group, there were many scenes where the parasympathetic 
nerve became dominant in AEO rats. It seems to suggest that the 
fragrance measure would improve the elasticity of jejunum and 
the ileum and dependently have the possibility to promote enteric 
peristalsis.

On the other hand, it is known that both elasticities drop of 
the intestinal wall and hypofunction of large intestine regularly 
occur the abnormality of the bowel movement [29], the elastic 
improvement of the bowels would help to raise the function 
of shrinkage and movement of bowels. Thus, it might also be 

expected that hypersensitive colon syndrome characterized with 
constipation and diarrhea accompanied with abdominal pain to 
be relaxed by this measure. It is well known that after the odorous 
information being handed down to the limbic system through a 
nerve synapse, hippocampus charging for the memory information 
and amygdala controlling the feelings of likes or dislikes are 
reminded. In another route to hypothalamus, it is known to act on 
the autonomic nervous system or endocrine system [30]. In our 
experiment, it is supposed that the continuous smell is conveyed 
to hippocampus, where environmental information as well as 
the memory of smell are formed, which might contribute to the 
physiological effects of aroma mentioned above [31].

Kunihiro reported mug wort’s calming effects and the 
possibility that the ingredient of 1,8-cineole causing sedation [32]. 
Besides, it is reported that inhalation of 1,8-cineole to a mouse has 
sedation, antianxiety and antidepressant actions. In addition, Jia 
found behavioral changes that tend to keep resting state in mice 
under inhaling during the combustion because 1,8-cineole existed 
at high density in moxibustion smoke [33]. These results also 
correspond to the evidence of our clinical practice that the relaxed 
action to patients induced by moxibustion treatment. There is a 
difference in the content of the ingredient that depends on the 
season of the crop and locality [34-36]. That mugwort harvested 
in Japan is reported to include 1,8-cineole, borneol, β- thujone and 
camphor et al. According to precedent studies, it is thought that 
the component of 1,8-cineole greatly contributes to the anxiety 
action to rats. However, because other ingredients such as borneol 
or β-thujone’s uneasy improving effects were reported as well, 
thus their congruent actions might not be denied and would be 
possibly involved and responsible for the total improvements [37-
39].

Few animals were used in this experiment due to the limited 
number of bioelectric potential transmitters, which is thought 
to lead to a big unevenness of the data. Therefore, the tendency 
towards improvements of ANS and sleep conduction effects should 
be reproved in the future experiment through using more rats. 
And furthermore, to clarify the relationship between metabolism 
and intestinal function, pathology of the bowels should be added 
as well as the changes of body weight and bait intake.

Conclusion

After 14 times of AEO intervention, decreased LFnu combined 
with a trend of longer resting time, a following raising activity will 
and sleeping conduction actions; A higher tension of jejunum and 
ileum as well as the significantly longer time before ileum being 
sharp than CONT rats were also shown. From these results, we 
conclude that the continuous intervention of mugwort essential 
oil might fix the balance of the autonomic nerve activity and 
metabolism and would possibly provide an alternative therapy to 
relieve the symptoms such as anxiety, uneasiness, sleep disorder, 
willingness, and a digestive organ disease in conjunction with 
stress.
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