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A B S T R A C T   

Introduction: Aromatherapy is prominent in complementary and alternative medicine. Little endocrinological 
evidence, however, of the effects of aromatherapy has yet been presented. We used salivary stress marker 
chromogranin A (CgA) to examine the effects of lavender aroma on women watching a stressful video. 
Methods: Healthy female university students (n ¼ 23) aged 20–22 years old were randomly assigned to two 
groups: an aroma group exposed to lavender and an unexposed control group. Both groups watched a stressful 
video for 10 min. During the protocol, the aroma group was exposed to lavender aroma. Samples of salivary 
chromogranin A (CgA) were collected immediately before and after watching the video, and at 5 and 10 min 
after that. 
Results: In the aroma group, the levels of CgA statistically significantly decreased throughout the experimental 
period. In the control group, there was no such change. 
Conclusion: The findings suggest that lavender aroma may reduce the stress effects of watching a stressful video.   

1. Introduction 

Empirical evidence has shown that aromatherapy with essential oils 
has some efficacy and it has recently become one of the major comple-
mentary and alternative therapy. Numerous aromatherapy studies have 
been conducted, in particular, for the essential oil of lavender (Lav-
endula). Belonging to the family Lamiaceae, lavender is a herbaceous 
plant native to the Mediterranean area and is widely cultivated [1]. It 
has been suggested that lavender aroma may be associated with 
improved mood, reduced mental stress and anxiety, sedation, and good 
sleep [2–7]. In addition, it has been reported that topical application of 
lavender cream (containing 1.25% essential oils) reduces stress, anxiety, 
and depression in pregnant women [8]. These studies have added to 
increasing evidence of the effectiveness of lavender aromatherapy. 
Meanwhile, Ahmad et al. found some effects of lavender aromatherapy 
on exam stress for pharmacy students, but these were no more effective 
than placebo [9]. 

Understood as the physiological demand placed on the body when 
one must adapt, cope, or adjust [10], stress responses are triggered by 
the autonomic nervous system, which influences internal organs, heart 
rate, respiratory rate, blood vessel, galvanic skin response, and so on 
[11]. Lavender aroma may reduce stress and produce relaxation via the 
limbic system, particularly the amygdala and hippocampus [1]. In a 

previous study, by measuring salivary endocrinological stress markers, 
we found that lavender aroma can relieve stress caused by performing 
mental arithmetic calculations [12]. Even so, little endocrinological 
evidence of the effects of aromatherapy has yet been presented. To 
examine the effects of lavender aroma on women watching a stressful 
video, we used salivary stress marker chromogranin A (CgA). 

CgA is an acidic glucoprotein that is released along with catechol-
amines from the adrenal medulla and the sympathetic nerve endings 
[13–15]. A recent study has reported that CgA is produced by human 
submandibular glands and secreted into saliva [16]. Salivary CgA reflects 
the sympatho-adrenomedullary (SAM) system and has gained attention as 
a novel stress marker [17,18]. Incidentally, for evaluating effects of lav-
ender aroma, in a previous study, we found that salivary CgA is a better 
stress marker than cortisol via the hypothalamus-pituitary-adrenocortical 
(HPA) axis [12]. 

2. Methods 

For the study, approved by the Ethics Committee of Notre Dame 
Seishin University, we recruited 23 healthy female university students 
aged 20–22 years old. None were receiving any medication. Prior to the 
study, informed consent was received from each participant. The women 
were randomly assigned to two groups: aroma group (n ¼ 12) and 
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control group (n ¼ 11). To avoid aroma contamination of the control 
group, protocols for each group were conducted on different days. 

On a 23-inch TV monitor placed at eye level approximately 100 cm 
away from the faces of the viewers, both groups watched a 10 min 
ophthalmic surgery video. A previous study has found that this kind of 
stressful video activates the SAM system [19]. Saliva samples were 
collected immediately before and after watching the video, and at 5 and 
10 min after the video ended (Fig. 1). At each sampling point, subjective 
stress was also evaluated using a 10-division visual analog scale. After 
the first saliva collection, to the end of the protocol, at a comfortable 
distance (approximately 10 cm from the nose), the aroma group was 
exposed to organic essential oil of lavender (Saiseisha Co. Ltd., Shiga, 
Japan) that had been infiltrated into filter paper (150 μL). There was no 
air current in the room. 

Saliva samples were collected using the Salivette system (Sarstedt 
Co. Ltd., Nümbrecht, Germany). In this method, by centrifuging (at 
3000 rpm for 15 min), saliva samples are extracted from cotton wads 
that subjects had held in their mouths (for 2 min). To minimize the ef-
fects of food and drink on the levels of salivary CgA, participants were 
asked to abstain from food or drink, other than mineral water, for 2 h 
before saliva sampling [20]. The samples were stored at � 30 �C until the 

assay. Using a previously described method [21], levels of salivary CgA 
were evaluated using enzyme-linked immunosorbent assay (ELISA). 

All results are displayed as mean values � standard deviation. 
ANOVA with repeated measures was performed to detect time-related 
differences. Dunnett’s test was used for multiple comparisons. Values 
are considered to be statistically significantly different if p < 0.05. 

3. Results 

Immediately after watching the video, somewhat lower levels of 
salivary CgA was found in samples from the aroma group (Fig. 2). Then, 
at 5 and 10 min after watching the video, we detected statistically 
significantly lower levels of salivary CgA than in those taken pre-
intervention (F[3, 33] ¼ 4.38, p < 0.05). In the control group, while 
levels slightly increased after viewing, throughout the protocol, no sta-
tistically significant changes in levels of salivary CgA was detected. 

Immediately after watching the video, evaluated by visual analog 
scale, subjective perceptions of stress were statistically significantly 
higher than at preintervention in both the aroma (F[3, 33] ¼ 27.17, p <
0.01) and the control group, (F[3, 30] ¼ 51.81, p < 0.01) (Fig. 3). At 5 
and 10 min after watching the video, still higher levels were scored by 

Fig. 1. Study protocol.  

Fig. 2. Changes in mean values (�SD) for salivary chromogranin A (CgA) 
levels before and after watching a stressful video in a lavender aroma group 
(●, n ¼ 12) and a control group (○, n ¼ 11). *Statistically significant difference 
compared with preintervention; p < 0.05 (ANOVA with repeated measures and 
Dunnett’s test). 

Fig. 3. Changes in mean values (�SD) for subjective stress (visual analog scale 
score) before and after watching a stressful video in a lavender aroma group 
(●, n ¼ 12) and a control group (○, n ¼ 11). *Statistically significant difference 
compared with preintervention; p < 0.05 (ANOVA with repeated measures and 
Dunnett’s test). 
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the control group. Meanwhile, the aroma group showed a quick return 
to preintervention scores. 

Fig. 4 shows changes, during the aroma protocol, in the mean levels 
of CgA for participants grouped according to whether they reported 
liking or disliking lavender aroma. While those who liked lavender 
aroma immediately, and at 5 min, and 10 min after watching the video, 
showed statistically significantly lower CgA levels (F [3,24] ¼ 4.17, 

p < 0.05), those who did not like lavender aroma showed no such 
change. 

In both groups, irrespective of liking lavender aroma, statistically 
significantly higher levels of subjective perceptions of stress were 
detected immediately after watching the video (F [3,24] ¼ 21.89, p <
0.01 and F [3,6] ¼ 12.96, p < 0.01, respectively) (Fig. 5). At 5 min after 
watching the video, still higher levels were detected in the group who 
did not like lavender aroma. Meanwhile, the group who liked lavender 
aroma showed a quick return to preintervention levels. 

4. Discussion 

In the present study, we used an ophthalmic surgery video as a 
stressor. A previous study found statistically significantly increased 
levels of salivary α-amylase, a stress marker of the SAM system, after 
watching this kind of video [19]. We failed to detect any such difference 
in salivary CgA in either the aroma or the control group. This may have 
resulted from a difference in the type of participants or from advance 
knowledge: all participants were non-medical students and had never 
seen such a video; in addition, as part of informed consent, they were 
notified of the contents of the video. Immediately before watching the 
video, therefore, their sympathetic nervous activity may have already 
reached higher levels. Even so, in both the aroma and the control group, 
subjective perceptions of stress statistically significantly increased after 
watching the video. Such a finding may indicate a difference between 
subjective and objective stress reactions. 

In a previous study, several minutes after the inhalation of the lav-
ender aroma, levels of CgA that had been elevated at the end of a mental 
arithmetic task were statistically significantly lower [12]. Similarly, in 
the present study, in the aroma group, levels of CgA decreased 
throughout the experimental period. These findings suggest that lav-
ender aroma is able to relieve various types of stress. This conjecture is 
supported by results of subjective perceptions of stress. The aroma group 
reported recovering from stress faster than the control group. This 
finding is in line with our previous results [12]. 

When the results were analyzed according to like or dislike of lav-
ender aroma, only the group who liked lavender aroma showed a sta-
tistically significant decrease in CgA levels during the protocol. The 
group of dislikers showed no statistically significant change in salivary 
CgA. These findings suggest that the effects of lavender aroma may differ 
according to individual aroma preference. Volatile compounds of 
organic essential oils may diffuse into the olfactory nerve and pass to the 
limbic system. In the central nervous system, main constituent of lav-
ender linalool may inhibit NMDA receptor binding of glutamate, a major 
excitatory neurotransmitter [22,23]. Individual aroma preference, 
therefore, may influence the sensitivity of the receptor. Further studies 
are needed to confirm this speculation. Incidentally, visual analog scale 
results suggest that individual aroma preference may also influence 
objective stress reactions. 

In this study, we found that lavender aroma can relieve the stress of 
watching a stressful video, particularly for individuals who report liking 
lavender aroma. This research, however, has several limitations. All the 
participants were healthy female university students aged 20–22 years 
old, a restricted cohort that cannot be representative of the general 
population. Furthermore, the sample size was too small to provide 
conclusive results. Further examination of larger and more varied pop-
ulations is required. Elsewhere, the effect of aromatherapy using 
essential oils other than lavender, such as rosemary or peppermint has 
been investigated [2,24]. We are planning further investigations with 
different kinds of aroma. 

5. Conclusions 

Our evidence suggests that lavender aroma is capable of relieving 
stress. Furthermore, individual preference for this particular aroma may 
contribute to this effect. 

Fig. 4. Changes in mean values (�SD) for salivary chromogranin A (CgA) levels 
during the lavender aroma protocol after watching a stressful video in a group 
with a reported liking of lavender aroma (■, n ¼ 9) and a group with a reported 
a dislike of lavender aroma (□, n ¼ 3). *Statistically significant difference 
compared with preintervention; p < 0.05 (ANOVA with repeated measures and 
Dunnett’s test). 

Fig. 5. Changes in mean values (�SD) for subjective stress (visual analog scale 
score) during the lavender aroma protocol after watching a stressful video in a 
group with a reported liking of lavender aroma (■, n ¼ 9) and a group with a 
reported disliking of lavender aroma (□, n ¼ 3). *Statistically significant 
difference compared with preintervention; p < 0.05 (ANOVA with repeated 
measures and Dunnett’s test). 
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