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EFFECT OF MUSIC ON THE SECTRETION OF SALIVARY CORTISOL AFTER THE
REMOVAL OF SHORT-TERM STRESSFUL TASK

Our experience tells us the power of music on hubmady and mind. Moreover a series of psycho-phggichl studies
has revealed the positive effects of music on huassanomous nervous system such as alleviatingytmptom of the hypertension.
However little has been known about the effectiogic on human endocrine system, which plays timeirtemt role for forming our
life. In this study, the effect of music on the reion of the salivary cortisol, a major glucocooid hormone, was investigated
in a laboratory experiment. In a stream of stresglpo-physiological study, cortisol is consideredaafeasible stress biomarker.
In the experiment ten healthy male students wepased to music, noise, and silence condition fatidwy a simple but stressful
calculation task. As a result, the significant eliéince in the cortisol responses among the conditias observed; the salivary
cortisol was decreased after the music treatmehis fesult plausibly demonstrated the effects osimwn human hormonal
secretion and might imply the power of music.

1. INTRODUCTION

1.1. EFFECTS OF MUSIC ON HUMAN BODY AND MIND

It is needless to say that music has strong peséffect on human mind. A full battery of psychatad studies has
repeatedly emphasized the power of music as suehrelaxing music alleviates subjective anxiety, rdepion, and even
bodily pain. Moreover many attempts have also beade for evaluating the power of music on humarybétimost all these
studies employed the autonomic nervous systenerklatlices as for the metric to evaluate the effe€music, such as blood
pressure, heart rates, respiratory, etc., and tegbsedative effects of music in the clinical pepioin (e.g., [1]). The music has
been proved to have strong effects on human somatianental states; these simple facts suppoitrthertance of music in
our life. However with regard to the effects on tambody, few studies attempt to evaluate the hubiachemical states
inside our body, which are the endocrine and imnaystem related indices. Because, as describad tlaéehuman secretion
of biochemical substances has been recently rav¢alehange in responding to his/her mental sesitvely, music is also
expected to have strong effects on these systemmsseTbiochemical substances, which are the hormandsimmune
substances, play a quite important and substawofiaifor maintaining our health. Therefore it mbstvaluable to investigate
the effects of music on human biochemical secredt@rard application for music such as music therapy

1.2. STUDIES ON BIOCHEMICAL SECRETION AND HUMAN MIND

Recent development of the molecular analysis teglas enables scientists to assess tiny amount ksftaswces
containing in the human secretory fluids, suchlesdy urine, breast milk and saliva. It has beamrated that some hormones
and immune substances secreted within human bodggehits level in responding to human mental state. instance,
salivary cortisol shows a transient increase agdatwite” psychological stressors such as a jobriidw and cognitive task
with performance pressure [2]. Thus such a biocbahsiubstance can potentially be a practical bi&eraior human mental
stress. Currently numbers of such possible biommarkave been reported in broad field of studied4][&nd it forms a new
interdisciplinary research fields called psychooeadocrinology (PNE) and/or psychoneuroimmunoldglj [5] (hereafter,
we use a term PNEI to indicate for both of PNE &idl). PNEI must be a contributory research fieldvlyich possibly
establishes a “practical” criterion for objectivealiation of human mental state. However, becaddel Bs rather new field
of study and the dominant target of these studiebjective evaluation of humamental stress, on the other hand few studies
have focused on the evaluation of positive statenés studies focused on the effect of music on imemsecretion but
the results were still inconsistent; for examplerelaxation music peace prevents stress-induceease of an immune
substance (Immunoglobuline A: IgA) [1], meanwhile tsame substance was reported to increase by mxsasure [6]
or musical activity [7].

On the other hand, in this study, we focused oivaal cortisol, which is known to be a feasible &’ stress marker.
We assumed that the cortisol would be a possilbendiker for the effect of music, because it is aered to reflect
the different physiological stress reaction pathviam that of IgA. In the next, we briefly descritadout the cortisol,
its theoretical background and past studies aseassbiomarker, and the purpose of this study.
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2. SALIVARY CORTISOL

Cortisol is a major glucocorticoid secreted fromesml cortex playing a quite important role for main our body, e.g.,
keeping blood glucose level adequately. On therdthed, when human faces a stressful situatios knbwn that the two
mode of physiological stress reaction pathway ar@vated; 1) hypothalamus—pituitary—adrenal (HPAgtesms and 2)
sympathetic nerve — adrenal medulla (SAM) systag#; is considered to change reflecting the actiafythis system [2].
Because cortisol is released into blood streamagtévation of HPA system and a significant posito@relation has been
obtained between salivary and blood cortisol, sajivcortisol is assumed as a possible stress bi@madiowever it should be
noted that because the stress reaction of HPAmyistéruly complicated and potentially mediatedvayiety of physiological
factors, the salivary cortisol cannot be taken dsect measure of HPA system itself but as ratimelirect” measure [7].

In the past cortisol studies, a transient incredsalivary cortisol was observed by short-ternesdprs, such as mental
arithmetic, stroop task, and oral presentatiorB[2Moreover it was reported that salivary cortiatdo increased daily and/or
chronic stressful events, such as job stress §],I¢ss [10], and divorce [11]. Therefore salivaortisol can be a possible
short- and long-term stress marker.

On the other hand, the investigations on the efféctither positive target including relaxing musiith employing
cortisol, or even other biomarkers, produced raitesnsistent results. However some review artitid8NEI concluded that,
in the studies targeting on the relaxing factdrés necessary to assess biomarkers under orffestséressful situation rather
than merely by an exposure of such relaxing factbiseems rational becausgaxation can largely be context dependent as
such a particular music peace would make one rghabe the same music peace would disturb him/hezmwime/her is in busy
on their business.

We then conducted a laboratory experiment, in whiabjects went through relaxing music following teessful
situation, by introducing salivary cortisol as ararker for the effect of music.

3. METHOD

Subjects, ten healthy male university student wis fwom 25 to 33 in their age, were instructedaodtict 30 minutes
of stressful mental workload followed by 7 minutfsexposure of music, noise, or silence (Fig. e Btressful mental
workload was a single digit addition task repeatguiesented on the PC monitor. The procedure wassiilar to so-called
Kraepelin psychodiagnostic test. Subjects wereaunstd to conduct an addition of two succeeding lens presented on
the PC monitor from end to end with inputting eaciswer by keyboard. This procedure was repeateid agd again with
changing the initial number set. Subjects wererucstéd to conduct this task as fast and much asilges This type
of cognitive task has frequently been employedhi psycho-physiological studies focusing on thesstr With regard to
the music, an instrumental smooth music peace,hwvias annotated one of the most relaxing ones &ystivjects before
the experiment, was selected and presented in 60dRMite noise with also 60dBA was prepared for eot®ndition.
When the music, noise, and silence exposure watedtasubjects were instructed to stop the task édiately and site
in the same position with closing eyes.

Saliva sampling
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Cognitive Task |——>| Noise

4)‘ Silence
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Fig. 1. Schema of the experiment

Each subject daily experienced one of the threestyaf experimental procedures: task-music, taskenand task-
silence. The order of the experiments was counlgnbad. All experiments were individually conducted dark, soundproof
room.

Saliva samples were taken by small cotton befdex/dahe task, and after each music, noise, or cglexperience.
Salivary cortisol concentration was determined bgyee-linked immunosorbent assay (ELISA) (Cortisbsa Kit #EA 65,
Oxford Biomedical Research, Inc., USA).
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4. RESULT

The average cortisol concentration of post-strédsidt change significantly. The avera@®] cortisol concentration
of pre- and post-stress was 0.78 (0.45) and 0.6®)Qng/mL]. Figure 2 shows the average changthénsalivary cortisol
concentration from post-stress to post-treatmemnmos$ic, noise, and silence, where the error baresgmts standard error.
A two-way analysis of varianceARNOVA) on 2x3 (time x treatment) indicated the significanain effects of treatment
(p<0.01). As for a further analysis, a post hoc L&ighificant Difference test was applied and olsdisignificant differences
between music and silence conditiops.01) and between noise and silence conditipr8.05). On the other hand, saliva
volume taken by small cotton did not change. Moezat has no linear correlation with cortisol contration. Therefore
the change in the salivary cortisol concentratibsesved in this study would not attribute to tharge in water contained
in saliva itself.
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Fig. 2. The change in the salivary cortisol after tognitive task (*<0.01, *p<0.05)

5. DISCUSSION

By the simple cognitive task introduced in this esment no significant change in salivary cortisohcentration was
observed. However it should be noted that this smé¢snean the task was not stressful for subj&itkerson et al. reviewed
more than 200 laboratory researches on cortisol ammtluded that the cortisol can be feasible bidmerafor the acute
stressors, which are as typified by the cognitizgktwith strong threat or performance pressure., (@b interview and
the cognitive task with psychological evaluatiomganwhile the cortisol response derived by raffassive stressors, e.g.,
strop task and mental arithmetic task without aesfggmance pressure, showed inconsistent resultstamnnot be a useful
biomarker for the passive cognitive task, even ¢foit were subjectively stressrull [8]. On the athmand these passive
stressors are well known to increase salivary IgAcentration [12], while this is out of scope abtktudy.

The difference in the cortisol response in musigis®, and silence condition was intriguing. Where @ssumes
the cortisol level represents human physiologidedss level, the decrease of cortisol in the musindition was very
consistent with past psychological studies, ordhirical fact in our daily life. However unexpedie cortisol increased
in the silence condition and by contrast decreaséite noise condition. A possible explanation bargiven for this result: (1)
in the silence condition, subjects might be frustlabecause they cannot allow moving during 7 maisiutand (2)
the magnitude of noise sound was too small to nakgects frustrate but was taken rather calm scemdronment.
Unfortunately we did not conducted any psycholdgieeestionnaire because we had assumed that @& effanswering time
for the standardized psychological questionnairéhensecretion of cortisol would not be negligiltlewever the two above
mentioned points was claimed by several subjetts dfe experiment.

We have to admit there must be uncountable potemgaliators affecting the change in biomarkers,, @grsonality
[14], sex and age. Also, the preference of musizikhbe taken into account for future work. In didadi, the effect of music
on variety of possible biomarkers, such as IgAtisol, chromogranin A (CgA), amylase, dehydroepiasterone (DHEA),
dehydroepiandrosterone sulfate (DHEA-S), and téstose (TE) [15-18] which are considered to refiddPA and/or SAM
stress reaction pathways, must be investigatefliftrer discussion.
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6. CONCLUSION AND FUTURE WORK

We conducted a laboratory experiment focusing eretifect of music on salivary secretion of cortigdthough some

experimental limitation made it difficult to intengt the result of this study, the simple fact ofiahhthe music bring forth
the decrease of salivary cortisol plausibly impties effect of music on human hormonal secretion.

The biomarkers are not merely a measure of humgahpsphysiological states, but each of them hagvits biological

functions. For example, IgA is one of the most im@ot immune substances and cortisol is a sterorthbne taking part
in controlling blood pressure and blood sugar. €fae, further studies promises to bring a betteteustanding of the effect
of “music” on the aspect not only of the mediatbpsychological mood but also that of biologicahdtion.
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