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Abstract Öz 
Purpose: Perinatal stress, anxiety, and depression have 
been thought having influences on the developmental 
period of organisms. In this study, we aimed to investigate 
the effects of different types of music exposure during 
perinatal period on depression-like behavior, serum levels 
of adrenocorticotropic hormone (ACTH), corticosterone 
(CORT) and parathyroid hormone (PTH) as well as serum 
oxidative stress index in rats.  
Materials and Methods: Pregnant Wistar albino rats 
were randomly divided into four cages; the control group 
(no music exposure), the classical music group (Canon in 
D Major/ Johann Pachelbel, 60 dB), the traditional Sufi 
music group (Whirling Derwish/ Omar Faruk Tekbilek, 30 
dB), and the rock music group (In Your Face/ Children of 
Bodom, 120 dB). Dams and pups in each music groups 
listened to their own music 1 hour/day from gestational 
day 10 to postnatal day 21.  
Results: According to the results of tail suspension test, 
the longer duration of immobility which shows the level of 
depression was increased in the classical music group 
compared to the control group. At hormonal level, 
significant alterations were obtained only in serum ACTH 
levels. It was increased in the classical music group, while 
decreased in the sufi music group compared to the control 
group. In addition, a marked increase in oxidative stress 
index was found in the rock music group compared to the 
control group.  
Conclusion: The sound intensity of music which is 
listened during the pregnancy has vital importance in the 
stress and depression level of offspring. 

Amaç: Perinatal stresin, kaygı ve depresyonun 
organizmaların gelişim dönemini etkilediği 
düşünülmektedir. Bu çalışmada perinatal dönemde farklı 
müzik türlerine maruz kalmış sıçanların depresyon benzeri 
davranışları, adrenokortikotropik hormon (ACTH), 
kortikosteron (CORT) ve paratiroid hormon (PTH) serum 
düzeyleri ile serum oksidatif stres üzerindeki etkilerini 
araştırmayı amaçladık.  
Gereç ve Yöntem: Gebe Wistar albino sıçanlar rastgele 
dört kafese ayrıldı; kontrol grubu (müzik yok), klasik müzik 
grubu (D Major'da Canon / Johann Pachelbel, 60 dB), 
geleneksel Sufi müzik grubu (Whirling Derwish / Omar 
Faruk Tekbilek, 30 dB) ve metal müzik grubu (In Your 
Face/ Children of Bodom, 120 dB). Her müzik 
grubundaki anneler ve yavrular, hamileliğin 10. gününden 
doğumdan sonra 21. güne kadar 1 saat / gün kendi müzik 
türlerine maruz bırakıldılar.  
Bulgular: Kuyruktan asma testi sonuçlarına göre klasik 
müzik grubunda depresyon düzeyini gösteren 
hareketsizliğin kontrol grubuna göre arttığı gözlenmiştir. 
Hormonal düzeyde, sadece serum ACTH seviyelerinde 
önemli değişiklikler elde edilmiştir. Bu değer kontrol 
grubuna göre klasik müzik grubunda artarken, tasavvuf 
müzik grubunda azalmıştır. Ayrıca metal müzik grubunda 
kontrol grubuna göre oksidatif stres endeksinde belirgin 
bir artış saptanmıştır.  
Sonuç: Hamilelik sırasında dinlenen müziğin ses 
yoğunluğu, yavruların ileri yaşamlarındaki stres ve 
depresyon düzeyinde hayati önem taşımaktadır. 

Keywords: Hypothalamic-pituitary-adrenal (HPA) axis, 
perinatal music, depression-like behavior, parathyroid 
hormone (PTH), oxidative stress index. 

Anahtar kelimeler: Hipotalamik-hipofiz-adrenal (HPA) 
ekseni, perinatal müzik, depresyon benzeri davranış, 
paratiroid hormone (PTH), oksidatif stres. 
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INTRODUCTION 
Stress is a condition that disrupts homeostasis of the 
living organisms at the cellular, endocrinological, and 
behavioral levels1. The hypothalamic-pituitary-
adrenal (HPA) axis is a central stress response system. 
Activation of HPA axis causes to release 
corticotropin-releasing hormone (CRH) that 
stimulates the secretion of adrenocorticotropic 
hormone (ACTH)2. In response, ACTH induces the 
synthesis and secretion of glucocorticoids 
(corticosterone (CORT) in rodents) from the adrenal 
cortex into the blood circulation2,3. Adaptive 
feedback mechanisms against to stress was stimulated 
by CORT-mediated activation of specific receptors4. 
Both a decrement in the intestinal calcium absorption 
and kidney calcium reabsorption by increasing 
parathormone/parathyroid hormone (PTH) 
secretion are among these feedback effects countered 
by the systemic effect of CORT5. In a previous study, 
PTH was considered a candidate for "stress" 
hormone because there was a correlation between an 
alteration in serum calcium level and PTH level of 
parathyroidectomized male rats after confinement / 
ultra-high frequency stress6. In addition, we have 
recently found that PTH levels were shown to 
negatively correlate with plasma CORT levels in rats 
received acute restraint stress7.  

Musical stimuli might have influences on cognitive 
and emotional components of the stress response in 
both humans and animals. According to the 
physiological effects of music on organisms, the 
parameters that help to determine whether a musical 
piece has arousing or relaxing effects were 
determined8. Several experimental studies showed 
that music exposure improved the ability of spatial 
tasks, increased neuroplasticity, reduced anxiety, 
lowered blood pressure, and increased immune 
function9-14. On the other hand, most studies 
investigating the effects of different types of music 
yielded different results because the musical factors 
like tone, harmony, or melody can be important in 
exerting its effects on the body of the living 
organism15,16. 

In the light of aforementioned evidence, our previous 
findings on the possible role of PTH against the 
stress response have been shifted our attention to 
whether musical stimuli have an effect on PTH 
signaling associated with the HPA axis. Due to the 
limited studies in literature consisting the effects of 
music on stress-induced hormones along with PTH, 
in this study, we hypothesized to investigate the long-

term behavioral and molecular effects of different 
pieces of music exposure on rats through the 
measurements of serum hormones level of ACTH, 
CORT, PTH and serum level of oxidative stress 
index. 

MATERIALS AND METHODS 
All procedures were designed in accordance with 
generally accepted ethical standards for animal 
experimentation and the guidelines established by 
National Institutes of Health for the care and use of 
laboratory animals and the local scientific Ethical 
Committee of Bezmialem Vakif University (Approval 
date:29/01/2015, Approval number: 2015/30). 

Animals and music exposure 
Adult female and male Wistar albino rats were 
housed under standard (21°C; 12-hour light/dark 
cycle) and stress-free environmental conditions 
having free access to food and water. Female rats 
were individually placed in transparent Plexiglas 
cages, and one male rat was placed for each female 
cage for mating. Until day 10, female rats were 
controlled for presence of vaginal plug as an evidence 
of fertilization. The day of existence of vaginal plug 
was admitted as gestational day 0 (GD0)17. In GD0, 
pregnant female rats were randomly divided into four 
cages; control group (no music exposure) (n=3), 
classical (Canon in D Major/ Johann Pachelbel, 60 
dB) (n=4), traditional Sufi (Whirling Derwish/ Omar 
Faruk Tekbilek, 30 dB) (n=4), and rock (In Your 
Face/ Children of Bodom, 120 dB) (n=4) music 
groups. Dams (n=12) and pups (n=34) in each music 
groups listened to their own music one hour per day 
from GD10 to postnatal day 21. The dams (n=3) and 
the pups (n=12) in the control group stayed 
undisturbed in their home cage.  

Measures  
Tail suspension test (TST) 

All animals were subjected to tail suspension test in 
order to measure despair in rats. A horizontal bar was 
put to a place 50 cm above from the ground. In the 
experimental procedure, rat was placed to the bar 
from their tail by adhesive tape. The time of being 
immobile was measured for a 5-minute testing 
period. The observers were blinded to the groups.  

Enzyme-linked immunosorbent assay  

The animals were decapitated when the behavioral 
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experiment was completed. Heart blood samples of 
all rats were collected into serum separator tubes 
immediately after sacrification. Blood serum was 
obtained by centrifugation at 3,500 rpm for 10 
minutes, and stored at -80°C. Serum levels of ACTH 
(Intra assay CV%: 10 sensitivity: 2.49 ng/L, Shanghai 
YeHua Biological Technology Co., Ltd., China), 
CORT (Intra assay CV%:5 sensitivity: ~0.3 ng/ml, 
Abcam, UK), and iPTH (Intra assay CV%: 10 
sensitivity: 0.51 ng/L, Shanghai YeHua Biological 
Technology Co., Ltd., China) in all groups were 
measured using commercially available ELISA kits 
according to the manufacturer’s instructions. 

Measurement of total antioxidant and oxidant 
status 

The total antioxidant status (TAS) and the total 
oxidant status (TOS) of serum samples were 
determined spectrophotometrically by a microplate 
reader (Thermo Scientific, MultiSkan GO Microplate 
Spectrophotometer). Briefly, in the measurement of 
TAS and TOS, the synthesized hydroxyl radical and 
oxidized molecules, were measured after incubation 
with prochromogen solution (Rel Assay Diagnostics, 
#RL0024, #RL0017, Gaziantep/TURKEY). Data 
were determined at 660 nm for TAS and at 530 nm 
for TOS using a microplate reader (MultiskanTM 
GO, Thermo Fisher Scientific, USA). Oxidative 
stress index (OSI) was calculated from TAS and TOS 
values for each sample. OSI was calculated using the 
following formula:  

OSI (arbitrary units) = [((TOS)/(TAS*1000)) 
×100]18. 

Statistical analysis 

All data were presented as mean ± S.E.M. Statistical 
differences for immobility time in tail suspension test, 
levels of both hormone and oxidative stress among 
four music groups were analyzed by One-Way 
ANOVA test (treatment as independent factor) 
(SPSS for Windows, version 18.0, Chicago, IL, USA). 
Fisher’s Least significant difference (LSD) results 
were evaluated for pairwise comparison. p<0.05 was 
considered as statistically significant. 

RESULTS 

The depression-like behavior was evaluated by TST 
(Figure 1). According to the One-way ANOVA 
results, there was a significant treatment effect among 
groups (F(3:45)=5.855, p=0.002). TST revealed that 

immobility duration in rats which were exposed to 
classical music was significantly longer than that of 
the other groups (the rock music group (p=0.041), 
the sufi music group (p=0.001), and the control 
group (p=0.002)). However, compared to the control 
group, the level of depression-like behavior was not 
affected in the both rock and sufi music group (p > 
0.05) (Figure 1). 

 
Figure 1. Effect of music on depressive like 
behavior in 30-day old rats.  
The immobility durations of rats in the Control, Classic, Rock, 
and Sufi groups. The degree of significance was denoted as * 
for p ≤ 0.05. Error bars indicate SEM (standard error of mean) 

Music induced changes in the levels of serum ACTH, 
CORT, and iPTH were measured by ELISA method 
(Figure 2). There were statistically remarkable 
differences in serum ACTH levels among groups 
(F(3:38)= 9.016, p≤0.001). Serum levels of ACTH in 
rats of the classic music group was significantly 
higher than that of the control level (p=0.045). In 
addition, the level of ACTH was significantly lowered 
in the sufi music group compared to the control 
group (p=0.008) (Figure 2A). However, serum 
CORT levels did not change in response to the 
exposure of different music types (F(3:44)=0.286, 
p=0.835) (Figure 2B). Similarly, there was no change 
in the serum iPTH levels among groups 
(F(3:39)=0.698, p=0.559) (Figure 2C). 

According to the One-way ANOVA, the perinatal music 
exposure did not change the TAS levels (F(3:36)=0.745, 
p=0.533) (Figure 3A). On the other hand, the TOS levels 
of rats were significantly affected from the perinatal music 
exposure (F(3:36)=6.279, p=0.002). According to the post 
hoc analysis, the levels of TOS in the rock music group was 
significantly higher than the TOS levels of the control 
group (p≤0.001) (Figure 3B). In addition, TOS levels in the 
rock music group significantly increased compared to that 
of the classic group (p=0.002) and sufi group (p=0.004) 
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(Figure 3B). Furthermore, it was recorded that the OSI 
levels of rats was also significantly altered in response to the 
perinatal music exposure (F(3:35)=6.174, p=0.002). In 
parallel to the TOS levels, the OSI values in the rock music 
group was significantly higher than the that of the other 
groups (the control group (p ≤ 0.001), the classic music 
group (p=0.002), and the sufi music group (p=0.026)) 
(Figure 3C). 

 
Figure 2. Effect of music on serum levels of A) 
Adrenocorticotropic hormone (ACTH), B) 
Corticosterone (CORT), C) Parathormone (iPTH) 
hormones in 30-day old rats in the Control, Classic, 
Rock, and Sufi groups.  
The degree of significance was denoted as * for p ≤ 0.05. Error 
bars indicate SEM (standard error of mean). 

 

 
Figure 3. Effect of music on serum level of A) Total 
antioxidant status (TAS) B) Total oxidant status 
(TOS) C) Oxidative stress index (OSI) in 30-day old 
rat in the Control, Classic, Rock, and Sufi groups.  
The degree of significance was denoted as * for p ≤ 0.05. Error 
bars indicate SEM (standard error of mean).  

DISCUSSION 

In the present study, we explored the effects of 
different music types exposure on rats during their 
perinatal period on the alterations in the depression-
like behavior in relation with the expression of HPA 
axis hormones and the level of oxidative stress. 

Interestingly, we observed a significant increase in the 
depression level of the rats which were exposed to 
classical music during their perinatal period. In a 
study, sub-chronic exposure (100 Db; 4h/day for 15 
days) to noise produced increase in immobility time 
indicating a depression like behavior in rats 19. 
However, there are also previous studies showing 
that music can ameliorate depression-like behavior in 
experimental animal20. On the other hand, they 
observed that depressive behavior had opposite 
levels at the juvenile age and at the adult age 20. In 
addition, most of the studies which investigated the 
effects of classical music showed an amelioration on 
the structure of brain cells and neurochemistry 
following an improved behavior like enhanced spatial 
memory or decreased anxiety. In parallel to the 
increase in the depression, the level of ACTH also 
increased in the rats that exposed to the classical 
music during their perinatal period while there was no 
change in the CORT and PTH levels which are 
related with the animals’ stress level. In another study, 
when animals were exposed to Mozart’s music, their 
anxiety behavior reversed, and their ACTH levels 
reduced after application of stress21. Although, it is 
well known that music could sound differently to rats 
and they might perceive a different sound, our 
contrary results to the literature pointed that the 
classic music might have been perceived as noise, 
because noise stress activated HPA axis22 and 
depression-like behavior19. The reason why rats 
perceived classical music possibly as noise stressor 
rather than relaxing stimulation in our study might be 
that classical music could not have been exposed 
uniformly in order to be adapted by animals23,24. On 
the other hand, it was here evidenced, for the first 
time, to be lowered ACTH level in rats exposed to 
more relaxing music which was sufi music (30 dB; 
1h/day) with a lower sound pressure.   One of the 
previous studies showed that relaxing music can 
decrease the ACTH levels while high sound music 
can increase the levels of ACTH25.  

Noise exposure is one of the stressors that increases 
oxidative stress. In the both human and animal 
experiments, it was noted that exposure to noise 
increases peroxidation of lipids and alters the 
antioxidant enzyme levels26. In an animal study, it was 
also found that the oxidative stress indicator 
increased as a result of exposure to a noisy 
environment27. Supporting to these evidences, we 
observed a significant increase in the oxidative stress 
level in the rats exposed to the rock music.  
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To sum up, perinatal exposure of the classical music 
can increase the stress level of rat pups to produce a 
depression-like behavior whereas relaxing traditional 
music can reduce the stress level by decreasing the 
ACTH in the blood. In addition, the music type that 
have high sound intensity such as rock music may 
increase in the oxidative stress which harms the 
organism in different aspects. Besides, the fact that 
different hearing frequency of rat results a different 
perception of music type than human may be an 
important limitation for our study. Taking all into 
consideration, the sound intensity of music which is 
listened during the pregnancy has vital importance in 
the stress and depression level of offsprings.   

Yazar Katkıları: Çalışma konsepti/Tasarımı: BE, HY, ŞTU; Veri 
toplama: BE, ŞTU, HY; Veri analizi ve yorumlama: BE, ŞTU; Yazı 
taslağı: BE, ŞTU; İçeriğin eleştirel incelenmesi: BE, ŞTU, AD; Son onay 
ve sorumluluk: ŞTU, AD, HY, BE; Teknik ve malzeme desteği: BE, HY; 
Süpervizyon: BE, ŞTU, AD; Fon sağlama (mevcut ise): yok. 
Etik Onay: Bu çalışma için Bezmialem Vakıf Ünivresitesi Hayvan 
Deneyleri Yerel Etik Kurulundan 29.01.2015 tarih ve 2015/30 sayılı 
kararı ile etik onay alınmıştır. 
Hakem Değerlendirmesi: Dış bağımsız. 
Çıkar Çatışması: Yazarlar çıkar çatışması beyan etmemişlerdir. 
Finansal Destek: Yazarlar finansal destek beyan etmemişlerdir. 
Yazarın Notu: Bu çalışma Bezmialem Vakıf Üniversitesi Araştırma 
Konseyi tarafından desteklenmiştir [hibe numaraları BAP-3.2015 / 22 
ve BAP-12.2016 / 31]. 
Author Contributions: Concept/Design : BE, HY, ŞTU; Data 
acquisition: BE, ŞTU, HY; Data analysis and interpretation: BE, ŞTU; 
Drafting manuscript: BE, ŞTU; Critical revision of manuscript: BE, 
ŞTU, AD; Final approval and accountability: ŞTU, AD, HY, BE; 
Technical or material support: BE, HY; Supervision: BE, ŞTU, AD; 
Securing funding (if available): n/a. 
Ethical Approval: Ethical approval was obtained for this study from 
the Animal Experiments Local Ethics Committee of Bezmialem Vakıf 
University with the decision dated 29.01.2015 and numbered 2015/30. 
Peer-review: Externally peer-reviewed. 
Conflict of Interest: Authors declared no conflict of interest. 
Financial Disclosure: Authors declared no financial support 
Acknowledgement: This work was supported by the Bezmialem Vakif 
University Research Council [grant numbers BAP-3.2015/22 and BAP-
12.2016/31]. 

REFERENCES  

1. Munck A, Naray-Fejes-Toth A. Glucocorticoid 
action. In: DeGroot LJ, editor. Endocrinology. 3rd ed. 
1642-56. Philadelphia: W B Saunders, 1995.  

2. Stephens MA, Wand G. Stress and the HPA axis: Role 
of glucocorticoids in alcohol dependence. Alcohol 
Res. 2012;34:468-83. 

3. Rhodes ME. Chapter 10-adrenocorticotropic 
hormone A2-ink, George. In Stress: 
Neuroendocrinology and Neurobiology. Academic 
Press. 109-116. San Diego, CA, USA, 2017.  

4. Goncharova ND. Stress responsiveness of the 
hypothalamic-pituitary-adrenal axis: age-related 
features of the vasopressinergic regulation. Front 
Endocrinol (Lausanne) 2013;4:26.  

5. Chrousos GP, Pavlaki AN, Magiakou MA. 
Glucocorticoid Therapy and Adrenal Suppression. 
Endotext. 2011. 

6. Cobb HP. The effects of stress on the blood calcium 
level in the male white rat (Rattus norvegicus). 
Virginia: University of Richmond. 1985. 

7. Terzioglu-Usak S, Elibol B, Dalli T, Guler C, Aysan 
E. Effect of restraint stress on plasma PTH 
concentration and its molecular targets expressions in 
wistar rats. Int J Endocrinol Metab. 2018;16:e66979.  

8. Wigram T, Pedersen IN, Bonde LO. A 
comprehensive guide to music therapy: Theory, 
clinical practice, research and training. London: Jessica 
Kingsley. 2002.  

9. Xing Y, Xia Y, Kendrick K, Liu X, Wang M, Wu D, 
et al.. Mozart, mozart rhythm and retrograde mozart 
effects: evidences from behaviours and neurobiology 
bases. Sci Rep.2016;6:18744.  

10. Kirste I, Nicola Z, Kronenberg G, Walker TL, Liu 
RC, Kempermann G. Is silence golden? Effects of 
auditory stimuli and their absence on adult 
hippocampal neurogenesis. Brain Struct Funct. 
2015;220:1221-8.  

11. Escribano B, Quero I, Feijoo M, Tasset I, Montilla P, 
Tunez I. Role of noise and music as anxiety 
modulators: relationship with ovarian hormones in 
the rat. Appl Anim Behav Sci. 2014;152:73-82.  

12. Sutoo D, Akiyama K. Music improves dopaminergic 
neurotransmission: demonstration based on the effect 
of music on blood pressure regulation. Brain Res. 
2004;1016:255-62.  

13. Uchiyama M, Jin X, Zhang Q, Hirai T, Amano A, 
Bashuda H, et al. Auditory stimulation of opera music 
induced prolongation of murine cardiac allograft 
survival and maintained generation of regulatory 
CD4+CD25+ cells. J Cardiothorac Surg. 2012;7:26.  

14. Gao J, Chen S, Lin S, Han H. Effect of music therapy 
on pain behaviors in rats with bone cancer pain. J 
BUON. 2016;21:466-72. 

15. Kim HY, Ko KJ, Nam SY, Jeong HJ, Kim HM. The 
sound of a buk (Korean Traditional Drum) attenuates 
anaphylactic reactions by the activation of estrogen 
receptor-beta. Int Arch Allergy 
Immunol.2015;167:242-9.  

16. Zhang SY, Peng GY, Gu LG, Li ZM, Yin SJ. Effect 
and mechanisms of gong-tone music on the 
immunological function in rats with liver (Gan)-Qi 
depression and spleen (Pi)-Qi deficiency syndrome in 
rats. Chin J Integr Med. 2013;19:212-6.  

17. Elibol-Can B, Dursun I, Telkes I, Kilic E, Canan S, 
Jakubowska-Dogru E. Examination of age-dependent 
effects of fetal ethanol exposure on behavior, 
hippocampal cell counts, and doublecortin 
immunoreactivity in rats. Dev Neurobiol. 
2014;74:498-513.  

18. Aycicek A, Erel O. Total oxidant/antioxidant in 
jaundiced newborns before and after phototherapy. J 
Pediatr (RioJ). 2007;83:319-22.  



Terzioğlu-Uşak et al. Cukurova Medical Journal 
 

 1498 

19. Naqvi F, Haider S, Perveen T, Haleem DJ. Sub-
chronic exposure to noise affects locomotor activity 
and produces anxiogenic and depressive like behavior 
in rats. Pharmacol Rep. 2012;64:64-9.   

20. Sampaio WCM, Ribeiro MC, Costa LF, Souza WC, 
Castilho GM, Assis MS, et al. Effect of music therapy 
on the developing central nervous system of rats. 
Psychol Neurosci. 2017;10:176-88. 

21. Attoui N, Bouhali IE, Tayaa H, Habbachi W, Bairi A, 
Tahraoui A. Music therapy modulates combined 
predator and noise stress induced anxiety-like 
behavior in male Wistar rat. Middle East J Sci Res. 
2015;23:374-7. 

22. Michaud DS, McLean J, Keith SE, Ferrarotto C, 
Hayley S, Khan SA, et al. Differential impact of 
audiogenic stressors on Lewis and Fischer rats: 
behavioral, neurochemical, and endocrine variations. 
Neuropsychopharmacol. 2003;28:1068-81. 

23. De Boer SF, Van der Gugten J, Slangen JL. Plasma 

catecholamine and corticosterone responses to 
predictable and unpredictable noise stress in rats. 
Physiol Behav. 1989;45:789-95. 

24. Krebs H, Macht M, Weyers P, Weijers HG, Janke W. 
Effects of stressful noise on eating and non-eating 
behavior in rats. Appetite. 1996;26:193-202. 

25. Gerra G, Zaimovic A, Franchini D, Palladino M, 
Giucastro G, Reali N et al. Neuroendocrine responses 
of healthy volunteers to 'techno-music': relationships 
with personality traits and emotional state. Int J 
Psychophysiol. 1998;28:99-111. 

26. Bagheri Hosseinabadi M, Khanjani N, Ebrahimi MH, 
Mirbadie SR, Biganeh J. The effects of industrial noise 
exposure on lipid peroxidation and antioxidant 
enzymes among workers. Int Arch Occup Environ 
Health. 2019;92:1041-6. 

27. Karafakioglu YS. Effects of α lipoic acid on noise 
induced oxidative stress in rats. Saudi J Biol Sci. 
2018;26:989-94.  

 

 


	ARAŞTIRMA / RESEARCH
	INTRODUCTION
	MATERIALS AND METHODS
	Animals and music exposure
	Measures 
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES 

