Kafkas Univ Vet Fak Derg
20 (2): 267-271, 2014
DOI: 10.9775/kvfd.2013.9976

Journal Home-Page: http://vetdergi.kafkas.edu.tr
Online Submission: http://vetdergikafkas.org

RESEARCH ARTICLE

Investigation on Serum Hormonal Parameters (Ghrelin,
Corticosterone, Insulin, T3 and T4) in Chronic Mild Stress
Rat Model of Depression [1]
Mohammad NARIMANI-RAD 1
Mehran MESGARI ABBASI 2
[1]
1

2
3

Vahab BABAPOUR 1
Sara FARHANG 3

Morteza ZENDEHDEL 1

Present article is summarized from PhD thesis of first author
Department of Physiology, Faculty of Specialized Veterinary Sciences, Science and Research Branch, Islamic Azad
University, Tehran - IRAN
Drug Applied Research Center, Tabriz University of Medical Sciences, Tabriz - IRAN
Clinical Psychiatry Research Center, Tabriz University of Medical Sciences, Tabriz - IRAN

Makale Kodu (Article Code): KVFD-2013-9976
Summary
The aim of present study was to investigate the effects of depression induced with chronic mild stress (CMS) protocol on serum hormones
(ghrelin, corticosterone, insulin, T3 and T4) which is in interaction with stress or depressive disorders. Forty-five 40-45 d old laboratory rats
were assigned to two groups; control (n: 10) and CMS (subjected to CMS procedure, n: 30). Rats in the control group were reared in single
cages without any environmental stress. Rats in CMS were entered the CMS procedure. This protocol consisted of mild unpredictable stressors
(intermittent illumination, stroboscopic light, grouping, food or water deprivation, exposure to an empty water bottle, solid cage, cage tilting,
etc.). After CMS protocol sucrose preference (SP) test was used for the identification of depressed animals. Rats with lower than 65% SP were
defined as depressed animal. Blood serum was taken from two groups (control and CMS) for the determination of blood hormonal variables
by Elisa kits. Analyzed data showed a significant elevation in ghrelin, corticosterone, and insulin levels for CMS group (depressed animals)
in comparison with control group, as elevation was very significant for corticosterone. There was not any significant change for T3, whereas
decreased T4 was observed for CMS groups when compared with the control. It was concluded that chronic mild stress induced depression can
cause ghrelin, corticosteroid, and insulin increases, and T4 decreases. Mentioned effects of CMS induced depression on hormonal indices (with
exception to thyroid hormones), can be similar with effects of major depression.
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Depresyonun Kronik Hafif Stres Sıçan Modelinde Serum
Hormonal Parametrelerin (Ghrelin, Kortikosteron,
İnsülin, T3 ve T4) Araştırılması
Özet
Bu çalışmada, depresyon etkilerinin kronik hafif stres (CMS) işlemi ile stres ve depresif bozukluklarla etkileşim halinde olan serum
hormonları (ghrelin, kortikosteron, insülin, T3 ve T4) üzerine etkilerinin araştırılması amaçlanmıştır. Kırk beş adet 40-45 günlük laboratuvar
sıçanları kontrol (n: 10) ve CMS (CMS işlemine tabi, n: 30) olmak üzere iki gruba ayrıldı. Kontrol grubundaki sıçanlar herhangi bir
çevresel stres olmadan tek bir kafeste yetiştirildi. CMS grubu sıçanlar CMS işlemine dahil edildi. Bu protokol hafif öngörülemeyen stres
oluşturucularının (kesintili aydınlatma, stroboskopik ışık, gruplama, yiyecek veya su yoksunluğu, boş bir su şişesine, katı kafese, kafes
eğimine maruziyet, vb) oluşmaktadır. CMS işleminden sonra sükroz tercih (SP) testi depresif hayvanların tanımlanması için kullanıldı.
%65 SP’den daha düşük sıçanlar depresif hayvan olarak tanımlandı. Kan serumu ELISA kitleri ile kan hormonsal değişkenlerin tespiti için
iki grutan (kontrol ve CMS) alındı. Analiz edilen sonuçlar kontrol grubu ile karşılaştırıldığında çok önemli kortikosteron artışıyla beraber
CMS grupta (depresif hayvanlar) ghrelin, kortikosteron ve insülin seviyelerindeki önemli artışı gösterdi. CMS gruplarında kontrol grubu
ile karşılaştırıldığında düşmüş T4’e rağmen T3 için önemli bir değişiklik gözlemlenmedi. Kronik hafif stres kaynaklı depresyonun ghrelin,
kortikosteroid ve insülin artışına ve T4 azalmasına sebep olabileceği sonucuna varıldı. Hormonsal endeks üzerindeki (tiroit hormonları
hariç) CMS kaynaklı depresyonun adı geçen etkileri majör depresyon etkileri ile benzer olabilir.
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INTRODUCTION
Depression is one of the common psychological
disorders in human society, and it is much more prevalent
in industrialized societies. Research undertaken in this
regard has largely prescribed anti-depressant medicines
or medicinal plants as well as different levels of effective
hormones being studied. However, studies with adverse
effects of depression on endocrine parameters are very
limited. Also, these studies have focused mainly on major
depression cases [1-3] not chronic or depression resulting
from mild environmental stresses. So, studies on endocrine
indices of various models of depression are necessary [4].
Among trusty models of depression, chronic mild stress
(CMS) model of depression in rodents has been proposed to
model some of the environmental factors that contribute to
the induction of depressive disorders in humans [5-7]. In the
present protocol (CMS), sequential exposure to a variety
of mild stressors causes behavioral deficits in different
paradigms that measure sensitivity to rewards. Thus, CMS
suppresses the consumption of and preference to palatable
sweet solution such as sucrose or saccharin [8], and the
rewarding properties of food pellets, sweet solutions
and amphetamine, as assessed by the place preference
conditioning procedure [9]. Effects of these stresses (CMS)
on animal hormonal profile are not reported by any
comprehensive study. Albeit sporadic investigations were
published in relation to effects on chronic-mild stress on
glucocorticoids [10,11] and thyroid hormones [12], however,
these experiments with exception to Kioukia et al.[12], are
not conducted in general case of CMS models. So, the aim
of present study was to investigate the effects of CMS on
serum hormones which are in interaction with stress or
depressive disorders.

MATERIAL and METHODS
Animals
Forty-five 40-45 d old Male Wistar rats were kept into

the laboratory animal room for 1 week pre-experimental
adaptation period. Animals were weighted and assigned
as two groups; control (n: 10) and CMS (subjected to CMS
procedure, n: 30). Animals in the control group were reared
in single cages without any environmental stresses. Animal
in CMS were entered into the CMS procedure (Table 1).
With exception to limitations of CMS procedure, the food
and water were available ad libitum for all animals. Other
environmental conditions included light/dark cycle (12
h: 12 h), light intensity, and ventilation were the same for
both groups. Experiments were performed in accordance
with the guide for the Care and Use of Laboratory Animals
(National Institutes of Health Publication No. 85-23, revised
1985). The protocol was arranged in according to certificate
of Tabriz University of medical sciences ethical committee
(Reg. no. 5.4.411- April 10, 2011) for present project.
CMS Procedure
CMS has been used to achieve depressive-like
symptoms in Wistar rats [7,8]. It was designed to maximize the
randomness of the stressors. The protocol was carried out
for 4 weeks as described in Table 1.
This protocol consisted of mild unpredictable stressors
which are: intermittent illumination, stroboscopic light
(300 flashes/min), grouping, food or water deprivation,
exposure to an empty water bottle immediately following
a period of water deprivation, solid cage (300 ml water
spilled into bedding) and 45° cage tilting. Grouping
indicates housing a rat in pairs with different partners
while an individual rat alternately becomes a resident or
an intruder. Details of the CMS procedure are presented
in Table 1.
Sucrose Preference Test
Sucrose preference (SP) test is a measure to evaluate
anhedonic effect of CMS [8] and efficiency of protocol to
induce depression. In this test, animals were trained to
consume a 1% sucrose solution following 18 h of food/
water deprivation at week three. Sucrose intake measure
with weight losses of sucrose contained bottle at the end

Table 1. Time and length (h) of stressors used in the CMS procedure
Tablo 1. CMS işleminde kullanılan stres oluşturucuların zamanı ve uzunluğu (saat)
Stressor

Timing
Saturday

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

00:00-14:00
(1 time/2 h)

-

-

-

-

-

-

Strobe light

-

-

00:00-12:00

-

-

-

-

Cage tilt 45º

-

13:00-23:00

-

-

13:00-23:00

00:00-12:00

Solid cages

-

-

12:00-24:00

-

-

-

13:00-23:00

Feed/Water deprivation

-

00:00-10:00

-

10:00-24:00

-

00:00-12:00

-

Empty water bottle

-

10:00-12:00

-

-

-

-

-

Paired housing

-

-

-

-

10:00- 24:00

-

-

Intermitted lighting
(light/dark)
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of the test for 24 h during a no-stress period. Rats with
lower than 65% SP (net sucrose consumption/ [sucrose
consumption+ water consumption] × 100 %) were defined
as depressed animal [13-15].
Blood Sampling and Analysis
Healthy animals (control) and depressed animals
recognized by SP test were subjected to blood sampling
for identification of effects of CMD on serum hormonal
variables. Blood samples taken from orbital sinus were
centrifuged at 1.200 x g for 7 min at 18°C, and serum was
prepared for determination of blood hormonal variables
(ghrelin, corticosterone, insulin, T3 and T4) with an autoanalyzer (Alcyon 300; Abbott Park, IL, US) and Elisa
commercial kits.
Present experiment was arranged with two treatments
and four replicates for each. Data were analyzed with SAS
(SAS Inst. Inc., Cary, NC, US) and the differences between
treatments were assessed by unpaired t-test, and P<0.05
was considered to be significant.

RESULTS
The hormonal measures of serum are presented in Table
2. There is a significant elevation in ghrelin, corticosterone,
and insulin levels for CMS group (depressed animals) in
comparison with control group, as elevation was very
significant (P<0.01) for corticosterone (Table 2). There was
not any significant change for T3, whereas decreased T4 was
observed for CMS groups when compared with control
(P<0.05).

DISCUSSION
Nowadays, after 13 years from discovery of ghrelin in
rat [16], it has been identified that ghrelin has considerable
role in mental health, chronic or acute stress [17]. Chuang
and Zigman [17] have stated that serum ghrelin can decrease
following chronic stress and negative energy balance.
In present study (Table 2), ghrelin was in greater level in
depressed group (CMS) when compared with control
(P<0.05). According to Chuang and Zigman [17] report,

the regulatory potential of ghrelin may be the reason
for ghrelin elevation in onset of stress for moderating
metabolic damages of stress or stress induced depression.
Also, ghrelin can moderate depressive symptoms.
In previous studies, ghrelin elevation was observed in
acute stress [18] water privation condition [19] or tail cuttingstress [20]. Ochi et al.[21] have shown that stress can elevate
levels of different forms of ghrelin include pre-proghrelin,
ghrelin mRNA, acyl-ghrelin and des-acyl-ghrelin. The
present finding about elevation of acyl-ghrelin in stressinduced depression condition is in agreement with Ochi
et al.[21]. In their study, the number of ghrelin- Ip cells
(ghrelin-producer cells) has increased following 5 days
solid-cage stress (part of CMS protocol). In Lutter et al.[18],
animals under social stress have greater acyl-ghrelin
concentration witch ghrelin level rise to peak point on
day-10 of stress protocol. Whereas ghrelin level returned
to normal after protocols finished. In this regard, Rouach
et al.[22] reported that individuals with psychological stress
have greater levels of plasma ghrelin. Another evidence
for regulatory role of ghrelin in stressful condition is that
ghrelin elevation occures along with epinephrine raises
induced with stress [23]. Monteleone et al.[24] reported
considerable increase in salivary ghrelin following social
stress protocol. Investigations on major depression cases
show constant level for ghrelin [2]. Findings of present
study for ghrelin levels of depressed (CMS) animals
(Table 2) are in agreement with Chuang and Zigman [17],
Asakawa et al.[19], Kristenssson et al.[20] and Monteleone et
al.[24] reports witch indicate that ghrelin can increase in
chronic psychological or environmental stress, and various
protocols for depression induce.
It is suggested that exposure to various stressors in
CMS protocol is a main cause of ghrelin elevation. Ghrelin
has regulatory role for elimination of depressive effects
on animal mental or metabolic health. In other word,
ghrelin elevation may be an efficient defense mechanism
to avoiding depression related damages in CMS animals or
in chronic depression cases. But in major depression this
mechanism (increase in ghrelin level) may not be efficient [2].
In major depression, hypothalamic- pituitary-adrenal
(HPA) axis is hyperactive and releases greater amount of

Table 2. The hormonal variables of serum in rats subjected to CMS procedure
Tablo 2. CMS işlemi uygulanan sıçanlarda serum hormonsal değişkenleri
Group

Variable
Ghrelin pg/ml

Corticosterone ng/l

Insulin mU/l

T3 ng/ml

T4 µg/ml

Control

250.38

160.62

6.25

b

0.40

2.00 a

CMS (depressed)

304.75 a

190.50 a

8.50 a

0.55

1.65 b

P value

0.0223

0.0042

0.0312

0.2782

0.0259

SEM*

12.582

4.717

0.568

0.088

0.084

b

b

* Standard error of the mean; - Different letters (a or b) shows significant difference between means
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glucocorticoide [25]. Abdul Aziz et al.[11] reported that
pregnant CMS models have greater amniotic corticosterone,
and the level can rise significantly at d 13 of gestation.
Control group (pregnant non-CMS) had normal level of
corticosterone at d 13 of gestation, and they have an increase
in corticosterone rate at d 18. Also, in a study [26], infants
from mothers with exposure to stress during pregnancy
had greater level of plasma cortisol. It was reported that
variety in kind and number of chronic stresses can activate
hippocampal receptors and releases great amount of
corticosterone [27]. In present study which was conducted
with similar protocol with Raudkivi et al.[27], the various
chronic stresses can affect corticosterone level (Table 2).
It seems that continuous exposing to variable chronic
stresses without dietary energy intake (feed deprivation)
for long time of CMS protocol cause corticosterone raises
in CMS group.
Depressed individuals are susceptible to insulin-related
disorders such as hyperinsulinemia or type 2 diabetes [28].
An epidemiological study showed that insulin- resistance
indices are common in depressed people or individuals
with mental potent for depression [29].
Less consumption of glucose sources (such as sucrose)
in depressed models may be a potential factor for tribulation in insulin release, insulin sensitivity, and depression
treatment process. In this regard, Ramasubbu [30] reported
correlation between insulin-resistance disorder and
depression and this correlation was independent from
age, weight, nutritional status, plasma GH or glucagon
level and cortisol circadian rhythm. In Pan et al.[29] study,
it was observed that hypercortisolemia is a booster factor
for insulin-resistance in depressed models. In according to
Castillo-Quan et al.[31] suggestion, depression has insulinresistance disorder similar with type-2 diabetes. So, it can
be cause of hypercortisolemia. In present study, there is a
significant increase in insulin and corticosterone level for
CMS group (Table 2). Whereof corticosterone and insulin is a
major role in metabolic equilibrium of body, any change in
these hormones can cause serious metabolic disorder [31].
It can be suggested that the stressors in CMS protocol can
cause less dietary glucose intake. Also presents protocol can
cause hyperinsulinemia witch is a symptom of depression.
Commonly, T 3 level is not affected by depression,
whereas in some studies on depression cases it is reduced
due to incidence of depression [32,33]. It is indicated that
decreases in T3 in major depression cases may be because
of secondary effect of depression such as starvation, swoon
and anti-depressant drugs [34]. But T4 level can be change
due to depression or environmental stresses [35]. In an
idea [36], loss of serotonin was announced as main cause of
change in thyroid activity. Findings of present study about
thyroid hormones (T3 and T4) (Table 2) are in according to
Kirkegaard [32] who reported decreases in T4 level following
depression induction. In present study, T3 level remained
unchanged following CMS protocol, which was unlike

to Baumgartner et al.[33] reports in major depression
(decreased T3). In Olivares et al.[35] study, animals had
decreased T4 level and transient hypothyroidism following
social stress protocol. Findings of present study (Table 2)
conducted with CMS protocol was in agreement with
Olivares et al.[35]. It seems that T4 decreases in CMS animals
(Table 2) were in related to serotonin losses, minor energy
intake and subsequent declines in basal metabolism.
It was concluded that chronic mild stress protocol and
induced depression can cause ghrelin, corticosteroid, and
insulin increases, and T4 decreases. Mentioned effects
of CMS induced depression on hormonal indices (with
exception to thyroid hormones), can be similar to the
effects of major depression. It seems that T4 decreases
in CMS animals are in relation to serotonin losses, minor
energy intake (because of continuous stresses) and subsequent declines in basal metabolism. Further studies on
CMS effect on other hormones are necessary to completing
hormonal profile of CMS protocol.
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