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ABSTRACT 
 

Background: Immobilization stress known to stimulate sympathetic activity, as well 

as the hypothalamic–pituitary–adrenal axis (HPA), produces a significant increase in 

adrenomedullin (AdM) levels, suggesting a regulatory or protective role for AdM in 

countering HPA activation that follows a variety of stressors. Stressors can modulate 

the secretion of proinflammatory cytokines. Interleukin (IL)-10 is a potent activator of 

the HPA and appears to play a pathogenic role in conditions related to stress 

Objective: The aim of this study was to evaluate and validate the effects of  AdM 

administration and   immobilization   stress treatment on IL-10 levels in rat liver, 

lung, brain and heart tissues. Materials and Methods: The study was carried out on 

twenty-four male albino rats (8 months old, 190–240 g). The animals were divided 

into 4 groups of 6 rats each group. Group A : control group. Group B : AdM-treated 

group , rats received intraperitonealy (i.p.) injection of AdM (2000 µg/g body weight) 

once  daily for 1 week.  Group C : immobilized stress group ,(rats were immobilized 

by keeping them into transparent plastic jars with 5 holes for 4hrs per day for 1 

week).Group D: immobilized  stress +AdM group. Rats were immobilized by keeping 

them into transparent plastic jars with 5 holes for 4hrs a day for 1 week and were 

given AdM i.p   at a single dose of 2000 µg/g body weight for a week. At the end of 

the experiment, the concentration of IL-10 was determined using an enzyme-linked 

immunosorbent assay (ELISA) kit.   Results: The results of  the present study showed  

that  IL-10 levels increased in all tissues in immobilized stress group when compared 

to control , also IL-10 levels were increased  in  AdM treatment  group in  all tissues 

when compared to control . IL-10 levels were decreased in the immobilization  stress 

+ AdM treatment  group  in all tissues when  compared to the stress group, increased 

IL-10 levels in brain and lung tissue but decreased in heart and liver tissues in the 

immobilization  stress + AdM treatment  group when compared to the AdM treatment 

group. Conclusion: The results suggest that immobilization stress may induce 

increase of rat proinflammatory cytokine IL-10 and AdM may play a regulatory or 

protective role for immobilization stress. 
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INTRODUCTION 
 

Stress has been defined as a state 

of disrupted homeostasis (1) .Stressors 

that challenge homeostasis can be 

divided into three general categories: 

physical e.g .restraint and exercise, 

psychosocial e.g. isolation, anxiety, 

fear, or mental frustration, and 

metabolic e.g. hypoglycemia and 

hemorrhage  ( 2).Stress has been 

further classified according to duration 

into acute (single or intermittent 

exposure) and chronic (prolonged 

intermittent or continuous exposure). 

Immobilization stress can be 

considered a mixture of physical and 

psychological stressors, restricting 

movement and isolating the individual 

from its group (3) . During stress, an 

adaptive response originating in the 

hypothalamus–pituitary–adrenal (HPA) 

axis is activated to sustain homeostasis 

(4). This axis in particular has been 

considered the central mediator of the 

stress response (5). Inappropriate 

responses to stressors, such as 

inadequate, excessive, and or 

prolonged reactions, may turn 

deleterious and contribute to disease. 

In addition, chronically imposed or 

severe stressors can impair various 

physiologic functions (6). 

Psychological and physiological 

stressors in particular can disturb 

neuroendocrine, reproductive, and 

metabolic functions (7). Stress affects 

various aspects of immune function, 

depending on the nature and duration 

of the stress ( 8),( 9) . For example, 

stressors can directly affect the cells of 

the immune system and modulate the 

secretion of proinflammatory cytokines 

( 10) .Cytokines are small secreted 

proteins released by cells have a 

specific effect on the interactions and 

communications between cells 

(11).Cytokine include lymphokine 

(cytokines made by lymphocytes), 

monokine (cytokines made by 

monocytes), chemokine (cytokines 

with chemotactic activities), and 

interleukin (cytokines made by one 

leukocyte and acting on other 

leukocytes).( 12),( 13) . Cytokines are 

made by many cell populations, but the 

predominant producers are helper T 

cells (Th) and macrophages. (14). 

Major anti-inflammatory cytokines 

include interleukin (IL)-1 receptor 

antagonist, IL-4, IL-10, IL-11, and IL-

13. Among all the anti-inflammatory 

cytokines, IL-10 is a cytokine with 

potent anti-inflammatory properties ( 

14).In addition, IL-10 can up-regulate 

endogenous anti-cytokines and down-

regulate pro-inflammatory cytokine 

receptors. Thus, it can counter-regulate 

production and function of pro-

inflammatory cytokines at multiple 

levels. (15). Chronic stress is 

associated with dysregulation of the 

hypothalamic–pituitary–adrenal (HPA) 

axis, with consequent increase in the 

production of the hormone cortisol, 

and elevated levels of norepinephrine 

(NE) and epinephrine (E), which are 

catecholamines released from the 

adrenal medulla and the neurons of the 

sympathetic nervous system (SNS)  as 

well as the HPA axis, produces a 

significant increase in adrenomedullin 

(AdM) levels in the pituitary gland, 

plasma and adrenal glands, all of which 

are the key components of the HPA 

axis . (16). AdM is implicated as a 

mediator of several pathologies, such 

as cardiovascular and renal disorders, 
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sepsis, inflammation, diabetes and 

cancer, etc.( 17). AdM is expressed in 

a variety of  tumours, where it 

aggravates several of the molecular and 

physiological features of malignant 

cells( 18). As  stress is increasing in 

our life day by day. The aim of this 

study was to evaluate and validate the 

effects of AdM administration and  

immbolization stress on IL-10 levels in 

rat liver, lung, brain and heart tissues. 

 

Materials and Methods 

    Adult male albino rats were chosen 

as an animal model for this study. Rats 

were brought from animal house, 

Faculty of Medicine, Assiut 

University, Assiut, Egypt, and were 

maintained on a balanced diet with free 

water supply in clean containers. They 

were kept for two weeks. Under this 

condition to adapt the laboratory 

conditions before the start of the 

experiment.. The study was carried out 

on twenty-four male albino rats (8 

months old, 190–240 g). The animals 

were divided into 4 groups of 6 each. 

Group A : Served as control group (n = 

6) . 

Group B : AdM -treated group (n = 6). 

The AdM-treated groups received an 

intraperitoneal (i.p.) injection of AdM 

(2000 µg/g body weight)daily for 1 

week. AdM was obtained from  (Sigma 

Chemical Co., St Louis, MO, USA). 

Group C : immobilized stress group 

(n = 6) (Rats of this group were 

immobilized by keeping them into 

transparent plastic jars with 5 holes for 

4hrs. a day for 1 wek. These jars 

adjusted to fit the size of every rat. 

Group D : immobilized  stress +AdM 

group (n = 6). Rats of this group were 

immobilized by keeping them into 

transparent plastic jars with 5 holes for 

4hrs daily  for 1 wek and were given 

AdM i.p. at a single dose of 2000 µg/g 

body weight for a week, this was done 

30 min before every exposure to 

immobilization stress. 

At the end of the experiment, the rats 

were killed by i.p. injection of  Na+ 

thiopental (120 mg/kg)  and the liver, 

lung, brain and heart were removed 

immediately. Liver, lung, brain and 

heart tissues were homogenized in ice-

cold phosphate-buffered saline (pH 

7·4). The homogenate was sonified 

with an ultrasonifier by six cycles  . 

The homogenate was centrifuged (15 

00 g per  min at 4°C for  10 minutes) 

and the supernatant was subjected 

immediately to enzyme assays. IL-10 

levels was determined using ELISA 

mouse/rat  interleukin 10 assay kits 

(Quantikine, R&D Systems , 

Minneapolis, MN, USA) (Catalog. No. 

KRC00 81). 

 
Statistical analysis 
Statistical analysis of the 

difference between groups was done by 

One way analysis of variance 

(ANOVA) followed by Duncan's 

multiple range test for differences 

between means. The quantitative data 

were presented in the form of mean ± 

standard error (S.E). A value of  

P<0.05 were used as the limit for 

statistical significance. 

 

RESULTS   
                                                                                                                
The results clearly showed that IL-10 

levels were significantly increased 

(P<0.05) in all tissues in immbolization 

stress group when compared to control 

(P < 0·05) as shown in table 1. Also , 

IL-10 levels were increased  in  AdM 

treatment  group in liver, brain and 
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heart and  lung tissue as shown in table 

1,  when compared to control (P < 

0·05).The increase in IL-10 were 

obvious and significant with the 

immbolization stress group (P< 0.001) 

when compared to AdM treatment  

group in lung, brain and liver while the 

increase in IL-10 were obvious  in 

heart in AdM treatment  group (P< 

0.001) when compared to the 

immbolization stress group .  The 

results of this study showed that rats 

exposed to immobilization stress in 

addition to AdM administration 

associated with significant increase in 

IL-10 levels in brain, lung   and heart 

tissue but decreased in  liver tissues 

when compared to control rats but   IL-

10 levels were decreased in the 

immobilization  stress + 

adrenomedullin treatment  group, in 

lung , heart tissues ,liver and brain 

tissues  when compared to the stress 

group (P < 0·05) as shown in table 1.  

The results of this study showed that 

rats exposed to immobilization stress in 

addition to AdM administration 

showed increased IL-10 levels in brain 

and lung tissue but decreased in heart 

and liver tissues when compared to the 

AdM treatment group (P < 0·05), as 

shown in table 1. 

 

DISCUSSION                                                                                             
This study set out with the aim of 

assessing the effects of AdM 

administration on IL-10 levels in liver, 

lung, brain and heart tissues in 

response to  immobilization stress  in  

rats. All living organisms respond to 

stress changes in the environment in 

various ways. Activation of the stress 

system leads to behavioural and 

peripheral changes to improve the 

ability of the organism to adjust 

homeostasis and increase its chances 

for survival (19) .The physiological 

components of stress response are 

metabolic, circulatory and hormonal. 

(20). Different physiological stressors 

show a somewhat specific 

neuroendocrine response profile; the 

response of the pituitary–adrenal and 

sympatho–medullo–adrenal axes, 

however, are common to almost all 

stressors (21) . Stress enhances the 

synthesis and release of 

catecholamines in the peripheral 

sympathetic system as well as in the 

brain, adrenal medulla and heart (22).

 

Tab . (1): Mean + SD of interleukin 10 in different tissue homogenate in 

different studied groups at end of experiment 

Groups Liver Lung Brain Heart 

Control 170 ± 3.7
 

50 ± 2.50
 

30 ± 2.70
 

120 ± 2.80
 

Adm 240 ± 4.8 **, # 55 ± 3.40* 45 ± 2.90*, # 400 ± 5.2 ***
 

Immobilization 

Stress 360 ±  5.6*** 130 ± 4.56 ***
 

60 ± 3.70***
 

350 ± 4.80 ***
 

Immobilization 

stress + Adm 140 ± 3.5*** 60 ± 3.80* 

50 ± 3.60*, #
 

150 ± 2.90**, 

### 

The effect of immobilization stress and adrenomedullin treatment on interleukin-10 

levels in rat tissues. * P <0.05, ** P<0.01, *** P<0.001 compared to control; # P< 

0.05 compared to the stress (analysis of variance by One  way analysis of variance 

(ANOVA) followed by Duncan's multiple range test, *#P < 0·05). 
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   Stress-induced activation of the 

sympatho–adrenal medulla and the 

HPA axis, and this stimulates secretion 

of catecholamine (noradrenalin and 

adrenalin) and glucocorticoids, which 

are capable of modulating immune 

cells and further modulating cytokine 

production ( 23). Cytokines play a key 

role in bidirectional communication 

between the neuroendocrine and 

immune systems. The interplay 

between hormones and cytokines 

during immobilization stress may 

influence immune homeostasis in 

response to environmental challenges . 

Stress affects various aspects of 

immune function, depending on the 

nature and duration of the stress (24).  

The results of this study showed  an 

increase  in  IL-10 levels in 

immobilization  stress group in all 

tissues when compared to control .This 

findings of the current study are 

consistent with those of  Rhind et al 

(25) who found  that immobilization 

stress enhanced IL-10, IL-2 and 

tumour necrosis factor (TNF)-α 

cytokine levels in mice. Hangalapura 

BN   et al  (26) demonstrated that 

restraint stress induced elevation of the 

plasma IL-10 level in female albino 

rats. Nukina  H  et al (27) also reported 

that acute stress also causes elevation 

of serum IL-10 in rodents and 

precipitates myocardial infarction (MI) 

in atherosclerotic mice. Takaki et al 

(28) found that  the possible 

explanations for this result  that  

increase  in plasma IL-10 would be 

produced from stress -related 

catecholamine secretion (central and 

peripheral). These results are in 

disagreement with the results obtained 

by Deliargyris EN et al (29) who 

reported that  restrain stress has no  

effect on  IL-10 cytokine levels. 

Results from the   present study 

showed that the administration of AdM 

increases IL-10 levels in  all  tissues 

when compared to control.  This 

finding is in agreement with findings 

of Yüksel et al (30) which showed that 

externally applied AdM produces an   

increase   in IL-10 in  isolated stressed  

rats . The results of this study showed 

that rats exposed to immobilization 

stress in addition to AdM 

administration showed increase in IL-

10 levels in brain, lung  and heart 

tissue but decreased in  liver tissues 

when compared to normal control rats. 

The increase in IL-10 were obvious 

and significant with the immbolization 

stress group (P< 0.001) when 

compared to AdM treatment  group in 

lung, brain and liver while the increase 

in IL-10 were obvious  in heart in AdM 

treatment  group (P< 0.001) when 

compared to the immbolization stress 

group . This finding is in agreement 

with the results obtained  by Yüksel et 

al (31) who reported that   application 

of AdM in addition to  restrain stress 

increases IL-10 levels in brain, lung  

and heart tissue but decreased in liver 

tissue of  rabbits   and this can be 

occurred  via AdM receptors on 

different end-organs and causes altered 

metabolic regulation taking partial or 

total occupation of AdM receptors, 

stimulated in response to restrain stress  

application (Yüksel S, Akbay A and  

Yürekli M (32) . also Yüksel et al (33) 

studied whether light or dark stress is 

involved in the endogenous AdM 

production systems and showed that  

keeping the rats in a constant light/dark 

vicinity for a long time altered AdM 

synthesis and secretion from the 

plasma or other tissues. The 
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differences in results between different 

tissues may be due to differences in 

tissues composition    Isumi  et al 

(34)found that AdM is a rapid and 

extraordinarily potent regulator of IL-

10 production  and  a peptidergic 

regulator of inflammation .Ueda et al 

(35) found increased plasma levels of 

AdM in patients with systemic 

inflammatory response syndrome.  In 

the present study, results showed that 

AdM adminstration in immobilized   

stressed rats increased IL-10 levels in 

brain and lung tissue but decreased in 

heart and liver tissues when compared 

to the AdM treatment group . 

Although, these results differ from 

some published studies ( Averina T.M 

(36) they are consistent with those of 

(Hideyuki N, et al(37)who reported 

that administration of AdM  increased 

IL-10 levels in brain and lung tissue 

but decreased in heart and liver tissues 

in  isolation  stressed  rats . In the 

present study results showed that AdM   

decreased IL-10 levels in all tissues in 

immobilized    stressed  rats  compared 

to the stress group . Hideyuki N, et al 

(38) suggested that   administration of 

AdM was found to decrease  IL-10 

levels in all tissues in isolated  stressed  

rats   but  induced decrease in IL-2 

levels (Schoder H et al(39) . In 

conclusion , One of the issues that 

emerges from these findings is that 

immobilization stress induced increase 

of IL-10 in rat liver, lung and brain and 

heart tissues. These results   imply that 

stress may result in dysregulation of 

the Th1/Th2 cytokine profiles, break 

the Th1/Th2 balances and then affect 

immune response ( 40). It is known 

that, under stress conditions, the HPA 

axis is stimulated and catecholamine 

production is increased. (41).   The 

results of our study suggest that AdM 

may play an important role in the 

continuity of homeostasis as antagonist 

substances to stress conditions. 

Sympathetic neuronal system and 

immune system are affected by AdM 

and cytokines after stress exposure. 

Future studies on the current topic are 

therefore recommended to understand 

the exact role of  AdM in response to   

immobilization   stress. The study of 

stress is a broad topic,   and   further 

research should be done to investigate 

further   mechanism of regulation 

initially on the suggested rat model.                                                           
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 في بعض اًسجت 10 عدم الحركت والادريٌىهىديىليي علي هعدل اًترلىكيي ضغطتأحيراث 

 الفئراى

 احود جبدالله قسن الفسيىلجي كليت الطب جبهعت الازهر فرع اسيىط

 اشرف الجٌدي قسن الفسيىلجي كليت الطب جبهعت الازهر فرع القبهرة

 علاء محمد هبشن قسن الببحىلىجيب الاكلٌيكيت كليت الطب جبهعت الازهر فرع اسيىط

 هصطفي هحي عبهر قسن الببحىلىجيب الاكلٌيكيت كليت الطب جبهعت الازهر فرع اسيىط

  ببلقبهرةهعهد تيىدور بلهبرس للأبحبثعور صبري قسن  الدم   

 

 ػذو انحشكخ ٌؤدي انً اعزثبسح  َشبغ انجٓبص  ظغػيٍ انًؼهٕو اٌ : خلفيت البحج 

كجٍشح   فً ٔ اٌعب يحٕس غذح انًٓبد ٔانُخبيٍخ ٔانكظشٌخ ْٔزا ٌؤدي انً  صٌبدح  انغًٍجثبٔي 

يٕاجٓخ َشبغ يحٕس غذح يؼذلاد الادسٌُٕيٕدٌٕنٍٍ ْٔزا ٌثجذ اٌ نّ دٔسرُظًًٍ ٔٔلبئً فً  

 انعغٕغبد ًٌكٍ .انعغٕغبد  يٍ يزُٕػخ انًٓبد ٔانُخبيٍخ ٔانكظشٌخ انُبرج ػٍ  يجًٕػخ

يُشػ لٕي نًحٕس  10 اَزشنٕكٍٍ . انغٍزٕكٍُبد انزً رغجك الانزٓبثبد   اٌ رؼذل يٍ افشاص

 .غذح انًٓبد ٔانُخبيٍخ ٔانكظشٌخ ٔنّ دٔس يشظً فً انحبلاد انًشرجطخ ثبنعغٕغ 

إٌ انٓذف يٍ ْزِ انذساعخ ْٕ رمٍٍى ٔيؼشفخ ربثٍشاد رؼبغً  :الهدف هي البحج

 فً أَغجخ انكجذ ٔانشئخ 10الادسٌُٕيٕدٌٕنٍٍ ٔظغػ ػذو انحشكخ ػهً يؼذلاد الااَزشنٕكٍٍ 

 .ٔانًخ ٔانمهت

 شٕٓس ٔٔصَٓب ٌزشأح 8 فأسا أثٍط ركشا ػًشْب 24رًذ انذساعخ ػهً : : طريقت البحج

 ( فئشا6ٌكم يجًٕػخ )اسثغ يجًٕػبدلغًذ انفئشاٌ إنى ٔلذ  . جى  240-190يبثٍٍ 

رى حمٍ ) انثبٍَخ يجًٕػخ الادسٌُٕيٕدٌٕنٍٍيجًٕػخالظبثطخ ٔالأنً يجًٕػخ ال

يٍكشٔجشاو نكم جى يٍ 2000انصفبق ثجشػخ  الادسٌُٕيٕدٌٕنٍٍ نٓزِ انًجًٕػخ داخم

فًٓ يجًٕػخ ظغػ ػذو انحشكخ  يشح ٔاحذح ٌٕيٍب نًذح اعجٕع  أيب انًجًٕػخ انثبنثخ (ٔصَٓب

ْٔزِ انًجًٕػخ خعؼذ نزمٍٍذ حشكزٓب ثٕظؼٓب فً جبساد ثلاعزٍكٍخ شفبفخ نٓب خًظ فزحبد 

ظغػ + نًذح اسثغ عبػبد ٌٕيٍب نًذح اعجٕع ٔانًجًٕػخ انشاثؼخ يجًٕػخ الادسٌُٕيٕدٌٕنٍٍ 

يٍكشٔجشاو نكم 2000انصفبق ثجشػخ  ػذو انحشكخ ٔلذ رى  حمُٓب  ثبلادسٌُٕيٕدٌٕنٍٍ داخم
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جى يٍ ٔصَٓب يشح ٔاحذح ٌٕيٍب نًذح اعجٕع  ٔٔفً َفظ انٕلذ خعؼذ اٌعب  نزمٍٍذ حشكزٓب 

ثٕظؼٓب فً جبساد ثلاعزٍكٍخ شفبفخ نٓب خًظ فزحبد نًذح اسثغ عبػبد ٌٕيٍب ٔفً َٓبٌخ 

 فً أَغجخ انكجذ ٔانشئخ ٔانًخ 10انزجشثخ ثؼذ يعً اعجٕع رى  لٍبط رشكٍض الاَزشنٕكٍٍ 

. ٔانمهت

انمهت ) فً  كم الاَغجخ10نمذ أظٓشد َزٍجخ انجحث إسرفبع يؼذل الاَزشنٕكٍٍ  : الٌتبئج

يمبسَخ ثبنًجًٕػخ ظغػ ػذو انحشكخ فً انًجًٕػخ انزً خعؼذ ل (ٔانشئخ ٔانًخ ٔانكجذ

 فً كم الاَغجخ فً يجًٕػخ 10كًب أظٓشد انذساعخ إسرفبع يؼذل الاَزشنٕكٍٍ , انعبثطخ

ٔلذ نٕحع  أٌعب أٌ الاسرفبع فً  الاَزشنٕكٍٍ  ,يمبسَخ ثبنًجًٕػخ انعبثطخالادسٌُٕيٕدٌٕنٍٍ 

  يمبسَخ ثًجًٕػخظغػ ػذو انحشكخ كبٌ ٔاظحب ٔكجٍشا فً انًجًٕػخ انزً خعؼذ ل10

الادسٌُٕيٕدٌٕنٍٍ فً أَغجخ انشئخ ٔانًخ ٔانكجذ أيب فً َغٍج انمهت فمذ ٔجذ أٌ الاسرفبع فً 

 انزً يجًٕػخاليمبسَخ ة كبٌ أكجش فً يجًٕػخ الادسٌُٕيٕدٌٕنٍٍ 10يؼذل  الاَزشنٕكٍٍ 

يؼذل الاَزشنٕكٍٍ ٔلذ أظٓشد َزبئج ْزِ انذساعخ أٌعب إَخفبض  .ظغػ ػذو انحشكخخعؼذ ل

ظغػ ػذو انحشكخ ٔرى اػطبءْب  فً كم الاَغجخ فً انًجًٕػخ انزً خعؼذ ل10

يمبسَخ ثبنًجًٕػخ انزً (الادسٌُٕيٕدٌٕنٍٍ+ يجًٕػخ ظغػ ػذو انحشكخ)الادسٌُٕيٕدٌٕنٍٍ 

 فً 10كًب أظٓشد انذساعخ إسرفبع يؼذل الاَزشنٕكٍٍ ,   فمػ  ظغػ ػذو انحشكخخعؼذ ل

 فً َغٍجً انمهت ٔانكجذ فً انًجًٕػخ 10َغٍجً انشئخ ٔانًخ ٔإَخفبض يؼذل الاَزشنٕكٍٍ 

يجًٕػخ ظغػ ػذو )الادسٌُٕيٕدٌٕنٍٍ ظغػ ػذو انحشكخ ٔرى إػطبءْب انزً خعؼذ ل

 .يمبسَخ ثًجًٕػخ الادسٌُٕيٕدٌٕنٍٍ  (الادسٌُٕيٕدٌٕنٍٍ+ انحشكخ

 فً أَغجخ انفئشاٌ 10 نمذ أدي ظغػ ػذو انحشكخ انً إسرفبع يؼذل الاَزشنٕكٍٍ :الاستٌتبج

 .   ٔكبٌ نلأدسٌُٕيٕدٌٕنٍٍ دٔس يُظى ٔٔلبئً نعغػ ػذو انحشكخ

 


