
World Applied Sciences Journal 20 (2): 310-318, 2012

ISSN 1818-4952

© IDOSI Publications, 2012

DOI: 10.5829/idosi.wasj.2012.20.02.3660

Corresponding Author: Mohammad Reza Vaez Mahdavi,  Department of Physiology, Faculty of Medicine, 

Shahed University, No, 29, Dehkade st. Keshavars Ave. Tehran, Iran, 

Post code: 1415635111, P.O. Box: 14155-7435, Tel: 09121779116 and 021-88964792. 

 

310

Social Instability, Food Deprivation and Food Inequality Can Promote 

Accumulation of Lipofuscin and Induced Apoptosis in Hepatocytes

Fatemeh Moradi, Mohammad Reza Vaez Mahdavi, Abolhassan Ahmadiani,1,2,3   2,4,5     3

Mehrdad Rogani, Ali Reza Delshad, Shahnaz Mojarab and Taki Altiraihi5   6    7    8

 

Department of Physiology, Faculty of Medical Shcool, Tehran University of Medical Sciences, Tehran, Iran1

Clinical Trial Traditional Iranian Medicin Center, Tehran, Iran2

Neuroscience Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran3

Equity and Health Research Center, Shahed University, Tehran, Iran4

Neuroscience Research Center, Shahed  University, Tehran, Iran5

Department of Anatomy, Faculty of Medical Sciences, Shahed University, Tehran, Iran6

Department of Physiology, Faculty of Basic Sciences, Shahed University, Tehran, Iran7

Department of Anatomy, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran8

Abstract: Recent studies have reported that the incidences of diseases related to social instability and

psychological stress are increasing, however hepatic histopathological changes under psychosocial stress

conditions have not been well defined and also little is known about the role of psychosocial stress and food

deprivation at the liver disorders. So in present study the effects of food deprivation, food intake inequality

with or without unstable social status were evaluated and histopathological changes in hepatocytes and

premature cell death process were investigated. Forty eight Newzeland white male rabbits were divided into six

groups and different social situations were applied to some groups during eight weeks. After the period of the

experiment, lipofuscin accumulation and apoptosis as main markers of premature death process were studied

by long Ziehl Nelseen staining, the terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL

reaction) assay were used to reveal the rate of lipofuscin pigmentation and apoptosis in the hepatocytes,

respectively. Serum cortisol level was also measured. The simultaneous application of the mentioned situations

(i.e. food deprivation, social inequality and instability), caused significant change in lipofuscin accumulation

in the hepatocytes in comparison with the control group (p<0.05). The results also showed a significant

increase in ratio of apoptotic to normal cells both in isolated and unstable social status groups compared with

control (p<0.05). These findings suggest that food deprivation, inequality in food intake and social instability

enhance the susceptibility of hepatocytes in young animal to premature aging by upregulating the ratio of

apoptosis and increasing lipofuscin accumulation. 
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INTRODUCTION Health Organization [1]. Furthermore, it has been reported

Recent generations have lived in what is called a is associated with lifestyle-related diseases such as

"stressful society". Recent studies have reported that the hyperinsulinema, hyperglycemia, cardiovascular diseases

incidences of diseases related to social and psychological and cancer, as well as mental disorder [2]. Interestingly,

stress are increasing.  For  example,  the  morbidity  of psychosocial stress exacerbated hepatic diseases such as

depression, one  of  the  major  mental  disorders,  has inflammatory and fibrotic changes in alcoholic hepatitis,

reached 3-10 % per year according to a report of World chronic  hepatitis  C  and   hepatocellular   carcinoma  [3].

that daily exposure to  social  and  psychological  stress
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Therefore, there is a need for treatments that prevent implicated in the formation of free radicals [17] which are

various disorders resulting from daily exposure to social the major executors of oxidative stress-induced damage

and psychosocial stress and for this an increased and subsequent cell death [18]. Apoptosis is a

understanding of the mechanism underlying response to programmed process of cell death that has a tightly

a social stressor is required [4]. It is well established that regulated initiation and execution. Progressive cell loss

individuals from disadvantaged social classes suffer from mediated by apoptosis is linked to age-related decline in

lower mental and physical health than individuals within physiologic function or age-related disorders [15]. 

higher classes [5]. In the present study, we conducted animal

Growing evidence has shown that stress can have an experiments using different socially affected rabbits as a

effect on liver diseases, both in human and animal studies model mimic to that of human psychosocial stress.

[3, 6]. Therefore, attention has turned to clarifying Interest in the impact of different social situations has led

possible physiological mechanism, especially those to the development of several animal models that may be

involving the stress pathways of hypothalamic-pituitary- relevant to human social situation-related disorders [19].

adrenal (HPA) axis and the autonomic nervous system. The primary reason for targeting our evaluation to the

People with hepatitis C often comment that a period of liver is that the liver is one of the essential organs

stress usually leads to a ‘flare-up' of symptoms, especially responsible for biological functions such as energy

fatigue. Surprisingly, there is a wealth of information metabolic homeostasis, metabolization and detoxification

about how stress can affect liver disease [7]. The of endo-and exogenous substance. Another reason is that

interactions between stress and the liver are not hepatic histopathological changes under psychosocial

completely understood there appears to be negative stress conditions have not been well defined and also

association between stresses on liver disease little is known about the role of psychosocial stress and

progression. Such a close interaction between stress and food deprivation at the liver disorders but our recent

liver diseases is also suggested by basic research using researches in animals indicated that sense of inequality in

several animal models. For example, electric foot-shock food intake rather than food deprivation alone could

stress exacerbated liver injury in rats treated with carbon promote accumulation of aging pigment of lipofuscin in

tetrachloride (CCl4), an animal model of drug induced liver myocardial cells and hippocampal pyramidal cells [20,21].

injury [8]. Isolation for 30 days with a mild and Several studies indicated that rabbits are suitable

consecutive social stress regulates the systems for lipid representative for studying about food deprivation,

metabolism and also causes endoplasmic reticulum stress oxidative stress and aging related changes [22,23] So in

in mouse liver [6]. The evidences largely derived from the continue of our studies about the effects of psychosocial

study of animal models that permit identifying stress stress on heart and hippocampal pyramidal cells of rabbits

mechanisms at the cellular level, as well as studying the animal model of psychosocial stress was applied in

stress-related processes that unfold over the entire the rabbits to address this hypothesis that “Do

lifespan [9, 10]. Experimental settings of such stressors as psychosocial stresses, food deprivation and food

immobilization, forced running or electroshock has been inequality promote accumulation of lipofuscin and

used in many animal studies, however, social interaction induced apoptosis in hepatocytes ?” Lipofuscin

is an important source of physiological (and homeostatic) accumulation and apoptosis, (as two markers of oxidative

changes [11]. Rodent models have become a widely stress) in hepatocytes and the serum level of cortisol in

accepted alternative to study disease mechanisms for the rabbits exposed to different situations were

chronic stress. In the past decades, numerous animal investigated.

models for chronic stress in rodents have been

developed. The nature of the stressor, other rodent Experimental Procedures

models is based on social stressors. Social stress is Animal Preparation: This study was approved by the

probably one of the most pervasive stressors in humans board of research ethics at the Neuroscience Research

and social animals [12]. Cellular aging is believed to be Center of Shahid Beheshti Medical University in

associated with progressive accumulation of functionally compliance which is compatible with the standards of the

inert material, including damaged non-degradable European Communities Council directive (86/609/EEC).

organelles and molecular structures often referred to as Accordingly, adequate measures were taken to minimize

“biological garbage” [13,14]. An example of such garbage pain and discomfort of animals. The study was conducted

is an indigestible polymeric material called "lipofuscin" or on forty eight young New Zealand White male rabbits (9-

"age pigment" that accumulates in lysosomes as a result 12 months age) weighting between 2 and 3 kg (obtained

of imperfect degradation [15,16]. Lipofuscin, in turn, is from Pasteur Institute of Tehran, Iran). Animals were
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housed at 21° C, were housed in Plexiglas cages 60cm perfused through the ascending aorta with 1000 ml of

length, 20.5cm height, 40cm (Razi Rad company, Iran) with PBS, followed by 1500 ml of 4% phosphate-buffered

2 animals per cage in a temperature-controlled colony paraformaldehyde (PH=7.4. After tissue perfusion, the

room under light-dark cycle (12 h light: 12 h darkness) All liver tissues were removed and subsequently put in tissue

experimental animals were fed on standard rabbit processor (DS 2080/H, Iran) for processing. Then they

commercial pellets (Pars animal food company, Iran) with were embedded in paraffin for histopathological

the following composition: 14.9% crude protein, 2.7% evaluation. Transversal sections (4-5 µm thickness) of

crude fat, 14% crude fiber and 13% ash. Water was given livers were prepared using a microtome rotary apparatus

ad libitum to all groups. The animals were held in the (Slee, Germany). At least three sections were assigned to

colony room for at least two weeks before being test and both Long Ziehl Nelseen staining [27] (the specific

then animals were randomly divided into six groups. Each staining for lipofuscin detection) and TUNEL staining.

group had eight rabbits. Food intake was weighed and

measured daily. Six groups were set in two rooms, five Long Ziehl Neelsen Staining: Paraffin embedded tissue

groups in one (general room) and the last group in sections were soaked in carbol fuscin solution for 3 hours

another (isolated) room. All animal were housed in at 60ºC. The sections were counterstained with methyl

adjacent areas within visual, auditory and olfactory, but blue and differentiated in acid alcohol. Then they were

not tactile contact. After two weeks of assimilating period, dehydrated in 95% ethanol and absolute alcohol, cleared,

four conditions consisting of different social situations mounted (Entellan, MERK). 

such as food deprivation to 1/3 of the daily allowance,

change-cage mate, inequality in food intake and isolation Terminal Deoxynucleotidyl transferase-Mediated dUTP

were applied to groups during the further eight weeks. Nick End-Labeling (TUNEL): TUNEL was performed on

Experimental Groups: Cell Death Detection Kit, POD (Roche Applied Science,

C Control group (C), free access to diet without any Germany). Tissue sections were deparaffinized in xylene,

deprivation and changed place or cage-mate (n=8). rehydrated and immersed in 3%hydrogen peroxide to

C Food deprivation (FD)-(This situation maintained block the endogenous peroxidase activity. After rinsing

food deprivation to 1/3 of the daily allowance during with PBS, sections were treated with proteinase K

2 months)-But without changed place or cage-mate. solution at 37°C for 30 min to enhance the staining,

It is important to mention that this level of food incubated for 60 min at 37°C with 50 µl of TUNEL reaction

deprivation didn’t cause any gastrointestinal mixture and then incubated for 30 min at 37°C with 50 µl of

problems such as stasis, pain or diarrhea in present converter-POD. Sections were rinsed in PBS, then

study and similar deprivation has been used incubated for 10 min at 15-25°C with 50 µl of

previously in our and other studies [20, 22, 24]. (n=8). diaminobenzidine (DAB) substrate solution and rinsed

C Unstable social status or social instability due to again with PBS. Counter staining was achieved with 0.5%

changed place or cage-mate [25] and food methyl green. For the positive control, the sections were

deprivation (USS+FD). (The staying situation of the incubated in DNase1 solution at 15-25°C for 10 min and

animals in this group was changed every two for the negative control, enzyme solution was omitted.

weeks)(n=8). Finally, the sections were dehydrated again and cover

C Similar condition with the third group only for four slipped as described above and analyzed under light

weeks (USS+FD,4 weeks). Then, the conditions were microscopy.

to the same as to the control group (n=8).

C This group was similar to the third group, but the Lipofuscin and TUNEL Positive Cell Counting: At least

animals were separated from other groups and kept in five histological sections were processed for each animal

isolated room [26] (USS+FD+IE)(n=8). to avoid bias in determining the number of lipofuscin

C Unstable social status or social instability (USS), with pigments in the liver sections, random numbers from the

free access to diet without any deprivation but table of random number was assigned to the X and Y axes

changed place or cage-mate(n=8). of microscope. The number of lipofuscin pigmentation

Histopathological Evaluation: All animal tolerated value calculated for each animal and then means value for

experimental process so after the end of the experiment, all each group achieved. We perpetrated pictures of the

the animals were deeply anesthetized, before perfusion histopathological changes by light microscopy. The

blood sample collected from left ventricles and then number of TUNEL positive pyramidal cells was counted

10-lm-thick paraffin-embedded sections using the In Situ

counted in cells of each microscopic field. The Mean
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respecting to six adjacent 100X microscopic fields of liver (Fig.  1b).  Lipofuscin  pigments  are  detected  in

sections and the ratio of apoptotic cells to normal cells cytoplasm of the cells by their purple appearance.

was obtained. Application of all type of the food deprivation and

Cortisol Assay: Serum cortisol level was measured by inequality and isolation) increased the accumulation of

electrochemiluminocense (Elecsys 2010) technique using lipofuscin as compared to the control group (p<0.05). But

Cortisol Kit (Cobas, USA). this accumulation in (USS+FD) was highest. (p<0.005.

Statistical Analyses: Lipofuscin pigmentation, TUNEL

positive cell counting analyzed by one-way analysis of Inequality in Food Intake and Psychosocial Stresses

variance (ANOVA) followed by LSD for multiple Enhanced Apoptosis in Hepatocytes: Representative

comparisons, using SPSS 16.0 package programs. Data photomicrographs  of  the  TUNEL-stained  tissue

were expressed as mean ± SEM and statistical significance sections of experimental groups are shown in (Fig. 2b).

was set at p<0.05. According  to  instruction  manual  in  the  kit,  neurons

RESULTS suggestive  of  apoptosis-are  detected  in  TUNEL-

Inequality in Food Intake and Psychosocial Stresses psychosocial stresses and food deprivation caused

Promoted Accumulation of Lipofuscin Pigments in significant change in apoptosis of the hepatocytes. But

Hepatocytes: Representative photomicrographs of the this accumulation in (USS) and (FD+USS+IE) groups was

Long Ziehl Nelseen staining -specific lipofuscin staining- highest as compared to the control group (p<0.005)

of tissue sections of  experimental  groups  are  shown  in (Figures. 2(b).

psychosocial stresses (unstable social status, social

Figures. 1(a)).

with  double-strand  breaks  in  DNA-a   feature

staining by their brown nuclei. Application of the

Fig. 1(a): Effect of changes in social situations on accumulation of lipofuscin pigments in hepatocytes: The data are

Mean+SEM, * p<0.05 and **p<0.001 versus the control group.

Fig. 1(b): Representative photomicrographs of Long Ziehl Nelseen staining sections respectively from left to right: The

control group (C), The food deprived group (FD), The unstable social status and food deprived group (FD

+USS), The group unstable social status and food deprivation for 4 weeks (FD+USS 4 weeks), The unstable

social status, food deprived and isolated group (FD+USS+IE) and the unstable social status group (USS). The

arrows show the lipofuscin spots. Lipofuscin has been presented as dark red spots in the cytoplasm. Scale

bar: 40 µm.
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Fig. 2(a): Effect of changes in social situations on apoptosis in hepatocytes: *p<0.05 versus the control group. The data

are Mean+SEM. 

Fig. 2(b): Representative photomicrographs of the TUNEL immunostained sections respectively from left to right: The

control group (C), The food deprived group (FD), The unstable social status and food deprived group

(FD+USS), The group unstable social status and food deprivation for 4 weeks (FD+USS 4 weeks), The

unstable social status, food deprived and isolated group (FD+USS+IE) and the unstable social status group

(USS). The arrows show the apoptotic cells. Scale bar: 40 µm.
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Serum Cortisol Level: Application of the mentioned animals [33, 34]. Lipofuscin-associated iron sensitizes

stresses alone or together (i.e. food deprivation, social lysosomes to oxidative stress, jeopardizing lysosomal

inequality and changed cage-mate) did not cause stability and causing apoptosis due to release of

significant change in the serum levels of cortisol of the lysosomal contents. Lipofuscin accumulation may also

stress groups in comparison with the control group. diminish autophagocytotic capacity by acting as a sink

DISCUSSION interfere with recycling of cellular components.

Our findings in the present work demonstrated that cellular degeneration at old age than was hitherto believed

chronic food deprivation, social inequality and unstable [15]. Moreover, it is considered as predisposing factor for

social status are important socio-biologic stressors and premature cell death. We observed that the percentage of

drive dramatic accumulation in hepatocytes lipofuscin and apoptotic cells in the unstable social status group was

apoptosis. Our results showed that application of higher (p<0.005) than in the control group [Figure1(a) and

unstable social status with or without food deprivation 2(a)]. So our results support the hypothesis that

caused significant change in lipofuscin accumulation and psychosocial stress conditions may induce premature

apoptosis in hepatocytes in comparison with the control hepatocytes death. 

group (p<0.05). Chronically elevated physiological stress Inequality in social situation has been shown to

is considered as a plausible model for how deprivation cause significant changes in consolidation of learning and

and poverty could get under the skin and eventually memory [35]. It might be beneficial to mention that

interfere with the achievement [28]. Application of the myocardial cell lipofuscin accumulation has been found to

mentioned stresses alone  or  together  (i.e.  food increase under similar stress models [20,21]. Despite the

deprivation, social inequality and changed cage-mate) did potential benefits of a moderate food restriction,

not cause significant change in the serum levels of evidences from literature suggest that a drastic reduction

cortisol of the stress groups in comparison with the in food intake may have harmful effects in the oxidative

control group but psychosocially stressed rabbits status. Domenicali and others [36] showed that the liver

exhibited baseline cortisol levels that were marginally (p of food-deprived rats presents an increase in protein and

= 0.6) upper than those of control rabbits but this values lipid oxidation and a decrease in reduced glutathione

were not statistically significant. This finding is (GSH) levels. Another study demonstrated that a 36-h

consistent with extensive work finding lower baseline fasting protocol increases the levels of free radical

cortisol levels in stressed people [29] and suggests that generation and lowers the activity of enzymatic defenses

the chronic psychosocial stress employed in the present like catalase (CAT) and cytosolic superoxide dismutase

study may have long-term effects on basal HPA axis (CuZn-SOD) [37]. Moreover, it has been suggested that

functioning. Comparable findings have been reported in food deprivation enhances ROS production and free

some animal studies examining the effects of stress- radical leak at complex III of the mitochondrial respiratory

restress or single prolonged stress paradigms on animal chain [38]. It has been shown that the effects of caloric

physiology [30]. restriction depend on different factors, such as the degree

It has been demonstrated that psychosocial stresses of food restriction and its implementation time [39].

induce the production of reactive oxygen species. On the Several studies performed in laboratory mice and rats

other hand, it has been documented that social stress reported that caloric restriction promotes beneficial effects

causes oxidative stress [31]. Findings clearly indicate that including an increase of life span and a delay on the onset

social status can be linked with neuroendocrine and of age-associated pathologies [40-42]. However, other

metabolic factors. However, the analogy with social studies showed that when rats are submitted to drastic

gradient in humans can be pursued only cautiously [32]. food deprivation adverse outcomes occur [24, 36, 43].

Malhotra et al. reported that protein folding and However, the available information concerning the

generation of reactive oxygen species (ROS) as a influence of food deprivation in the oxidative status in the

byproduct of protein oxidation are closely linked events brain is scarce. In this line, we evaluated the effects of a

and suggested that persistent oxidative stress and protein 2/3 food deprivation in the oxidative status of Newzeland

miss-folding initiate apoptotic cascades and play white rabbit brains. Our results indicate that food

predominant roles in the pathogenesis of multiple human deprivation like social instability enhances accumulation

diseases including diabetes, atherosclerosis and of pathological markers of oxidative stress in rabbit

neurodegenerative diseases. Previous studies indicated hepatocytes, so lipofuscin accumulation and apoptosis

that ROS were generated in psychosocially stressed were  significantly increased in (FD) group in comparison

for newly produced lysosomal enzymes and, therefore,

Lipofuscin, thus, may be much more directly related to
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with control group (p<0.05) and this effect was strengthen  There is a poor understanding of animal

when  both  food  deprivation  and   social   instability heterogeneity in patho-physiological mechanisms

were applied together in ( FD+USS) group. (Fig.1 (a) and underlying pathways responsible for oxidative cell injuries

Fig (2) a). due to social stress. Physiological reactivity is associated

As expected, food deprivation reduced body weight with psycho-social factors that differentially impact

in rabbits of (FD+USS) group. Animal in  this  group  were through the social gradient. Enhanced stress reactivity

food deprived for 2 month and tolerated social instability may be necessary but not sufficient for all psycho-

due to repeated changing cage-mates so they had weight biological pathways. However, all of these pathways in

loss in comparison with the control and other rabbits in relation to social inequalities and hepatocytes damage

groups (FD),(FD+USS 4 weeks) and (FD+USS+IE) must be evaluated according to the scientific principles

(p<0.05) (Fig.3). Accordingly, Gursoy and others [44] that are applied to other pathophysiological processes. 

observed an increase in lipid peroxidation in heart and Interest in pathophysiology of social stress and

liver of caloric-restricted rats. It was also reported that fish biological impacts of inequality and different social

under dietary deprivation present high levels of oxidative situations has greatly increased and the focus of ongoing

stress [45, 46]. research is to identify the mechanisms of different

 Lipofuscin is well understood as a product of conditions, and probably develop treatments that target

oxidative stress, which contributes for cellular aging [47]. these mechanisms. Epidemiological studies clearly show

So we supposed that severe food deprivation affects that stress alone is not sufficient to result in the

brain oxidative status predisposing brain cells to manifestation of a disease. In many of the neuroendocrine

degeneration and death. While moderate caloric and behavioral parameters we assessed at an old age we

restriction has beneficial effects on animal health state, observed a trend, which probably did not reach the level

severe food deprivation may be harmful. of significance due to a high variability in the group. One

Our multiple research reports provide an impetus that might speculate that only a sub-population of the

animal as well as humans sense the inequality and previously stressed animals are largely and persistently

instability and react to them bio-psycho-neuro-socially affected by the stress exposure due to their specific

[20,35]. In this regard during present study we found that genetic makeup, while other animals "recover" and are not

chronically stressed animals displayed a more anxious at an enhanced risk for disease. As with the here applied

phenotype immediately after stress induction in the chronic stress model it is feasible to subject a large

novelty-induced social instability paradigm. However, it number of animals to the stressful situation, future studies

is important to acknowledge that cellular accumulation of will have to focus on the individual differences between

lipofuscin was higher when food deprived animals could chronic stress animals in terms of the magnitude of

observe other animals unlimited food accessibility, as persistent effects and their interaction with genetic

compared with the isolated deprived group(comparison of vulnerability of the individuals. Furthermore, it will be

(USS+FD) group with (USS+FD+IE) group p<0.05). The interesting to study the possible pharmacological

latter showed pigment accumulations even lower than the modification of persistent effects of chronic stress

(USS+FD 4 weeks) group, which were under food experiences. 

deprivation associated with observation of others only for

half of the period of the experiment. Indeed, sense of CONCLUSIONS

inequality in food intake, rather than food deprivation,

could promote lipofuscin accumulation and further cellular As seen above, psychosocial stress has been

death, considering the majority of this effect in instability identified in recent years as an important factor in the

rather than food deprivation (comparison of (FD) group progression and outcome of several important liver

having pure food deprivation with the (USS) group that pathologies. The application of chronic social stress

had only unstable situation and comparison of (FD) group during adolescence exerted robust immediate effects on

with (USS+FD) group p<0.05). It is concluded that HPA axis activity, gene expression and anxiety-related

inequality and instability in social situation promotes behavior. These data support our previous findings and

biological conditions, in which pre-mature cell death can point to the high face, construct and predictive validity of

occur. Moreover, our recent findings suggest that this this animal model for chronic social stress. Ultimately

premature cell death even provides higher possibility of Social stress can have profound bio-psycho-

animal death (data not shown). physiological consequences on the hepatocytes of rabbit.
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The present experimental design using an animal model 12. Bartolomucci,     A.,     P.    Palanza,   P.   Sacerdote,

proved useful for investigating the association between

psychosocial stress and liver injury. Further study is

needed to determine which of these changes are adaptive

and which ones are associated with continues

pathological changes in the liver function and metabolism.

REFERENCES

1. The         World         Health         Report,        2001.

(The data are available at http://www.who.

int/whr2001/2001/).

2. Ader,  R.  and  N.  Cohen, 1993.

Psychoneuroimmunology: conditioning and stress.

Annu. Rev. Psychol., 44: 53-85.

3. Chida, Y., N. Sudo and C. Kubo, 2006. Does stress

exacerbate liver diseases? J. Gastroenterol. Hepatol.,

21: 202-208.

4. Verducci, J.S., V.F. Melfi, S. Lin, Z. Wang, S. Roy and

C.K. Sen, 2006. Microarray analysis of gene

expression: considerations in data mining and

statistical treatment. Physiol. Genomics, 25: 355-363.

5. Lupine, S.J., S. King, M.J. Meaney and B.S. McEwen,

2001. Can poverty get under your skin? Basal cortisol

levels and cognitive function in children from low

and high socioeconomic status. Development and

Psychology, 13: 653-676.

6. Keiko Motoyama, Yuji Nakai, Tomoya Miyashita,

Yuichiro Fukui, Maki Morita and Kazutsuka Sanmiya,

2009. Isolation stress for 30 days alters hepatic gene

expression profiles, especially with reference to lipid

metabolism in mice. Physiol. Genomics, 37: 79-87.

7. The         liver,        stress        and        liver,       2007.

(The  data  are  available  at

http://www.hcvadvocate.org).

8. Iwai, M., S. Saheki, Y. Ohta and T. Shimazu, 1986.

Foot-shock stress accelerates carbon tetrachloride

induced liver injury in rats: implication of the

sympathetic nervous system. Biomed. Res., 7: 145-54.

9. Hilakivi-Clarke,   L.    and    R.B.    Dickson,   1995.

Stress influence on development of hepatocellular

tumors in transgenic mice overexpressing TGF-" .

Acta Oncol., 34: 907-12.

10. Wu, W., T. Yamaura,  K.  Murakami  et  al.,  2000.

Social isolation stress enhanced liver metastasis of

murine colon 26-L5 carcinoma cells by suppressing

immune responses in mice. Life Sci., 66: 1827-38.

11. Vermetten, E. and D. Bremner, 2002. Circuits and

systems   in    stress.    Depression    and    Anxiety,

15: 126-147.

A.E. Panerai, A. Sgoifo, R. Dantzer and S. Parmigiani,

2005. Social factors and individual vulnerability to

chronic  stress  exposure.  Neurosci  Biobehav  Rev.,

29: 67-81. 

13. Terman, A. and U.T. Brunk, 2006. Oxidative stress,

accumulation of biological ‘garbage’ and aging.

Antioxid Redox Signal, 8: 197-204.

14. Terman, A., 2007. Autophagy, organelles and aging.

Journal of Pathology, 211: 134-143.

15. Brunk, U., 2002. The mitochondrial-lysosomal axis

theory of aging. Euro. J. Biochem., 269: 1996-2002.

16. Brunk,        U.T.        and       A.       Terman,     1999.

The mitochondrial-lysosomal axis theory of cellular

aging. Understanding the basis of aging: the Roles of

Mitochondria.   Free   Radicals    and   Antioxidants,

pp: 229-250.

17. Terman. A. and U.T. Brunk, 2004. Aging as a

catabolic malfunction. The International Journal of

Biochemistry and Cell Biology, 36: 2365-2375.

18. Brunk,  U.,  J.  Neuzil  and  J.W.  Eaton,  2001.

Lysosomal involvement in apoptosis. Redox. Report,

6: 91-97.

19. Blanchard, R.J., C.R. Mckittrick and C. Blanchard,

2001. Animal models of social stress: Effects on

behavior and brain neurochemical systems.

Physiology and Behavior, 73: 261-271.

20. Heidary,     F.,    M.R.   Vaez   Mahdavi,   F.   Momeni,

B.   Minaii,    M.    Rogani    and   N.  Fallah,  2008.

Food inequality negatively impacts cardiac health in

rabbits. Plos. One, 3: 1-3.

21. Mojarab,  S.H.,  M.R.  Vaez  Mahdavi,  M.  Rogani,

A.L. Safarpour, T. Tiraihi and S. Faghihzadeh, 2010.

Effect of food inequality and unstable social status

on myocardial cells of male rabbits. World Applied

Sciences Journal, 8: 680-686.

22. Carvalho, M., L. Mateus, F. Afonso,  S.  Van  Harten,

L. Alfaro Cardoso, D.A. Redmer, et al., 2009.

Testicular angiogenic activity in response to food

restriction in rabbits. Reproduction, 137: 509-511.

23. Bharathi, Shamasundar N.M., T.S. Sathyanarayana

Rao, M. Dhanunjaya Naidu, R. Ravid and K.S. Rao,

2006. A new insight on Al-maltolate-treated aged

rabbit as Alzheimer's animal model. Brain Res. Rev.,

52(2): 275-92.

24. Santos,   R.X.,    S.    Cardoso,   S.  Silva,  S.  Correal,

C. Carvalho, et al., 2009. Food Deprivation Promotes

Oxidative Imbalance in Rat Brain.Journal of food

science, 74(1): 8-15.



World Appl. Sci. J., 20 (2): 310-318, 2012

318

25. Phillip,     R.,     Zoladz,     Cheryl    D.   Conrad, 37. Marczuk-Krynicka, D., T. Hryniewiecky, J. Piatek and

Monika Fleshner and David M. Diamond, 2008. J. Paluszak, 2003. The effect of brief food withdrawal

Acute episodes of predator exposure in conjunction on the level of free radicals and other parameters of

with chronic social instability as an animal model of oxidative   status   in   the   liver.   Med   SciMonit,

post-traumatic stress disorder. Stress, 11(4): 259-281. 9(3): 131-5.

26. Motoyama Keiko, Yuji Nakai, Tomoya Miyashita, 38. Sorensen,   M.,   A.  Sanz,  J.  G´omez,  R.  Pamplona,

Yuichiro Fukui, Maki Morita and Kazutsuka Sanmiya, M. Portero-Ot´2n, R. Gredilla and G. Barja, 2006.

2009. Isolation stress for 30 days alters hepatic gene Effects of fasting on oxidative stress in rat liver

expression profiles, especially with reference to lipid mitochondria. Free Radic Res., 40(4): 339-47.

metabolism in mice. Physiol Genomics, 37: 79-87. 39. Yu, B.P., 1996. Aging and oxidative stress:

27. Drury,    R.    and    E.A.   Wallington,   1980. modulation by dietary restriction. Free Radic

Histological technique. Fifth edition, pp: 398-399. BiolMed., 21(5): 651-68.

28. Gary, W. Michelle and A. Schamberg, 2009. 40. McCarter, R.J., 1995. Role of caloric restriction in the

Childhood poverty, chronic stress and adult working prolongation of life. Clin Geriatr Med., 11(4): 553-65.

memory. Proceeding of the National Academy of 41. Weindruch, R., 1996. The retardation of aging by

Sciences, 106: 6545-6549. caloric restriction: studies in rodents and primates.

29. Yehuda, R., 2005. Neuroendocrine aspects of PTSD. Toxicol. Pathol., 24(6): 742-5.

Handbook Exp. Pharmacol., pp: 371-403. 42. Masoro,  E.J.,  2000.  Caloric  restriction  and  aging:

30. Harvey, B.H., C. Naciti, L. Brand and D.J. Stein, 2003. an update. ExpGerontol., 35(3): 299-305.

Endocrine, cognitive and hippocampal/cortical 5HT 43. Grattagliano,     I.,     G.    Vendemiale,   P.   Caraceni,

1A/2A receptor changes evoked by a time-dependent M. Domenicali, B. Nardo, A. Cavallari, F. Trevisani,

sensitisation (TDS) stress model in rats. Brain Res., M. Bernardi and E. Altomare, 2000. Starvation impairs

983: 97-107. antioxidant defense in fatty livers of rats fed a

31. Zhang, L., R. Zhou, R.J. Ursano and H. Li, 2006. choline-deficient diet. J. Nutri., 130(9): 2131-6.

Stress-induced change of mitochondria membrane 44. Gursoy, E., A. Cardounel, Y. Hu and M. Kalimi, 2001.

potential regulated by genomic and non-genomic GR Biological effects of long-term caloric restriction:

signaling. Medical Hypotheses, 66: 1205-1208. adaptation with simultaneous administration of

32. Steptoe, A. and M. Marmot, 2002. The roles of caloric stress plus repeated immobilization stress in

psychobiological pathways in socio-economic rats. Exp BiolMed (Maywood), 226(2): 97-102

inequalities in cardiovascular disease risk. European 45. Pascual, P., J.R. Pedrajas, F. Toribio, J. Lopez-Barea

Heart Journal, 23: 13-25. and J. Peinado, 2003. Effect of food deprivation on

33. Zora Djuric, Chloe E. Bird, Alice Furumoto-Dawson, oxidative stress biomarkers in fish (Spaurus aurata).

Garth H. Rauscher and Mack T. Ruffin, 2008. Chem Biol Interact, 145(2): 191-9.

Biomarkers of Psychological Stress in Health 46. Morales,   A.E.,   A.   P´erez-Jim´enez,  M.C.  Hidalgo,

Disparities Research. The Open Biomarkers Journal, E. Abell´an and G. Cardenete, 2004. Oxidative stress

1: 7-19. and antioxidant defenses after prolonged starvation

34. Siervo,    M.,    J.C.K.   Wells   and   G.  Cizza,   2009. in Dentex dentex liver. Comp. Biochem. Physiol.,

The Contribution of Psychosocial Stress to the 139(1-3): 153-61.

Obesity Epidemic. Horm Metab Res., 41(4): 261-270. 47. Gray, D.A. and J. Woulfe, 2005. Lipofuscin and aging:

35. Vaez   Mahdavi,   M.R.,   M.  Rogani,  M.  Kallili  and a matter of toxic waste. Sci Aging Knowledge

R. Dalir, 2009. The effect of food restriction on Environ., 1: 120-129.

learning and memory of male Wister rat. Behavioral

Analysis. Iranian Journal of Neuroscience, 1: 29-33.

36. Domenicali,     M.,     P.     Caraceni,    G.   Vendemiale,

I. Grattagliano, B. Nardo, M. Dall‘ ´Agata, B. Santoni,

F.     Trevisani,     A.    Cavallari,   E.   Altomare   and

M. Bernardi, 2001. Food deprivation exacerbates

mitochondrial oxidative stress in rat liver exposed to

ischemiareperfusion injury. J. Nutr., 131(1): 105-10.


