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ABSTRACT 

Background: Crowding is one of the most popular stressors in experimental medicine since it could be 
regulated easily. Social isolation and lack of social support have deleterious effects on health. These are 
regarded as one of the most relevant causes of human diseases.  

Objective: Evaluation of the possible effects of either crowding and loneliness on liver functions in adult 
male albino rats. 

Material and methods: Fifty four adult local strain male albino rats were chosen as a model for the present 
work. They were divided into equal three groups; control group, crowded group and reduced space group. 
Animal behavior was observed, and blood samples were obtained for determination of blood glucose level, 
total cholesterol, triglycerides, low density lipoprotein (LDL), high density lipoprotein (HDL), alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), total serum protein, serum albumin and globulin. 
Liver samples were obtained for histopathological study. Results: Crowding or loneliness led to different 
homeostatic changes including disturbed liver functions, glucose metabolism, lipid profile and altered 
behavior in addition to marked cellular changes on histopathological examination.   

Conclusion: Housing conditions affected behavioral and biological responses of animals and could be 
considered risk factors for certain diseases as diabetes mellitus, dyslipidemia and liver injury. Further studies 
are required to demonstrate how chronic stress can exert a facilitative effect on inflammatory response and 
even increases the risk of developing pathological effects. 

   

INTRODUCTION 

     Optimal population density is essential 
for all living organisms. It produces a 
significant impact upon behavior and 
physiology of individuals and social 
groups (Saalu et al., 2011). Abnormal 
population densities can affect functions 
of many organs in addition to behavioral 
disturbances. Differences in population 
densities are considered stress (Cvijic and 

Dordevic, 2003). Maintaining homeostasis 
is essential for life. The complex dynamic 
equilibrium is constantly challenged by 
intrinsic or extrinsic adverse, real or 
perceived forces and stressors (Nagaraja 
and Jeganathan, 2003). 

     Crowding is defined as "a state of 
stress that accompanies high population 
density", i.e. large number of people per 
unit space (Maisa, 2012). Crowding stress 
has many physical and psychological 
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effects. The physical effects include lower 
body weight, delayed maturation, increase 
adrenal weight, infertility and reduced 
resistance to infection (Mostafa, 2010). 
The psychological effects of crowding 
include heightened aggression, breakdown 
of normal social behavior and poor 
performance of tasks (Kumar et al., 
2009).  

     Social isolation and lack of social 
support have deleterious effects on health. 
These are regarded as one of the most 
relevant causes of human diseases 
(House, 2001). It has been reported that in 
laboratory animals, group housing is 
advised to buffer the negative long term 
effects of  a single defeat observed in 
isolated animals (Isovich et al., 2001). 

     The liver plays a critical roles in 
synthesizing molecules that are utilized 
elsewhere to support homeostasis, 
converting molecules of one type to 
another and regulating energy balances. 
So, the development of liver disease is 
accompanied by diverse manifestations of 
metabolic disorders (Zakim and Boyer, 
2003).  

     The present study was planned to 
evaluate the possible effects of different 
population densities (crowding and 
loneliness) on liver functions in adult male 
albino rats. 

MATERIALS AND METHODS 

     Fifty four adult male albino rats of 
local strain with average weight of 160 
gm were chosen to be the model of the 
present study. They were left for two 
weeks in the laboratory area before any 

experimental interference for acclimatiza-
tion with free axis to water and rat chow 
bellets. Rats were kept in suitable cages 
(20 × 30 × 20 cm for every 3 rats) at room 
temperature with the natural light dark 
cycle. Rats were divided into equal three 
groups: 

Group I (Control group): Normal rats 
were kept in six cages (3 rats per cage) for 
four weeks. 

Group II (Crowded group): Rats were 
kept in two cages (9 rats per cage) for four 
weeks. 

Group III (Reduced space group): Rats 
were kept in eighteen cages where every 
rat was put alone in a cage (10 × 10 × 10 
cm) for four weeks.  

* Induction of crowding: Crowding was 
induced by multiplying the normal rat 
density by three, i.e. nine rats per cage 
(Armario et al., 1987).  

* Animal behavior was observed during 
the experimental period for each group. 

* Blood samples: At the end of the 
experimental period, rats were weighed, 
and blood samples were withdrawn from 
the retro-orbital plexus into test tubes. 
Serum was separated and stored frozen at 
-20oC until assayed.  

* Biochemical assay: The levels of the 
following parameters were detected: 

Serum blood glucose (Maughan, 1982), 
serum ALT and AST (Silverman et al., 
1995), total serum protein (Doumas et al., 
1981), total serum albumin and globulin 
(Alvarez and Radi, 2003), total serum 
cholesterol (Allain, 1974), serum 
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triglycerides (Fossati and Prencipe, 
1982), serum LDL (Levy, 1981 and 
Steinberg, 1981), and serum HDL 
(Lopez, 1977). 

* A/G ratio was calculated. 

* Histopathological study: Rats were 
killed, and abdominal cavities were 
opened to obtain livers for studying 
histopathological changes. Liver samples 
were kept in 10% formalin solution. 
Paraffin blocks were made and different 
sections at multiple levels were obtained. 
Slides were then stained by hematoxylin 
and eosin (H & E) and periodic acid 
Schiff (PAS), and examined using light 
microscope. 

* Statistical analysis: Data input and 
analysis were done using SPSS computer 
program. All results were expressed as 
mean ± standard error. Mean values of the 
different groups were compared using a 
one-way analysis of variance (ANOVA). 
Least significant difference (LSD) post 
hoc analysis was used to identify 
significantly different mean values. P 
value < 0.05 was accepted to denote a 
significant difference. 

RESULTS 

Animal behavior: Continuous crowding 
was associated with heightened aggression 
manifested by increased incidence of 
causalities, increased psychomotor 
activities, (circus movement, jumping, 
standing on the hind limbs and nodding 
head movement) in the first two weeks of 
experiment followed by psychomotor 
depression. Isolation was initially 
associated with increased psychomotor 

activities (in the first week), then 
gradually declined with lapse of time, and 
rats fell quiet in one corner of their cages. 

* Changes in body weight and blood 
glucose (Table 1): 

     There was significant increase in the 
mean body weight of the control rats from 
162.11 ± 5.3 g to 211.5 ± 9  g (+ 30.46%) 
at the end of the experimental period. The 
overcrowded rats showed also significant 
increase in the mean body weight from 
161.11 ± 4.2 g to 188 ± 9.5 g (+ 16.69%). 
Also, the isolated rats showed significant 
increase in the mean body weight from 
161.95 ± 4.1 g to 182 ± 8.9 g (+ 12.38 %). 
The increased body weight was more 
evident in the control group. 

     At the end of the experimental period, 
there was significant changes between 
control, crowded and isolated rats, where 
the final weight of the control rats was 
211.5 ± 9 g. The final weight of the 
crowded rats was 188 ± 9.5 g (- 10.68 %) 
and the final weight of the isolated rats 
was 182 ± 8.9 g (-13.94 %). It was noted 
that, differences in the final body weight 
was more evident in the isolated group. 

     Both crowding and isolation led to 
significant increase in the mean blood 
glucose level where it was 87.22 ± 2.22 
mg% for the control rats, 105.78 ± 2.99 
mg% (+ 24.71 %) for the crowded rats, 
and 104.00 ± 4.05 mg% (+ 19. 23 %) for 
the isolated rats. 

Changes in liver functions (Table 2): 

     Induction of crowding led to significant 
increase in the AST level from 67.56 ± 
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3.16 U/L to 73.78 ± 0.94 U/L (+ 9.2 %) 
and ALT level from 29.33 ± 1.33 U/L to 
33.78 ± 1.93 U/L (+ 15.17 %), significant 
decrease in the albumin level from 3.57 ± 
0.07 g% to 3.33 ± 0.06 g% (- 6.72 %), 
insignificant decrease in the total protein 
level from 6.40 ± 0.08 g% to 6.14 ± 0.19 
g% (- 4.06 %), globulin level from 2.83 ± 
0.04 g% to 2.81 ± 0.03 g% (- 0.52 %) and 
A/G ratio from 1.26 ± 0.05 to 1.18 ± 0.04 
(- 6.34 %). 

     On the other hand, isolation led to 
significant increase in AST level from 
67.56 ± 3.16 U/L to 74.11 ± 0.92 U/L 
(+ 9.69 %), ALT level from 29.33 ± 1.33 
U/L to 34.44 ± 1.30 U/L (+ 17.42 %), 
significant decrease in the albumin level 
from 3.57 ± 0.07 g% to 3.30 ± 0.06 g% 
(- 7.56 %), A/G ratio from 1.26 ± 0.05 to 
1.1 ± 0.03 (- 12.69 %), insignificant 
decrease in the total protein level from 
6.40 ± 0.08 g% to 6.18 ± 0.22 g% (- 3.43 
%) and insignificant increase in the 
globulin level from 2.83 ± 0.04 g% to 
2.88 ± 0.05 g% (+ 1.76 %).  

     It was noted that both crowding and 
isolation have a deteriorating effects on 
liver functions which were more evident 
in the isolated group. 

Changes in lipid profile (Table 3): 

     Induction of crowding led to 
significant increase in the total cholesterol 
level from 132.00 ± 2.48 mg/dl to 139.56 
± 2.67 mg/dl (+ 5.72%), triglycerides 
level from 91.78 ± 3.76 mg/dl to 100.56 ± 
2.64 mg/dl (+ 9.56%) and LDL level from 
74.42 ± 2.52 mg/dl to 83.50 ± 3.81 mg/dl 
(+ 12.2%), while there was insignificant 

increase in the HDL level from 39.22 ± 
1.20 mg/dl to 40.67 ± 1.97 mg/dl to (+ 
3.69%). 

     Isolation also led to significant increase 
in the total cholesterol level from 132.00 ± 
2.48 mg/dl to 140.0 ± 2.64 mg/dl (+ 
6.06%), triglycerides level from 91.78 ± 
3.76 mg/dl to 104.00 ± 4.82 mg/dl (+ 
13.31%) and LDL level from 74.42 ± 2.52 
mg/dl to 83.74 ± 2.60 mg/dl (+ 12.52%), 
while there was insignificant decrease in 
the HDL level from 39.22 ± 1.20 mg/dl to 
37.22 ± 2.44 mg/dl (- 5.09%). 

* Histopathological results (figures 1-6): 

     Histopathological study of the liver of 
the control group showed normal 
histological structure of the liver tissue in 
the from of radiated cords of hepatocytes 
in normal arrangement toward central vein 
and Kupffer cells (figure 1), and normal 
distribution of PAS materials within the 
hepatocytes (figure 2). Livers of rats 
exposed to crowding showed dilated 
congested portal vein and sinusoidal 
spaces associated with vaculated 
hepatocytes and pyknotic nuclei (figure 
3), and decreased PAS materials within 
the central and portal areas (figure 4). 
Livers of rats exposed to isolation  
showed central vein congestion with 
hemolysed RBC, dilated congested portal 
vein, lymphocytic infiltration and 
destructed vaculated hepatocytes with 
pyknotic nuclei (figure 5), highly 
decreased PAS materials within the portal 
area associated with homogenous red 
color of hemolysed RBCs (figure 6). 
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Table (1): Changes in body weight and blood glucose in tested groups. 
 

 

  Groups 
Parameters 

Mean ± S.E 
Group I Group II  Group III 

Initial weight (g) 162.11 ± 5.3 161.11 ± 4.2 161.95 ± 4.1 
Final weight (g)  211.5 ± 9 *  188 ± 9.5 * 182 ± 8.9 * 

% changes + 30.46 % ● + 16.69 % ● + 12.38 % ● 
% changes  - 10.68 % ♦ * - 13.94 % ♦ * 

Blood glucose (mg%) 87.22 ± 2.22 105.78 ± 2.99 ♦ 104.00 ± 4.05 ♦ 
% changes  + 24.71 % + 19. 23 % 

Group I: control.               Group II: crowded.           Group III: isolated. 
● Compared to itself.            ♦ Compared to group I.  * Significant. 
 

 
Table (2): Changes in liver functions in tested groups. 
 

 

                           Groups 
Parameters 

Mean ± S.E 
Group I Group II  Group III 

AST (U/L) 67.56 ± 3.16 73.78 ± 0.94* 74.11 ± 0.92* 
% changes  + 9.2 % + 9.69 % 
ALT (U/L) 29.33 ± 1.33 33.78 ± 1.93* 34.44 ± 1.30* 
% changes  + 15.17 % + 17.42 % 

Total Protein (g%) 6.40 ± 0.08 6.14 ± 0.19  6.18 ± 0.22 
% changes  - 4.06 % - 3.43 % 

Albumin (g%) 3.57 ± 0.07 3.33 ± 0.06* 3.30 ± 0.06* 
% changes  - 6.72 % - 7.56 % 

Globulin (g%) 2.83 ± 0.04 2.81 ± 0.03 2.88 ± 0.05 
% changes  - 0.52 % + 1.76 % 
A/G ratio 1.26 ± 0.05 1.18 ± 0.04 1.10 ± 0.03* 
% changes  - 6.34 % - 12.69 % 

 Group I: control.                 Group II: crowded.              Group III: isolated. 
* Significant. 
 

 
Table (3): Changes in lipid profile in tested groups. 
 

 

                           Groups 
Parameters 

Mean ± S.E 
Group I Group II  Group III 

Total Chol. (mg/dl) 132.00 ± 2.48 139.56 ± 2.67* 140.00 ± 2.64* 
% changes  + 5.72 % + 6.06 % 

TGs. (mg/dl) 91.78 ± 3.76 100.56 ± 2.64* 104.00 ± 4.82* 
% changes  + 9.56 % + 13.31 % 

HDL (mg/dl) 39.22 ± 1.20 40.67 ± 1.97  37.22 ± 2.44  
% changes  + 3.69 % - 5.09% 

LDL (mg/dl) 74.42 ± 2.52 83.50 ± 3.81* 83.74 ± 2.60* 
% changes  + 12.2 % + 12.52 % 

Group I: control.                 Group II: crowded.              Group III: isolated. 
* Significant. 
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Figure (1): Normal liver structures of 
the control group  (Hx & E X 400). 

Figure (2): Normal distribution of PAS 
materials in the liver of the control 

group  (PAS X 400). 

Figure (3): Dilated congested portal vein 
and vaculated hepatocytes of the crowded 

group  (Hx & E X 400). 

Figure (4): Decreased PAS materials 
within the central and portal areas of 

the crowded group  (PAS X 400). 

Figure (5): central vein congestion, 
hemolysed RBC and vaculated 

hepatocytes of the isolated group   
(Hx & E X 400). 

Figure (6): Highly decreased PAS 
materials within the portal area of 
the isolated group  (PAS X 400). 
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DISCUSSION 
     Living organisms are continuously 
exposed to environmental stressors. In 
response to them, the organism develops 
more complex ways for stabilizing the 
internal environment to counter changes 
of the external circumstance (Koolhaas, 
2011). The present work was designed to 
evaluate possible effects of either 
crowding and loneliness on liver functions 
in albino rats. 

     Results of the present work showed 
that either crowding or loneliness led to 
marked behavioral changes in the form of 
increased psychomotor activity and 
aggression followed by depression. These 
results were compatible with Lepsch 
(2005) who stated that crowding is 
associated with heightened aggressive 
behavior. The psychomotor activity 
initially increases then gradually declines, 
and the aggressive behavior is a constant 
finding in crowded situations. Also, 
Brunton (2013) has reported that rats 
exposed to social stress initially display 
increased anxiety-related behavior 
followed by increased depression-like 
behavior. The initial increase of 
psychomotor activity could be a 
mechanism through which the animal tries 
to escape from its situation then. Its 
activity gradually declines when the 
animal has accepted the new situation 
(Lepsch, 2005).   

     Results of the present work showed 
that either crowding or loneliness led to 
diminished weight gain after one month 
experiment. These results were in 
agreement with Marcelo et al. (2007) 
who mentioned that crowding causes 
reduced food intake and diminished body 
weight gain in rats. Also, the rate of 

growth and early nutrition cause 
continued weight loss. Sadagurski et al. 
(2014) demonstrated that limiting nutrient 
availability by increasing the number of 
pups in the crowded-litter model leads to 
significant diminished weight gain where 
the crowded mice are significantly leaner 
and consume more oxygen relative to 
control mice. Diminished weight gain 
might be attributed to decreased food 
intake induced by the high competition for 
food among crowded animals, catabolic 
effect of stress hormones or reduced 
secretion of anabolic hormones (Dronjak 
et al., 2004). In addition, Karagiannides 
et al. (2014) has studied the effects of 
single housing on rat feeding patterns and 
overall consumption. Daily feeding 
measurements reveal that feeding 
behavior became random irrespective of 
time of day, and the overall food 
consumption also reduced in stressed 
compared to control rats. 

     Both conditions of the present work 
showed elevated blood glucose level. 
These were in agreement with Nayanatra 
et al. (2009) who reported significant 
increase in the blood glucose level in rats 
exposed for chronic crowding. Also, 
Karagiannides et al. (2014) has reported 
that fasting glucose levels were higher in 
isolated rats compared to the control. In 
addition, it has been reported that negative 
emotions were associated with impaired 
blood glucose level and related to type II 
diabetes (Choi et al., 2013). Hypergly-
cemia reported in the present work could 
be due to excessive secretion of stress 
hormones in response to stressful 
situations where catecholamines rapidly 
stimulate glycogenolysis and the release 
of glucose into the circulation. (Van-
Cromphaut, 2009), in addition to 
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decreased circulating insulin levels in 
stressed rats (Karagiannides et al., 2014). 
Glucocorticoids and catecholamines may 
reduce insulin secretion from pancreatic 
beta cells in stressed rats and reduce the 
frequency of insulin release (Van-
Cromphaut, 2009). 

    In the present work, there was disturbed 
liver functions as indicated by elevated 
liver enzymes and disturbed protein levels 
among either crowded or isolated rats. 
These results were in agreement with 
Nayanatara et al. (2009) who reported 
increased liver enzymes and disturbed 
functions in response to stress. The 
increased enzymes showed an intimate 
relation to the cell damage and necrosis 
and/ or increased the permeability of the 
cell membrane. It has been reported that a 
variety of stressors could increase liver 
enzymes (Everds et al., 2013). The 
observed increase activity of serum ALT 
and AST may be attributed to excessive 
release of such enzymes from the 
damaged liver cells into the blood 
circulation (Maisa et al., 2012). 

     Disturbed protein metabolism in the 
present work is a feature of disturbed liver 
functions. It has been reported that 
prolonged stress usually results in 
increasing breakdown of cellular and 
tissue proteins with mobilization of amino 
acids into the plasma (Craig et al., 2013). 
The reduction in blood albumin and 
decreased A/G ratio in rats exposed to 
either crowding or isolation may be due to 
deficiency of food intake (Mueller, 2004). 
Inadequate dietary protein intake has 
been reported to reduce albumin synthesis 
(Fuhrman et al., 2004). Decreased  
serum albumin concentration is the most 
characteristic finding in kwashiorkor 

disease due to chronic protein malnutrition 
(Seres, 2005). Stress hormones especially 
corticosteroids may play a role in the 
hypoalbuminemia through activation of 
inflammatory response and release of 
certain inflammatory mediators which 
usually decrease the rate of albumin 
synthesis (Don and Kaysen, 2004). The 
reduction in A/G ratio in stressed rats may 
be due to low level of albumin production 
associated with liver affection under 
chronic stress (Blumenthal et al., 2000). 

     The present work showed significant 
increase in total serum cholesterol, serum 
triglycerides and LDL levels with 
insignificant changes in HDL level in 
either crowding or loneliness rats. These 
results were in agreement with Willis et 
al. (2009) who mentioned that total 
plasma cholesterol increases in crowded 
animals maintained on standard laboratory 
diets. Also,  Ghulam et al. (2009) has 
mentioned that stress induces an elevation 
in serum total cholesterol concentration 
which may persist through recovery 
period in addition to an increase in 
triglycerides, free fatty acid and LDL-C. 
In addition, Nayanatara et al. (2009) 
found significant increase in total serum 
cholesterol and serum triglycerides and 
LDL in rats exposed to chronic isolation. 
Alteration in plasma lipid during stress 
depends on the type and severity of stress 
as well as several individual characteristic 
such as heightened neuroendocrine or 
autonomic reactivity to stressors 
(Chrousos, 2009). It has been reported 
that hypercholesterolemia resulted during 
stress may be due to enhanced lipolysis 
secondary to increased circulating 
catecholamines levels while increased 
triglycerides may be attributed to 
increased hepatic triglyceride synthesis 
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(Willis et al., 2009 and Geerling et al., 
2014).  

     It was noted that exposure to either 
crowding or isolation led to marked 
changes in the liver tissue including 
polymorphonuclear infiltration,  Kupffer 
cell activation, dilated congested portal 
vein and sinusoidal spaces, vacuolated 
hepatocytes with pyknotic nuclei and 
hemolysed red blood cells. It was 
suggested that stress influences hepatic 
blood flow by inducing vasospasm and 
centrilobular hypoxia, leading to liver 
damage (Chida et al., 2006). Also, Steel 
et al. (2004) stated that stress may account 
in part for rapid development of 
hepatocellular-carcinoma. Decreased 
polysaccharides in liver tissue post-
exposure to stress may be due to failure of 
hepatocytes to synthesize or store 
glycogen and may be also a result of 
maculation and degeneration of 
hepatocytes (Cogger et al., 2004). It was 
noted that structural changes in isolated 
rats is more than crowded rats. Theses 
changes may be due to presence of many 
stressful conditions, i.e. reduction of space 
and lack of social interaction which may 
duplicate the stress response of the liver 
cells (Vere et al., 2009).  

CONCLUSION 
     It could be concluded that housing 
conditions affect behavioral and biological 
responses of animals which may be 
considered as risk factors for certain 
diseases as diabetes mellitus, dyslipidemia 
and liver damage. In addition, the present 
work demonstrated how stress initiated or 
exacerbated liver diseases, and how 
chronic stress can exert a facilitative 
effects on the liver injury. 

      Quantitative studies are required to 
clarify more details about the mechanism 
(s) by which chronic stress facilitates the 
hepatic inflammatory response or 
increased risk of developing pathological 
effects. 
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 ƘǭǖǩȳǠǵǻȁɋǟ ǦȱȂȞȱǟȿ ǒǠȒɆǤȱǟ ȷǟȀǞȦȱǟ ż ǼǤȮȱǟ ȤǝǠșȿ ɂȲȝ  
  

  أشرف محمد محمد  - شبل رمضان سماحة   -زكریا الإتربى محمد 
  أحمد شعبان عبد المنصف

  
  جامعة الأزهر - كلیة الطب  -م الفسیولوجیا الطبیةقس

  
ة ل خلفیة البحث: ات الحی ات لكل الكائن ن الأولوی ى تعد الكثافة السكانیة م لبیة عل أثیرات س ن ت ا م ا لھ م

ب  اً ویعتبر الازدحام واحد. صحة الفرد والمجموعة ى الجان ة. وعل ى التجارب الطبی من أھم الضغوط ف
حةتعتبر العزلة أو الوحدة وضعف الترابط الإ ،الآخر ى الص ر  ،جتماعى من المؤثرات السلبیة عل وتعتب
  من أھم المسببات المرضیة للإنسان.  ةواحد

  زدحام والعزلة على وظائف الكبد فى الفئران البیضاء.تأثیر الإالتعرف على  ث:ھدف البح

ث: رق البح واد وط ع و إ م ث أرب ذا البح ي ھ ة خمستخدم ف لالات المحلی ن الس ا م را بالغ أرا ذك ون ف س
م تتعرض : كنموذج للدراسة، وقد تم تقسیمھم إلى ثلاثة مجموعات متساویة المجموعة الأولى ضابطة ل

ومزدحام المتواصل ، والمجموعة الثانیة تعرضت للإلأى ضغوط اص بمضاعفة  طوال الی داخل الأقف
ن المجموع ة أسابیع، والضابطة  ةعددھا ثلاث مرات ع دة أربع ة  لم ة تعرضت للعزل ة الثالث المجموع

وم  ةبوضع كل فأر على حد ھ حول نفسھ طوال الی داخل قفص لا یسمح بغیر حركتھ الشخصیة ودوران
  ة أسابیع.لمدة أربع

م ملاحظة السلوك لكل الفئران طوال فترة العمل. وفي نھایة العمل تم سحب عینات دم من كل فأر توقد 
 والدھون الثلاثیة والدھون منخفضة الكثافة  والدھون عالیة الكثافة لكولیسترولا و لقیاس مستوى السكر

د  ات الكب تویات إنزیم اس مس ع قی ولین م ومین والجلوبی ى والألب روتین الكل بة  ،والب اب نس وحس
  كما تم إستئصال أكباد الفئران لدراستھا میكروسكوبیا. .ألبومین/جلوبیولین

ائج: ث أن النت ائج البح رت نت رض للإ أظھ ى دزالتع ة أدى إل ام أو العزل لوكیةإح طرابات س  و ض
ى إ افة إل د بالإض ائف الكب طرابات وظ ض للإض طرابات الأی دم. ض دھون بال وز وال الفحص جلوك وب

د كز ا الكب ى خلای رات ف ض التغی ود بع وحظ وج كوبى ل ة والإالمیكروس ا اللیمفاوی ادة الخلای ات ی حتقان
  الكبدیة.

ھ بالضرورة دزللإالتعرض  الإستنتاج: تج عن ا ین د مم ى السلوك ووظائف الكب ؤثر عل ة ی حام أو العزل
لى إعتبارھما من العوامل المؤدیة إمن الممكن و ،الأیض التأثیر على بعض قیاسات الدم وكذلك عملیات

ذا العمل، اضطرابات الدھون ووظائف الكبد. و بعض الأمراض مثل السكرى ائج ھ وعلى الرغم من نت
ات  ن الإ لك أثیرتفمن الأھمیة عمل دراسات تالیة للتعرف على آلی ى م ة عل ستجابات إزدحام أو العزل

  .الجسم أو زیادة القابلیة للمرض


