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Abstract: Exposure to crowding stress is associated with increased respiratory system morbidity, 

However, the underlying mechanisms are unclear. Thus, there is a need for more study of this 

harmful effect. Sulpiride had been shown to have a protective role against crowding stress on 

other systems but this role was not studied well on the respiratory and cardiovascular systems. 

Objectives: Investigating the possible harmful effects of crowding on adult albino rats' lung and 

heart and the possible protective role of combined sulpiride treatment. 

Materials and Methods: The present study was carried out on 24 adult albino rats of local strain 

weighing 120±3 g which were randomly divided equally into Group 1(C, untreated negative 

control), Group 2 (Cr, crowding exposed or positive control) where rats were exposed to 

crowding in a cage (20x20x20 cm- 6 rats /cage) for 1 month, Group 3(D, sulpiride-treated) 

where the rats were exposed to sulpiride “0.028 mg/B.W./day” and Group 4 (Cr+D, crowding + 

sulpiride-treated). Paraffin sections were prepared for histological, histochemical and 

morphometric studies. The data were statistically analysed. 

Results: The rats exposed to crowding only or sulpiride only showed highly significant damaging 

changes on lung such as thickening in the interalveolar septa and obliteration of the alveoli, 

inflammatory cells infiltration within the pulmonary interstitium, peribronchiolar infiltration and 

fibrosis, thickening of the pulmonary blood vessels walls, interstitial collagen fibres deposition 

and apoptotic cellular changes. On the level of heart, significant decrease in the diameters of the 

myocardial muscle fibres with focal areas of necrosis, apoptotic changes and increased collagen 

fibres deposition was marked in sulpiride group. When crowding and sulpiride treatments were 

combined, the damaging effects were maximized on the lung and heart. 

Conclusion: These results provided evidence that crowding stress causes obvious lung and heart 

tissue damages. No protective role for sulpiride was proofed. This is because using sulpiride 

alone or in combination with crowding showed marked damaging effects on the lung and heart 

tissues.  
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Introduction 

Crowding stress is a type of psychosocial 

stress induced by an increased density of 

population. Population density may be 

raised either by increasing the number of 

species living in the same area and/or by 

reducing their living space
(1)

. Crowding 

stress induces complex changes at the 

behavioural, physiological and molecular 

levels with subsequent serious social, 

medical, economic and environmental 

implications
(2,3)

. Environmental changes 

related to crowding particularly in small 

limited        spaces     include       increasing  

 

 

temperature hypoxia, change of air 

humidity considered as a risk factor that  

increases the mortality rate due to 

respiratory tract infection especially among 

infants
(4)

. This interferes with personal 

activities leading to antisocial behaviour
(5)

. 

For instance, crowding was found as an 

important factor related to poor school 

performance of children
(6)

. Crowding could 

be seen as a social condition of high 

interpersonal situation where it involves an 

unwanted, unnecessary or interfering 

potential or actual interaction without real 

high density of population
(7)

.  Exposure to 
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crowding has been reported to affect 

pituitary adrenal axis activity with 

increased plasma ACTH and corticosterone 

with heavier adrenal than normal
(8)

. 

Crowding may also cause alteration of the 

neuroendocrine control of growth hormone 

(GH), thyroid-stimulating hormone (TSH) 

and serum insulin hormone
(9)

. Crowding 

may affect behaviour by increasing plasma 

free tryptophan level and increased brain 

level of tryptophan and serotonin
(8)

. 

Crowding may result in harmful physical 

and mental diseases with deterioration of 

human function. The hormonal changes 

which occur during crowding may result in 

metabolic changes and it may act 

synergistically with other substances to 

promote some metabolic diseases such as 

diabetes mellitus, atherosclerosis, and heart 

diseases
(5)

. Prolonged exposure to crowding 

is associated with withdrawal, from 

interaction, poor health, crime, and 

aggression
(3)

.  

Antidepressant drugs are the most 

successful in patients with clearly 

(vegetative) characteristics including 

psychomotor retardation, sleep disturbance, 

poor appetite and weight loss. However, a 

variety of chemical structures has been 

found to have antidepressant activity
(9)

.
 
 

Sulpiride “a neuroleptic drug” from the 

group of benzamides exerts antiautistic 

stimulating effects, has positive influence 

on productive symptoms of psychosis and 

shows antidepressant activity
(10,11,12,13,14)

. 

Sulpiride is the most favorite drug which is 

used to tolerate stress symptoms as it has 

relatively minor adverse effects 
(10)

.  Also, 

in comparison to many tricyclic 

antidepressant, sulpiride reaches its 

maximal blood concentration after 2-4 

hours from oral administration
(15,16,17)

.  This 

work was done using histological, 

histochemical and morphometric methods 

to investigate two parameters; the first 

parameter was to investigate the possible 

harmful effects of crowding on the adult 

female albino rats' lung and heart; and the 

second parameter was to investigate the 

possible protective role of combined 

sulpiride treatment. 

 

Materials and Methods 

Animals: Twenty four adult albino rats 

weighing 120±3 g were used in this study.  

They were kept under observation for one 

week before beginning of the experiment to 

acclimatize. During every day, the animals 

were exposed to 14 hr artificial light 

followed by 10 hr complete darkness at 

normal room temperature. All the animals 

were fed on standard diet contained protein, 

fibres, fats, carbohydrates, and supplied 

with vitamins, minerals mixture and water. 

Sulpiride drug was adiministrated orally by 

gastric tube at a dose of 0.28mg/ 100 g 

body weigh/day for one month. Sulpiride 

dose was calculated according to the 

Paget’s formula on the basis of the human 

dose
(18)

. Crowding was applied by putting 

rats in a cage (20x20x20 cm - 6/cage). 

Study groups: The animals were divided 

into four equal groups. Group 1 (C): The 

rats were served as negative control 

(without any treatment for one month). 

Group 2 (Cr): The rats were exposed to 

crowding in a cage (20x20x20 cm – 6 

rats/cage) for one month. Group 3 (D): 

The rats were treated with the drug only for 

one month (0.028mg/g body weigh /day). 

Group 4 (Cr+D): The rats were exposed to 

crowding (20x20x20 cm-6 rats /cage) and 

treated daily with the drug for one month. 

 

Histological and histochemical study: 

The rats of the control and treated groups 

were sacrificed after one month and small 

pieces of lung and heart were taken for the 

histological and histochemical studies. 

Specimens were prepared via fixation in 

10% neutral buffered formalin solution and 

Carnoy’s fluid. Paraffin sections of 5µm 

thickness were prepared and stained with 

Harris haematoxylin and eosin
(19)

. The 

collagen fibres were stained by using 

Mallory’s trichrome stain
(20)

. The 

polysaccharides were detected by PAS 

(Periodic acid-Schiff) method
(20)

.  

Morphometric analysis: The image 

analyzer (ImageJ 1.46r) was used to obtain 

the following morphometric data: 

 The mean thickness of the interalveolar 

septa using H&E- stained sections at 400x 

magnification. 

 The mean number of the alveolar 

macrophages/field using oil immersion lens 

in H&E-stained sections at 1000x 

magnification. 

 The area percentage of the collagen fibres 

in the lung alveoli using Mallory’s 
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trichrome-stained sections at 400x 

magnification.  

 The mean thickness of the pulmonary 

vessels in the lung interstitium using H&E-

stained sections at 400x magnification.  

 The mean thickness of the cardiac 

myocytes using H&E-stained sections at 

400x magnification. 

  The area percentage of the collagen fibres 

in the cardiac myocytes using Mallory’s 

trichrome-stained sections at 400x 

magnification. The previous measurements 

were estimated in five non-overlapping 

fields/section in five serial sections/rat from 

each animal in each group. 

Statistical analysis: All statistical analyses 

were performed via PAleontological 

Statistics Version 3.0 (PAST 3.0) 

statistical software (Hammer et al., 

2001)
(21)

.
 
The obtained data were expressed 

as mean ± standard deviation (SD) and 

analyzed using analysis of variance 

(ANOVA). Statistical significance level 

was defined as p<0.05. 

 

Results 

The control group, Group 1 (C): H&E-

stained sections of the lung tissue showed 

normal alveoli with thin interalveolar septa, 

clearly seen alveolar sacs, bronchioles with 

folded lining of columnar epithelial cells 

and normal pulmonary blood vessels (Figs. 

1A, 2A). The alveolar epithelium showed 

type I pneumocytes (extremely flattened 

with very thin cytoplasm and densely-

stained flattened nuclei) and type II 

pneumocytes (cuboidal cell with large 

darkly-stained spherical nuclei which are 

commonly located near the angles between 

neighbouring alveolar septa) (Fig. 3A). 

Little number of macrophages was also 

detected in the lung interstitium (Fig. 3A). 

Within group 1, Mallory’s trichrome-

stained sections of lung tissue revealed 

normal distribution of thin collagen bundles 

in pulmonary interstitium around the 

alveolar sacs, in the interalveolar septa, 

around bronchioles and the pulmonary 

blood vessels (Fig. 4A). In group 1, 

Periodic acid-Schiff (PAS)-stained sections 

of the lung tissue showed moderate PAS 

+ve reaction (magenta red) in the basal 

lamina of the alveolar epithelium, alveolar 

sacs and endothelium of pulmonary vessels 

as well as cytoplasm of epithelium lining 

bronchioles (Fig. 5A). Group 2 (Cr) and 

Group 3 (D): H&E-stained sections of the 

alveolar tissue showed obliteration of some 

alveoli with subsequent compensatory 

dilatation of others (Figs. 1B, 2B, 1C, 2C). 

Within Group 2, significant increase in 

thickness of the interalveolar septa (p< 

0.05) was detected (Figs. 1B, 2B, 10 and 

Table 1), while in group 3, there was 

highly increased thickness of the 

interalveolar septa (p< 0.001) (Figs. 1C, 

2C, 10 and Table 1). In both groups 

(2&3), there were cellular apoptotic 

changes such as pyknotic nuclei in the lung 

interstitial cells (Figs. 3B, 3C). Also, there 

was a highly-significant increase in both 

inflammatory cells infiltration within 

connective tissue surrounding lung 

bronchioles (p< 0.001) and pulmonary 

blood vessels diameter (p< 0.001) (Figs. 

1B, 2B, 1C, 2C, 12, 13 and Table 1). 

Mallory’s trichome-stained sections of the 

lung tissue of group 2 showed significant 

deposition of collagen fibres (p< 0.05) in 

bronchiole walls, peribronchiolar areas, 

interalveolar septa, and pulmonary blood 

vessels (Figs. 4B, 11 and Table 1). While 

group 3 showed highly significant 

deposition of collage fibres (p< 0.001) in 

bronchiole walls, peribronchiolar areas, 

interalveolar septa, and pulmonary blood 

vessels (Figs. 4C, 11 and Table 1). PAS-

stained sections of the lung tissue of group 

2 revealed strong PAS+ve reaction in 

RBCs seen in the congested pulmonary 

vessels, endothelium of the pulmonary 

vessels, inflammatory cells infiltration, 

shedded bronchiole epithelial cells and in 

sites of interstitial cellular infiltration. Also, 

strong PAS+ve reaction in alveolar 

epithelium, alveolar sacs and collapsed 

alveoli were observed in group 2 (Fig. 5B). 

Group 3 illustrated similar findings to 

crowding exposed one. However, weak 

PAS+ve reaction was observed in the 

perivascular areas and collapsed alveoli in 

group 3 (Fig. 5C). Group 4 (Cr+D): 

H&E-stained sections of the lung tissue 

showed marked obliteration of some alveoli 

with subsequent compensatory dilatation of 

others and thickened interalveolar septa. 

(Figs. 1D, 2D, 10). Moreover, marked 

thickening of the bronchiole walls and 

peribronchiolar infiltration with 

inflammatory cells were detected. Highly 
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significant thickening of pulmonary blood 

vessels (p< 0.001) was detected with 

marked perivascular infiltration and 

degeneration (Figs. 1D, 2D, 13 and Table 

1). Furthermore, more necrotic tissue and 

cellular pyknotic changes than groups 2 & 

3 had been shown in group 4 (Fig. 3D). 

Also, high significant increase in both 

cellular infiltration within the connective 

tissue surrounding lung bronchioles and 

increase in the pulmonary blood vessels 

thickness (p< 0.001 and < 0.001 

respectively) were also detected (Figs. 1D, 

2D, 12, 13 and Table 1). Within group 4, 

Mallory’s trichome-stained sections of the 

alveolar tissue revealed marked highly 

significant increase in collagen fibres 

deposition (p< 0.001) in bronchiole 

epithelial cells, submucosa, peribronchiolar 

area, in thick interalveolar septa and around 

the pulmonary blood vessels with marked 

thickening of their walls (Figs. 4D, 11 and 

Table 1). In group 4, PAS-stained sections 

of the alveolar tissue showed very strong 

PAS+ve reaction in endothelium of the 

pulmonary vessels, in perivascular areas, 

and in sites of interstitial cellular 

infiltration, peribronchiolar areas and 

collapsed alveoli (Fig. 5D).  

The control group, Group 1 (C): H&E-

stained sections of the cardiac muscle 

fibres illustrated branching and 

anastomosing cardiac muscle fibres with 

acidophilic sarcoplasm and central 

elongated vesicular nuclei of 

cardiomyocytes and the nuclei of 

fibroblasts in the interstitium (Figs. 6A, 

7A). Also, Mallory’s trichrome-stained 

sections of the cardiac muscles revealed 

few collagen fibres in-between the muscle 

fibres (Fig. 8A). Furthermore, PAS-stained 

sections of the cardiac muscle revealed 

normal polysaccharides’ content (normal 

distribution of PAS+ve materials) in the 

cardiac tissue (Fig. 9A). Group 2 (Cr) and 

Group 3 (D): H&E-stained sections of the 

cardiac muscle fibres of group 2 illustrated 

some degenerative changes of the 

myocardial muscle fibres (Fig. 6B). Group 

3 showed cardiac myocytes degenerative 

changes (Fig. 6C). Focal areas of necrotic 

muscle fibres with vacuolated cytoplasm, 

small deeply-stained pyknotic nuclei and 

faintly-stained karyolytic nuclei were 

detected in both groups 2 & 3 (Figs. 7B, 

7C). Within group 3, a significant decrease 

in the diameter of myocardial muscle fibres 

(p< 0.05) was detected (Fig. 14 and Table 

1). Mallory’s trichrome-stained sections of 

the cardiac muscle fibres of both groups (2 

& 3) showed highly-significant increase of 

the collagen muscle fibres deposition (p< 

0.001) in comparison to the control group 

(Fig. 8B, 8C, 15 and Table 1). 

In addition, PAS stained cardiac muscle 

fibres of groups 2 & 3 revealed poorly 

stained (focal areas of decreased staining 

affinity of PAS stain) cardiac myocytes 

(Figs. 9B, 9C).  

Group 4 (Cr+D): H&E-stained sections of 

the cardiac muscle fibres showed marked 

myocardial cellular degenerative changes 

(Fig. 6D). More necrotic areas with 

vacuolated cytoplasm and small deeply-

stained pyknotic nuclei than both groups (2 

& 3) were detected (Fig. 7D). Highly-

significant decrease in the diameter of the 

myocardial muscle fibres within group 4 

(p< 0.001) was detected (Fig. 14 and 

Table 1). Within group 4, Mallory’s 

trichrome-stained sections of the cardiac 

muscle fibres revealed marked highly-

significant deposition of collagen fibres (p< 

0.001) in bronchiolar epithelial cells, 

submucosa, peribronchiolar area and in 

thick interalveolar septa with cellular 

infiltration in interalveolar septa (Figs. 8D, 

15 and Table 1). Also, PAS-stained 

sections of the cardiac muscle fibres 

showed poorly-stained (focal areas of 

decreased staining affinity of PAS stain) 

cardiac myocytes (Fig. 9D).  

 

Discussion 

Crowding stress had been shown to carry 

many negative drawbacks on various 

organs of our body
(2,3)

.  Crowding affects 

individuals either directly or indirectly by 

the associated conditions
(6)

.
 

 The 

environmental changes related to crowding 

such as increasing temperature, hypoxia, 

change of air humidity are considered as 

risk factors that increases the mortality rate 

due to respiratory tract infection especially 

among infants
(4)

. Exposure to crowding has 

been reported to affect pituitary adrenal 

axis activity with increased plasma ACTH 

and corticosterone, hyperactivity of 

sympathetic adreno-medullary system with 

increased adrenaline and noradrenaline 
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secretion
(1,3,8)

. Moreover, crowding may 

alter the neuroendocrine control of the 

growth hormone (GH), thyroid stimulating 

hormone (TSH) and serum insulin
(8)

. Stress 

can cause hypertension and subsequent 

congestive heart failure via its damaging 

effects on kidney
(22,23)

. Also, mechanical 

stress increases reactive oxygen species 

(ROS) production that leads to 

cardiomyocytes apoptosis and subsequent 

heart failure
(24,25)

. Liver injury, 

inflammation and fibrosis after exposure to 

stress were reported
(26)

. Our study showed 

that crowding stress and sulpiride treatment 

caused remarkable histological and 

structural drawbacks on lung and heart 

tissues. Rats exposed to crowding only or 

sulpiride only showed highly significant 

damaging changes in the lungs such as 

thickening in the interalveolar septa and 

obliteration of alveoli, inflammatory cells 

infiltration within pulmonary interstitium, 

peribronchiolar infiltration and fibrosis, 

thickening of the pulmonary blood vessels, 

interstitial collagen fibres deposition and 

apoptosis. Tamer et al.
(27)

 study showed 

almost similar effect for noise stress alone 

and in combination with sulpride treatment 

on lung tissue in adult albino rats. On the 

level of heart, highly significant decrease in 

the diameter of myocardial fibres with 

focal areas of necrotic fibres and apoptotic 

changes were detected. Also, collagen 

fibres deposition was marked in sulpiride 

group. When crowding and sulpiride 

treatment was combined, the damaging 

effects were maximized on the lung and to 

a lesser extent on the heart. Tamer et al.
 (27)

 

study showed almost similar effect for 

noise stress alone and in combination with 

sulpride treatment on heart tissue. Eman et 

al.
(28) 

study showed similar effect for noise 

stress on kidney cortex, where highly 

thickened arterial walls and increased 

Kupffer cells were detected. In our study, 

the increased number of inflammatory cells 

may be due to and reflecting the active 

defence mechanism against the crowding 

stress or the toxic effect of sulpiride. 

Maisa
(29) 

study
 
showed similar results for 

crowding stress that lead to necrosis and 

ulceration of the gastric mucosa in adult 

albino rats. Zhang & Kaufman
(23) 

declared 

that increasing Kupffer cells’ numbers may 

reflect the active defence mechanism 

against the toxic substances. Increased 

collagen fibres observed in our current 

study may lead to rapid healing as reported 

by Zhang et al.
(30)

. The increase in collagen 

fibres deposition under different stresses 

was observed by several authors
(31,32,33,34)

. 

In this issue, George et al.
(35) 

suggested that 

decreased synthesis of collagenolytic 

enzymes that might contribute to further 

accumulation of collagen. Thickened 

arterial walls observed in our study were 

also detected by other authors
(22,28,36)

. 

Exposure to stress induces oxidative stress 

leading to increased free radical production 

which cause hypertrophy of both vascular 

smooth muscle fibres and arterial walls 

hypertrophy
(22,36)

. Alerted collagen fibres 

and polysaccharides in the present study 

may be a result of elevated free radicals 

post-exposure to stress as seen in previous 

studies
(24,37)

. Also, decreased protein 

content after exposure to other kinds of 

stress was detected in brain in previous 

studies
(24,37)

. In this issue, Willis et al.
(38)

 

showed that stress inhibits protein synthesis 

via altering the balance between 

phosphorylation and dephosphorylation. 

Moreover, increased protein breakdown 

had been detected after acute induction of 

corticosteroids to normal fasting 

humans
(39)

. Protein degeneration that was 

noticed in other studies is properly due to 

injury of mitochondria, Golgi apparatus 

and DNA fragmentation
(33,40,41)

. Different 

kinds of stressors can affect mitochondria 

leading to rupture of the outer 

mitochondrial membrane, release of the 

inner membrane components, apoptosis and 

finally induce cell death
(42,43)

. Similar to the 

related previous studies, the histological 

changes of our study may result from an 

increase in the lipid peroxidation process or 

decreasing in the antioxidant enzymes 

activity of the body with the consequent 

damage of the cell membranes
(44,45)

. The 

beneficial effects of sulpiride in treating 

some disorders were reported by several 

authors
(46,47,48)

.  Also, previous studies such 

as that of Eman et al.
(28)

 showed that 

sulpiride drug may have a protective role 

against stress negative drawbacks. 

However, our results showed that sulpiride 

has a harmful effect on the lung and heart 

tissues when it was used alone or in 

combination with crowding.  
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In conclusion, our results provide evidence 

that crowding stress causes noticeable lung 

and heart tissue damages. No protective 

role for sulpiride was proofed as using 

sulpiride showed marked damaging effects 

on the lung and heart. 
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Fig. 1: A) Group 1 “Control rats” lung shows normal architecture of alveoli (A) with thin 

interalveolar septa, alveolar sacs (AS), bronchiole with folded lining epithelial cells (red arrow) 

and normal pulmonary vessel (blue arrow). B) Group 2 “Crowding exposed rat” lung shows 

obliteration of some alveoli with subsequent compensatory dilatation of others and thickened 

interalveolar septa. Numerous areas of cellular infiltration are detected in the connective tissue 

surrounding lung bronchioles that shows elongated and corrugated walls (red arrow). Thickened 

walls of the pulmonary blood vessels (blue arrow) are also detected. C)  Group 3 “Drug exposed 

rat” lung shows similar findings to crowding exposed one. D) Group 4 “Crowding + Drug 

exposed rat” lung shows marked obliteration of some alveoli (c) and subsequent compensatory 

dilatation of others with thickened interalveolar septa. Marked thickening of bronchiole walls, 

peribronchiolar infiltration with inflammatory cells (red arrow) were detected. Moreover, 

thickened and congested pulmonary blood vessels (blue arrow) with marked perivascular 

infiltration (Black star) are detected ( Hx. & E. x100). 
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Fig. 2: A) Group 1 “Control rats” lung shows normal architecture of alveoli (A) with thin 

interalveolar septa, bronchiole with highly folded columnar epithelial cells (red arrow) and normal 

pulmonary vessel (blue arrow). B) Group 2 “Crowding exposed rat” lung shows obliteration of 

some alveoli with subsequent compensatory dilatation of others. There is destruction in the 

surrounding bronchial muscle layer together with partial shedding of the mucosal lining, 

appearance of cell debris in the destructed bronchiole and numerous areas of inflammatory cells 

infiltration in connective tissue surrounding lung bronchiole (red arrow). Thickened wall of the 

pulmonary blood vessels (blue arrow) which contain blood cells is also detected. C)  Group 3 

“Drug exposed rat” lung shows somehow similar findings to crowding exposed one. D)  Group 4 

“Crowding + Drug exposed rat” lung shows marked obliteration of some alveoli with subsequent 

compensatory dilatation of others and thickening of interalveolar septa. Peribronchiolar 

inflammatory cells infiltration is also detected (red arrow). Marked thickening of pulmonary blood 

vessels (blue arrow) with marked perivascular infiltration and degeneration are also detected (black 

star). (Hx. & E. x400). 
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Fig. 3: A) Group 1 “Control rats” lung shows the architecture of alveoli with thin interalveolar 

septa lined with type I pneumocyte (I) and type II pneumocyte (II), capillaries (CAP). Few number 

of macrophages (M) are also detected in the lung interstitium. B) Group 2 “Crowding exposed 

rat” lung shows collapsed alveoli (c) with compensatory expansion of other ones, thickening of 

interalveolar septa with massive infiltration of inflammatory cells. Cellular apoptotic changes are 

also detected (blue arrows). C)  Group 3 “Drug exposed rat” lung shows similar findings to 

crowding-exposed one. D) Group 4 “Crowding + Drug exposed rat” lung shows marked 

obliteration of some alveoli (c) with subsequent compensatory dilatation of others and in thickened 

interalveolar septa. Cellular apoptotic changes (karyolysis and pyknosis) are also detected (blue 

arrows). (Hx. & E. x1000). 
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Fig. 4: A) Group 1 “Control rats” lung shows normal distribution of collagen fibres in pulmonary 

interstitium around the bronchioles (green arrow), pulmonary blood vessels (red arrow), alveolar 

sacs and in-between alveoli. B) Group 2 “Crowding exposed rat” lung shows moderate amount of 

collagen fibres in the bronchiole submucosa, peribronchiolar area (green arrow) and in thick 

interalveolar septa with cellular infiltration in interalveolar septa. Areas of cellular infiltration are 

observed surrounding lung bronchioles. Moderate amount of collagen fibres are detected around 

the blood vessels (red arrow) with moderate thickening of the blood vessels. C) Group 3 “Drug 

exposed rat” lung shows similar results to Group 2 with more collagen deposition around the 

bronchiole submucosa, peribronchiolar area (green arrow), in thick interalveolar septa and blood 

vessels (red arrow). Also, partial shedding of bronchiole mucosal lining is detected (green arrow). 

D) Group 4 “Crowding + Drug exposed rat” lung shows marked amount of collagen fibres in 

bronchiole mucosa, submucosa (green arrow), peribronchiolar area and in thick interalveolar septa 

with cellular infiltration in interalveolar septa. Marked amount of collagen fibres are detected 

around the blood vessels with marked thickening of the blood vessels (red arrow). (Mallory’s 

trichrome. x400). 
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Fig. 5: A) Group 1 “Control rats” lung shows moderate PAS reaction (magenta red) in the basal 

lamina of the alveolar epithelium, alveolar sacs, endothelium of pulmonary vessels (red arrows) as 

well as the cytoplasm of epithelium lining bronchiole (blue arrow). B) Group 2 “Crowding 

exposed rat” lung shows strong PAS reaction in RBCs seen in the congested pulmonary vessels, in 

the endothelium of pulmonary vessels (red arrow), shedded bronchiole epithelial cells (blue 

arrow)  and in sites of interstitial cellular infiltration. Strong PAS reaction in alveolar epithelium, 

alveolar sacs and collapsed alveoli (black arrow) are observed. C)  Group 3 “Drug exposed rat” 

lung shows similar findings to crowding exposed one. However, weak PAS reaction is observed in 

the perivascular areas (red arrow) and collapsed alveoli (black arrow) D)  Group 4 “Crowding + 

Drug exposed rat” lung shows very strong PAS reaction in endothelium of the pulmonary vessels, 

in the perivascular area (red arrow), and in sites of interstitial cellular infiltration (black star). 

Also, strong PAS reaction is observed in the bronchiole epithelial cells, peribronchiolar area (blue 

arrow) and the collapsed alveoli (black arrow). (PAS. x400). 
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Fig. 6: A) Group 1 “Control rats” heart shows branching and anastomosing cardiac muscle fibres 

with acidophilic sarcoplasm and central elongated nuclei. B) Group 2 “Crowding exposed rat” 

heart shows some degenerative changes in myocardial fibres with numerous faintly-stained nuclei. 

C)  Group 3 “Drug exposed rat” heart shows more myocardial cellular degenerative changes, 

widened endomysium than group 2. D)  Group 4 “Crowding + Drug exposed rat” heart shows 

marked myocardial cellular degenerative changes, separation of cardiac muscle fibres with highly-

widened endomysium which contains debris of degenerated myocardial muscle fibres (red arrows). 

(Hx. & E. X400). 
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Fig. 7: A) Group 1 “Control rats” heart shows branching and anastomosing cardiac muscle fibres 

with acidophilic sarcoplasm, vesicular nuclei of cardiomyocytes (blue arrow) and the nuclei of 

fibroblasts in the interstitium (yellow arrow). B) Group 2 “Crowding exposed rat” heart shows 

focal areas of necrosis with vacuolated cytoplasm (red arrow) and small deeply-stained pyknotic 

nuclei (black arrow). C)  Group 3 “Drug exposed rat” heart shows focal areas of necrotic fibres 

with vacuolated cytoplasm (red arrow) and small deeply stained pyknotic nuclei (black arrow). D)  

Group 4 “Crowding + Drug exposed rat” heart shows more necrosis (red arrow) and cellular 

karyolysis (black arrow) than groups 2 &3. (Hx. & E. x1000). 
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Fig. 8: A) Group 1 “Control rats” heart shows few collagen fibres in-between the cardiac muscle 

fibers (red arrow). B) Group 2 “Crowding exposed rat” heart shows highly increase of the collage 

deposition in muscle fibres in comparison to the control group (red arrow).  C)  Group 3 “Drug 

exposed rat” heart shows highly increase of the collage deposition in muscle fibres in comparison to 

the control group (red arrow).  D)  Group 4 “Crowding + Drug exposed rat” heart shows marked 

increase of the collage deposition in muscle fibres in comparison to the control group (red arrow). 

(Mallory’s trichrome. x400). 
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Fig. 9: A) Group 1 “Control rats” heart shows normal polysaccharides content (normal 

distribution of PAS +ve materials) in the cardiac myocytes. B) Group 2 “Crowding exposed rat” 

heart shows focal areas of poorly-stained (focal areas of decreased affinity of PAS stain) cardiac 

myocytes (red arrow). C)  Group 3 “Drug exposed rat” heart shows poorly-stained (focal areas of 

decreased affinity of PAS stain) cardiac myocytes (red arrow).  D)  Group 4 “Crowding + Drug 

exposed rat” heart shows poorly-stained (focal areas of decreased affinity of PAS stain) cardiac 

myocytes (red arrow). (PAS. x400). 
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Fig. 10: The mean thickness of the interalveolar 

septa in lungs of the different groups of the study 

in comparison to the control group. 

 

Fig. 11: The mean area percentage of the collagen 

fibers in lungs of the different groups of the study 

in comparison to the control group. 

Fig. 12: The mean number of the alveolar 

macrophages in lungs of the different groups of 

the study in comparison to the control group. 

Fig. 13: The mean thickness of the pulmonary 

vessels in lungs of the different groups of the 

study in comparison to the control group. 

Fig. 14: The mean thickness of the cardiac 

myocytes of the different groups of the study in 

comparison to the control group. 

Fig. 15: The mean area percentage of the 

collagen fibres in the cardiac myocytes of the 

different groups of the study in comparison to 

the control group. 
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     Table (1): Thickness of interalveolar septa, number of alveolar macrophages, percentage of collagen 

fibres in the lung alveoli, thickness of the pulmonary vessels, thickness of the myocardial muscle fibres 

and percentage of collagen fibres in the myocardial muscle fibres of the different groups of the study 

expressed as mean ± SD.  

 

*Significantly different from the control group (P < 0.05).  

**Significantly different from the control group (P < 0.001). 
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Thickness of 

the 

interalveolar 

speta 

Area 

percentage 

of collagen 

fibres in 

the lung 

alveoli 

Number of 

the alveolar 

macrophages 

 

Thickness 

of the 

pulmonary 

vessels 

Thickness  of 

the 

myocardial 

muscle fibres 

Area percentage of 

collagen fibres in 

the  myocardial 

muscle fibres 
Study 

Group 

 

Group 1 

(C) 

14.86± 

3.53 

79.21± 

29.1 

10± 

1.58 

44.37± 

8.26 

31.68± 

3.87 

 

9.37± 

2.32 

Group 2 

(Cr) 

28.57± 

8.52* 

99.54± 

35.47* 

43.78± 

1.86** 

 

107.83± 

18.39** 

33.63± 

5.57 

33.92± 

2.72** 

Group 3 

(D) 

32.91± 

8.35** 

111.75± 

43.0** 

51.89± 

2.85** 

 

89.42± 

11.62** 

26.55± 

2.26* 

33.98± 

2.96** 

Group 4 

(Cr + D) 

31.19± 

7.15** 

144.05± 

29.22** 

53.22± 

2.33** 

 

98.92± 

16.16** 

20.36± 

2.99** 

30.81± 

3.34** 


