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1. Introduction

Cotton textile industry is one of the largest industries. Workers in this industry exposed to 
variety of stresses like noise, humidity, poor illumination, cotton dust etc. Very less attention 
has been paid on health and safety of the textile workers. To study the possible effects of 
stresses in textile industries on adrenal glands, the rats were exposed to its stress 
environment. Significant cellular and histophysiological alterations were observed in adrenal 
glands of rats. Increase in size of adrenal gland, progressive enlargement and destruction of 
cortical cells, especially cells of zona fasciculate, hyperplasia of zona fasciculata cells, necrosis 
of nuclei were observed. Lesions were seen in the zona fasciculata region. In medulla 
progressive enlargement and destruction of chromaffin cells was observed, localized 
hemorrhage in medullarly region, chromaffin cells with granulated cytoplasm were 
observed. On the basis of these observations the possible effects of industrial stresses in the 
genesis of histophysiolgical alterations in adrenal glands have been presented and discussed.

        The textile industry is one of the largest employer of labor, 
there being several millions of textile operatives throughout the 
world. The industry includes the spinning, weaving and finishing 
of all types of natural fibers, artificial fibers and synthetic fibers.  
The machines vary from primitive handlooms used in cottage 
industry to very expensive and intricate machines used in modern 
factories.
      Industry constitutes one of the largest sectors in our country 
and employing about eight to ten lakhs of workers. Most of the 
textile mills are located in western region of the country (Mumbai, 
Ahmedabad etc) and few in Northern and Eastern regions also. The 
textile industry occupies a key position in economy of the country. 
It gives direct employment to about 20% of all industrial labor and 
accounts for about 10% of the foreign earnings. It also constitutes 
20% of total industrial production. The industry has an important 
role to play both in the economic stability of the country and in the 
supply of the essential commodity for the entire population.
      The textile industry has been the subject of numerous 
researches pertaining to the work and working conditions. The 

working and living conditions of textile workers are extremely 
poor [1]. Physical examinations have revealed malnutrition and 
substandard work. [2] and [3] reported cases of  byssinosis in 
textile workers. From our laboratory [4] have studied 
physiological responses of various categories of workers in textile 
industry at Ichalkaranji in relation to stress and strain.

Powerloom sector is one of the important but unorganized parts 
of textile industry. It is widely dispersed in the country but 
majority of them are concentrated in three states Maharashatra, 
Gujarat and Tamil Nadu; and subsequently in other states like West 
Bengal, Punjab, U.P., Karnataka and Andhra. Each powerloom 
center has its own special characteristics. In Maharashatra, 
Bhiwandi, Ichalkaranji and Malegaon are the three biggest 
powerloom centers. Ichalkaranji holds a distinction of installing 
the first powerloom in the country established in1905. Powerloom 
industry occupies a key position in the economy of the state. It is a 
symbol of a vast countrywide process of economics transactions 
and techno-social change; behind it lies deep economic urges of 
millions of people to break through the coils of poverty and to 
improve their levels of living.

The working and living conditions of powerloom workers were 
extremely poor. The occupational health problems in powerloom 
units are enormous which are mainly due to a variety of 
occupational stress factors such as heat, humidity, inadequate
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For the present study adult male albino rats (Rattus 
norvegicus), weighing about 220-250gms were used. The animals 
were fed with standard pellet feed and water adlibitum.

Figure 1. Section of adrenal gland of rat, (control) Note 
ZonaFasciculata (zf)

Figure 2.  Section   of adrenal gland of experimental rat of Set S1. 
Note Hyperplasia (hp) and hypertrophy (ht) of Zona fasciculata 
cells. Enucleated cells (ec),

Experimental rats were grouped into three sets labeled as S1,   
S2   and   S3. Each set included three rats. Depending upon the 
number of exposure days they were labeled as P1, P2 and P3 and a 
control set was also maintained. The experimental rats were 
exposed to adverse working environment in powerloom sector at 
Ichalkaranji. The sets were as below:

Set -S1:- Rats P1, P2, P3 were exposed to powerloom environment 
for a period of 6 hrs per day for 1, 2 and 3 days respectively. 1  
exposure  with  15  days  recovery  period.

Set -S2:- Rats P1, P2 and P3 were exposed to powerloom 
environment for a period of 6 hrs per day for 1, 2 and 3 days 
respectively. 2  exposures with 15 days recovery following  each  
exposure.

Set- S3:- Rats P1, P2 and P3 were exposed to powerloom 
environment for a period of 6 hrs per day for 1, 2 and 3 days 
respectively. 3 exposures with 15 days recovery following each 
exposure. 

A set of control- was also maintained in laboratory without 
being exposed to any kind of stresses. The rats of all the three sets 
and also of the control were   sacrificed by cervical dislocation. 
The adrenal glands were removed, weighed and used for 
histological study by cutting sections and staining with 
Heamatoxylin  eosine.  
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2. Materials and Methods

PLATE I

2.1. Experimental animals 

2.2. Exposures 

3. Results

Figures 1 & 5 are the sections of adrenal glands of the control 
showed adrenal cortex, composed of zona fasciculata (Zf) (fig.1), 
zona rticularis (zr) (fig.5) and adrenal medulla (m)(fig.5).  

In experimental animals the histological study of set S1 
revealed hypertrophy(ht) and hyperplasia(hp) of the cortical 
cells of Zona fascicutala (Fig.2).Most of the cells in the Zona 
fascicutala were without nucleus(ec). Necrosis of nuclei was 
observed (Fig.2).Cortical cells showed granulated cytoplasm 
(Fig.2).Lesion (l) was observed in Zona fascicutala region (Fig.3).

Similarly in set S2 progressively increased degeneration of   
Zona fascicutala cells, enlarged chromaffin cells (cc) and localized 
hemorrhage (hr) in medulla region (Fig.6) was observed.

In Set S3 cells of Zona fasciculata enlarged, most of cells were 
without nuclei (ec) and with vacuolated cytoplasm (vc) (Fig.4). 
There was enlargement of medulla (m), destruction of chromaffin 
cells and localized hemorrhage in medulla region as well as in 
Zona reticularis was observed (Fig.7). The cells of medulla were 
with granulated cytoplasm (gc) (Fig.8).

Rats exposed to the stresses in the powerloom environment 

of textile industries exhibit significant histophysiological 

alterations in adrenal glands. These observations were depicted 

in plate I.

 illumination, noise, vibration and cotton dust. Among these the 
high level of noise and cotton dust are very important. Textile 
industry in our country uses quite old machineries which produce 
excessive noise. The workers working in these industries are 
exposed to dangerously high level of noise, [5].

In weaving shades, cotton dust produced during weaving 
process; freely fly in the air. The fly dust in shade gives rise to 
various degrees of respiratory stress. These respiratory stresses 
occur in workers exposed to dust of cotton. Respiratory stresses, 
in cotton spinning mill workers, have been investigated by several 
investigators [6, 7 and 4]. The physiological responses and 
occupational stress in powerloom workers have been paid little 
attention. The present study have been carried out by developing 
animal model rat (Rattus norvegicus) [8] to evaluate histo-
physiological responses of workers exposed to cotton dust and 
physical stress factors such as noise, temperature, humidity to 
correlate the changes in adrenal structure due to industrial stress 
in powerloom industries at Ichalkaranji. Ichalkaranji is a small 
town situated in Hatkangale taluka of Kolhapur district and is 
popularly known as “Manchester of Maharashtra”. Adrenal gland 
is called as stress gland. Any stress increases organism's 
requirement for cortisol. Cortical secretion often increases 
greatly in stressful situation and this is a significant benefit to the 
animal as it has life saving role. So adrenal glands were selected to 
study the effects of stresses in powerloom sector of textile 
industries.  
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Figure 3.   Section of adrenal gland of experimental rat Set S1. 
Note lesion (l) in

Figure 4.   Section of adrenal gland of experimental rat of Set S3. 
Notedestruction of Zona fasciculata cells and vacuolated 
cytoplasm (vc),enucleated cells (ec)

Figure 5.   Section adrenal gland of rat (control). Note adrenal 
medulla (m) and Zona reticularis (zr)

Figure 6.   Section of adrenal gland of experimental rat of Set S2. 
Note localized hemorrhage (hr) and enlarged chromaffin cells 
(cc).   Zona fasciculata region.

Figure 7.   Section of adrenal gland of experimental rat of Set S3. 
Note enlarged medulla (m), destruction of chromaffin cells

Figure 8.   Section of adrenal gland of experimental rat of Set S3. 
Note granulated cytoplasm (gc) in chromaffin cells of medulla.(All 
figures X 400 HE)
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Thus industrial stresses like cotton dust, noise, humidity, heat 
etc. in textile industries cause hazardous effects on non-pulmonary 
organs like adrenal glands.
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The experimental data of present study indicated that 
industrial stresses in powerloom sector induce a fairly 
characteristic bilateral hyperplasia and hypertrophy of adrenal 
cortex of animal model rat, exposed to powerloom environment 
(fig.2) These alternations could be due to excessive secretion of 
ACTH. Sound stress includes stimulation of hypothalamopituitary 
axis and sympathetic system, resulting in liberation of 
catecholamine and adrenocorticoides [9].

In present study necrosis of cortical cells (figs 2 & 4) might be 
due to hyperactivity of these cells in order to secrete more and 
more cortisol to adapt with stress situation. Stress leading to a 
greatly increased requirement of adrenocortical hormones [10]. 
Lesion observed in Zona fascicutala region(fig.3) might be due to 
over activity of this region and endotoxin (s) associated with 
cotton dust in powerloom environment. Ultrastructural lesions in 
adrenal gland due to injection of bacterial endotoxin (LD 80), 
which exceeded the adaptation capacity of adrenal cells leading to 
the cell death [11].

With increased exposures there was increased damage of 
cortical cells, medullary cells hypertrophied in order to secrete 
more and more epinephrine and norepinephrine. Localized 
hemorrhage (figs 6& 7) might be due to increased blood pressure. 
Epinephrine increases the pulse rate and cardiac output and thus 
the systolic blood pressure [10]. Granulated cytoplasm (fig.8) 
might be the indication of lipoid hyperplasia. Adrenal insufficiency 
causes lipoid hyperplasia. 

Although very little work has been done related to the 
mechanism (s) involved in the histophysiological alterations in the 
animals exposed to various stresses, the exact mechanism(s) 
responsible for the structural and functional alternations in target 
organs like lungs and other related organs like adrenals is far from 
understanding. Present observations and the data of their 
investigators substantiate and laid support to the observations 
made in the present study that the various occupational stresses 
and particularly severe hypoxic stress caused by the cotton dust 
along with the associated endotoxin (s) may be the primary 
causative factor for structural and functional alternations in the 
various organ systems. Thus the experimental data of the animal 
model in the present preliminary investigation perhaps may 
provides support to the fact that industrial stresses might be 
responsible for inducing histophysiological alternations in an 
adrenal gland. However detail study is in progress in our 
laboratory in this regard.
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4. Discussion

5. Conclusion
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