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Abstract

Rapid globalization and technological advances have transformed the way of working.
Occupational stress is psychological and physical condition that has potential to worsen
a person’s health in any workplace. Stress related productivity impairment were com-
mon in mining industries. Lack of skills, organizational issues, and a social support at
workplace can all cause workers to experience stress. Therefore, hypothalamus-pituitary-
adrenal (HPA) axis and sympathetic nervous system are activated as part of the body’s
physiological reaction. Hence chronic stress were linked to digestive, cardiovascular,
atherosclerosis, and neurological issues. Numerous studies reported, several biochemical
and pathophysiological factors were responsible for occupational, environmental, and
workplace depression. This review chapter were included studied from PubMed, Google,
book chapters, case reports, and other electronic databases, etc. Total (n = 104) articles
were selected related to occupational stress and its impact on biochemical and patho-
physiological were experienced in them. Workers who experienced occupational stress
underwent pathophysiological changes that leads to changes in the stress hormones,
sensitive stress protein and other significant variables. Finally, cortisol, stress hormones,
PTH, HO-1, cytokines used as a panel of marker for stressful conditions evaluation in
occupational settings. These findings, advice interventions that will be reduce, or eradi-
cate some of these stressors in occupational settings.

Keywords: hormones, mining, neurological problems, occupational stress,
pathophysiological changes, stress responsive protein

1. Introduction

World Health Organisation (WHO) reported that occupational stress is epidemic
and characterised by the physical and mental toll that results from an imbalance
between a people capability to manage with work-related stress and their objective
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goals in occupational contexts [1, 2]. International Labour Organisation (ILO)
reported, annually 2.34 million person die in occupational mishap and 25% deaths are
attributable to dangerous and unhealthy occupational settings [3, 4]. Furthermore,
non-fatal work-related disorders affected 160 million people. More than 200 million
and 16 million workers exposed to various occupational toxic hazards and harm-

ful exposures in factories respectively [5]. People are working harder than ever to
improve society, jobs, education, health, and quality of life. Studies reported that the
delicacy disorders brought via occupational related burnout in the US ranged from
$500 to $1000 billion US dollar [6-8]. Other studies reported a favourable psycho-
logical and physiological condition in workers was maintained by factors like gender,
age, and personality as well as self-perception, self-confidence, and stress tolerance
[9, 10]. However, stress has a detrimental effect on employees’ physical, emotional,
and overall quality of life. These results into decreased output, job absenteeism, a loss
of professional effectiveness, an increase in accident cases, a decline in morale, and
interpersonal conflicts with subordinates [11-13]. Pilots, nurses, accountants, teach-
ers, university employees, and managers have all been the subject of prior research
that looked at occupational stress [14].

In occupational setting, miners and factory workers who were working in high
stress condition and industrial demanding work environment. Exposure to hazardous
substances in mining occupations affected biological system of human being. Several
studies has been reported that metals, dust, noise, chemical factors, physical factors
responsible for employees’ psychological health problems leading to occupational
burnout in humans but its cellular mechanism is still unclear in biochemical processes
[15]. Further, hippocampus is the main part of the brain expresses the reaction of
stressful stimuli which is responsible for involvement of distinct network reaction for
occurrences of stress. Stress were also responsible for secretion of hormones includ-
ing epinephrine and nor norepinephrine via by neuroendocrine mechanism. On the
other hand, glucocorticoids were secreted by adrenal gland (hypothalamus pituitary
adrenal). This leads to disturb oxidant and antioxidants levels responsible for develop-
ment of oxidative stress in the human. Studies reported that the exposure to dust may
cause various metabolic alterations in the biochemical, hormonal regulatory processes.
These processes has potential to induce toxic effects in lung tissue of workers. Previous
studies reported neurasthenia, anxiety disorder, and depression, occupational stress
and psychological health problems due to occupational stress in different occupational
groups [16, 17]. These findings necessitated further research on mine workers for
evaluation of health risks due to occupational exposure to different pollutants. With
this view, exposure markers, hemeoxygenase-1 (HO-1) and parathyroid hormones
were targeted due to its special reference to occupational exposure to dust and develop-
ment of job related stress in the workers. Studies reported that HO-1 was rate limiting
enzyme which is induced in the lung during occupational stress condition. Other
mechanism reported that parathyroid hormone (PTH) is involved in calcium regula-
tion which is secreted by parathyroid gland and control by nervous endocrine system
but overload of aluminium replaces calcium because of its same valence which sup-
pression PTH levels in the Bauxite dust exposed workers in the occupational settings
[18]. Limited attentions were noted to find out relationship between occupational
stress and human individual factors were responsible for causing stress in the occu-
pational setting workers. Studies on exposure biomarkers, aims to explore the occu-
pational exposure to pollutants may be responsible for development of occupational
stress through physiology, neurobiology, and stress proteins in the workers. It will also
need to find out its impact on the quality of life of worker in the occupational settings.
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2. Methodology

The MeSH (Medical Subject Headings) databases are the NLM controlled vocabu-
lary thesaurus that were used for indexing articles such as occupational stress in
workplaces, related diseases, factors affecting stress, consequences, occupational
stress physiology and neurobiology, hormones involved in stress neurobiology and its
mechanism of action, stress responsive parathyroid hormone (PTH) in occupational
settings, stress responsive protein in occupational settings, oxidative stress markers
in industrial based mining workers. Initial searches limited to materials available
with complete abstracts and those available in the English language were included.
Published articles were searched from numerous electronic databases including
PubMed, Google, Cochrane library, free PMC article, koreamed, hinari publication,
scopus indexed journal, virtual health library, audicus, NCBI databases, Indexing
of Indian Medical Journals (INDMED), and PakMediNet—Medical Information
Gateway of Pakistan etc. Systematic reviews, book chapters, review and research
papers, and case studies pertaining to workplace stress in industrial settings were
also included. Articles about stress in healthcare facilities, IT workplaces, academic
institutions, and government institutions were omitted. Articles that only described
the procedures or offered opinions or news were also disqualified. The review chapter
were includes literature from 1986 to 2021 period (last 20 years) to study oxidative
stress in mining based industrial subjects. A total of (n = 104) papers were chosen
that discussed the effects of occupational stress on industrial employees’ biochem-
istry and pathophysiology in stress conditions. According to the electronic database,
very few published articles regarding stress protein expression in occupational stress
conditions in mining based industrial workers from India were reported, This review
chapter, discussed about occupational stress and its associated factors in workers
which is continuously exposed to chemicals, dust, environmental pollutants, and
hazardous toxicants had impact on their biochemical, pathophysiological, molecular,
neurological, immunological, endocrine, and respiratory mechanisms alteration in
them. These alteration may provide future insights regarding importance of occupa-
tional stress in them at workplace environment.

3. Factors affecting stress

Several industrial and organisational works related factors were found to be
responsible for development of workplace stress. Bhatti et al. reported, 67% of the
stress that employee’s experiences were caused by both intra- and extra-organisational
factors, with workload serving as the primary culprit [19]. Scientists had given more
attention that one-third of the working population in affluent nations has moderate
to severe levels of stress. Because of work environmental condition, its manage-
ment and work consignment influences on employee physical and mental health.
Similar research for newly industrialised nations also suggests that time constraints,
unreasonable demands, role conflicts, poor ergonomics, job security, and relation-
ships with customers are some of the most frequent sources of stress for workers in
the financial services industry [20]. Furthermore, as a result of increased human
involvement with computers, new stressors have emerged, including computer
failures, computer slowdowns, and electronic performance monitoring etc. Many
scientists reported that there are many moderate and non-moderated occupational
stress factors that were contribute to occupational stress including working shifts,
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sedentary, repetitive, lack of safety, monotonous work techniques, collaborative
activities, uncontrollable jobs, physical elements (heat, noise, lighting, chemical ele-
ments like odour), interpersonal relationships of superiors at workplace, uncertainty,
conflict, overwork, career development, reward, promotion, job security, and cer-
tainty of future employment [21-23]. Role of stress and key organisational outcomes
have a complex link that can range from positive to negative results of various intensi-
ties responsible for affecting stress in humans at occupational settings [24].

4. Consequences of stress

A serious global problem is how occupational stress affects different occupational
setting workers. A recent survey done by banker association found that 69% of banking
and their staff were working in stressful condition and 50% reported psychological
distress. Workers with low-back, hand, and arm issues as a result of linking musculo-
skeletal illnesses with the workplace, taking into account individuals, job tasks, and
work environments, leave their positions and decrease the economic productivity of
the country [25]. Workplace stress, way of life, and personal downtime have all been
linked to the appearance of occupational stress in workers responsible for development
of mental problems in them. Mining based industrial and factory workers were work-
ing relatively poor environment for longer period of time with no ventilation. Those
workers belongs to below poverty line were responsible for varying degrees of job stress
that affect workers quality of life [26]. Scientists have found that moderate and non-
moderated occupational stress were responsible for hypertension, immune, nervous,
and digestive impairment, depression, ischemic heart disease, psychological symptoms
were responsible for reduction in the ability of employees to cope with their work
[27-29]. Therefore, individuals may consume alcohol, reduction in appetite, and organ-
isational performance [27-30]. Finally, individual, organisational-related components,
behavioural disorders, family conflicts were might avoid people moving to do work,
use drugs or drink excessively. Non moderated occupational stress was detrimental to
professional workers’ as well as disturb health and quality of life in job settings. Several
studies were focused on workplace stress in medical staffs and banking employees
who experienced higher levels of occupational stress had lower quality of life [29-31].
Therefore, occupational stress at workplace had described about unusual physiological,
psychological, and behavioural reactions in workers due to occupational stress.

5. Occupational stress physiology and neurobiology

Technological advancements and rapid globalisation have changed the people
how to work in ambient environmental conditions. In mining sectors, workers are
constantly subjected to occupational and stress-related productivity degradation.
The processing of work and coping with challenging situations needs the activation
of intricate brain-body mechanisms. Neuroendocrine networks are involved in the
different type mechanism and hippocampi expressed vide variety of stressful stimuli
in the brain [32]. Homeostasis mechanism well maintained by the interactions among
body organ systems and, its metabolic processes responsible for the release of free
radicals including peroxynitrite radicals, hydrogen peroxides, superoxide anions,
reactive oxygen species (ROS), and nitric oxide radicals in response to oxidative
stress [33-36]. Studies well reported that stress condition were responsible for the
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secretion of epinephrine, norepinephrine, and glucocorticoids hormones via neuro-
endocrine system in the brain. On the other hand, non-genomic, genomic, epigenetic
processes, immune system stimulation, energy mobilisation, metabolic changes,

and systemic inhibition were involved in the development of the oxidative stress in
humans. Scientists placed more attention towards changes in cellular, synaptic and
neural flexibility take place in combination with proinflammatory signals. Together,
body-brain connection governs physiologic and behavioural changes were necessary
for survival and sustainability [32, 37, 38]. Focusing on health hazardous problems
and its impact on the workers in occupational settings disturbs mental and social
health determinants in them. Studies reported that heavy metal fumes and dust expo-
sure including, aluminium, lead, manganese, copper may get deposited into the brain.
Excessive overload of heavy metals which cross the blood brain barrier and causes
Alzheimer, Parkinson’s schizophrenia and neurological diseases. The symptoms such
as trembling slow motor movement, severe depression, anxiety, and loss of memory
were well reported in them. Therefore, neuronal cells network mechanism was highly
responsible for development of psychological problems due to oxidative stressors

in them. However, neurotransmitter in the brain have neuronal connections which
causes to release of proinflammatory cytokines directly responsible to disturb neuro-
logical mechanism and developed psychological issues in exposed workers [39, 40].

6. Hormones involved in stress neurobiology and its mechanism of action

Stress condition perturbs homeostasis of the human being gives large influences
on human behavioural, endocrine system and cellular levels. Sympathetic (arousal)
and parasympathetic (relaxation) nerve systems make up the autonomic nervous
system. The automatic nervous system controls essential organs as well as visceral
functions like respiration, digestion, circulation, and temperature regulation. In
stress condition, the hypothalamus carries several distinct tasks which secretes
arginine vasopressin, antidiuretic hormone, stimulates the hypothalamus gland.
Scantamburlo et al. [41] claim that anterior pituitary gland results into production
of ACTH in response to corticotropin releasing hormone (CRH) [40, 42]. Further,
adrenal cortex (outer part) is stimulated by ACTH to release corticoids (glucocor-
ticoids and mineralocorticoids). The main function of glucocorticoids is to release
energy by conversion of glycogen into glucose and breakdown of fats into fatty acids
and glycerol, which is needed to combat the negative consequences of a stressor
[41, 43-45]. In addition, corticoids which inhibit the immune system, reduce hunger,
aggravate gastrointestinal irritation, and associated feeling of depression and loss
of control in stress conditions. On the other hand, aldosterone, a mineralocorticoid,
encourages the retention of Na* and the removal of K*. These reaction results into
high blood pressure, heart rate, dilated pupils, constricted arteries to non-working
muscles, and force to cardiac contraction. In addition, ADH known to maintain the
blood pressure during stress when the body’s equilibration is upset. Regulating fluid
loss through the urinary system is the primary function of vasopressin (ADH), which
is produced by the hypothalamus and released by the posterior pituitary. Further,
the second significant alteration occurs during release of energy and distributions of
energy to different organ system were needed. In addition, growth hormone (GH)
and thyroid hormones played important role in stress condition. Due to stress condi-
tion, GH and thyroid hormones increased psychological stimuli in humans [46]. The
thyroid gland secretes thyroxin and triiodothyronine which plays very important role
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in the management of stress in the human body. Thyroid hormones’ primary purpose
is to boost basal metabolic rate, and raises heart rate and increase in the levels of
catecholamines in stress situation. Despite, stress hormones, serotonin and melatonin
are linked to mood. Depression is well connected with neurological problem and its
reduction in stress in occupational setting is well reported [47-50].

Depression is well connected with neurological problem and its reduction in stress
hormones in occupational setting are well reported [47-50].

7. Oxidative stress markers in mining workers

The oxidants and antioxidants imbalance causes oxidative stress, which disrupts
redox signalling and physiological function of the cell in humans. OS executed redox
signalling-induced alterations, which might alter transcriptional activity, kinases
networks, and apoptosis [51-55]. Studies reported that s-nitrosation, disulfide link-
ages, s-nitrosylation, S-glutathionylation, and sulfenylation proteins undergo discrete,
reversible, and site specific alterations of cysteine residues to create redox signalling
[56-58]. Exploring their potential clinical applications, nevertheless, continues to
spark growing interest. Studies on oxidative stress markers in a variety of human
diseases are being reported in published manuscripts. Thus, lot of focus on the ana-
lytical challenges needs to validate oxidative stress indicators in stressful condition
[59, 60]. Although numerous indicators and techniques are employed but many of
them lack strong correlations, fail to accurately reflect oxidative stress, and lack of
specificity in occupational diseases in dust exposed workers. Recent studies reported
that black lung in coal workers is caused due to bioavailable iron (BAI) present in the
coal dust. The iron occurs in the coal dust reacts with the oxygen and oxygen peroxide
and forms ROS. The ROS acts as a mediators which stimulate the activation of alveolar
macrophage, immune cells and tend to release cytokines. The lung is a vulnerable
organ to exogenous ROS because of its anatomy, function, and location where devel-
opment of pulmonary diseases due to endogenous ROS. The lower respiratory tract
becomes clogged with inflammatory mediators and activated phagocytotic cells,
which produces ROS to protect respiratory system from environmental pollutant in the
occupational settings. However, deposition of dust particle in alveolar macrophages
activates the lung oxidative stress mechanism through the release of pro-inflammatory
marker by ROS which damages DNA, protein, lipids etc. which causing lung disease in
exposed workers. Studies confirmed that OS and the pro-inflammatory cytokines were
involved in the progression of fibrotic lung disease in coal dust-induced pneumoconio-
sis, and progressive massive fibrosis (PMF) [61-64]. Recently, oxidative stress markers
were reported in developed in-vitro model of alveolar epithelial (A549) and monocytic
lung (U937) cell line for pneumoconiosis along with antioxidant enzymes. Oxidative
stress parameter in the alveolar macrophage and lung epithelial cells exposed to coal
dust results in the significant elevation in the oxidative stress markers NADPH, MPO,
MDA and PC & reduction of antioxidant content (i.e. SOD, CAT and GSH). Results
indicated that imbalance in the generation of ROS species and antioxidant enzyme
could be one of the key payers to initiate the inflammation causing chronic tissue dam-
age and fibrosis in the lung tissue. Coal exposure played a key role in the aetiology of
asthma and chronic bronchitis (CB) [65-67]. By looking at oxidation target products,
such as malonoaldehyde (end product of Lipid peroxidation), DNA damage, protein
carbonyls, 8-isoprostane, DNA oxidation, and other oxidative stress markers gener-
ated by ROS can be evaluated either directly or indirectly. They can be used to evaluate
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oxidative stress in humans since they are molecules whose structures have been altered
by ROS. Antioxidant molecules including glutathione, protein thiols, and enzymatic
antioxidant activity are further biomarkers of oxidative stress and key players in the
body’s antioxidant defence mechanism and a subject of extensive research [68, 69].
Finally, antioxidant enzymes, oxidants and proinflammatory cytokine markers may be
used for OS in occupationally developed diseases in exposed workers.

8. Stress responsive parathyroid hormone (PH) in occupational settings

Corticosterone (CORT) is stress regulating hormone in human and its reduction
in cortisol levels causes low blood pressure, fatigue, weakness in stress condition.
Addison’s disease, damage adrenal gland, neurological, immunological and metabolic
effects were reported in stress condition. Importantly, CORT is responsible to reduce
calcium absorption levels and reabsorption from intestine, kidney by increasing the
secretion of PH hormones [50, 70, 71]. Parathyroid hormone involved in the calcium
regulation which is secreted by parathyroid gland and control via hypothalamus axis.
The main mechanism of action of PTH that exerts its effects on kidney, bone and
intestine via tubular reabsorbtion and absorption of calcium. Scientists reported
that interconnection between parathyroid gland and CORT during first trimers were
maintained via differentiation of bone cells and chondrocytes [72]. Recently, PTH
suppression in occupationally Bauxite dust exposed workers were reported at the time
smelting, mining operations, and beneficiation of Bauxite but its impact in response
to stress were less approached by scientists [73, 74]. Therefore, experimental studies
reported that aluminium overload supressed PTH levels but still not yet confirmed
and indistinguishable that whether Al involved in decline in synthesis/release of
PTH because aluminium toxicity effect on bone metabolism and changes in calcium
and phosphorus can be modulated by PTH [75, 76]. Earlier reported that Aluminium
suppresses PTH by increasing calcium levels and directly affected PTH synthesis this
suggested that direct approach is frequent and important as compared to indirect
PTH inhibition. Therefore, agreed with serious effects of aluminium in bones that
is multi factorial which alters mineralisation, cellular activity of bone cells and leads
to cell death because of alteration in cell metabolism [77-80]. The interconnection
of aluminium, Calcium, and PTH were well reported but in context to occupational
Bauxite dust exposed workers studies not yet reported. In-vitro and in-vivo studies
showed that both indirect and direct methods helped evaluation of effect of Al on
parathyroid function. Decreased level of PTH with increased Al levels were observed
in the occupationally dust exposed bauxite workers. Further, significant negative
correlation were observed between PTH and blood aluminium levels and inverse
correlation were noted between PTH and calcium. Other studies reported that Al
overload decreased PTH and calcium in circulating system [80, 81]. From this studies
were suggested that direct and indirect PTH regulation mechanism and Al interferes
in PTH secretion/release rather than its synthesis.

9. Stress responsive protein in occupational settings

Heme oxygenase-1 (HO-1) has been identified in many different cell types from
lower to higher organisms to tolerate the different forms of stress. Environmental
influence alters the pattern of cellular protein expression, performs physiological
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activities by acting as a molecular chaperon [82]. Anti-inflammatory actions of HO-1
(rate limiting enzyme) in biochemical pathways are may be due to breakdown of the
pro-oxidant heme by own, signal effects of carbon monoxide (CO), the antioxidant
biliverdin/bilirubin, and the sequestration of free iron by ferritin in human. Stress
responsive HO-1 protein has ability to inhibit inflammation and provide cytoprotec-
tion that can be attributed through by-product of HO-1. Heme oxygenase another
form of protein, HO-2 were present in neurones and astrocytes, but HO-1 generally
worked as inducible form in cell types of central nervous system and by product

of HO-1 performs similar work [83, 84]. Numerous stimuli can induce HO-1 gene
expression, including oxidative stress and AP peptides [85-88]. Induction of HO-1
occurs due to inflammatory processes insults of the cells by environmental factors and
the activation of an oxidative stress generated by nuclear factor erythroid 2-related
factor-2 (Nrf2), Interleukin-1 (IL-1), and other inflammatory markers. Induction

of HO-1 were regulated through Nrf2 contain transcription factor BTB and CNC
homology 1 (Bachl) competes with Nrf2 and represses transcription factors [89, 91].
The Nrf2 present in the cytoplasm which interacted with Kelch-like ECH associating
protein 1 (Keapl). Keapl which regulated Nrf2 activity and behave as a sensor for
oxidative and electrophilic stresses, degraded by the ubiquitin proteasome pathway.
Finally, Nrf2 slightly accumulated in the nucleus and inhibited transcription of the
HO-1 gene. Thus, Nrf2-Keapl complex system played as role in defence mechanism in
human [92-95].

In occupational settings, high levels of HO-1 were reported due to bauxite dust
exposure and responsible for catabolism of heme in aluminium exposed workers
[96]. High levels of Al reported in bauxite exposed workers were assorted and its
cellular mechanism fails to appear in published article. Other studies reported
that decrease in the level of haemoglobin and high levels of HO-1 in Bauxite dust
exposure group which may be due to increased catabolism of heme and genera-
tion of ROS and OS in them [97]. Previous study reported that HO-1 deficient and
heavy metal exposure at cellular level were more prone to cytotoxicity injury. The
functional role of HO-1 induction in OS is not well established in the occupational
settings. HO-1 exerts protective role as neurodegenerative, cardiovascular, cancer,
metabolic, iron metabolism disorders and various inflammatory diseases in human
after oxidative injury [98]. Scientist gave more attention towards role of Ho-1 in
silicotic patients, respiratory diseases, and asthma in sub mucosal macrophages and
airway epithelium which helps to defend against the insults in lungs in the occupa-
tional settings [99-104]. However, induction and molecular regulation HO-1 acts as
a anti-inflammatory, antioxidative and antiapoptotic and in response to oxidative
stress.

10. Conclusion

The current chapter, assessed the trends in global research on stress at occu-
pational settings. For the enrichment of life in the mining industries and other
workplace areas, workers were continuously working in stressful job environments
for the betterment of life in mining industries and other workplace areas. In stressful
environment, subjects were exposed to chemicals, dust, environmental pollutants
and hazardous toxicants ultimately alters biochemical, pathophysiological changes,
molecular, neurological, immunological, endocrine, and respiratory mechanisms
alteration in them. The deposition of dangerous pollutants in brain, kidney, lungs and
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other part of human system and results into the occurrences of several serious health
hazards and diseases in exposed workers. Its impact reported neurological, oxidant
and antioxidant level changes, respiratory illnesses, Alzheimer’, Parkinson’s, infec-
tious issues, and immunological disturbances in exposed workers of occupational set-
tings. This study’s findings were significant for understand the epidemiological issues
in occupational settings, which has drawn increased attention. According to reports,
high income, control job categories that were linked to lower job stress. However, a
psychological problem, which has a positive predictive impact on quality of life, is a
mediator in the association between occupational stress and quality of life. Growing
health concerns have raised awareness of the importance of researching difficult
technologies that have not been used in India yet. Research suggests that cortisol,
epinephrine, non-epinephrine, PTH, HO-1, antioxidant enzymes, proinflammatory
cytokines, prooxidant levels were helpful as a panel of marker for evaluation of signif-
icant stressful conditions in exposed subjects. The growing health concern has been
an increasing awareness about the need to do study on occupational stress factors yet
not implemented fully in India. Study findings could help to advise interventions that
reduce, minimise or eradicate some of these stressors in occupational settings.
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