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Abstract
Heavy metals are natural constituents of the earth's crust, but indiscriminate human activities have drastically
altered their geochemical cycles and biochemical balance. Heavy metals such as Iron, copper, Zinc, Nickel,
Molybdenum are essential for normal biological functioning. Heavy metals such as Mercury, Lead, and Cadmium
are biologically non-essential, but are important metals for industrial applications. Prolonged exposure to heavy
metals such as cadmium, copper, lead, nickel, and zinc can cause deleterious health effects in plants, fishes and
humans. Higher concentrations of both essential and non-essential metals disturb normal biological functions
and which evoke cellular stress responses. Prolonged exposure of heavy metals induces heat shock proteins in
plants, animals and fishes. Heat shock proteins are expressed in response to a wide range of biotic and abiotic
stressors. Heat shock proteins are a family of highly conserved cellular proteins present in all organisms including
fish, plant and humans. This review focus the toxic effects of heavy metals and the significance of heat shock
proteins in response to stress in plant, fish and human
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Introduction

are highly conserved and have been characterized in a

Heavy metals constitute a heterogeneous group of

wide range of organisms. The heat shock response is an

elements widely varied in their chemical properties and

evolutionarily conserved heat shock response is an

biological

chemical

evolutionarily conserved mechanism for maintaining

elements with a specific gravity. Specific gravity is a

cellular homeostasis following sublethal noxius stimuli

measure of density of a given amount of a solid

(Lindquist, 1986; Lindquist and Craig,1988). Heat shock

substance when it is compared to an equal amount of

proteins act as molecular chaperones, which mediate the

water (Lide, 1992). Heavy metals occur in environment

correct assembly and localization of intracellular and

from natural processes and anthropogenic activities

secreted

(Connell et al., 1999; Franca et al., 2005). Heavy metal

response plays a role by enhancing the survival and

such as iron, chromium, nickel commonly known as

health of the living organisms. These review focuses on

trace elements play an important role in biological

the toxic effects of heavy metals stress tolerance of

systems, yet they may become highly toxic when present

plants, humans and fish.

functions.

Heavy

metals

are

polypeptides. Heat shock protein stress

in high concentrations (Ibok et al.,1989). Cadmium,
mercury and lead are non-essential metals. They are

Toxic effects of heavy metals in plants

toxic, even in trace amounts (Fernandes et al., 2008).

Plants interact not only with climatic factors (such as

Pollution by heavy metals is a worldwide problem due to

irradiation, temperature, and drought) but also soil

its persistency and continuing accumulation of metals in

factors (such as salinity) and biotic factors (such as

the environment. The fact that heavy metals cannot be

herbivores and pathogens). All these factors put the

destroyed through biological degradation and have the

plant

ability to accumulate in the organs of living organisms

Moreover, the presence of heavy metals due to human

make these toxicants deleterious to living organisms and

activities could result in extra stresses on plants

consequently to humans. Heavy metals accumulate in

(Vierling, 1991). Heavy metals such as Cu and Zn are

the tissues of aquatic animals and may become toxic

essential for normal plant growth and development

when accumulation reaches a substantially high level.

since they are constituents of many enzymes and other

Heavy metal toxicity can result in damaged or reduced

proteins. However, elevated concentrations of both

mental and central nervous function, lower energy

essential and non‐essential heavy metals in the soil can

levels, and damage to blood composition, lungs, kidneys,
liver, and other vital organs. Toxic effects occur when
excretory,

metabolic,

storage

and

detoxification

mechanisms are no longer able to counter uptake. Longterm exposure may result in slowly progressing physical,
muscular, and neurological degenerative processes that
mimic

Alzheimer's

disease,

Parkinson's

disease,

muscular dystrophy, and multiple sclerosis. Disruption
of normal cellular processes may cause rapid increase in
the synthesis of a group of proteins which belong to the
HSP families. Heat shock proteins (HSP) are a family of
proteins. This expressed in response to a wide range of
biotic and abiotic stressors. Thus, they are referred to as
stress proteins (George et al., 1998). These proteins have
been classified into several families based on their
molecular weight such as Hsp90 ( 85-90kDa), Hsp 70
(68-73 kDa), Hsp 60, Hsp 47 and small hsps (12-43kDa)
(Park et al., 2007; Hallare et al., 2004). The Hsp genes
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under

interrelated

stresses

(Levitt,

1980).

lead to toxicity symptoms and the inhibition of growth of
most plants. The toxicity symptoms seen in the presence
of excessive amounts of heavy metals may be due to a
range of interactions at the cellular/molecular level.
Toxicity may result from the binding of metals to
sulphydryl groups in proteins, leading to an inhibition of
activity or disruption of structure, or from the displacing
of an essential element resulting in deficiency effects
(Van Assche and Clijsters, 1990).
Copper (Cu) is considered as a micronutrient for plants
(Thomas et al., 1998). Copper is concentrated in roots of
plants and plays a part in nitrogen metabolism. It plays
an important role in CO2 assimilation and ATP synthesis
and it is also an essential component of various proteins
like

plastocyanin

of

photosynthetic

system

and

cytochrome oxidase of respiratory electron transport
chain (Demirevska- kepova et al., 2004). Excess of Cu in
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soil plays a cytotoxic role. Exposure of plants to excess

Mercury (Hg) is a unique metal due to its existence in

Cu generates oxidative stress and ROS in plants

different forms (HgS, Hg2+, Hg° and methyl-Hg). In

(Stadtman and Oliver, 1991). This leads to plant growth

agricultural soil, ionic form (Hg2+) is predominant (Han

retardation and leaf chlorosis.

et al., 2006). High level of Hg2+ is strongly phytotoxic
to plant cells. Toxic level of Hg2+ can induce visible

Nickel (Ni) is a transition metal. It is required for the

injuries, physiological disorders (Zhou et al., 2007) and

enzyme urease to break down urea to liberate the

also interfere the mitochondrial activity in plants. This

nitrogen into a usable form for plants. Nickel is required

induces oxidative stress by triggering the generation of

for iron absorption. Seeds need nickel in order to

ROS. This leads to the disruption of biomembrane lipids

germinate. Excess of Ni2+ in plants causes various

and cellular metabolism in plants (Israr and Sahi,

diverse toxicity symptoms such as chlorosis and necrosis

2006).

(Pandey and Sharma, 2002; Rahman et al., 2005).
Plants grown in high Ni2+ containing soil showed

Cadmium (Cd) is nonessential and potentially toxic for

impairment of nutrient balance and resulted in disorder

higher plants, animals and humans. Plants exposed to

of cell membrane functions. High uptake of Ni2+

high levels of Cd causes reduction in photosynthesis,

induced a decline in water content of dicot and monocot

water uptake, and nutrient uptake. High levels of Cd

plant species. The decrease in water uptake is used as an

show visible symptoms of chlorosis, growth inhibition,

indicator of the progression of Ni2+ toxicity in plants

browning of root tips, and finally death (Wojcik

(Pandey and Sharma, 2002).

andTukiendorf, 2004; Mohanpuria et al., 2007).

(Zn) is an essential nutrient for plant. Zinc is a

Lead (Pb) is most abundant toxic elements in the soil. It

component of enzymes or a functional cofactor of a large

exerts adverse effect on morphology, growth and

number of enzymes including auxins (plant growth

photosynthetic processes of plants. High level of Pb

hormones). It is essential to carbohydrate metabolism;

causes inhibition of enzyme activities, water imbalance,

protein synthesis and internodal elongation (stem

alterations in membrane permeability and disturbs

growth). Excess of Zn in soil plays a phytotoxic role.

mineral nutrition (Sharma and Dubey, 2005). High Pb

High levels of Zn in soil inhibit many plant metabolic

concentration also induces oxidative stress by increasing

functions. Result in retarded growth and cause

the production of ROS in plants (Reddy et al., 2005).

senescence. Zinc toxicity in plants limited the growth of
both root and shoots (Ebbs and Kochian, 1997; Fontes

Arsenic (As) tolerance has been identified in a number

and Cox, 1998) and also causes chlorosis in the younger

of plant species (Meharg, 1994; Sharples et al., 2000).

leaves.

The Arsenic also undergoes transformation within plant
cells to other less phytotoxic as species (Meharg, 1994).

Selenium (Se) has shown positive effect on crop growth
and show metabolic importance in agricultural plants.

Chromium (Cr) is a heavy metal. Excess of Cr causes

Stunting of growth, slight chlorosis, decreases in protein

inhibition of plant growth, chlorosis in young leaves,

synthesis and dry matter production, and withering and

nutrient imbalance, wilting of tops, and root injury

drying of leaves are most often associated with selenium

(Sharma et al., 2003; Scoccianti et al., 2006). Cr inhibits

toxicity (Mengel et al., 1987). Toxicity of selenium

chlorophyll biosynthesis in terrestrial plants (Vajpayee

appears as chlorotic spots on older leaves that also

et al., 2000). Toxic effects of Cr on plant growth and

exhibit bleaching symptoms. A pinkish, translucent

development include alterations in the germination

color appearing on roots can also occur. Onions grown

process as well as in the growth of roots, stems and

under extremely toxic Se concentrations showed sulfur-

leaves. Cr also causes deleterious effects on plant

deficiency symptoms just before plant death (Kopsell

physiological processes such as photosynthesis, water

and Randle, 1997b).

relations and mineral nutrition. High Cr concentration
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stress

by

increasing

the

production of ROS in plants.

Photosynthesis is typically decreased by increased level
of heavy metals. The specific effects of heavy metal on
photosynthesis vary among species (Patsikka et al.,

Heat shock protein expression in plants

2002; Vinit-Dunand et al., 2002). Heavy metals

Heavy metals are simultaneously acting on the plants

damages both membrane and soluble phases of

causing cell injury and producing secondary stresses

chloroplasts through multiple mechanisms that include

such as osmotic and oxidative ones (Wang et al., 2003).

protein denaturation and oxidative damage (Hall,

Heat stress as well as other stresses can trigger some

2002). General response of plants to elevated levels of

mechanisms of defense such as the obvious gene

heavy metals appears to be increased synthesis of

expression that was not expressed under ‘‘normal’’

various heat-shock proteins (Hsps) (Barque et al., 1996;

conditions (Morimoto, 1993; Feder, 2006). Heat shock

Hall, 2002). Heat-shock proteins are general stress

proteins (Hsps) and other stress proteins have been

proteins involved in protection of photosynthesis during

known to protect cells against deleterious effects of

heat, oxidative, and photoinhibitory stress, by protecting

stress. Hsps are also expressed in some cells either

PSII or other aspects of thylakoids (Nakamoto et al.,

constitutively or under cell cycle or developmental

2000). Chloroplast has small heat shock protein

control.

(smHsps). Chloroplast small heat-shock proteins protect
photosynthesis during heavy metal stress (Scott et al.,

Heat-shock proteins are stress proteins involved in the

2004). Which protect photosynthesis through more than

protection, repair, and degradation of damaged cell

one mechanism by preventing irreversible protein

components, especially proteins, during most abiotic

aggregation, stabilizing chloroplast membranes and by

stresses (Parsell and Lindquist, 1994; Hamilton and

site-specific antioxidants.

Heckathorn, 2001). Most heat shock proteins are
molecular chaperones. Chaperones aid in the transport

Toxic effects of heavy metals in fishes

of proteins throughout the cell's various compartments.

Massive amounts of domestic wastewater and industrial

Heat shock proteins are classified by their molecular

effluents are transported by rivers and discharged into

weight, size, structure, and function. They are divided

the sea, contaminating rivers and coastal waters. Such

into several families, namely: Hsp100, Hsp90, Hsp70,

anthropogenic pollutants are the main sources of heavy

Hsp60 (or chaperonins), 17-to 30 kda small hsps (shsps)

metal contaminants in the ocean. Heavy metals enter

and ubiquitin (8, 5 kda) (waters et al., 1996). Heat shock

from contaminated water into fish body by different

proteins play various roles and reside in various

routes and accumulate in organisms (Olaifa et al., 2004;

locations within the cell (Table:1).

Surec, 2003).These contaminants entering the aquatic
ecosystem may not directly damage the organisms;

Heat shock proteins response to heavy metals in

however, they can be deposited into aquatic organisms

plants

through the effects of bioconcentration, bioaccumulation

Heavy metal stresses usually give rise to dysfunctional

and the food chain process and eventually threaten the

protein conformations. Molecular chaperones are stress

health of humans by seafood consumption. Heavy

proteins and many of them were originally identified as

metals such as iron, copper, zinc and manganese are

heat shock proteins (Hsps). According to current

essential for biological systems. Other heavy metals like

knowledge, Hsps facilitate protein refolding and

lead, cadmium and mercury are toxic (Fernandes et al.,

stabilize polypeptides and membranes. Hsp70 has

2008). Fishes take the essential metals from water, food

essential functions in preventing aggregation and

or

assisting refolding of nonnative proteins under stress

concentration of heavy metals causes toxic effects

conditions. Wang et al).

(Tüzen, 2003).

54

Joseph et al.

sediment

for
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normal

metabolism.
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Table: 1. HSP locations in Plants and its specific functions.

Sl.

Heat shock proteins in

Cellular Compartments

Functions

no

plants

1

Hsp100

Cytosol, mitochondria

Disaggregation,unfolding

2

Hsp90

Cytosol, mitochondria,

Facilitating maturation of signaling

endoplasmic reticulam,

molecules, genetic buffering.

chloroplast
3

Hsp70

Cytosol, mitochondria,

Preventing aggregation, assisting

endoplasmic reticulam,

refolding, protein import and

chloroplast

translocation, signal transduction,
transcriptional activation.

4

Hsp60(chaperonins)

Cytosol, mitochondria,

Folding and assisting refolding

chloroplast
5

Small hsps

Cytosol, mitochondria,

Preventing aggregation, stabilizing non

endoplasmic reticulam,

native proteins.

chloroplast
6

Ubiquitin

Cytosol, mitochondria,

Immunity, control plant growth and

endoplasmic reticulam,

stress tolerance.

chloroplast
Table 2. HSP locations in fish and its specific functions.
Sl. No

Heat shock proteins in fish

Cellular Compartments

Functions

1.

Hsp47

Endoplasmic reticulum

Procollagen triple helix assembly

2.

Hsp70

Cytosol, mitochondria,

Preventing aggregation, protein

endoplasmic reticulam

folding.

Cytosol, mitochondria,

Signal transduction, transcriptional

endoplasmic reticulam,

activation,

3.

Hsp90

protein folding, protein degradation
4.

sHSPs

Cytosol, mitochondria,

Prevent aggregation of proteins,

endoplasmic reticulam

stabilizing non native proteins.

Copper (Cu) play a significant role in growth and

adversely affect the liver and kidneys of fish or cause

development of fish. It is a key component of enzymes,

some neurological damage.

compounds that act as catalysts in the metabolism of
organisms adequate supply is necessary for normal

Nickel (Ni) activates the enzyme arginase and influences

metabolism, metalloenzymes and enzymes catalyze

oxidative processes. Excess intake of nickel causes some

many different chemical reactions, enzymes are critical

morphological transformations in numerous cellular

to the development of bone tissue and the production of

systems and chromosomal aberrations (Coen et al.,

red blood cells. Rask et al.,(1990) reported delayed

2001).

spawning in perch, Perca fluvicetilis in acidified lakes
due

High

Zinc (Zn) is one of the most important trace elements in

concentration of copper may badly damage gills,

to

the body, and participates in the biological function of
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several proteins and enzymes (Maity et al., 2008). Zinc

Alter the hematological system by inhibiting the

is known for its essential role in growth, immunity, DNA

activities

replication, Body’s defensive (immune) system, cell

biosynthesis.

division, cell growth, wound healing, and the breakdown

particularly to the liver, kidney, heart and male gonads

of carbohydrates.

as well as it affect the immune system (ATSDR, 2005)

High

Zinc

intake

leads

to

of

several

enzymes

Once

absorbed,

involved
it

is

in

heme

distributed

enfeeblement, retardation of growth and may bring
about metabolic and pathological changes in various

Arsenic (As) exerts its toxic effects through an

organs

impairment of the cellular respiration by inhibition of

in

fish (Ambrose et al.,1994; Sharma and

Sharma,1994).

various mitochondrial enzymes, and the uncoupling of
oxidative phosphorylation. Arsenic toxicity results from

Selenium (Se) is an essential metal; it is anti-cancerous

its ability to interact with sulfahydryl groups of proteins

and powerful antioxidant properties (Ganther, 1999;

and enzymes to substitute phosphorous in a variety of

Rayman, 2000; Surai, 2002). Excessive intake of

biochemical reactions (Patlolla et al., 2005).

selenium

cause

gastrointestinal

upsets,

fatigue,

irritability, and mild nerve damage.

Chromium (Cr) exists in different oxidation states which
have

distinct

biological

effects

(Richard,

1991).

Mercury (Hg) is considering one of the most dangerous

Hexavalent chromium [(Cr VI)] is a well known

of the heavy metals because of its high toxicity,

carcinogen metal form for animals and human beings.

bioacummulative properties an on biota including

Cr at higher concentrations is mutagen, teratogen, and

genetic alternation or mutagenesis. Reproduction of fish

carcinogen (Sala et al., 1995).

is impaired by exposure to mercury. Methyl mercury
induces apoptsis of steroidogenic gonadal cells in fish

Heat shock protein expression in Fish

(Drevnick et al., 2006b), resulting in suppressed sex

The heat shock proteins (HSPs) are a family of highly

steroid hormone levels that are linked to inhibited

conserved and ubiquitous intracellular molecules that

reproduction (Drevnick and

Sandheinrich, 2003).

are critical for cellular functions in unstressed as well as

Apoptosis often a symptom of oxidative stress(Holden,

in stressed cells (Kregel, 2002). In unstressed condition,

2000) and other recent laboratory tests have reported

heat shock proteins have constitutive function in protein

that dietary MeHg causes oxidative stress in fish

metabolism (Morimoto et al., 1994; Hightower et al.,

(Gonzalez et al., 2005), which result in histopathological

1999). Heat shock protein activation is triggered by the

effects in liver and other tissues.

heavy metals in fish. Increased levels of various Hsps
have been measured in tissues of fish exposed to several

Cadmium (Cd) has a cumulative polluting effect and

metals such as copper, zinc and mercury and arsenite.

could cause serious disturbances in fish metabolism

The functions of Hsps affect various aspects of fish

such as abnormal behavior, locomotor anomalies or

physiology, including development and aging, stress

anorexia (Woo et al., 1994; Bryan et al., 1995). Cadmium

physiology

may also affect the blood cells (Witeska, 1998). Metals

environmental

interact with legends in proteins particularlty, enzymes

acclimation (Basu et al., 2003). Families of heat shock

and may inhibit their biochemical and physiological

protein are classified based on their molecular mass

activities.

(kDa). Heat shock proteins are also grouped according

Lead (Pb), a non-beneficial and nonessential heavy

to function (e.g. chaperonin), DNA sequence, and

metal to animals is capable of causing hypertension,

antibody cross-reactivity (Morimoto et al., 1994). Fish

atherosclerosis, nephropathy, hepatopathy, neuropathy

HSP has various functions and can reside in various

and neoplasia among mammals (DeMayo et al., 1982).

locations within the cell (Table 2).
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Table 3. HSP locations in Humans and its specific functions.

HSP in

Chaperone

Cellular

Functions

humans

members

compartments

HSP 100

HSP 104

cytoplasm

Thermotolerance

HSP 90

HSP90

Cytoplasm

Stabilize inactive forms of certain hormone

Grp94

endoplasmic

receptors until hormone is present; interact with

reticulum

certain protein kinases to assist their transmit to
plasma membranes; prevent aggregation of
denatures proteins

HSP 70

HSC70

cytoplasm/nucleus

stabilize prefolded/ unfolded structures for

HSP70

cytoplasm/nucleus

translocation/folding; assembly of

BipGRP78

ER

immunoglobins; target aged proteins to lysosomes

Grp75

mitochondria

for degradation; protein secretion; antigen
presentation; thermo tolerance; interaction with
certain immune suppressants

HSP60

Hsp60

mitochondria

stabilize prefoled structures for folding/
assembly; re-export of precursors to membrane
space

HSP40

HSP 40

mitochondria

chaperone activity; essential co-chaperone activity

cytoplasm/nucleus

with HSP70 to enhance ATPase rate and
substrate release

Small HSP

HSP27

cytoplasm

αΑ and αΒ

cytoplasm

crystallins

prevents polypeptide aggregation;
thermotolerance through stabilization of
microfilaments; possible roles in cell growth

Heat shock proteins response to heavy metals in

showed increased levels of HSP70 in the gill tissue

fishes

(Williams et al., 1996). Comprehensive studies such as

Heat shock proteins (Hsps) play an important role in

chinook

protein homeostasis and cellular stress response within

(Gedamu et al, 1983; Misra et al, 1989), rainbow trout

the cell (Multhoff, 2007; Keller et al., 2008). Currie and

gonadal cell line- RTG-2 (Mosser and Bols, 1988), and

Tufts (1997), first suggested that Hsp70 in rainbow trout

rainbow trout hepatoma cell line -RTH-149 (Misra et al,

is regulated primarily at the level of transcription.

1989; Heikkila et al, 1982) have all shown increased

Subsequently Airaksinen et al. (1998), reported that an

expression of various Hsps in response to metal

HSF1-like factor was involved in the induction of hsp70

exposure.

salmon

embryonic

cell

line-

CHSE-214

mRNA in rainbow trout. Hsp70 has been cloned from
rainbow trout (Kothary et al., 1984), medaka (Arai et al.,

Toxic effects of heavy metals in humans

1995), zebrafish (Lele et al., 1997), tilapia (Molina et al.,

Heavy metals are dangerous because they tend to

2000), and pufferfish (Lim and Brenner, 1999).

bioaccumulate in vital organs. Trace elements such as
copper, zinc and selenium are essential to maintain the

Environmental contaminants also elicit HSP expression

metabolism of the human beings. Heavy metals such as

in primary cultures. Environmental contaminants such

Hg, Cd, Ni, As, Pb pose a number of hazards to humans.

as heavy metals, BKME, SDS and BNF all have been

Humans are exposed to these metals by ingestion

shown to induce HSP70 in fish tissues. Juvenile rainbow

(drinking or eating) or inhalation (breathing). At higher

trout exposed to metals in the water or feed. This

concentrations this heavy metals lead to poisoning.
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Mercury permanently damages the brain, kidneys, and

mutagenic. The high concentration intake of cadmium

also

potent

carcinogenic

developing fetuses. The nervous system is very sensitive

cause itai ita disease and mercury intake lead to

to all forms of mercury. Effects on brain functioning may

minamita disease.

result in irritability, shyness, tremors, changes in vision
or hearing, and memory problems. Short-term exposure

Copper is also essential for numerous enzymes and is a

to high levels of metallic mercury vapors may cause lung

constituent of hair and of elastic tissue contained in

damage, nausea, vomiting, diarrhea, increases in blood

skin, bone and other body organs. There are a number of

pressure or heart rate, skin rashes, and eye irritation

important copper-containing proteins and enzymes,

(Sabine Martin and Wendy Griswold, 2009). High

some of which are essential for the proper utilization of

intake of mercury lead to minamita disease

iron. Increase in copper ions inhibits synthesis of
macromolecules

and

other

enzymatic

reactions

(Company et al. 2004).

Cadmium is a known human carcinogen. Ingesting high
levels severely irritates the stomach, leading to vomiting
and diarrhea. Long-term exposure cadmium leads to a

Nickel is believed to play a role in physiological

possible kidney disease, lung damage, and fragile bones

processes as a co-factor in the absorption of iron from

(Sabine Martin and Wendy Griswold, 2009). The high

the intestine. The metal is not only anallergen but also a

concentration intake of cadmium cause itai itai disease

potential immunomodulatory and immunotoxic agent in
humans (Das KK and Buchner, 2008). An increase in

Lead severely damages the brain and kidneys and

structural malformations was observed in infants of

ultimately causes death. In pregnant women, high levels

women who worked in a nickel hydrometallurgy refining

of exposure to lead may cause miscarriage. High level

plant 89 Nickel compounds are potent carcinogens and

exposure in men can damage the organs responsible for

can induce malignant transformation of rodent and

sperm production (Sabine Martin and Wendy Griswold,

human cells. Inflammation in the bronchioles, alveolar

2009).

congestion, alveolar cell hyperplasia, and sometimes
congestion in the lumen was also noticed Inflammation

Arsenic is a known carcinogen. It can cause cancer to

in the bronchioles, alveolar congestion, alveolar cell

skin, lungs, liver and bladder. Lower level exposure can

hyperplasia, and sometimes congestion in the lumen was

cause nausea and vomiting, decreased production of red

also noticed (Gupta et al., 2006).

and white blood cells, abnormal heart rhythm, damage
to blood vessels and a sensation of pins and needles in

Zinc is involved in numerous body functions, including

hands and feet (Sabine Martin and Wendy Griswold,

enzymes involved in gene expression. Zinc also taking

2009).

role in electrone transfer. Excessive intake may lead to

Chromium compounds are toxins and are known human

toxic effect such as carcinogenesis, mutagenesis and

carcinogens. Breathing high levels can cause irritation to

teratogenesis as a result of its bioaccumulation.

the lining of the nose; nose ulcers; runny nose; and
breathing problems, such as asthma, cough, shortness of

Selenium is an essential trace nutrient. Selenium plays a

breath, or wheezing (Sabine Martin and Wendy

role in the element functioning of the thyroid gland.

Griswold, 2009).

Short-term oral exposure to high concentrations can
cause nausea, vomiting, and diarrhea. Chronic oral

Heat shock protein expression in Humans:

exposure to high concentrations can produce selenosis.

An important cellular alteration induced by heavy metal

Major signs of selenosis are hair loss, nail brittleness,

stress involves the synthesis of heat-shock proteins

and neurological abnormalities (Sabine Martin and

(HSPs). Heat shock proteins are important components

Wendy Griswold, 2009).

of cellular networks. The dramatic up regulation of the
heat shock proteins is a key part of the heat shock
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response. It induced primarily by heat shock factor

HSP27, and that the ratio of p-HSP27 and HSP27 may

(HSF) (Wu C 1995). Heat shock proteins (hsps) are a

represent a potential marker or additional endpoint for

family of highly conserved proteins playing an important

the hazard assessment of skin irritation caused by

role in the functioning of unstressed and stressed cells

chemical products Zhang et al., (2010).

(Parsell and Lindquist, 1993). Heavy metal stresses
usually give rise to dysfunctional protein conformations.

This review concludes that both essential and non

Heat shock protein functions as molecular chaperone

essential heavy metals can lead to toxicity of living

and crucial for protein functioning, facilitate protein

organisms. The toxicity result from the binding of metals

refolding

to sulphydryl groups in proteins, leading to an inhibition

and

localization,
degradation

stabilize
regulation,

(Fink,

polypeptides,
secretion,

1999).

It

also

intracellular
and

protein

functions

of activity or disruption of structure. Heat shock

as

proteins are the only molecular mechanisms that living

biochemical regulator to mediate cell growth, apoptosis,

organisms adopt to tolerate heavy metal stress, and

protein homeostasis and cellular targets of peptides.

these proteins have pleiotropic effects, interacting with

Each HSP has many documented functions and can

multiple systems in diverse ways regulated by the

reside in various locations within the cell (Table:3).

endocrine system. Heat shock proteins are important in
relation to heavy metal stress resistance and adaptation

Heat shock proteins response to heavy metals in

to the environment. Heat-shock proteins play an

humans

important role in regulating a range of effect or

Heavy metals cause changes in the pattern of cellular

components, all of which contribute to survival under

stress protein expression referred to as HSPs. Wagner et

heavy metal stress by solving the problem of misfolding

al., (1999), compared the induction of heat shock

and aggregation, as well as its role as chaperones.

proteins (HSPs) by heat and heavy metal ions in three
different endothelial cell types. Human umbilical vein
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