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ABSTRACT
Lead poisoning causes numerous clinical implications in almost all organs, with the brain, liver,
and kidneys serving as the primary targets due to the abundant presence of mitochondria. Cur-
cumin is one of the most potent constituents of Curcuma longa,which is lipophilic, phenolic and
water insoluble. Curcumin is a strong antioxidant and anti-inflammatory agent in the treatments
of neurodegenerative disease, cardiovascular, renal, and liver diseases, with a potential anticancer
mechanism in a few clinical and experimental trials. This review will focus on the health impact of
lead-induced toxicity in different organ-systems, which occurs as result of increased oxidative stress
through the generation of reactive oxygen species (ROS) and reactive nitrogen species (RNS) and
will discuss the therapeutic potential of curcumin against lead-induced toxicity in both human and
animals.
Key words: Anti-inflammatory, Antioxidant, Curcumin, Lead-induced toxicity, Oxidative stress,
Reactive oxygen species

INTRODUCTION
Lead toxicity is a common public health threat in de-
veloping countries due to human activities such as
mining and farming1. Lead is a multi-organ toxi-
cant involved in various cancers, neuronal and renal
damages and reproductive impairments in both hu-
man and animals, which can eventually causes death
in young children1,2. Although several occupational
and public health safety measures have been carried
out to reduce the cases of lead exposure to the mini-
mal level, yet, several cases of lead poisoning are still
recorded.
The application of standard drugs such as chelators
in the treatment and management of heavy metal
poisoning have been documented to show numerous
side effects ranging from mild to severe levels, which
may include fever, headache, nausea and vomiting,
seizures, brain damage, anemia, permanent kidney
and liver diseases, low blood pressure, and severe al-
lergic reactions such as anaphylactic shock. Only a
few local herbs extracts have been shown to provide
positive effects against lead mediated injury both in
in vitro and in vivo studies1.
Curcumin has anti-inflammatory and antioxidant
properties with a wide range of therapeutic potentials
both in vitro and in vivo3, which makes it suitable in
reversing the biomarkers and alterations induced by

lead toxicity in several organs due to induction of ox-
idative stress (OS) through generation of reactive oxy-
gen species (ROS) and stimulation of inflammatory
response4,5. This review will focus on the therapeutic
potential of curcumin against lead-induced toxicity in
both human and animals.

Epidemiology of Lead Toxicity
According to World Health Organization (WHO)
survey about 0.6% of global heath threatening dis-
eases and 600,000 sources of intellectual impairment
among children are attributed by lead poisoning6,7.
WHO and United State Center for Disease Control
and Prevention (CDC) has indicated that a critical
level of 10-15μg/dL of lead in the blood can be con-
sidered as an elevated blood lead level8,9.
Blood lead levels in the pediatric population have
decline dramatically since 1970s as a result of pub-
lic health policies such as removal of lead in paints,
gasoline, and other consumer products 10. However,
based on National Health and Nutrition Examination
(NHANES) survey from 2007 to 2010, children be-
tween the age of 1 to 5 years with blood lead lev-
els (BLLs) exceeding 5μg/dL accounted for approxi-
mately 2.6% with 535000 children11. In addition, so-
cioeconomic status plays an important role in mean
blood lead levels (BLLs) in younger children, how-
ever, the greater risk is attributed to non-Hispanic
black population10–12.
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Occupational exposure to lead is associated with nu-
merous health implications such as, cancer and mor-
tality. Even at a low concentration in adults, lead can
results in different adverse health challenges, which
may include cognitive impairments, reproductive ef-
fects and hypertension13,14.
According to the United State Occupational Safety
and Health Administration (OSHA) report, an esti-
mated population of 804,000 within the general in-
dustry workers and 838,000 among construction in-
dustry workers are prone to lead exposure due to the
nature of their occupations. Data from the Adults
Blood Lead Epidemiology and Surveillance (ABLES)
program revealed a significant reduction in elevated
blood lead levels (BLLs) prevalence among adults,
thus occupational exposure remains a public health
concern with approximately 94% of industrial work-
ers exposed to lead 2.
Lead (Pb) is a naturally occurring soft, moldable,
and blue-gray heavy metal with relatively low melt-
ing point which is found in combination with other
elements in our environment. It is considered as the
major pollutant of the environment due to its popular
use in product manufacture (Figure 1) such as paints,
gasoline, batteries, cosmetic products, water pipes,
tank linking, poetry glazing and toys7,15. In addi-
tion, exposure to lead in the environment can caused
damage to several biological systems, which can oc-
cur from several sources such as air, water, food and
other consumer products10. Ingestion and inhalation
of lead particles are the primary modes of exposure
in the environment, while skin and prenatal exposure
has been reported in few cases 10,16.
Nevertheless, lead exists in two (2) different forms, or-
ganic and inorganic lead 16. Organic lead (tetraethyl
and tetra methyl lead) is used as a fuel additive to in-
crease octane rating in the past. However, organic
lead exposure is considered as an occupational ex-
posure and is tremendously hazardous because it can
penetrates the skin before being absorbed by the body,
which results in extreme toxicity to the central ner-
vous system when compared to inorganic lead 7. In
contrast, inorganic lead is found in consumer prod-
ucts such as paint and toys, and other environmental
content such as soil, and dust7,17.
Lead and other heavy metals are found in combina-
tion with other element in a relatively low pollutant
concentrations in all parts of the environment, hence,
the presence of lead in the environment has no role to
play in the physiological system and this can lead to an
irreversible health effects with a lot of morbidity such
as hepatic, nervous and renal system disorder18,19.
Moreover, due to human activities such as farming

and mining concentration of these heavy metals have
increased drastically in the environment, particularly
in areas where themetals aremined and processed for
industrial use16,20,21.

Pathophysiology of Lead Toxicity

Absorption of Lead

Gastrointestinal and inhalational absorption of lead
is the most common route of absorption of lead par-
ticles. However, dermal absorption is a form of ab-
sorption route for organic lead although it is consid-
ered insignificant, and only account for less than 1%
of lead absorbed in the body system22.
Papa Nikolaou et al.23 reported that gastrointesti-
nal absorption rate of lead is correlated to socio-
demography of the exposed individual. In addition,
children absorbed almost 50% of lead compared with
15% in adults due to their pica behavior (Figure 2).
However, when lead is absorbed it accumulates in
blood, soft tissues, and bones1,24,25.
Nevertheless, approximately 100% of fine particles of
lead inhaled as fume or vapor may be absorbed by the
lungs directly or transported by the mucociliary tree
to the esophagus where it may be swallowed and ab-
sorbed through the gastrointestinal tract. The absorp-
tion of lead depends on the particular nature of the
toxicant, volume of the respiratory tract andmucocil-
iary clearance of the toxicant22.

Distribution of Lead

Lead concentration in the plasma is the most impor-
tantmeans of distribution of lead to target organs such
as the brain, kidney, liver, spleen, bones, aorta and
teeth, which accounts for only 1% of the total lead
concentration in the blood, leaving 99% concentra-
tion in the erythrocytes1,10,23,26. Furthermore, lead
distribution to the entire body depends on the sys-
temic blood flow and soluble phosphate, which har-
borsmore than 95% of lead deposited into the skeletal
bones (Figure 2)7,12,27. Nevertheless, bone contami-
nated with lead in adult accounts for about 80-95% of
the total health burden, which is higher than in chil-
dren with about 70-73%12.
In addition, an estimated half-life of lead in adults
blood is 30-40 days and is longer in children and preg-
nant women10,12,25. Moreover, lead in the liver in-
terfere with the cytochrome P450 enzymes, which af-
fects hormone synthesis, and cholesterol synthesis10.
In adults and children about 94%-70% of lead is accu-
mulated in the bones where it is tightly bounded and
is less harmful25.
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Figure 1: Chemical Structure of Lead Acetate.

Figure 2: Pathophysiology of Lead toxicity: The absorption, distribution of lead throughplasmaand excre-
tory fate of lead in the body after exposure.

Excretion
Lead absorbed in the body are not easily metabo-
lized, therefore the excretion is low and the excretion
route is mostly through the urinary tract. In addi-
tion, chelating agent can facilitate the excretion of lead
from the body via urine12,23. Little amounts of lead
are excreted through the gastrointestinal tract, sweat
and nails, thus these routes are considered as insignif-
icant12.

General Symptoms of Lead Toxicity
Clinical symptoms of lead toxicity are asymptomatic
or nonspecific and are dependents on the duration
and levels of exposure. However, the symptoms can
be classified into two categories, which could be ei-

ther acute or chronic clinical symptoms1,7,9,28. The
symptoms of acute toxicity includes muscle pain, fa-
tigue, abdominal pain, headache, vomiting, seizures
and coma. Clinical symptoms of chronic toxicity in-
cludes persistent vomiting, encephalopathy, lethargy,
delirium, convulsions and coma1,28,29.

Mechanism and Toxicological Profile of
Lead-induce Toxicity
Pathogenesis of lead is due to its ability to bind to pro-
teins group sulfhydryl, resulting to toxicity of mul-
tiple enzyme systems. Calcium-activated proteins
binds to lead in a greater affinity than to calcium,
hence hindering cellular physiology10,25,30. Upturn
in metabolic rate results in over-production of free
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radicals, which in turn leads to oxidative stress dam-
age such as lipid peroxidation, damage to proteins and
nucleic acids and distortion of normal physiology in
tissues31. Oxidative stress is a major biomarker in the
development of several disorders in disease manifes-
tation such as diabetes, chronic kidney disease, hep-
atic inflammation, chronic cardiac disease, neurode-
generative diseases and others32.
However, at the molecular level it is difficult to limit
lead toxicity on cellular damage33. The enzymatic
functions of proteins and other cellular activities are
affected by the presence of lead in the system30. In
addition, the induction of oxidative stress and dam-
age of nucleic acids are other mechanisms of lead tox-
icity and exposure, which can result in several clinical
symptoms of toxicity. Hence, the magnitude of expo-
sure and cell types depends on the mechanism of tox-
icity and the levels of lead exposure (Figure 3)33–35.

Oxidative Stress
Increased levels of reactive oxygen species (ROS) are
the major toxic effects of lead1. Reactive oxygen
species are by-products of biochemical processes in
aerobic organisms and ROS concentration is regu-
lated by the activity of antioxidant enzymes such as
glutathione (GSH), super oxide dismutase (SOD),
glutathione peroxidase (GPx), and catalase (CAT) un-
der normal conditions12. The imbalance between the
production and scavenging of ROS results to oxidative
stress, which could lead to ROS detoxification system
impairment and increased production of ROS1,33,34.
However, during oxidative stress, overproduction of
free radicals results in negative effects on cells, tis-
sues, inflammatory responses, and apoptosis1,12,33.
Neurodegenerative diseases such as Alzheimer’s and
Parkinson’s disease are the primary results of in-
creased production of ROS in the body system 36.
Glutathione (GSH) is a tripeptide with a sulfhydryl
group and is the most important antioxidant found in
mammalian cells in millimolar concentrations. GSH
is vital in the scavenging of free radicals and can exist
in either reduced (GSH) or oxidized (GSSG) forms.
However, 90% of glutathione under normal circum-
stances are in a reduced form (GSH). In abnormal
condition of oxidative stress, glutathione concentra-
tion in oxidized form (GSSG) is in abundant com-
pared to GSH1.
Super oxide dismutase (SOD) and catalase (CAT) are
notable antioxidant enzymes that are essential in ren-
dering lead inactivation in the system. However, the
impairment in superoxide radicals (O2

−) scavenging
is a direct consequence of reducedCAT concentration

in the serum decrease SOD concentration, which re-
sults in reduced disposal of superoxide radicals1. In
addition, lead has the ability to replace zinc ionswhich
are an important factors in deactivating the antioxi-
dant defense mechanism beside targeting sulfhydryl
groups1,37.
Another important oxidative stress biomarker asso-
ciated with lead toxicity is lipid peroxidation, which
accounts for increased reactive oxygen species (ROS)
on lipid membrane, thus damaging the cells1.
Oxidation of hemoglobin is attributed to lead tox-
icity, leading to red blood cell (RBC) destruction
through the inhibition of Delta-aminolevulinic acid
dehydrates (ALAD) and increased substrate alpha-
Linolenic acid (ALA) concentrations in urine and
blood. Furthermore, increased in ALA levels pro-
duce superoxide and peroxide radical that inter-
fere with oxyhemoglobin consequently leading to hy-
droxyl radicals generation, which in turn put the cells
at risk of oxidative stress and apoptosis38.

IonicMechanism
The ability of lead as a divalent cation to substitute
bivalent (Ca2+, Mg2+, Fe2+) and monovalent (Na+)
cations results in the impairment of several important
biological processes in the system. This ability to sub-
stitute both bivalent and monovalent cations, espe-
cially the bivalent cations is termed the ionic mech-
anism of lead toxicity1,7,39.
Neurological deficits are associated with the ionic
mechanism of lead toxicity due to the ability of lead
to replace calcium ions12. Therefore, lead molecules
become competent and subsequently cross the blood
brain barrier (BBB) at a significant rate, where they
accumulate in the astroglial cells. Moreover, develop-
ing nervous system contain numerous immature as-
troglial cells, which become more prone to toxic ef-
fects of lead due to the lack of lead binding proteins in
the immature astroglial cells12,40.
The concentration of lead even in a pico molar, has
the ability to replace calcium, and affect vital neuro-
transmitters such as protein kinase C, which regulates
memory storage and neural excitation. In addition,
sodium ions concentration is also affected by lead tox-
icity resulting in several neuronal signaling impair-
ments due to misbalancing of neurotransmitters1.
Other deleterious effects of ionic mechanism of lead-
induced toxicity on different fundamental biological
cellular processes include, cell adhesion, protein fold-
ing and maturation, intra and inter cellular signaling,
neurotransmitters release, enzyme regulation, ionic
transportation, and apoptosis1,40.
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Figure 3: Schematic representation of lead induced toxicity: Lead exposure increases generation of ROS
and decreases the levels of antioxidants, leading to oxidative stress and subsequent apoptosis.

Effects of Lead Toxicity

Nervous System
Lead-induced neurotoxicity mechanisms are com-
posite and include membrane bio-physics alteration,
deregulation of cell signaling, oxidative stress and im-
pairment of neurotransmitter transmission. Further-
more, lead absorption rate through the gastrointesti-
nal tract relies on the physicochemical and individual
characteristics of the materials ingested 12.
Lead toxicity interferes with glial cells interaction,
trimming and pruning of synapses, and neuronal mi-
gration during brain development, which lead to fail-
ure in creating a proper link between different brain
structures and subsequently resulting to permanent
alteration of brain physiology 15,41.
Lead toxicity is multi-systemic with high affinity and
severity on the central nervous system (CNS) by
blocking N-methyl-D aspartate receptors that aid in
the maturation of brain, flexibility, and memory stor-
age. This result to the interruption in long-term stor-
age of memory and other cognitive behaviors. In ad-
dition, elevated blood lead levels is pivotal in disrupt-

ing the integrity of the blood-brain barrier30.
Exposure to high levels of lead concentration in the
blood-brain barrier results in themovement of plasma
into the brain interstitial space, subsequently leading
to encephalopathy of the brain and edema of the cere-
bellum30. At the blood lead levels of (BLLs) 10 μg/dL,
extreme increase in pressure is caused by edema in the
brain, which results in irreversible brain destruction
and alteration including impaired visual-motor skill,
reduced attention, decreased social behavior and de-
cline in cognitive ability30,41.

Renal System
Kidney remains a vital organ of target upon cumula-
tive exposure to lead both environmentally or occupa-
tionally, which may cause acute or chronic nephropa-
thy with several health implications such as deficit
in tubular transport mechanism (tubular absorption
and reabsorption), degenerative changes in tubular
epithelium, renal dysfunction, renal failure, hyperten-
sion, and hyperuricemia 42. In comparison, acute Pb
nephropathy effects are reversible in children mani-
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festing glycosuria and aminoaciduria by using chela-
tion therapy, while chronic Pb nephropathy is irre-
versible that develops over a long period of time due
to prolonged exposure43,44.
The results obtained by Mao et al.,45, suggested that
lead selenide nanoparticles induction of oxidative
damage in Sprague-Dawley rats showed histopatho-
logical changes in kidney such as, foci of ischemia
and clogged blood vessels, interstitial fibrosis, raise in
number of fibroblasts and severe renal parenchymal
destruction.

Bones
Bones remain the primary site for storage of lead in
the human body after exposure46. Once lead is ab-
sorbed, it moves into the bloodstream where it is pri-
marily circulated to the soft tissues through plasma
(kidney, liver, and brain), blood and mineralized tis-
sues such as the bones. Then it exerts more toxic ef-
fects by binding to the cell membrane, damaging pro-
tein architectural structure, and meddling with gene
interpretation in the body18,47.
Lead deposited in the bone have an estimated half-
life of 20-30 years. However, bone metabolism and
activities results in the discharge of lead back into
the bloodstream, thus, blood lead level (BLLs) is in-
creased, which in turn have detrimental effects in
pregnancy, lactation, and menopause 41.
Moreover, methodology such as stable lead isotope re-
vealed that an estimated 40-70% of lead is released
from the blood to bones in adults, hence, adults bones
store 85-95% of lead but children only store 70% of
lead in the bones and greater absorption of lead is in
the soft tissues1. The rate of exposure, age, pregnancy,
race and gestation are factors that affect storage and
mobilization of lead in bones 1.

Reproductive System
Exposure to lead have numerous effects on the re-
productive system both in human and animals which
includes reduced libido, abnormal spermatogensis,
infertility, changes in serum testosterone, abnormal
prostatic function, miscarriage, pre-eclampsia, pre-
mature delivery, and premature membrane rupture in
both males and females 1.
Previous studies indicated that lead could cause per-
itubular testicular fibrosis, reduced sperm number,
disrupted regulation of luteinizing hormone, lower
testosterone synthesis, distraction of preantral folli-
cles and increased atresia in ovaries, and reduced
number of primordial follicles in female pups in ro-
dents48,49.

Cardiovascular System

Lead exposure associated with cardiovascular ef-
fects is not restricted to amplified blood pressure
and hypertension but is rather associated with other
deleterious cardiovascular clinical burdens such as
stroke, peripheral arterial diseases (arteriosclerosis
and atherosclerosis), and coronary heart diseases
which have underlying cardiovascular malfunction-
ing and abnormalities such as alterations in cardiac
rhythmicity and left ventricular hypertrophy49.

Hematological Parameters

The total body burden of blood lead representsmerely
1-5%, however, 95-99% concentration of blood lead at
lower concentrations binds to red blood cells (RBCs)
with an estimated 1% in the plasma in an ionized
form. Lead binding sites in the red blood cells (RBCs)
can become saturated at higher concentrations, re-
sulting in more lead presence in the plasma47.
Destruction of Red Blood Cells (RBCs), and alter-
ation in heme synthesis is associated with lead toxic-
ity, however, hemoglobin production decreases when
heme biosynthesis is altered due to lead toxicity at
the blood lead levels (BLLs) of 40 1g/dL10,50. More-
over, lead toxicity inhibits heme synthesis by im-
peding the actions of δ -aminolevulinic acid dehy-
dratase (ALAD), ferrochelatase, aminolevulinic acid
synthatase (ALAS), aminolevulinic acid (ALA) and
other mitochondria enzymes, which reduce the life
span of erythrocytes in circulation due to persistent
instability of the cell membrane, and lead to ane-
mia1,51.
Moreover, hemolytic (acute exposure) and Frank
(chronic exposure) anemia are the direct consequence
of lead poisoning1.
Lead toxicity causes anemia in young and iron de-
ficient children, which is correlated with blood lead
concentration (BLLs). In addition, lead toxicity re-
sults in clinical alteration of heme-biosynthesis and
increased red blood cell destruction7,51.
Alwaleedi51 induced lead toxicity in white wool al-
bino mice using different concentrations, of 0.4, 0.8,
and 1.2mg/kg orally within 12 weeks which resulted
in hematological and tissue morphological alteration.
Importantly, lead toxicity has several effects on the
biological system and it is considered as the major
cause of physiological, biochemical, hematological,
and morphological alterations. Even at low concen-
trations, treatments with lead acetate have an adverse
effect on health in animals. Therefore, it is important
to prevent exposure to lead in the environment52.
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Spleen
The work of Ekanem et al.18 showed an evidence of
lymphoid follicles hyperplasia within the white pulp
with congested blood vessels and alteration in hema-
tological profiles within the spleen which occurred
upon lead-induced toxicity in Albino rats treated with
different concentrations of lead acetate.
The works of Türkay et al.51 revealed ultra-structural
alterations on spleen with macrophage and lympho-
cyte infiltration, vacuolation of cytoplasm, erythro-
cyte stasis, swollen mitochondria with cristae loss in
lymphoid cells, and degeneration of spleen cells.

CURCUMIN AND ITS CURATIVE
POTENTIALMECHANISM
Curcumin (1,7-bis[4-hydroxy-3-methoxyphenyl]-
1,6-heptadiene-3,5-dione) is a yellow color com-
pound that is lipophilic, phenolic, water insoluble
and is a derivative of the rhizomes of turmeric
(curcuma longa). Curcumin is a member of the
ginger family (Zingiberaceae) that is widely con-
sidered as a traditional medicine and food additive
in Asia (Figure 4)53–55. Curcumin is the most
biologically active constituent of Curcuma longa and
it is readily available commercially as a mixture of
3 curcuminoids (95% curcumin). However, this
mixture of the 3 curcuminoids classically contains
77% curcumin, 17% demethoxycurcumin, and bis-
demethoxycurcumin 6% responsible for the yellow
color characteristics of turmeric 54,56.
Structurally, curcumin can exists in either β -diketone
(CurK) or β -keto-enol (CurE) tautomers, with the
higher antioxidant activity and stability in β -keto-
enol tautomers (CurE) when compared to the β -
diketone (CurK) tautomers. In addition, β -keto-enol
tautomer has triple chelation sites for metals, which
includes a double phenol group that serves as a pos-
sible reactive centers, and the keto-enolic moieties,
which can possibly form metal chelates and scav-
engers for reactive radicals generated bymetal ions 57.
Curcumin has a molecular weight of 368.37g/moL
and a melting point of 183oC. Available literatures
have shown that curcumin is more stable in cell cul-
ture medium or human blood and is unstable at basic
pH medium58.
In respect to curcumin side effects, approved bodies
such as European Food Safety Authority (EFSA), US
Food and Drug Administration (FDA), United Na-
tion andWorld Health Organization Expert Commit-
tee on FoodAdditives reported, that curcumin isGen-
erally Recognized As Safe (GRAS), with the tolerable
and safety doses between 4000 and 8000 mg/day59.

In concurrence with several literatures, curcumin has
been proven to have a wide range of therapeutic effect
which include, antioxidant, antibacterial, antifungal,
antiviral, antitumor, cancer chemo-preventive, an-
timalarial, anti-inflammatory and hepatoprotective
abilities, and the ability to improve cardiovascular
and neurodegenerative disorders57,60–62. In addition,
curcumin has the ability to easily cross the blood-
brain barrier where it binds to plaques in the brain to
inhibit amyloid-β peptide aggregation in patient with
Alzheimer’s disease 60,63,64.
Despite the therapeutic benefits of curcumin, the ma-
jor challenge is attributed to its poor bioavailability
due to poor absorption, fast metabolism, and rapid
elimination from the body by the gastrointestinal
tract65. Curcumin bioavailability can be enhanced
through several agents such as piperine which is an
active component of black pepper and its mecha-
nism of action which includes the blocking of the
metabolic pathway in order to delay the metabolism
of curcumin5. In addition, about 2000% increase in
bioavailability of curcumin is associated with the pri-
mary active component of black pepper, piperine5,66.

Antioxidant Mechanism
Curcumin alleviates systematic markers of oxida-
tive stress by increasing the activities of serum
anti-oxidants enzymes such as superoxide dismutase
(SOD), glutathione peroxidase (GSH) and lipid per-
oxides. Moreover, curcumin antioxidant mechanism
is executed in different patterns, which may include
free radicals scavenging of reactive nitrogen species
(RNS) and reactive oxygen species (ROS) aswell as in-
creasing the activity of serum enzymes such as GSH,
catalase, and SOD that could result in the activation
of inflammatory responses5 (Figure 5).
Moreover, curcumin phenolic antioxidants activity
is mainly dependent on electron donation, and al-
though curcumin is hydrophobic, but can be liquefied
in ethanol, acetone, and dimethylsulphoxide67.
Noteworthy, curcumin, as a lipophilic compound,
acts similarly vitamin E to efficiently scavenge per-
oxyl radicals and is referred to as a chain breaking an-
tioxidant. Furthermore, curcumin inhibits the activ-
ity of ROS-generating enzymes such as xanthine hy-
drogenase/oxidase and lipoxygenase/cyclooxygenase,
which is essential in the down regulation of oxidative
stress5,68.

Anti-inflammatory Mechanism
Previous research has shown that curcumin as a
polyphenolic compound, interact with several tar-
gets that are involved is inflammation. Curcumin
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Figure 4: Chemical structure of curcumin.

Figure 5: Schematic representation of mechanism of action of curcumin: Curcumin exerts its therapeutic
effects by attenuating oxidative stress and inflammation aswell as ameliorates cancer via inhibition of NF-
kB and STAT.

moderates inflammatory response by suppressing the
activity of cyclooxygenase-2 (COX-2), inducible ni-
tric oxide synthase (iNOS) and lipoxygenase enzymes
as well as inhibiting the production of interleukin
1,2,6,8 and 12, inflammatory cytokines tumor necro-
sis factor-alpha (TNF-α), monocytes chemoattrac-
tant protein (MCP) and the down regulation of Janus
and mitogen-activated kinase 3,69,70.
In vivo studies on inflammatory models showed that
curcumin inhibits themetabolism of arachidonic acid
and inflammation in the epidermis through the down
regulation of lipoxygenase and cyclooxygenase path-
ways and the reduction in PGE2 inflammatory exu-
date71,72.
In vitro studies revealed that curcumin modulates the

stimulation of specific transcription factors such as
NF-kB and activating protein-1 (AP-1) in activated
alveolar macrophages and monocytes, which subse-
quently hinders cytokine expression of gene3,69.
Curcumin reduces inflammation, modulates
mitogen-activated protein kinase (MAPK) pathway
signaling and attenuates colitis in experiment models
by reduction in p38 MAPK activation73. In addition
curcumin has been proven to attenuate neuropathic
pain, nerve ischemia, demyelination, and decrease
inflammation via subsequent activation of NF-kB
and phosphorylation inhibition of IKK complex74.
However, down-regulation of protein kinase C could
be attributed to another anti-inflammatory mecha-
nism of curcumin via inhibition of cytokine produc-

3060

Biomedical Research and Therapy, 6(3):3053- 3066



tion and blocking of NF-kB activation by numerous
inflammatory stimuli 5,69.

Anticancer Mechanism
In vitro and in vivo studies revealed that curcumin
plays a vital role in anticancer mechanism via the in-
hibition of nuclear factor (NF)-kB and signal trans-
ducer and activator of transcription 3 (STAT3) path-
way signals which are influential in cancer devel-
opment and proliferation by resisting and inhibit-
ing chemotherapy-induced apoptosis in several can-
cer cells70,75,76.
Curcumin has been proposed to induce apoptosis
which results in the down regulation of cMET cyclin
D1, epidermal growth factor receptor (EGFR), and
protein kinase B (PKB) in tumor cells 73. Further-
more, curcumin has been proved to stimulate apop-
tosis and inhibit cell cycle arrest and cell proliferation
through the modulation of activation protein 1 (AP-
1), early growth response protein 1 (EGR-1), peroxi-
some proliferator-activated receptor alpha (PPAR-α),
Beta-catenin and other transcript factors73,75,77.
Aoki et al.76, reported that curcumin treatment can
competently suppressmalignant glioma cell growth as
well as autophagy in U87 AND U373-MG cells in a
dose-dependent manner. In addition, lung metastasis
of breast cancer cells can be inhibited by curcumin or
in mixture with paclitaxel.
Endoplasmic reticulum stress and DNA damage can
be induced by curcumin resulting in mitochondrial-
dependent programed cell death (apoptosis) in hu-
man cancer A-549 cells via the activation of caspase-3,
and enhanced hepatocellular carcinoma apoptosis in
HCC J5 cells via increase in intracellular utilization
of Ca2+ and the disruption of reactive oxygen species
(ROS) in the mitochondria 71,74.
Curcumin is instrumental in preventing cancer in-
vasion and metastasis via inhibition of focal adhe-
sion kinase (FAK) phosphorylation and improving
extracellular matrix components expression. In ad-
dition, curcumin is known to increase cell adhesion
via stimulation of extracellular matrix mechanisms of
fibronectin, laminin and, collagen (I, III, IV, and IX)
in a concentration reliant pattern, hence avoiding the
migration and detachment of cancer cells75.

Curative Evidence of Curcumin In vitro and
In vivo Studies

Liver and BodyWeight
In the work of Mahmoud et al.62 reported that cur-
cumin significantly decreases body weight in cur-
cumin treated group by inhibiting the effect on hep-

atic gene expression in carbohydrate binding pro-
tein responsive elements and sterol regulatory bind-
ing protein elements, which subsequently stimulates
the expression of lipogenic genes. In addition, cur-
cumin as a dietary additive, may decrease the cir-
culation of lipid by fatty acid synthase inhibition in
adipocytes, leading to the decrease in lipid transporta-
tion to the liver, thus, hepatic lipid accumulation is
inhibited78–80.
The results obtained by Um et al.79 revealed that mi-
crovesicular and macrovesicular steaosis within hep-
atic cells could be attenuated by dietary supplementa-
tion of curcumin in high fat diet (HFD) induced mice
via improved hepatic lipid accumulation, thus, serum
lipid profiles and insulin resistance are enhanced.
Moreover, curcumin action significantly reduces
white adipose tissue macrophage infiltration, up-
swings adipose tissue adiponectin production and re-
duce the activity of hepatic NF-kB, hepatomegaly, and
inflammation of the hepatocytes62,81,82.

Nervous System
Neuroprotective mechanism against neurodegenera-
tive disorders of the brain by curcumin is due to its
ability to bind redox-active metal ions such as Mn2+,
Cu2+, Cd2+, Pb2+,Hg2+ to produce a tight and active
complex of antioxidant with its anti-inflammatory
properties that are essential for the reduction in
swelling among neuronal cells within the body57.
As reported by Yuan et al.61 post-treatment with
curcumin in subarachnoid hemorrhage (SAH)-
induced neurological damage in mice, improves
brain functions by inhibiting microglia cells and
down-regulating Matrix Metallopeptidase 9 (MMP-
9), and finally reducing water content in the brain,
hence, preserving the integrity of the blood brain
barrier (BBB).
Curcumin possesses a robust antioxidant properties
such as decreasing the generation of reactive oxy-
gen species (ROS),moderation of antioxidant enzyme
concentrations, subduing the peroxidation of lipid
and reducing the level of malondialdehyde (MDA).
Moreover, curcumin has been proved to decrease
plaque pathogenesis by overpowering β -secretase ac-
tivity, and eventually hinders oligomer and fibril pro-
duction60.
In a recent work by Shi et al.58 it was reported that
curcumin could reverse marked apoptosis and restore
alteration in key Alzheimer’s disease (AD) linked pro-
teins, such as amyloid precursor protein (APP), beta-
amyloid enzyme 1 (BACE-1), and receptors for ad-
vanced glycation end products (RAGE) and decrease
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in A-disintegrin andmetalloprotease (ADAM-10), af-
ter 24 hours acrolein induction in HTT22 Cells.
Wang et al.81 also found that hippocampal and
frontal neurons damage due to stress could be pro-
tected by curcumin through cyclic AMP response el-
ement binding protein (CREB) and BDNF/TrkB up-
regulation. Moreover, neurotoxicity induced by nico-
tine could be protected by curcumin through re-
vival of signal pathway of P-CREB/BDNF, thus, cur-
cumin could reverse the inhibition of brain-derived
neurotropic factor (BDNF) and tropomyosin recep-
tor kinase B (TrkB) signaling due to acrolein induc-
tion60,83,84.

Cardiovascular System
Cardiovascular diseases are pivotal threats to human
health with atherosclerosis, vascular disease and heart
disease being among contributing factors. Many re-
searchers have proposed the application of phyto-
chemicals such as curcumin to solve this problem
based on its numerous benefits in antioxidant and
anti-inflammation mechanisms 85.
Several research on curcumin showed that atheroscle-
rosis can be alleviated through its anti-inflammatory
mechanism against the oxidation of low- density
lipoproteins inhibition of thrombocyte aggregation
and cholesterol homeostasis modulation. In addition,
curcumin supplementation is helpful in lipid peroxi-
dation reduction, low-density lipoprotein-cholesterol
(LDL) down-regulation and increasing high-density
lipoprotein-cholesterol86–88.
In vivo studies revealed that curcumin dietary sup-
plementation in high fat-fed induced atherosclerotic
rabbit decreases the levels of triglycerides and choles-
terol, as well as inhibiting the oxidation of low den-
sity lipoproteins (LDL)88. Moreover, atherosclerotic
lesions in the aorta such as increased lipid peroxida-
tion and increased oxidative stress in a similar model
were showed to be improved by curcumin adminis-
tration86,88.
Similarly, cardiac hypertrophy, fibrosis and inflam-
mation can be protected by curcumin via the inhibi-
tion of P300-histone acetyltransferase (HAT), down-
stream GATA4, NF-kB and further signaling path-
ways85. Curcumin has been widely investigated
to suppress excessive manifestation of lipopolysac-
charide induced inflammatory mediators in rat vas-
cular smooth muscle cells (VSMCs) by impeding
TLR4-MAPK/NF-kB pathways as a result of block-
ing NADPH-mediated reactive oxygen species (ROS)
intracellular production89. Moreover, curcumin has
been proven to trigger a programed cell death inH9c2

cells by stimulating the activity of JNKs and increas-
ing reactive oxygen species (ROS) generation85.
Curcumin ameliorates hematological parameters,
which was indicated in restoring the alterations in
white blood cells (WBCs), platelets, fibrinogens, red
blood cells (RBCs) count and other hematological
indices close to normal in high fat diet (HFD)-fed
rats90.

Renal System
Chronic kidney disease (CKD) is associated with con-
tinuous loss of renal functions that results in de-
creased glomerular filtration rate (GFR), abnormal-
ities in urine content such as blood cells and pro-
teins as well as accumulation of uremic toxins due
to decreased ability of the kidney to remove soluble
waste91.
Ali et al.90 reported that curcumin reduces crea-
tinine clearance, increases the activity of urinary
N-acetyl-B-D-glucosaminidase and uplifts the levels
of neutrophil gelatinase-associated lipocalin against
adenine-induced chronic kidney disease (CKD) toxi-
city in a dose dependent pattern in rats.
Curcumin is also shown to attenuate histopatho-
logical markers of apoptosis, fibrosis, inflammation,
and morphological renal damage, which helps to re-
store the concentration of plasma sclerostin and bring
down the oxidative stress in kidney homogenates92.
Glomerular hemodynamic changes and oxidative
stress seen in 5/6 nephrectomized rats can be reversed
by curcumin via the attenuation in proteinuria and re-
structuring such as mesangial expansion, tubular at-
rophy, fibrotic glomeruli, and interstitial fibrosis. Im-
portantly, hemodynamic alterations such as oxida-
tive stress, hyperfiltration and glomerular hyperten-
sion were reduced by curcumin via increased antiox-
idant activity and decreased MDA93.
Curcumin can be beneficial in uremia problem and
treatment of intestinal dysbiosis, and can improve re-
nal functions and defend the kidney against renal fail-
ure by decreasing the expression of mRNA of inflam-
matory proteins (monocyte chemoattractant protein-
1) and down-regulating matrix proteins, collagen,
TGF-B, and laminin94.

CONCLUSIONS AND FUTURE
PERSPECTIVES
Lead-induced toxicity could lead to serious irre-
versible health implications such as cardiovascular,
renal, nervous, and hematopoietic system impair-
ments which causes molecular, cellular, and intracel-
lular alterations in living organisms through apopto-
sis, ionic mechanism and increased generation of ox-
idative stress.
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Figure 6: Therapeutic potential of curcumin on various organ-systems.

In consideration to numerous established findings on
the therapeutic applications and effects of curcumin
on different organ-systems based on its antioxidant,
anticancer, and anti-inflammatory mechanism of ac-
tions, curcumin could be used both as a protective
and therapeutic agent against lead-induced toxicity
(Figure 6).
Finally, in correlation to curcumin poor bioavailabil-
ity, its poor absorption, fast metabolism, and rapid
elimination by the gastrointestinal tract, it is recom-
mended that a method of enhancing the bioavailabil-
ity of curcumin should be carried out for future re-
search.
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