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Abstract

Curcumin is a dietary element, easily available and also well-known herb, for its therapeutic uses. On the other
hand, cadmium is considered as an omnipresent, hazardous, heavy metal as well as known carcinogen, clastogen
and mutagen. It is known to produce severe toxic effects during occupational exposure in industries related to nickel-
cadmium batteries, pigments, chemical stabilizers, metal coatings and alloys in humans. So, the objective of this study
was to evaluate the ameliorative effects of curcumin as an antioxidant agent against cadmium induced genotoxicity in
Peripheral Blood Lymphocyte Cultures (PBLC) of occupationally cadmium exposed individuals. The blood cadmium level
was determined and it was significantly higher in exposed individuals as compared to controls. Blood samples from
40 workers exposed to cadmium, and 40 unexposed controls were used to analyse biochemical parameters like Total
protein, GSH, GPx, GR, GST, LPO, CAT and SOD along with genotoxic parameters like SCEs, CCPI, AGT and PDT. The study
revealed cadmium induced the free radicals formation which caused alteration in antioxidant defense system and may
lead to genotoxicity. While curcumin ameliorates this toxicity by balancing the antioxidant defense system, decrease the
lipid peroxidation and ultimately protect cells against cadmium genotoxicity. Hence, it can be concluded that curcumin

which is herbal antidote can be helpful to protect cadmium toxicity in occupationally exposed workers.
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1. Introduction

Progressive industrialization in developing countries
is currently evident and industrial revolution leads to
increasing global metal pollution as well as increasing
production and consumption of heavy metals including
cadmium'. Cadmium is an extremely toxic element
of continuing concern because environmental levels
have risen steadily due to continued worldwide
anthropogenic mobilization®. It is a widespread toxic
pollutant of occupational and environmental concern
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because of its diverse toxic effects, long biological half-
life (approximately 20-30 years in humans), low rate of
excretion from the body and storage predominantly in
soft tissues (primarily, liver and kidneys)".

Exposure to cadmium can occur in all industry sectors
but mostly in manufacturing and recycling including,
Ni-Cd batteries, plastics, coatings, and solar panels
along with welding, painting, ship breaking, and
landfill operations®. Besides the occupational exposure,
human uptake of cadmium is mainly through cigarette
smoking, food and water intake®. Cadmiumis known



to cause cancer and targets the body’s cardiovascular,
renal, gastrointestinal, neurological, reproductive, and
respiratory systems®. The molecular mechanisms of its
toxicity are not yet well defined. Cadmium has been
demonstrated to stimulate free radical production,
resulting in oxidative deterioration of lipids, proteins
and DNA, and initiating various pathological conditions
in humans and animals. Moreover, a variety of
accompanying changes in antioxidant defense enzymes
were reported”.

Antioxidants are the natural defense mechanism
existing in our system and these are capable of scavenging
the deleterious free radicals. Attention has focused on the
protective biochemical functions of naturally occurring
antioxidants in biological systems against toxic heavy
metals. Various modes and methodologies are being
devised to combat cadmium-induced toxicity with a

focus on herbal formulations®.

Curcumin, a yellow coloring ingredient of the spice
turmeric (Curcuma longa Linn) obtained from the
rhizome is a perennial herb used throughout the world.
Curcumin represents a class of anti-inflammatory
and antioxidants reported to be a potent inhibitor
or scavenger of ROS”®. Curcumin administration
has been reported to prevent the arsenic, nickel,
chromium, gentamicin and acetaminophen-induced
oxidative stress and genotoxicity’!!. Based on the above
information this study was designed to detect possible
in vitro amelioration by curcumin against the toxicity of
cadmium in occupationally exposed workers.

2. Materials and Methods

2.1 Chemical Reagent

All chemicals utilized in biochemical parameters were
procured from Merck (AR Grade), while media and
culture reagent were procured from HiMedia and Sigma
Aldrich (Culture Grade).

2.2 Sample Collection

After obtaining human ethical committee approval, 10
ml of heparinized blood samples were collected from
forty ship breaking yards workers of Alang, Gujarat,
India, aged between 25-51 years with work exposure
duration ranged from 2 to 25 years. Equal number of age
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and sex matched healthy nonsmoking donors with no
history of knowingly exposure to any genotoxic agent
were also selected as controls. Informed consent forms
were filled and signed by each donor.

2.3 Blood Cadmium Level (BCL)
Determination

Heparinized whole blood sample from both controls
(40) and exposed (40) workers were digested using
USEPA guidelines (Method - 30522) in Microwave
digestion system (START-D, Milestone, Italy; USEPA,
1995). Blood Cadmium level was measured in triplicate
with a background corrected atomic absorption
spectrophotometer  (Graphite
Absorption Spectrophotometer, Perkin Elmer, USA)
using the standard addition method at the Laboratory
for Occupational Hygiene (NABL certified), National
Institute of Occupational Health (NIOH), Ahmedabad,
Gujarat.

Furnace Atomic

Experimental design for cytogenetic study: The
study was designed into various groups to evaluate
the ameliorative effects of curcumin against cadmium
toxicity in human peripheral blood lymphocytes culture
as shown in Table 1.

Table 1: Experimental groups for cytogenetic study

Groups Particulars

Group |  Control (Con.)

Group Il Control + Curcumin (Con. + Cur.) (3.87 X 10° M)
Group Il Exposed (Ex.)

Group IV Exposed + Curcumin (Ex. + Cur.) (3.87 X 10 M)
GroupV Control + Ethyl Methanesulfonate (Con.+ EMS-

Positive control) (1.93 X 103 M)

For cytogenetic analysis, total 10 controls individuals’
blood samples were selected and each sample was used
for the PBLC of controls groups (Group I, II and V).
Similarly, 10 exposed individuals’ blood samples were
selected and each exposed individuals' sample was
utilized for the PBLC of exposed groups (Group III and
V).

2.4 Cell Culture

Peripheral blood lymphocytes were cultured and
harvested according to the standard protocol of
Hungerford!'2. Lymphocyte cultures were set up by
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adding 0.5 ml whole blood to 7 ml of RPMI-1640
media supplemented with 7% heat-inactivated fetal
calf serum along with 1% Streptomycin and Penicillin.
Lymphocytes were stimulated by 100 ul PHA (1 mg/1
ml d.w.) PHA and incubated for 72 hours at 37 °C. A
final volume of 80 pl BrdU (1 mg/1 ml d.w.) at 0 hr.
was added along with the test compound (Curcumin
and EMS). The cultures were gently mixed after every
24 hours to avoid clumping and to stabilize the pH of
the media. At 69™ hours, 20 pl colchicines (1 mg/5 ml
d.w.) was added to the cultures to arrest cell division at
metaphase stage. The cultures were harvested after 72 hr
of incubation by centrifugation at 2000 rpm for 15 min
and then supernatant was discarded and the pellet was
treated with hypotonic solution for 15 min in 0.075 M
potassium chloride at 37 °C. After that cells were fixed in
1:3 (v/v) Acetic acid:Methanol solution. The fixation step
was repeated twice. The resulting cells were resuspended
in a 0.3 to 0.5 ml of fixative and dropped onto clean
slides.

The slides were then, differentially stained according
to the Fluorescence-Plus-Giemsa (FPG) method of Perry
and Wolff, 19743 for scoring of metaphase plates (M1,
M2 and M3- Figure 1) to analyze the sister chromatid
exchanges (SCEs), Cell Cycle Proliferative Index (CCPI),
Average Generation Time (AGT) and Population
Doubling Time (PDT)".
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Fig. 1. Showing the M1, M2 with SCEs and M3 plate.

Total SCE scored
Total M2 Metaphase Plates Observed

SCE/Cell =

1(M1 Plates)+2(M2 Plates)+3(M3 Plates)
Total Plates Scored

CCPI=
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72 Hour (BrdU Time)
CCPI
24 Hour
CCPI

AGT (Hour) =

PDT (Hour) =

2.5 In Vitro Analysis of Free Radical Toxicity
in Plasma of Workers

Blood plasma samples of controls (40) and exposed
(40) workers were used for the assessment of various
oxidative stress parameters such as Total protein, Lipid
Peroxidation (LPO), Superoxide dismutase (SOD),
Catalase (CAT), Total Glutathione (GSH), Glutathione
S-Transferase (GST), Glutathione Peroxidase (GPx)
and Glutathione Reductase (GR) using standard

methods!>-22.

2.6 Statistical Analysis

The results were expressed as Mean * S.E. The statistical
significance was evaluated by Analysis of variance
(ANOVA) using Graph Pad Prism 5 and the individual
obtained by Tukey’s multiple
comparison tests and also by student’s t-test. A value of
p<0.05 was considered to indicate significance difference.

comparison were

3. Results

3.1 Blood Cadmium Level (BCL)

Blood cadmium levels from both controls and exposed
workers were measured. The mean BCL of exposed
workers (35.0 pg/l £ 0.002) showed highly significant
(p<0.001) increase as compare to controls (1.8 pg/l +
0.025).

3.2 Cytogenetic Analysis

3.2.1 Sister Chromatid Exchanges (SCEs)

The peripheral blood lymphocyte culture of exposed
showed a slight increase in percent frequencies of sister
chromatid (P<0.001 for Group III) when compared
to controls (Graph 1; Figure 2). Exposed cultures co-
supplemented with Curcumin (Group IV) showed
significant (P<0.01) amelioration as compared exposed
group. (Group III).While the positive controls EMS
(Group V) showed highly significant increase in SCEs

www.informaticsjournals.com/index.php/jnr | Vol 17 (1) | January 2017



as compared to controls in all studied parameters. The
percent amelioration for SCEs with Curcumin (Group
IT) was 82 % (Graph 1; Figure 2).

3.2.2 SCEs/Cell

The increase in SCEs/Cell of exposed culture showed
highly significant (P<0.001 for Group III) increase
when compared to controls (Graph 2). Curcumin alone
(Group II) did not show any alteration as compared to
controls, where as its co-supplemented cultures along
with exposed group revealed a significant (P<0.01;
Group IV) reduction in SCEs/Cell as compared to
the exposed treated cultures (Group III). The percent
amelioration for SCEs/Cell with Curcumin (Group IV)
was 82% (Graph 2; Figure 2).

3.2.3 Cell Cycle Proliferative Index (CCPI)

Cell cycle proliferative index declined in the exposed
cultures (P<0.01; Graph 3). Curcumin co-supplemented
cultures with exposed group (Groups IV) showed highly
significant recovery as compared to exposed culture
(Group III). Exposed culture co-supplemented with
Curcumin showed 76% amelioration (Group IV; Figure
2).

3.2.4 Average Generation Time (AGT) and
Population Doubling Time (PDT)

Exposed group (Group III,) showed highly significant
increase (P<0.001) in AGT and PDT as compared to
controls (Graph 4 and 5). Exposed individuals’ cultures
co-supplemented with Curcumin (Group IV) revealed
significant decreased (P<0.01) in mean frequency of
AGT and PDT when compared with exposed culture
(Group III). Mitigation for both AGT and PDT with
Curcumin was 79% and 80% respectively. Curcumin

Table 2: Free radical toxicity related parameters
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alone treated cultures (Group II) showed nonsignificant
effect when compared to controls (Graph 4; Figure 2).

(GRAPH 2: SCEs/PLATE

GRAPH 1: FREQUENCY OF SCEs
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Fig. 2. Showing results of Cytogenetic parameters of
various groups.

3.3 Free Radical Toxicity Study

A highly significant (P<0.001) decrease was observed in
blood plasma protein and glutathione levels of workers
(Group II) as compared to controls (Group I; Table
2). Superoxide dismutase is one of the key enzymes in
defense against oxidative stress of cell. It showed straight
depletion (P<0.001) in blood plasma of workers as
compare to controls. Quantification of Thiobarbituric
Acid Reactive Species (TBARS) was done as biochemical
evidence for oxidative stress induced Lipid Peroxidation
(LPO) along with free radical scavenging antioxidant
enzyme activity. Highly significant (P<0.001) increase
in LPO and decrease in free radical scavenging enzymes
(CAT, GR, GST and GPx) activity was noted in blood
plasma of workers (Group II) as compared to controls
(Table 2).

N G Al GSH SOD LPO CAT GR GST GPx
protein

I  Controls 1.45+0.04 1.66+0.06 1.155+0.10 3.976 +0.43 159.8+3.30 62.24 +6.65 59.25+523 1.134 +0.05

II  Workers 0.81+0.04" 1.05+0.06° 0.67+0.04" 8.60+0.63" 127.8+4.75 42.53+0.65 41.36+1.18" 0.38 +0.06"

Values are Mean * S.E; *P<0.001. Total protein (Mean mg protein/10° Cells); GSH (Mean mM GSH/mg protein); SOD (Mean U SOD/mg protein); LPO
(Mean nM MDA Formed/60 min/mg protein); CAT (Mean nM H,0, Consumed/min/mg protein); GR (Mean nM of NADPH Oxidised/min/mg protein);
GST (um of CDNB - GSH conjugates/min/mgprotein); GPx (Mean mM GSH Consumed/mg protein)
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4. Discussion

The present study evaluates the cytogenetic and
biochemical assays in cadmium exposed workers.
Numerous studies are available regarding cadmium
induced oxidative stress in animals, but there is paucity
of data regarding the oxidative stress analysis during
occupational exposure, its correlation with cytogenetic
damage if any and amelioration of adverse effects by
herbal product. Hence, present study deals with the
cadmium induce free radical toxicity, cytogenetic
damage and the mitigating effects of curcumin on
the Peripheral Blood Lymphocyte Culture (PBLC) of
exposed individuals.

The ship breaking yard workers selected in the
present studies showed high Blood Cadmium Level
(BCL) may be due to exposure of polluted environment
and inhalation of polluted air. The Occupational Health
and Safety Administration (OSHA)?* has suggested that
BCL in workers is hazardous at > 5 pg/l. In this study, the
mean BCL in cadmium exposed workers was very high
(35.0 pg/l + 0.002) as compared to controls (1.8 ug/l +
0.025).

Cadmium
hydroxyl radical and nitric oxide radicals indirectly**.
A study by Watanabe and co-workers (2003) showed
generation of hydrogen peroxide, which by itself became
a significant source of free radicals®®. To reduce these
free radicals the major enzymatic antioxidants are

could generate superoxide radical,

Superoxide Dismutase (SOD), which degrades O,.—,
catalase, GPx and the Glutathione (GSH) redox system,
which inactivates H,O, and hydroperoxides. GSH is also
present extracellularly, have antioxidant capacity, and
forms intermolecular disulphide oxidized glutathione
(GSSG) which involved in detoxification of H,0,**.
GSSG is either exported from the cell or converted to
GSH by a reductase reaction with the help of GR and
GST. On the other hand very high amount of free radical
cause adverse effects on above cell defense system. So,
in the present study free radical toxicity were estimated
by enzymatic (SOD, catalase, GPx, GR, GST) and
non-enzymatic (GSH, LPO, Protein) assays. We have
observed a decrease in the activities of SOD, catalase,
GPx, GR and GST in exposed individuals blood
plasma due to the generation of excessive amount of
free radicals which leads to the production of oxidative
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stress by cadmium. Other studies also support the results
obtained in present investigation®°?°, This impairment
of antioxidant defense mechanism may lead to an
increase in membrane lipid peroxidation and decrease
in GSH content as observed in this study.

Research provide clear evidence of the ability of
cadmium to provoke indirect oxidative damage on
the DNA, may lead to apoptotic mechanisms and
blocking or inhibition of the DNA repair mechanisms?’.
Cadmium enters into cells through the voltage-
dependent Ca?* channel and at the cellular level, it
damages the DNA repair process in which the cellular
redox status plays a crucial role?®?. In correlation with
this, oxidative stress is assumed to be the principal
molecular basis underlying cytotoxicity and cytogenetic
damage caused by cadmium?. Hence, different genotoxic
endpoints were assessed which also reflects the similar
mechanisms of cadmium toxicity in the present findings.
Sister Chromatid Exchange (SCE) analysis in human
peripheral blood lymphocyte has often been applied
as a cytogenetic testing of potentially mutagenic and
carcinogenic chemicals®®. An increased frequency of
SCEs could be an indicator of persistent DNA damage’’.
In the present study also increase in the SCEs was found
in exposed group which indicates the chromatin and
DNA damage. Along with this, CCPI declined, AGT and
PDT also got elongated which shows the alteration in the
cell cycle and cell proliferation.

In contrast to the injurious activity of cadmium,
curcumin serve as protective agent and it is the main
ingredient of Indian curries®>*. In vitro and in vivo
studies on animals have suggested a wide range of
potential therapeutics or preventive effects associated
with curcumin!®!»*%> The antioxidant mechanism of
curcumin is due to its specific conjugated structure of two
methoxylated phenol and an enol form of B-Diketone.
This structure is responsible for free radical trapping
ability as a chain breaking antioxidant. Several studies
have demonstrated curcumin’s ability to reduce oxidative
stress®” . It is a stronger antioxidant and inhibitor of
lipid peroxidation than other flavonoids, which have a
single phenolic hydroxyl group®. It has been used as an
antioxidant against toxicity of several metals including
cadmium, copper, iron, lead and selenium*'~*°, In this
study, also curcumin quenched the free radical and hence
ameliorated the cadmium induced free radical dependent
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genotoxicity by balancing the antioxidant defense system.
Our finding suggests that increased level of cadmium
in blood may induce clastogenic effects in workers.
Cadmium exposures can disturb antioxidant potential of
the body, which is manifested by changes in the activity
and/or concentration of antioxidant defense systems and
leads to cytogenetic damage as found in our study. On
the other hand, when curcumin was administered to the
blood lymphocytes cell culture of workers, it ameliorated
the cytogenetic damage significantly, may be by reducing
the free radical toxicity. So, we conclude that curcumin,
a cost efficient and easily available herb may serve as an
efficient and physiologically potent antidote towards
cadmium induced genotoxicity and free radical toxicity
in occupationally exposed individuals.
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