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I. Introduction 

Cadmium (Cd) is a naturally occurring component of the earth’s crust. It is a by-product of Zinc production and 

one of the most toxic element to which human can be exposed at work or in the environment. Its ability to 

accumulate in living organism is a significant threat to the environment and public health. It has been listed as 

number 7 in top 20 list of hazardous substances by Agency of Toxic Substances and Disease Registry (ATSDR) 

and as a Group I carcinogen by the International Agency for Research on Cancer (IARC) ([1],[2]). About 13,000 

tons of Cadmium is produced yearly worldwide, mainly used for Nickel-Cadmium batteries, pigments, chemical 

stabilizers, metal coatings and alloys [3]. 

Human exposure to Cadmium can result from the consumption of contaminated food, drinking water, inhalation 

of air polluted by Cadmium or Smoking [4]. In non-smoking members of the population, ingestion is the main 

route of entry and in occupational setting, through the inhalation of Cadmium fumes with a long biological half-

life about 17 to 30 years ([5],[6],[7]). Once absorbed, Cadmium irreversibly accumulates in the human body, 

particularly in kidneys and other vital organs such as liver and lungs [8]. Cadmium is absorbed into the blood 

circulation through metal transporter, the hematological system being one of the major targets of Cadmium 

toxicity [8]. Occupational Health and Safety Administration (OSHA) considers a whole blood Cadmium level of 

5 μg/ml or higher hazardous ([9], [10]). 

Cadmium is highly toxic metal that can disrupt a number of biological systems, usually at doses that are much 

lower than most toxic metals [11]. It has been reported that Cadmium pollutant can induces anemia, alteration of 

antioxidant and metabolic status of erythrocytes, increase lipid peroxidation (LPO), decrease hemoglobin content 

and alter the membrane skeleton [8]. A severe clinical manifestation of these effects is the so called Itai-itai 

diseases diagnosed in the Sixties [12].  

In contradiction to Cadmium activity, there are many herbal remedies which are capable of reducing the toxicity, 

through their antioxidant properties, like Vitamin C, Garlic, Curcumin etc. Out of these, Curcumin, is a 

biologically active compound from turmeric, and yellow coloring ingredient of the spice obtained from rhizome 

of Curcuma longa (Zingiberacea). Curcumin represent a class of anti-inflammatory and antioxidant reported to 

be a potent inhibitor of Reactive oxygen species (ROS) formation and showed amelioration against heavy metal 

induced genotoxicity ([13],[14],[15]).  Reddy and Lokesh indicated that Curcumin is a potent scavenger of a 

variety of ROS including superoxide anion radicals and hydroxyl radicals [16]. The protective effects of Curcumin 

against Cadmium induced hepatotoxicity are well documented and have been attributed to its intrinsic antioxidant 

properties [17]. 

Abstract: Cadmium, an omnipresent, hazardous, heavy metal, is recognized to produce severe toxic effects in 

humans. It is widely used in nickel-cadmium batteries, pigments, chemical stabilizers, metal coatings and 

alloys, and causes harmful effects on occupationally exposed workers. At the cellular level, Cadmium affects 

cell proliferation, differentiation, apoptosis and other cellular activities. So aim of present study was to 

evaluate the Curcumin as a natural, herbal economical and easily available antidote against Cadmium 

induced genotoxicity. Hence, for this study we selected Curcumin (10-6 M) as an antioxidant agent against 

Cadmium (Low dose-10-6 M; Mid dose-10-5 M; High dose-10-4 M) induced genotoxicity in Peripheral Blood 

Lymphocyte Culture. The genotoxic indices like Sister Chromatid Exchanges (SCEs), Cell Cycle Proliferative 

Index (CCPI), Population Doubling Time (PDT) and Average Generation Time (AGT) were performed. These 

parameters show dose dependent increase in Cadmium genotoxicity, whereas Curcumin significantly 

decrease the Cadmium induced genotoxicity. So from the present study it can be concluded that Cadmium 

causes adverse effects on chromatin materials and may be due to alteration in the antioxidant defense system 

while, Curcumin as a potent antioxidant, ameliorates this genotoxicity. 
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It is well documented that Curcumin can inhibit the toxicity of heavy metals due to its antioxidant and free radical 

scavenging properties but, less information available on its role in protection of chromatin and cell cycle damage. 

Moreover, there is paucity of the study on Cadmium causes genotoxicity on human blood culture in vitro as well 

as its amelioration by herbal agent like Curcumin. Hence, the purpose of this study was to evaluate the role of a 

heavy metal Cadmium at various concentration range (Low dose- 10-6 M; Mid dose- 10-5 M; High dose- 10-4 M) 

in induction of genotoxicity as well as the mitigating role of Curcumin as an antioxidant against Cadmium on 

human peripheral blood lymphocyte in vitro. 

 

II. Materials and Methods 

All chemicals were procured from Merck (AR Grade), while media and culture related reagent were procured 

from Sigma- Aldrich and HiMedia (Culture Grade). 

Test Substances: 

Cadmium Chloride: Dose was standardized by MTT (3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium 

Bromide) assay. Stock of Cadmium Chloride (0.1 mol/L) was prepared, sterilized and filtered with 0.22 µm filter. 

The working doses (Low dose- 10-6M; Mid dose- 10-5M; High dose- 10-4M) were prepared by diluting stock with 

sterilized Millipore water. Curcumin: 1 mg / ml solution of Curcumin was prepared in 1:1 solution of DMSO and 

distilled water and sterilized by 0.22 µm filter. The concentration of DMSO was maintained less than 0.5% per 

culture. From the stock solution 10 µl of Curcumin (10-6M) was added to the culture. EMS: Ethyl 

methanesulfonate at the dose of 240µg/ml (Venitt and Parry, 1984) was used as a positive control Lymphocytes 

treated with EMS (10-3M) for 69 hours of exposure. 

 

Sample collection: 

After taking human ethical committee approval the blood samples were collected by vein puncture in aseptic 

condition in heparinized vacutainers from healthy nonsmoking individuals (n=10) for genotoxicity study within 

the age group of 20–30 years after proper consenting. 

 

Experimental groups: To evaluate the amelioration of Cadmium genotoxicity by Curcumin, following groups         

were established 

Table 1: EXPERIMENTAL GROUPS 

Groups Particulars 

Group I Control (Con.) 

Group II Curcumin (Cur.) (10-6 M) 

Group III Low Dose of Cadmium chloride (LD) (10-6 M) 

Group IV Mid Dose of Cadmium chloride (MD) (10-5 M) 

Group V High Dose of Cadmium chloride (HD) (10-4 M) 

Group VI High Dose of Cadmium chloride + Curcumin 

Group VII Ethyl methanesulfonate (EMS) (10-3 M) 

 

Cell culture: 

Peripheral blood lymphocytes were cultured and harvested according to the standard protocol of Hungerford 

(1965) with slight modifications [18]. Briefly, 0.5 mL of total venous blood was incubated in tubes containing 7 

mL RPMI 1640 growth medium supplemented with 10 % foetal calf serum, 1 % of phytohemagglutinin and 1 % 

penicillin-streptomycin. Culture tubes were incubated in the presence of all different Cadmium doses. EMS was 

used as positive control. The tubes were incubated at 37 °C, Colchicine (0.3µg/ml/culture media) was added after 

69th hours to arrest the cell cycle in metaphase mitotic stage. At 72 h of incubation, cell suspensions were 

centrifuged at 2000 rpm for 15 minutes and subjected to a hypotonic treatment with 0.075M KCl. The cells were 

then fixed with a 1:3 acetic acid: methanol fixative and spread over clean microscope slides. The slides were air-

dried, and differentially stained according to the fluorescence-plus-giemsa (FPG) method [19]. Scoring of 

metaphase plates to analyze the Sister Chromatid Exchanges (SCEs), Cell Cycle Proliferative Index (CCPI), 

Average Generation Time (AGT) and Population Doubling Time (PDT) were done ([19], [ 20]). 

 

SCE/Cell =
Total SCE scored

Total M2 Metaphase Plates Observed
 

 
 

CCPI =
1(M1 Plates) + 2(M2 Plates) + 3(M3 Plates)

Total Plates Scored
 

 

AGT (Hour) =
72 Hour (BrdU Time)

CCPI
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PDT (Hour) =
24 Hour

CCPI
 

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 comparison were obtained by Tukey’s Multiple 

Comparison Test. A value of p<0.05 was considered to indicate a significance difference between different groups.  

Percentage amelioration was calculated by using the following formula:  

 

Percentage Amelioration =
Prooxidant Group − Respective Antioxidant Group

Prooxidant Group − Control 
X100 

 

III. Results 
 

 

Values are Mean ± S.E. Con=Control; Cur=Curcumin; L.D=Low dose; M.D.=Mid dose; H.D.=High dose; EMS= Ethyl 

methanesulfonate.*P<0.05; **P<0.0.01; ***P<0.001; NS= nonsignificant when all treated groups (group II to VII) were compared to 

to control (group I). #P<0.05; ##P<0.0.01; ###P<0.001; when high dose Cadmium treated group (group V) was compared to 

Cadmium+Curcumin treated group (group VI); Values showed in parenthesis are percent amelioration. 

 

Sister Chromatid Exchanges (SCEs) 

The peripheral blood lymphocyte culture treated with Cadmium chloride showed significant increase in percent 

frequencies of sister chromatid exchanges in dose dependent manner [low dose- non significant; mid and high 

doses – highly significant (P<0.001)] as compared to control (Graph 1). High dose Cadmium cultures 

supplemented with Curcumin (Group VI) showed highly significant (P<0.001) amelioration as compared to 

cultures treated with high dose of Cadmium (Group V). While the positive control EMS (Group VII) showed 

highly significant increase in SCEs as compared to control in all studied parameters. The percent amelioration for 

SCEs with Curcumin (Group VI) was 83.9 % (Graph 1). 

 

SCEs/Cell: 

The increase in SCEs/Cell was significant at low dose (P<0.05; Group IV) but mid dose and high dose showed 

highly significant increase (P<0.01 and P<0.001 for Group III and V respectively) when compared to control 

(Graph 2). Curcumin alone (Group II) did not show any alteration as compared to control, whereas Curcumin 

supplemented cultures along with high dose of Cadmium revealed a significant (P<0.001) reduction in SCEs/Cell 

as compared to the high dose of Cadmium treated cultures (Group V). The percent amelioration for SCEs/Cell 

with Curcumin (Group VI) was 81.2 % (Graph 2). 
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Graph 1: Frequencies of SCEs in control and all treated group.
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Graph 2: Frequencies of SCEs/Cell in control and all treated group.
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Graph 3: Frequencies of CCPI in control and all treated group.
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Cell Cycle Proliferative Index (CCPI): 

Cell cycle proliferative index was declined as dose of Cadmium increases in the cultures (Graph 3). At low dose 

(Group III) the value was not significant, while mid and high dose cultures showed significant decreased (Group 

IV- P<0.01 and Group V- P<0.001) in CCPI as compared to control. Curcumin co-supplemented cultures with 

high dose of Cadmium (Groups VI) showed highly significant (P<0.001) recovery as compared to high dose 

Cadmium treated culture (Group V). Cadmium high dose culture supplemented with Curcumin showed 76.3 % 

amelioration (Graph 3). 

 

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

All the doses of Cadmium (Group III, IV and V) showed highly significant increase (P<0.001) in AGT and PDT 

as compared to control (Graph 4). Culture of high dose of Cadmium with Curcumin (Group VI) revealed 

significant decreased (P<0.001) in mean frequency of AGT and PDT as compared with high dose Cadmium 

culture (Group V). Mitigation for AGT and PDT with Curcumin were 79.9 % and 80.0 % respectively. Curcumin 

alone treated cultures (Group II) showed nonsignificant effect when compared to control (Graph 4). 

 

IV. Discussion 

The aim of present study was to evaluate the ameliorative potential of antioxidant herbal compound Curcumin 

against adverse genotoxic effects of Cadmium chloride in peripheral blood lymphocyte culture. Cadmium induces 

oxidative stress that leads to chromosomal anomalies in the form of increase in SCEs, alter the cell cycle by 

abating the CCPI which shows that it affects the cell proliferation index and elongation of AGT and PDT, so from 

this study it can be postulated that there is cytogenetic damage caused by Cadmium. Sister Chromatid Exchange 

analysis in human peripheral blood lymphocyte has often been applied as a cytogenetic testing of potentially 

mutagenic and carcinogenic chemicals [21]. An increased frequency of SCEs could be an indicator of persistent 

DNA damage ([22],[23]).  In the present study rise in SCEs observed after Cadmium exposure to PBLC. In support 

to our study other researchers also indicate increased rates of SCEs after Cadmium treatment ([24], [25], [26], 

[27], [28]). Cadmium is known to affect the cell proliferation, differentiation and progression leading to alteration 

in DNA synthesis and causes apoptosis [29]. In this study also Cadmium affects the cell proliferation by declining 

the CCPI and cell Progression by elongation of AGT and PDT. At cellular level, Cadmium alters both damaging 

and repair processes in which the cellular redox status plays a crucial role ([30],[31]). The basic mechanism 

involved in Cadmium toxicity are gene regulation, oxidative stress, disruption of cadherin, inhibition of DNA 

repair and interference with apoptosis ([32],[33],[34],[35],[36],[ 37]). 

 

Cadmium enters into biological and chemical processes with its similarity to Ca2+ and Zn2+ in terms of chemical 

properties, charge and ionic radius [38]. Recent literature suggests that Cadmium act as an indirect carcinogen. 

Cadmium interferes with the DNA repair processes and enhances the genotoxic effects of mutagens acting directly 

([30],[38],[39],[40],[41]). Privezentsev and co-workers suggested two possible mechanism of Cadmium affecting 

the genetic materials: direct Cd-DNA interaction, which results in single-strand breaks within DNA or the action 

of incision nuclease and/or DNA-glycolases during DNA repair. Cadmium chloride may also interfere with 

chromatin condensation ([42],[43]). In this study also Cadmium induces toxicity in dose dependent manner and 

lead to cytogenetic and genotoxic damage may be due to above mechanism. 

 

On the other hand, antioxidants are the natural defense mechanism existing in our system and these are capable 

of scavenging the deleterious free radical ([5], [44]). It is believed that antioxidant should be one of the important 

components of an effective treatment of Cadmium poisoning. Hence, in our study we aimed to assess the 

protective effect of Curcumin, the main ingredient of Indian curries against Cadmium induced genotoxicity. 

 

Curcumin is a derivatives of Curcuma longa and responsible for most of the biological activities of turmeric ([45], 

[46]). In vitro and in vivo studies on animals have suggested a wide range of potential therapeutics or preventive 

effects associated with Curcumin ([14], [15], [47]). The antioxidant mechanism of Curcumin is due to its specific 

conjugated structure of two methoxylated phenol and an enol form of β-Diketone. This structure is responsible 

for free radical trapping ability as a chain breaking antioxidant [48].  Several studies have demonstrated 

Curcumin’s ability to reduce oxidative stress ([49], [50], [51]). So, it might be possible that by scavenging free 

radicals, Curcumin protect the chromatin material against free radical toxicity generated by Cadmium. Moreover, 

the role of Curcumin to chelate the toxic metals was shown by Daniel and co-workers [52].  They found that 

Curcumin significantly protects against lipid peroxidation induced by heavy metals, like Lead and Cadmium in 

the rat brain homogenate [52]. Singh and Sankhla reported the in situ protective effects of Curcumin on Cadmium 

chloride induced genotoxicity in bone marrow of Swiss albino mice, which support our results on human 

peripheral blood lymphocyte cultures [37].  In our study also Curcumin shows the mitigating effects on Cadmium 

exposed lymphocyte. Hence, Curcumin which is actively used in Indian curries and it is economical as well as 

easily available natural herb can be used as a potent antidote against Cadmium induced genotoxic effects.  
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