
VAEC-AR 06--27 

 

The Annual Report for 2006, VAEC 
 

191

STUDYING THE ACTION OF Cadmium TO CLAASIFICATION 
AND FREQUENCIES OF CHROMOSOME ABERRATIONS 

INDUCED IN HUMAN LYMPHOCYTES EXPOSED                                   
TO GAMMA RAYS 

Tran Que, Hoang Hung Tien, Nguyen Thi Kim Anh and Thi Ngoc Lien 

 Nuclear Research Institute 

 Trinh Dinh Dat, Do Le Thang 

The University of The Natural Sciences, HaNoi  

Nguyen Van Kinh 

Choray Hospital 

Abstract: In the effort to find the reasons lead to unstabilization of low radiation dose 
effects, the influence of the Persistent, Bioaccumulative and Toxic chemicals such as 
Arsenic, Cadmium and other heavy ion to chromosome aberrations in Human 
lymphocytes exposed to gamma rays was investigated. The presentation of the agents 
that prevented repair of DNA breaks by irradiation can induced more breaks than not.   
With a suggest that Cadmium is a factor that can cause damages in DNA molecular and 
inactivated repair enzyme also, the investigating chromosome aberrations induced in 
human lymphocytes by combined action of Cadmium and gamma rays is conducted 
with 4 groups: Cd; gamma; Cd/gamma and Gamma/Cd. Different with Arsenic, the 
observed results presented that Cadmium in the single concentrations 0.05 μg/ml and 
0.10 μg/ml were not aspect to mitotic index and chromosome aberrations also. In the 
combined treatments, the difference on frequencies of Dicentric and Fragment in 
lymphocytes treated with variable Cadmium concentrations in the same group of  
gamma rays dose was clearly. Following the increasing of Cd concentrations in the 
combinations exposed to the same radiation dose, the frequencies of Dicentrics were 
decreasing but the frequencies of Fragments were increasing. The difference on 
frequencies of chromosome aberrations was not detected in the Cadmium concentrations 
0.05 μg/ml and 0.10 μg/ml of the combinations of post-exposed to gamma rays, it 
means that Cadmium do not aspect to the induction of chromosome aberrations after 
repair time.  
We suggest that Cadmium is not directly causing chromosome aberrations but aspect to 
the DNA damage repair progress of lymphocytes. The Cadmium can induced  the 
increasing fragments (blocking of cohensive free ends) by bound the blunt free-end of 
DSB or create near site DSB (unblunt free-end) that lead to difficulty in joint together.    

INTRODUCTION 

The three general principles of the International Commission on Radiological 
Protection (ICRP) are: justification, optimization (ALARA) and dose limitation. The 
ALARA principle is forecasted by unstabilization of low radiation dose effects. 
Actually, the dangerous levels of exposing were not depended on radiological source, 
but also depended on biological mechanisms. The pathways of DNA repair can be 
decreasing the dangerous level of radio-exposing more times.       

Actually, near 90% of DNA damages induced by exposing were repaired by the 
action of repair enzymes, these are the special chemical compounds, which easily to 
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prevent by chemical actions. The prevention of repair enzymes can be caused by the 
compounds of the Persistent, Bioaccumulative and Toxic chemicals such as Arsenic, 
Cadmium, Asbetos, Mangan, Lead, Chromic, Zinc… 

Cadmium is considered to be toxic, and is a probable cancer causing agent in 
Human. It is believed that Cadmium can have toxic effects on the prostate, kidney, lung, 
testes, bone and may also affect the female reproductive cycle. The toxicity of Cadmium 
are estimating, some countries including American will applying the standard for 
drinking water, which the concentrations of Cadmium are limited to 0,05 mg/l. The high 
residue of Cadmium were detected in protein, lung, kitney and bone ß Human which 
have been used as the biomarkers for estimating of Cadmium contamination in the high 
background areas. The compounds of Cadmium such as CdO; Cd(NO3)2; CdCl2; CdSO3 
were estimated such as the mutagenic factors and cytototic toxins in the different levels. 
Arsenic and lead can caused the DNA damages by direct pathways or indirect pathways.  

Genotoxic effect - one of the most important biomarkers to assert the 
relationship between Cadmium and cancer was also detected in the recent cytogenetic 
studies. The significant high frequencies of DNA damage, chromosome aberrations, 
micronuclei, chromatid breaks in lymphocytes of the residents who lived in the high 
Cadmium background contamination were observed. 

Studying the action of Cadmium to classification and frequencies of chromome 
aberrations in Human lymphocytes exposed to gamma rays help to explain the base of 
unstabilization of low radiation dose effects and estimate the influence of Cadmium in 
the field of radiation protection and environmental safety. 

SUBJECTS AND METHODS 

Subjects 

- Lymphocytes from peripheral blood of health person. Using standard cultural 
medium and protocol of biodosimetry that recommended by of IAEA. 
 Cadmium standard solution (Cd(NO3)2 in HNO3 0.1M pH 5.5; Cd: 1000 
mg/l) (Wako Pure Chemical Industries, Ltd, Japan). 

- Gamma rays source of Nuclear Research Institute, Dose rate:  
 

Methods 

1. Peripheral blood lymphocytes culture. 

Protocol of IAEA, medium F10 with 20% fetal calf serum, kanamicine, heparine, 
colchecine, phytohemaglutinin. 370C/48h. 

2. Arranging of treated combinations. 

Using 18 combinations with the concentrations of Cd and dose of gamma follow: 

Combinations in the 
absorbed doses of γ (Gy) 

The pathways of 
treatments 

Concen. of 

Cd (μg/ml)

Cd100μg/ml 
(μl/5ml mÉu)

0 0,75 1,0 1,50 

0 0 1 4 7 10 Treatment Cd in the 
medium without PHA, 0,05 2,50 2 5 8 11 
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370C before irradiated 3 
h. 

0,10 5,00 3 6 9 12 

0 0 - - - - 

0,05 2,50 - 17 20 23 

Treatment Cd in the full 
medium, 370C after 
irradiated 3 h. 

0,10 5,00 - 18 21 24 

3. Analyse of the data. 

- Mitotic index = % (Σmitose/Σ(cell+mitose).  

- Frequency of chromosome aberration = % (ΣChromosome aberration/Σ 
metaphase. 

RESULTS AND DISCUSSION 

I. The cytototic toxicity of Cadmium. 

I.1. The mitotic index of Human lymphocytes treated to Cadmium. 

The mitotic index was used as a biomarker to estimating the influence of 
Cadmium to cytototic effect of lymphocytes. Different with Arsenic, Cadmium induced 
the decreasing of mitotic index was not clearly at concentration 0.05 μg/ml/ 48 h (2,37% 
± 0,08% compare with 2,24%±0,08 of control). The decreasing of mitotic index in Cd 
concentration 0.10 μg/ml was also slowly, and lead to LD50 at ~2,00 μg/ml.  

I.2. The mitotic index of Human lymphocytes treated to Cadmium and 
gamma rays.  

The mitotic index in the combinations treated Cadmium concentrations and 
exposed to gamma rays were presented in figure 1. 
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                           Fig. 1. The mitotic index of lymphocytes treated with Cadmium & gamma rays.  

The standard errors of the observed data were presented a crosslinking of the 
mitotic index value among combinations exposed same gamma rays dose (4, 5, 6; 7, 8, 
9; 10, 11, 12; 17, 18; 20, 21 and 23, 24), it improved that the influence of Cadmium in 
the range of concentrations 0.05 μg/ml to 0.10 μg/ml was not reliably. The difference of 
mitotic index in the combinations was depended only on the gamma rays dose. 

Arsenic induced the decreasing ~66% of mitotic index in the concentration As 
0.1 μg/ml, meanwhile Cadmium was not aspect to mitotic index in this concentration. 
Arsenic prevented mitotic index with LD50 smaller 0.1 μg/ml, meanwhile LD50 induced 
by Cadmium was near 2.00 μg/ml (bigger than 20 folds). The cytototic toxicity of 
Cadmium was lower than that of Arsenic.    
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II. The cytogenetic toxicity and the pathways induced chromosome 
aberrations of Cadmium. 

II.1. The classification of chromosome aberrations induced in Human 
lymphocytes treated with Cadmium and Cadmium & gamma rays. 

The presentation of types of chromosome aberrations depended on types of DNA 
damages, DNA repair and cell cycles. The classification of chromosome aberrations was 
also used to detect the specific of mutagens, the chromosome aberrations in the first 
metaphase were reflected the presentation of DNA damages before phase S and the 
ability of DNA repair.   

The observed data showed that only chromose aberrant types were detected in 
the combinations that treatment with Cadmium & gamma rays 5, 6, 8, 9, 11, 12, 17, 18, 
20, 21, 23 and 24. Chromose aberrant types were informed from double strand breaks 
before phase S, it means that the types of chromosome aberrations showed the specific 
actions of radiation pathways. The participation of Cadmium in the data of chromosome 
aberrations have to analyse to known that Cadmium is radiomimetic agents or prevent 
repair enzyme of DNA damages causing by irradiation. In spite of this, Cadmium can 
not causing chromosome aberrations (combinations 2, 3), Cadmium was not causing 
double strand breaks directly. 

  II.2. The quantity of chromosome aberrations in the combinations treated 
with single Cadmium and Cadmium & gamma rays.    

The chromosome aberrations were detected in the combinations treated with 
single concentration 0.10 μg/ml/48 h, dicentric 0.1% and fragment 0.19% were covered 
by the spontaneous. The observed data were not asserted clearly that Cadmium can 
causing double strand breaks in the range of concentrations from 0.05 μg/ml to 0.10 
μg/ml.  

In the case of treatment Cadmium before irradiation, the frequencies of 
dicentrics also fragments detected in the different combinations of the same radiation 
dose group were difference (4, 5, 6; 7, 8, 9; 10, 11, 12), but the observed data in the 
combinations that treatment Cadmium after irradiation were not like this (17, 18; 20, 21; 
23, 24). The figure 2 showed these observed data.  
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Fig. 2. Frequencies of dicentrics (black), of fragments (slight) 

detected in the combinations Cadmium & gamma rays. 

The difference of the frequencies of dicentrics also fragments detected in the 
Cadmium concentration 0.05 μg/ml, 0.10 μg/ml and control were not clearly, it means 
that the biomarker of chromosome aberrations was not positive for estimating the 
toxicity of Cadmium in the concentrations below 0.10 μg/ml. 
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In the case of the combinations 4 to 12 (treatment Cadmium before irradiation), 
the frequencies of dicentris also fragments showed the significant difference between 
concentrations 0 μg/ml, 0.05 μg/ml and 0.10 μg/ml of the same gamma rays dose group 
(combinations 4, 5, 6 of 0.75 Gy; 7, 8, 9 of 1.00 Gy; 10,11, 12 of 1.50 Gy). The 
observed data showed the same principle that frequency of dicentric was decreasing, 
frequency of fragment was increasing followed the increasing of Cadmium 
concentrations in a group of radiation dose. The observed data confirmed that Cadmium 
effected to frequencies of chromosome aberrations, and recorded that Cadmium induced 
the indirect double strand breaks after irradiation. The observed data in the combinations 
treated Cadmium after irradiation 3 hours (17 and 18, 20 and 21, 23 and 24) was not 
showed the difference on frequencies of chromosome aberrations liked those of the 
combinations treated Cadmium before irradiation. The frequencies of chromosome 
aberrations detected in these combinations were similar to the frequencies of those 
detected in the single dose of gamma rays (17 and 18 same 4; 20 and 21 same 7; 23 and 
23 same 10). Cadmium was not effected to information of chromosome aberrations after 
the completed repair of DNA damages.   

There are influence of Cadmium to classification and frequencies of 
chromosome aberrations in the case of treatment Cadmium before irradiation, it means 
that Cadmium intervened to repair progress of DNA damages by irradiation. The 
classification of chromosome aberrations and the observed data were showed that 
Cadmium caused the indirect cohensive free ends or prevented rejoint among two 
cohensive free ends.  The decreasing of dicentric in the combinations 5 and 6 compared 
with 4; 9 and 10 compared with 8; 11 and 12 compared with 10 showed that Cadmium 
prevented rejoint of the centric cohensive free ends. The increasing of fragments was 
causing by increasing of double strand breaks or prevented rejoint of cohensive free 
ends. The observed data on the ratio (fragment/cell had fragments) was not showed the 
second mechanism, it means that the excess fragments in the combinations treated 
Cadmium before irradiation were causing from the indirect double strand breaks. 
Maintaining the cohensive free ends was carrying out by missrepair pathways of DNA 
damages induced the cohensive free unblunt ends. 

Conclusion 

1. The decreasing mitotic index of lymphocytes treated with Cadmium Cd(NO3)2 
in the ranged concentrations from 0.05μg/ml to 0.10μg/ml were slightly, and increasing 
the frequencies of chromosome aberrations compared with controls were unclearly.  

2. The classification of chromosome aberrations detected in the combinations 
Cd/gamma was not different with the types of chromosome aberrations detected in the 
combinations exposed only gamma rays. But Cadmium was not induced the double 
strand breaks of DNA.  

3. The same As3+, Cadmium induced the decreasing frequency of dicentric 
aberrations, and the increasing frequency of fragments in the combinations of the same 
absorbed dose. Cadmium is not directly causing chromosome aberrations but aspect to 
the DNA damage repair progress of lymphocytes, but Cadmium can induced  the 
increasing fragments (preventing of cohensive free ends) by bound the blunt free-end of 
DSB or create near site DSB (unblunt free-end) that lead to difficulty in joint together. 

4. Cadmium in concentrations 0.05 μg/ml vµ 0.10 μg/ml was not changed the 
frequencies of chromosome aberrations compared with the same dose of gamma rays, 
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Cadmium was not induced the increasing of irradiation dangerous level after completed 
repair time.  

5. Cadmium caused the changing of classification and frequencies of 
chromosome aberrations induced by gamma rays by the miss-repairing of DNA 
damages. Despite the cytototic toxicity and cytogenetic toxicity were low, but cadmium 
can induced the  increasing of the dangerous levels of irradiations. 

6. Despite the difference of mitotic index and frequencies of chromosome 
aberrations was not clearly that compared between the concentrations Cd below 0,10 
μg/ml and control, but using gamma rays such as a double dose method can estimate 
Cadmium in the concentrations below 0,10 μg/ml. 
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