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Abstract 
 Exposure of microcrustacean Moina macrocopa neonates to cadmium chloride at a 
concentration of 160 µg L-1 resulted in significant nuclear damages as judged by single cell gel 
electrophoresis or Comet Assay. DNA damages were assessed quantitatively by measuring 
percentage of tail DNA and tail moment. It was found that the % tail DNA and the tail moment 
of the cadmium treated group were 4.44 ± 1.40 % and 0.17 ± 0.07 as compared to the values 
of 0.32 ± 0.08 % and 0.00 ± 0.00 in the control group, respectively. The values of both % tail 
DNA and the tail moment of cadmium treated group were significantly higher than that of the 
control group, having p < 0.05 in both cases. Examination of the morphology of the cell nuclei 
revealed that the nuclei of most cells in the control group are rounder than the cadmium 
treated group. 
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1. Introduction 
 Heavy metals have been a major concern for the safety of the environments during 
the past decades due to its uses in several industries. Damages to DNA of living organisms, 
both plants and animals, have been shown to occur widely upon exposures to those metals 
(Almeida, Pereira et al., 2013; Duan, Zhai et al., 2013; Prochazkova, Wilhelmova et al., 2013; 
Fae, Balestrazzi et al., 2014; Kaur, Singh et al., 2014; Gupta, Ahmad et al., 2015; Khisroon, Gul et 
al., 2015; Santos, Pourrut et al., 2015; Xin, Wenchao et al., 2015; Gasulla, Picco et al., 2016; 
Singh, Bhagat et al., 2017)  
 The issue of our special concern is the cadmium contamination in the aquatic 
environment. There has always been a requirement to find bioindicators for its contamination. 
Cladocerans are organisms of choice to be used in the study of heavy metals toxicity. This is 
because the cladocerans are zooplanktons, so they are usually sensitive to the changing in 
their environments. In this regard, Daphnia spp., particularly Daphnia magna seems to be an 
organism for standard monitoring of the aquatic environment (Barata, Markich et al., 2002; 
Pellegri, Gorbi et al., 2014). Cadmium is known to be a carcinogen because of its inhibition on 
DNA repair, apoptosis resistance, induction of oxidative stress, and the cause of aberrant gene 
expression (Joseph, 2009). The well accepted standard assay is therefore the assay for the 
damages of genetic materials using the single cell gel electrophoresis (SCGE) or the Comet 
Assay (Olive and Banath, 2006; Kumaravel, Vilhar et al., 2009; Lorenzo, Costa et al., 2013; 
Muthukaruppan, 2015; Santos, Pourrut et al., 2015). Comet assay has been shown to be truly a 
good indicator for genetic damages by pollutants (Azqueta and Collins, 2013). 
 In a tropical country like Thailand, Daphnia spp. are not common in nature. 
However, another cladocerans Moina macrocopa are abundant and ubiquitous. Only few 
studies have been carried out on cadmium toxicity in Moina macrocopa. For example, a study 
locally showed that cadmium can enter Moina macrocopa through a food chain. Cadmium 
was shown to find its route from the phytoplankton C. vulgaris to the zooplankton M. 
macrocopa and eventually to the catfish C. macrocephalus and C. gariepinus (Ruangsomboon 
and Wongrat, 2006).  Another study showed that exposure of M. macrocopa to CdCl2 at 0.08, 
0.16 and 0.32 L-1 had negative effects on survivorship and reproduction of the 
microcrustaceans (Gama-Flores, Sarma et al., 2007). However, the work did not include the 
study on damages of cell nuclei. It therefore becomes the objective of this research to study 
the effect of cadmium chloride on cell nuclei morphology as well as to assess the damages of 
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cell nuclei in Moina macrocopa by single cell gel electrophoresis (SCGE) or also known as the 
Comet Assay.  
 
2. Materials and methods  
 2.1. Animals and growth conditions 
 Microcrustaceans Moina macrocopa were purchased from an aquaculture farm in 
the eastern part of Bangkok, Thailand. The microcrustaceans were acclimated to laboratory 
conditions at 30 ± 2 0C under a light-dark cycle of 12:12 for one day with continuous aeration. 
The animals were fed daily using a commercial yeast Saccharomyces cerevisiae. Neonates of 
less than 24 hour were separated from adults and used in the experiments. 
 2.2 CdCl2 treatment  
 A control group consisted of approximately 100 microcrustaceans Moina macrocopa 
neonates raised in a 250 mL-size beaker containing 50 mL of filtered water. A cadmium-treated 
group contained the same number of neonates, raised in 50 mL filtered water but containing 
160 µg L-1 of CdCl2. The neonates were raised in a light: dark cycle of 12:12 hours at 
temperature 30 ± 2 0C with gentle aeration. Neonates were fed with the yeast once a day. 
After 48 hours, the neonates were washed with filtered water three times before being used in 
the experiment 
 2.3 Examination of microcrustaceans Moina macrocopa under a light and 
fluorescence microscope. 
 It is a common practice to assess the health of the microcrustaceans Moina 
macrocopa obtained from the farm before being used in the study. It is generally done by 
placing fresh specimens on a glass slide. After a coverslip was placed over the specimens, 
photomicrographs were taken by an Olympus ix71 inverted fluorescence & phase contrast 
microscope equipped with a DIC system (Olympus Co, Japan). The first set of 
photomicrographs were taken under visible light. When the water between the coverslip and 
the glass slide was nearly dried out, a small amount of DAPI (4',6-diamidino-2-phenylindole) 
solution at a concentration of 2 µg mL-1 was placed to seep through between the cover slip 
and the glass slide.  
 2.4 Comet assay or Single cell gel electrophoresis (SCGE)  
 Neonate samples in a 1.5 mL microcentrifuge tube were homogenized by a blue 
plastic pestle after a solution of 500 µL of buffer P (1 mL of PBS, 8 mL of 0.1 M EDTA and 1 
mL of 10% (v/v) DMSO) was added. The homogenate was filtered through a 45 µm nylon filter 
and the filtrate was centrifuged at 16,000 x g for 4 min in 1.5 mL microcentrifuge tubes. After 
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the supernatant was removed and discarded, the precipitate was kept cold in the dark for 
further processing 
 A volume of 500 µL of 2% (w/v) low melting point agarose (LMA) in PBS buffer was 
added to the precipitate and mixed gently. The slurry agarose-cell mixture was layered onto 
microscope glass slides that were previously coated with 1% (w/v) LMA (in PBS). When the gel 
started to set, 120 µL of 1% (w/v) LMA was layered on top of the agarose-cell mixture. The 
whole process was carried out in a dark room.  The glass slides were incubated in a lysis 
solution for 24 hr at 4 0C. The lysis solution consisted of 2.5 M NaCl, 0.1 M Na2EDTA, 10 mM 
Tris-HCl, adjusted to pH 10, and just before use, Triton-X100 and DMSO were added to have a 
final concentration of 1% (v/v) and 20% (v/v), respectively. 
 
 2.5 Electrophoresis 
 Single cell gel electrophoresis of microcrustaceans Moina macrocopa was carried 
out in a cold room. After the removal of the lysis solution, the glass slides were placed on the 
sample stage of HU10 electrophoresis equipment (Scie-Plas, United Kingdom). After adding 
electrophoresis buffer (0.3 N NaOH, 1 mM Na2EDTA, pH 13) to cover the glass slides and let it 
equilibrate for 5 min, a current of 300 mA having a voltage of 25 V was applied for 15 min. The 
glass slides were treated with a neutralization buffer (0.4 M Tris base, pH 7.5) for 5 min. The 
glass slides were stained by 10 µg L-1 of ethidium bromide for 10 min. Wash the glass slide 
several times to remove the dye. Photos were taken by a fluorescent microscope (Nikon 
Company, Japan). % Tail DNA and Tail moment of 100 cells were analyzed by LUCIA program. 
 
 2.6 Statistical analysis 
 % Tail DNA and Tail moment were analyzed by using the Brown-Forsythe test at P < 
0.05 of SPSS 18 (IBM) to test for equality of means. Normality of data was tested by the 
Kolmogorov–Smirnov test. Homogeneity of variances of the data was assessed by the Levene’s 
test.  
 
3. Results and discussion 
  Light microscopy and fluorescent microscopy of the Microcrustaceans Moina 
macrocopa samples were carried out to check if the adults and neonates were healthy prior 
to be used in the experiment. Typical photomicrographs of the healthy microcrustaceans are 
shown in Fig.1 for both the adult and the neonates. It is evident from light microscopy (Fig. 1A) 
that the healthy adult would have a gut full of feeds while the fluorescent microscopy (Fig. 
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1B) shows that both adults and the neonates contained healthy cell nuclei well stained with 
DNA intercalating dye, the DAPI. The neonates have cells packed together at high density, 
ready to be isolated for single cell gel electrophoresis, the Comet Assay. 

 
Fig. 1. A DAPI-stained female Moina macrocopa with juveniles (J) under a light microscope (A), 
and under an Epi-fluorescence microscope (B) showing overall morphology of the 
microcrustaceans under different light conditions. A paired first antennae (An1) is shown on top 
of the figure. 
   
 Nuclei of cells migrated in electric field for 15 min are shown in Fig. 2. From general 
observation, the nuclei of most cells in the control group are rounder than the cadmium 
treated group. A typical cell nucleus of the control group is shown in Fig. 2A, while a nucleus 
with a comet tail of a typical cell from the Cd treated group is shown in Fig. 2B. It is apparent 
that the comet tail is rather short and not as long and pronounce as those demonstrated in 
other species studied. The comparative species are, for examples, isolated marine muscle cells 
(Zhang, Chen et al., 2017), human liver carcinoma (HepG2) cells (Skipper, Sims et al., 2016), 
and Daphnia magna (Pellegri, Gorbi et al., 2014). However, the above comparison cannot be 
taken as a concrete differentiation because the conditions of the experiments in all cases were 
not the same.  
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Fig. 2. Fluorescence photomicrographs of comet assay of representative cells of M. macrocopa 
in control and cadmium-treated groups. A is a cell nucleus from a control group. B is a cell 
nucleus from the 160 µg L-1 cadmium treated group where a faint comet tail can be seen in 
the south-west direction of the figure.  
 Quantitative analysis of the DNA damage was done by assessing the % Tail DNA (Fig. 
3) and the Tail moment (Fig. 4) from a population of 100 cell nuclei for each case of the 
control group and the cadmium-treated group. It was found that the % tail DNA and the tail 
moment of the cadmium treated group were 4.44 ± 1.40 % and 0.17 ± 0.07 which are 
significantly higher than the values of 0.32 ± 0.08 % and 0.00 ± 0.00, respectively in the control 
group (p < 0.05 in both cases). It is evident from Fig. 3 that the % tail DNA of the cadmium 
treated group is only 4.44 ± 1.40 %. This level of damage is commonly regarded to be a 
minimum damage because it was a level below 10 % which is classified as minimal 
(Mitchelmore, Birmelin et al., 1998). 
 

 
Fig. 3. % tail DNA of cell nuclei from microcrustaceans Moina macrocopa neonates exposed 
to 0 and 160 µg L-1 of cadmium for 48 hours. Values of % tail DNA from each histogram 
represent mean ± SE (n = 100). Different letters show a significant difference at P < 0.05.  
 
 Our results indicated that microcrustaceans Moina macrocopa were less sensitive to 
cadmium than Daphnia magna. In the case of Moina macrocopa, treatment with cadmium at 
a concentration of 160 µg L-1 for 48 hr caused damages at a minimum level, while the 
treatment of Daphnia magna with 10 µg L-1 of cadmium for only 24 hr did cause substantial 
damages already (Pellegri, Gorbi et al., 2014). The finding supports the Species Mean Acute 
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Value (SMAV) for cadmium set by United States Environmental Protection Agency for Daphnia 
magna to be 40.62 µg L-1 and for Moina macrocopa to be 86.51 µg L-1 (Pellegri, Gorbi et al., 
2014). 
 

 
Fig.4. Tail moment of cell nuclei from microcrustaceans Moina macrocopa neonates exposed 
to 0 and 160 µg L-1 of cadmium for 48 hr. Values of tail moment from each histogram 
represent mean ± SE (n = 100). The value for the control group is very low so that the SEM bar 
is not visible. Different letters show a significant difference at P < 0.05.  
 
4. Conclusions 
 Cell nuclei of microcrustaceans Moina macrocopa neonates showed a minimum 
level of DNA damages upon exposure to 160 µg L-1 of cadmium as revealed qualitatively by 
fluorescence microscopy and quantitatively by the assessment of % tail DNA and tail moment. 
The scientific basis of the difference in the sensitivity to cadmium in Moina macrocopa and 
Daphnia magna warrants further investigation at a molecular level. 
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