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ABSTRACT 
Nanoparticles (NPs) have wide range of application in the world. Environmental point of view, 
the safety of NPs in relation to their toxicity is very essential. Present study is under taken to 
evaluate the acute toxicity effect of NPs on earthworm species Eudrilus eugeniae exposed for 24 
h in  petriplate containing variable concentration of NPs viz.,  0.7, 7.0 and 70  mg /ml. At the end 
of the experiment antioxidant activity was estimated, the activity of CAT (catalase) was found to 
be significantly decreased in increasing concentration of both TiO2 and Cd (OH)2 NPs. This 
depleted catalase activity can suggest increased oxidative stress. Similarly, the activity of MDA 
was found to be significantly increased in increasing concentration of TiO2 and Cd (OH)2 as 
compare to control. These increased MDA activity may be indicative of free radical tissue 
injury. At the same time carbohydrates and protein content was found to decreasing in both the 
NPs. The bioaccumulation of Ti and Cd was also estimated, cadmium was more bioaccumulated 
than that of the Ti. Our present study shows that both TiO2 and Cd (OH)2 NPs exert harmful 
effects to E. eugeniae in their increasing concentration and the toxicity of Cd (OH)2 is higher 
than TiO2.  
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INTRODUCTION  
Heavy metals are essential for optimum crop 
production. They can also acts as toxicants to soil 
and crops at elevated concentration. Heavy 
metals such as Mn, Ni, Cd etc are required at 
micro level for optimum crop production.1 At 
high concentration, the same metals can results 
into stunted growth of crops and cause adverse 
effects on the final consumer of these crops.2 The 
earthworm can bioaccumulate more of the lead 
and cadmium.3,4 studied the relative contribution 
of the dermal and the gut exposure route to the 
uptake of heavy metals in earthworms. Saxe5 
estimated that the dermal exposure route 
accounted for more than 96% of the total uptake 
of cadmium and copper in the earthworm 
species, Eisenia andrei for 82% of the total 
uptake of zinc.  
The nanometal particles (NPs) exist in natural 

system such as soil, groundwater, streams, rivers, 
oceans and in atmosphere.6 Scanty is known 
about the possible biological environmental 
impact of xenobiotic of nanomaterials.7 
However, in present days it has been shown that 
different NMs such as metal and metal oxides are 
toxic to aquatic invertebrate.8 Metal oxide 
nanoparticles (NPs) have received considerable 
attention and have a variety of applications. 
Because of their potential introduction in to soil 
as well as the aquatic environment the inclusion 
of a set of exotoxicity tests in the risk 
characterization of NPs is necessary.9,10 
Nanoparticals have unique thermal, mechanical, 
magnetic and optical properties that allow for 
their widespread application in biomedicine and 
many industrial sectors.11 More than 1310 
consumer products are based on nanomaterial.12 

Estimation of the worldwide investment in 
nanotechnology previews that $3 million will be 
attained up to 2014.13  NPs of TiO2 and ZnO are *Author for correspondence 
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widely used in sun care products.14  A series of 
physiological effects induced by TiO2 NP3 have 
been observed in rainbow trout,  Oncorhynchys 
mykiss.15 Toxicological effect of TiO2 and ZnO 
nanoparticles in soil on earthworm E. foetida 
have been studied.16  

AIMS AND OBJECTIVES 
In present investigation, our attempt have  
focused on acute toxicity effects of TiO2 and Cd 
(OH)2 NPs on earthworm species,  E. eugeniae 
with respect to bioaccumulation, antioxidant 
enzymes activity  as well as total protein and 
carbohydrate content. 

MATERIAL AND METHODS 
The nanoparticals like TiO2 and Cd(OH)2  were 
purchased from scientific supplier (Gandhi 
Scientific and Chemical, Pune, India)  having 
diameter was 20 nm (92 % assay) and 30 nm (99 
% assay) respectively. Earthworm species 
Eudrilus eugeniae were obtained from State 
Government agriculture nursery, Sakri, Dist- 
Dhule, Maharashtra, India.  Only healthy adult 
worm having well developed clitellum were used 
for the experiment. 
Earthworm acute toxicity tests were conducted 
according to OECD guideline. 17 For the test, the 
dry powder of TiO2 and Cd(OH)2 NPs were 
mixed in 0.75%  earthworm ringer  solution to 
make final concentration of   0.7, 7.0 and 70 
mg/ml and control with one ml ringer  for both 
the NPs. Every time only one earthworm was 
added in each concentration along with control 
for 24 h. For each treatment, five (5) replicates 
were prepared. Prior to all further test the worm 
was weighed and digested in 3 ml of conc.  
HNO3 for 24 h.  After digestion the acid was 
evaporated and the residue was dissolved in 4% 
nitric acid. The Ti and Cd bioaccumulation were 
measured with AAS. Prior to biochemical 
analyses, the worms (four  for each group)  was 

cut into pieces and mixed with ice cold 0.86% 
NaCl solution,  the mixture was homogenized 
and  then centrifuged at 4000 rpm for 10 
minutes. The resulting supernatant was used for 
the determination of catalase (CAT) and 
malondialdehyde (MDA). CAT activity was 
assayed as described18 and MDA levels were 
assayed by using thiobarbituric acid technique.19 
Similarly, total protein was analyzed phenol-
sulfuric acid method20 and carbohydrates were 
determined by using DGHS lab manual.21 The 
per cent change over the control was determined 
by the formula : 

% 
change = Experimental – Control X 100 Control 

RESULTS AND DISCUSSION 
Bioaccumulation  
After 24 h of exposure the total content of Ti 
and Cd metals were measured by AAS. The 
results (Table 1) showed that both Ti and Cd 
levels significantly increased along with 
increasing NPs dose. When the dose reached 
maximum i.e 70 mg/ml the concentration of Ti 
and Cd were about 414.58  and 428.19 ppm 
respectively over the  control with statistically 
significant difference observed (P <0.001).  In 
addition to this the content of Cd in earthworm 
tissue was higher than Ti under the same 
concentration. Therefore, it is suggested that Cd 
(OH)2 can be taken up more easily  by 
earthworm than TiO2. Our results are 
corroborated with the finding of  Hu et al. They 
revealed both Ti and Zn level increased along 
with increasing nanopartical dose concentration. 
Besides that the content of Zn in earthworm 
tissue was much higher than that of Ti under the 
same dose dependent increase. Sulata22 reported 
that low levels of metal treatment do not 
apparently harm the earthworm in respect of 
their survival and growth 

Table 1 : Bioaccumulation of Ti and Cd 

Metal 
tested 

Concentration (ppm) 
Control 0.7 mg/ml 7 mg /ml 70 mg / ml 

Ti 
(Titanium) 

109.63 ± 
04.50 

247.46 ± 06.50 
(125.72) ** 

302.81± 05.00  
(176.21) ** 

414.58 ± 05.25  
(278.16)*** 

Cd 
(Cadmium) 

104.69 ± 
05.00 

230.56 ± 04.00 
(120.23)* 

335.30± 06.50 (220.28) 
*** 

428.19 ± 06.50 
(309.01) *** 

* Significant value:  P<0.05, ** P<0.01, *** P<0.001. Values in the parenthesis are per cent change over control. CD 
(Mean ± SEM, n = 5). 
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Activities of CAT and MDA 
Activities of CAT and MDA are tabulated in  
Table 2. It indicates the activity of CAT were 
found to be a significantly decrease 
irrespective of increasing the concentration of 
both nanoparticals and was significantly lower 
than that of the control. Similarly activity of 
MDA increased markedly as we increase the 
concentration and higher in 70mg/ml dose as 
compare to control for both NPs. 
Hu et al., reported the activity of SOD and 
CAT could work together to convert O2 and 
H2O2 into harmless H2O and O2, reduce the 
formation of hydroxyl free radical. When the 
NPs concentration reached a higher degree 
activity of CAT was depressed slightly, this 
might be the natural antioxidant defenses 
began to be over whelmed. Toxicity of nano 

ZnO is higher than TiO2 which may be related 
to the higher bioaccumulative capacity. This 
work is supported by Song23 they reported that 
the CAT activity of earthworm was stimulated 
by atrazine at low dose and inhibited at higher 
doses. Activity of CAT enzyme were not 
significantly influenced at all concentration in 
animals exposed to agar medium  and on filter 
paper test but slight decrease was observed at 
higher concentration. 24  
MDA activity was thought to be one of the 
major peroxidation products in stressed 
conditions and is used, as an important index 
of the intensity of lipid peroxidation.25 The 
active O2 atoms generated by peroxide resulted 
in instability of the plasma membrane. In 
present work MDA activity showed the same 
variation tendency like CAT. 

Table 2 : Activities of CAT and MDA antioxidant enzymes 

Nano 
particals 

Antioxidant 
enzyme 
tested 

Dose mg/ ml 

Control 0.7 7.0 70 

 
TiO2 

CAT 1.582 ± 
0.16 

0.339 ± 0.08  
(- 78.57) *** 

0.282 ± 0.06  
(- 82.17) *** 

0.169 ± 0.04 
(- 89.31) *** 

MDA 
8.035 ± 
0.20 
 

23.56 ± 01.80 
(193.22) *** 

64.65 ± 
02.50 
(704.60)*** 

85.88 ± 3.50 
(968.82) *** 

 
Cd(OH)2 

CAT 1.582 ± 
0.16 

0.621± 0.08 
(- 60.74) ** 

0.339 ± 0.08 
(- 78.57) *** 

0.169 ± 0.06 
(- 89.31) *** 

MDA 
8.035 ± 
0.20 
 

46.10 ± 04.00 
(473.74) *** 

79.87 ± 
05.50 
(894.03) *** 

114.80 ± 
06.50 
(1328.75) *** 

* Significant value:  P<0.05, ** P<0.01, *** P<0.001. Values in the parenthesis are per cent change over control. CD 
(Mean ± SEM, n = 4). 

Biochemical contents  
Carbohydrate and protein content of 
earthworm were shown in Table 3. It 
indicates as compare to control the dose 
dependent significant decreased in protein 
and carbohydrates content were observed for 
both TiO2 and Cd(OH)2 nanoparticle doses. 
Our findings are corroborated with previous 
workers i. e. the main mechanism of toxicity 
of NPs is thought to be via oxidative stress by 
ROS (Reactive Oxygen Species) that changes 

the lipid, carbohydrates and protein contents 
as well as damage the DNA.26,27 ROS-
mediated toxicity has been shown for TiO2 
with in vitro studies, including brain cells.28 
Antioxidant enzymes can protect the 
mitochondria from damage. However, when 
excess ROS is produced the natural anti 
oxidant defenses may be over whelmed, 29-33 it 
will lead to sub cellular injuries such as 
protein denaturation, membrane damage and 
DNA damage etc.34-41 
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Table 3 :  Effect of on carbohydrate and protein content 

NPs Parameters 
Dose mg/ ml 

Control 0.7 7.0 70 

 
TiO2 

Carbohydrate 
% 

14.70 ± 
1.2 

13.50 ± 0.9 
(- 8.16) NS 

13.20 ± 1.0 
(- 10.20) * 

11.30 ± 0.8 
(- 23.13) ** 

Protein % 37.50 ± 
2.5 

30.80± 3.2   (- 
17.86) ** 

1.20 ± 2.5 
(- 24.80) ** 

19.10 ± 3.0 
(- 49.07) *** 

 
Cd(OH)2 

Carbohydrate 
% 

14.70 ± 
1.2 

12.60 ± 0.8  (- 
14.28) * 

12.60 ± 0.9      (- 
14.28) * 

08.60 ± 0.8   (- 
41.49) ** 

Protein % 37.50 ± 
2.5 

30.40 ± 3.2  (- 
17.86) * 

26.20 ± 2.8      (- 
30.13) ** 

17.30 ± 1.8 
(- 53.87) *** 

*Significant value:  P<0.05, **P<0.01, ***P<0.001. NS = Non-Significant (P>0.05). Values in the parenthesis are per 
cent change over control. CD (Mean ± SEM, n = 4). 

CONCLUSION 
After acute exposure (24 h) of E. eugeniae to 
TiO2 and Cd(OH)2 NPs, we conclude that  both 
TiO2 and Cd(OH)2 NPs  were  bio-accumulated 
in earthworm. The NPs deplete the CAT 
activity and increase the MDA activity. 
Catalase decomposes H2O2 in H2O and O2 and 
plays an important role in protection of tissue 
against oxidative stress. This depleted catalase 
activity suggest increased oxidative stress, 
similarly oxidative stress causes lipid 
peroxidation of the cell membrane. Increased 
MDA indicate free radical tissue injury.  Both 
NPs are toxic to E. eugeniae; among these Cd 
(OH)2  was more toxic than TiO2. 
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