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Abstract 

Fullerene (C60), a pure carbon, sphere-like molecule, acquiring unique 
physicochemical properties is increasingly used in biomedical, cosmetic 
and industrial applications. In the present study an attempt has been 
made to evaluate the role of fullerene in the brain antioxidant system of 
the cichlid fish, Pseudetroplus maculatus. Fish was exposed to fullerene at 
0.1 mg/ L concentration for 24, 48, 72 and 96 h maintaining control 
groups. The results showed no significant changes in the weight of the 
brain. The activities of antioxidant enzymes superoxide dismutase, 
catalase, and glutathione reductase significantly (P<0.05) decreased with 
the concomitant significant (P<0.05) increase in the levels of hydrogen 
peroxide generation and lipid peroxidation after 48 h of fullerene 
treatment. Acetylcholinesterase, a brain marker enzyme showed a 
significant (P<0.05) reduction following fullerene exposure at the end of 
48-96 h. These observations indicate that fullerene induced alteration in 
the brain antioxidant system and also acetylcholinesterase activity of the 
fish. Therefore, it is understood that fullerene can generate reactive 
oxygen species in the brain tissue and this could lead to potential adverse 
effects on fish population. 
Key words: Fullerene, Antioxidant, Acetylcholinesterase, Brain, 
Pseudetroplus maculatus. 

INTRODUCTION 

From the past few decades, there is a great concern on the release of variety of 
contaminants into the aquatic environment. Nanomaterials, one of the environmental 
contaminants, at the size ranging from approximately 1 to 100 nm are manufactured 
and released in large scale in the aquatic ecosystems. The main source of exposure is 
due to enormous use in various fields, large scale production, industrialization and its 
unique physico-chemical properties. Some of the nanomaterials are known to be very 
stable and form suspended aggregates in aquatic ecosystem; therefore, there is 
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possibility of accumulation in the aquatic organisms. In the recent years, the 
nanomaterial fullerene C60 have attained much attention due to its exceptional 
properties and versatility, high penetration ability, large surface area and chemical 
activity that makes more attractive for various applications ranging from consumer 
products to drug delivery systems. The various other biological properties of fullerenes 
include antioxidant, neuroprotective and antimicrobial activity (Lyon et al., 2006), anti-
HIV, antiapoptotic, enzyme inhibition activities and also widely used in osteoporotic 
therapy (Bosi et al., 2003). In contrast, it has been reported that manufactured 
nanomaterials exerts adverse effects on aquatic organisms that induce oxidative stress 
and could result in severe lipid peroxidation in brain tissue of fish (Oberdorster et al., 
2004). 

Once when nanomaterials are released into the environment, they can easily 
enter into the body of organisms through the skin, airborne route, or through water and 
food (Jain et al., 2007; Oberdorster, 2007).  There are several studies reporting the entry 
of nanomaterials in the body of aquatic invertebrates and vertebrates (Zhu et al., 2006a, 
2006b; Templeton et al., 2006; Elias et al., 2007). The structure and modification of 
carbon nanomaterial is one of the main factors responsible for the ability to penetrate 
into the body of aquatic organisms. Fullerene C60 was more toxic than its hydroxylated 
forms and the artificial modification of such engineered nanomaterial increases its 
hydrophilicity (Usenko et al., 2008; Isaacson et al., 2007; Zhu et al., 2007). The 
modification has been shown to occur naturally in the aquatic environment, which 
include agglomeration or aggregation, partial or complete degradation, chemical and 
microbial transformation and surface modification (Jafvert and Kulkarni, 2008). Such 
modifications either artificially or naturally make the nanomaterials more accessible to 
aquatic organisms.  

Fullerene C60 in unmodified form has been shown to enter into the embyos of 
zebrafish passing through the chorion whereas hydroxylated fullerenes (C60(OH)24), the 
modified form, failed to penetrate into the embryo (Isaacson et al., 2007). Some studies 
revealed the toxicity of fullerenes in the brain, gill and liver on the fish large-mouth bass 
(Micropterus salmoides) and zebrafish (Danio rerio) (Oberdorster, 2004; Zhu et al., 
2007). Fullerene C60 and its derivatives have been shown to induce cytotoxicity in 
human cell lines of skin and liver (Sayes et al., 2004). Therefore, the data available on 
the toxicity of nanomaterials are rather contradictory and ambiguous.   

In our previous study we have reported that fullerene C60 induced alteration on 
oxygen consumption and behavior of fish (Sumi and Chitra, 2015) and in addition, 
induced lipid peroxidation in the gill tissue of the fish, Pseudetroplus maculatus (Sumi 
and Chitra, 2016). Nanomaterials have the special property to cross the blood-brain 
barrier to reach the brain and also the cellular membrane in rats and 
medaka fish (Kashiwada, 2006; Oberdorster et al., 2004). The present study was 
performed as an attempt to evaluate if fullerene C60 alters the brain antioxidant system 
of the cichlid fish, Pseudetroplus maculatus.  
 
MATERIALS AND METHODS 

Healthy adult fish, Pseudetroplus maculatus, were collected from a fish farm, 
Kaloos Aquarium, Kottakkal, Kerala with weight of 8.5 ± 1.5 g and length 9 ± 1 cm. Fish 
with least disturbance were transported to the laboratory and acclimatized for two 
weeks to the laboratory conditions prior to experiment. Animal was maintained in 
dechlorinated water and good lighting system (12: 12 h; light: dark) throughout the 
experiments. The health status of fish was continuously monitored and unhealthy fish 
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were removed immediately. The physico-chemical features of the tap water were 
estimated as per APHA (1998) by using standardized measures where water 
temperature ranged from 28 ± 2°C, oxygen saturation between 70 and 100 % and pH 
7.6.  

Fullerene C60 (CAS No. 99685-96-8) of 99.9% purity was a generous gift obtained 
from Suzhou Dade Carbon Nanotechnology Co. Ltd., China. DMSO (1%) was used as a 
vehicle to dissolve fullerene which was sonicated in Sonics-Vibracell VX-400 at 35 Hz 
for 30 min at 3 sec pulse interval to attempt uniform dispersion before adding to the 
exposure tanks to reach 0.1 mg/ L. It is also important to point out that the present 
study was specifically designed to evaluate interactions between the nanomaterials 
fullerene and the biological system as fish model, not to mimic, for example, an 
environmental exposure scenario. Therefore, the above concentration was chosen for 
the present study.  

Experiments were carried out 24, 48, 72 and 96 h interval maintaining 10 
animals per group at 0.1 mg/ L (ie., 100 µg/ L) concentration of fullerene along with 
control (solvent-free) and vehicle (1% DMSO) group.  

At the end of every experiment, fishes were caught very gently using a small dip 
net, one at a time with least disturbance and were decapitated. Brain was dissected and 
1% (w/ v) homogenate of brain tissue was prepared in ice-cold normal saline with the 
help of a motor-driven glass Teflon homogenizer on crushed ice for a minute. The 
homogenate was centrifuged at 8000 g for 15 min at 4ºC to obtain the supernatant, 
which was then used for the biochemical analyses. Protein was estimated by the method 
of Lowry et al. (1951) with BSA as the standard. Activity of superoxide dismutase 
(Marklund and Marklund, 1974), catalase (Claiborne, 1985), glutathione reductase 
(Carlberg and Mannervik, 1985), levels of hydrogen peroxide generation (Pick and 
Keisari, 1981) and lipid peroxidation (Ohkawa et al., 1979), activities of 
acetylcholinesterase (Ellman et al., 1961) were measured in the supernatant of crude 
homogenate.  

Statistical analysis were performed using one-way analysis of variance (ANOVA) 
followed by Duncan’s Multiple Range test using statistical package SPSS 19.0. 
Differences were considered to be significant at p<0.05 against control groups. Data are 
presented as mean ± SD for ten animals per group. All biochemical estimations were 
carried out in duplicate. 
 
RESULTS AND DISCUSSION 

Fish are the widely used laboratory model to evaluate the health status of 
aquatic ecosystem. Exposure of environmental contaminants in aquatic organisms is 
associated with the generation of free radicals in tissues thus leading to oxidative stress.  
Like other higher vertebrates, fish also possess well developed antioxidant defense 
system in order to overcome the toxic adverse effects of free radicals generated. It 
includes both enzymatic and non-enzymatic mechanisms, among which the most 
important antioxidant enzymes are superoxide dismutase, catalase, glutathione 
reductase and glutathione peroxidase. The present results showed that exposure of 
fullerene at 0.1 mg/ L for 96 h did not caused dose or duration-dependent significant 
changes in the weight of the brain (Figure 1).  
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Figure 1 

 
The evaluation of fullerene induced alteration in the antioxidant defense system 

in brain tissue of fish revealed that the activities of antioxidant enzymes such as 
superoxide dismutase, catalase, and glutathione reductase significantly (P<0.05) 
decreased in all treatment groups when compared to the control groups (Figures 2-4). 
SOD is a group of metalloenzymes that plays an important role in cellular defense 
against free radical induced damage by catalyzing dismutation of superoxide anion into 
hydrogen peroxide and water (Kappus, 1985; Zhu et al., 2008). Decrease in the activity 
of superoxide dismutase indicates the failure of antioxidant defense system to remove 
the generated free radicals due to fullerene exposure. 
 
Figure 2 
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Catalase is the enzyme along with glutathione reductase/ peroxidise scavenges 
hydrogen peroxide into oxygen and water (Mates, 2000). Fullerene exposure decreased 
the activities of catalase and glutathione reductase in brain tissue which designate the 
imbalance of antioxidant system.  
Figure 3 
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 As a result of the failure of antioxidant enzymes, the free radicals as the level of 
hydrogen peroxide increased significantly (P<0.05) after 48 h of fullerene treatment 
(Figure 5). The reactive oxygen species generated in the form of hydrogen peroxide 
could elicit widespread damage to cells, such as lipid peroxidation in the brain tissue. In 
the present study the level of lipid peroxidation increased significantly (P<0.05) after 24 
h of fullerene treatment (Figure 6). Lipid constitutes a major part of brain tissue and 
plays a major role in membrane integrity. Fish when exposed to fullerene are subjected 
to oxidative stresses where the lipid constituent in the brain is more vulnerable to the 
attack of free radicals and that could ultimately change the properties of biological 
membranes, resulting in oxidative damage. Thus at high levels of lipid peroxidation 
could lead to cell degradation and decreases the fluidity of cell membranes (Ates et al., 
2008; Talas et al., 2008).  
Figure 5 
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Figure 6 

 

Acetylcholinesterase is the crucial enzyme present in the nervous system of both 
vertebrates and invertebrates and the highest activity was observed in the muscle and 
brain of fish. Acetylcholinesterase is responsible for the rapid hydrolytic degradation of 
the neurotransmitter acetylcholine (ACh) into the inactive products, choline and acetic 
acid. In the cholinergic transmission the acetylcholinesterase regulates the nervous 
transmission by reducing the concentration of acetylcholine in the junction by 
hydrolysis process (Sturm et al., 1999). Acetylcholinesterase activity is widely used as 
highly sensitive biomarker of neurotoxicity. In the present study the activity of 
acetylcholine activity was significantly decreased following fullerene exposure at the 
end of 48-96 h (Figure 7). 
Figure 7 
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Fullerene exposure inactivated the activity of acetylcholinesterase in brain tissue 
so that the enzyme is no longer available to hydrolyse acetylcholine. It could result in 
the failure of nerve impulse transmission across the neurojunction due to high 
accumulation of acetylcholine which proves fullerene as neurotoxic in the fish, 
Pseudetroplus maculatus. Similar results have been observed in brain of fish exposed to 
environmental toxicants as bisphenol A and nonylphenol (Rejitha et al., 2016; Asifa and 
Chitra, 2016). 
 
CONCLUSION 

The present observations conclude that fullerene exposure imbalance pro-
oxidant and antioxidant system in the brain tissue and also induced neurotoxicity in the 
fish, Pseudetroplus maculatus. The acute toxicity of fullerene can also be accumulated for 
longer periods resulting in the disruption of blood-brain barrier in the exposed fish. 
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