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Abstract 

Present study was performed to investigate the acute toxic effect of silica-

nanoparticles (SiO2-NPs) on oxygen consumption in freshwater fish, 

Oreochromis mossambicus. Median lethal concentration of silicon dioxide 

nanoparticles for 96 h by probit analysis was found to be 120 mg/ L. One-tenth 

of LC50-96 h (i.e., 12 mg/ L) was selected in the present study as sub lethal 

concentration. The rate of oxygen consumption at sub lethal concentration of 

SiO2-NPs was recorded after 0, 24, 48, 72 and 96 h. The observations indicate 

that the rate of oxygen consumption was found to be decreased in time-

dependent manner when compared to control group. In conclusion, exposure to 

silica-nanoparticles at sub lethal concentration alters the oxygen consumption 

and therefore impaired oxidative metabolism in fish. 
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INTRODUCTION 

Nanotechnology is a broad interdisciplinary area comprised of nano medicine, nano fabrication, 

nano metrology and nanomaterials/ nanoparticles. Nanoparticles are extremely smaller 

substances that are 100 nm in size with more than one dimension and they have greater surface 

area than the same mass of materials at the micro-scale. Nanoparticles can be spherical, tubular, 

irregularly shaped and can also exist in fused, aggregated or agglomerated forms (Aitken et al., 

2006). Due to the unique physical and chemical properties of nanoparticles, its production and 

application has risen in commercial market and they can pose a potential threat to the 

environment and human health.  

Among the various types of nanoparticles, silica nanoparticles (SiO2-NPs) are widely used in 

nanomedicine mainly in biomedical applications such as nanostructuring, drug delivering and 

optical imaging agents. SiO2-NPs are highly stable and could bioaccumulate in the environment. 

It has also been reported to enter the nucleus and cause aggregation of intranucleus proteins, 

inhibiting DNA replication, transcription and translation (Chen and Von, 2005). Furthermore, 

silicon dioxide nanoparticles are also shown to cause an increase in the intracellular reactive 

oxygen species (ROS) and a decrease in antioxidant level in hepatocytes of Oreochromis 

mossambicus (Vidya and Chitra, 2015). The increase in ROS production is also an important 

indication of predominant mechanism of acute toxicity (Kaewamatawong et al., 2006). 
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Several studies have demonstrated the presence of nanoparticles in aquatic medium may lead 

to decreased fertility, physiological changes, behavioural abnormalities and an increased 

mortality rate (Templeton et al., 2006; Roberts et al., 2007). Any pollutants that are discharged 

into the aquatic ecosystem largely due to the run-off from land are generally toxic to many non-

target organisms. Fish are the primary source subjected to environmental pollutants and 

therefore, in ecotoxicological studies, fish have become an excellent model organism, which 

reflect the toxic impact on aquatic ecosystems. Physiology of aquatic animals is naturally 

governed by their ideal metabolic activities. Respiration is considered as a vital phenomenon of 

life and the rate of oxygen consumption impacts the metabolic activities of an animal. In the 

present investigation an attempt has been made to observe the possible effect of silica-nano 

particles on the rate of oxygen consumption in the freshwater fish, Oreochromis mossambicus.  

 

MATERIAL AND METHODS 

 Oreochromis mossambicus weighing 6 ± 1.5 g and length 6.5 ± 1cm were collected from a 

local fish farm, Safa Aquarium, Calicut, Kerala, India. Fishes were acclimatized to the laboratory 

conditions in cement tank prior to experiments. A corresponding group of control animals along 

with the treatment groups were also maintained in the study.  

During the experiment, preliminary test were conducted by maintaining water 

temperature in a range of 28 ± 2°C, oxygen saturation of water at 70 and 100 %, and pH 6.5 to 

7.5 using standardized procedures as per APHA (1998).  

Nano-silicon dioxide (size 7-14 nm; purity >99.8%) was purchased from Reinste Nano 

Ventures Pvt Ltd, New Delhi, India. The test solution of silicon dioxide was prepared just before 

exposure by sonication (100 kHz for 30 min) using double distilled water and was maintained 

as stock. All other chemicals were of analytical grade and obtained from local commercial 

sources. 

Fishes were grouped into five with ten specimens in each group. One-tenth of LC50-96 h 

that is 12 mg/ L was selected as a test concentration. Single concentration with four durations 

were preferred in the present study and grouped as follows: 

Group I: Control group (without toxicant) 

Group II: SiO2 at 12 mg/ L for 24 h 

Group III: SiO2 at 12 mg/ L for 48 h  

Group IV: SiO2 at 12 mg/ L for 72 h 

Group V: SiO2 at 12 mg/ L for 96 h 

Oxygen consumption was determined by Winkler’s method (Welsh and Smith, 1961) 

and was briefly described else (Sumi and Chitra, 2015). Before starting the experiment, initial 

sample was collected immediately from each group without causing any damage to the animals. 

At every 24 h intervals, samples were collected from each test groups and the rate of oxygen 

consumption in each samples were calculated considering net weight of fish by using formula 

given by Winkler’s method. The rate of oxygen consumption was expressed as ml of O2/ litre/ g/ 

h in control and treated samples. Experiments were done in triplicate and the statistical data are 

presented as mean ± SD for ten animals per group.  

 

RESULTS AND DISCUSSION 

Fish modify their vital organ especially gill to adapt themselves for aquatic respiration. 

During respiration, fish engulp water along with they take air in through the mouth and passed 

through gill chambers covered by the operculum. The flow of water is continuous for almost the 

whole of the respiratory cycle and in its passage, the water gives up oxygen to the blood and 

takes away the carbon dioxide through diffusion. Therefore, oxygen uptake is widely used as a 

physiological phenomenon and as a biological indicator of the overall metabolic activity of an 

animal in response to specific environmental factors (Mehrle and Mayer, 1978). The metabolic 

rate of fish is usually measured by their rate of oxygen consumption from water. 

Exposures to any environmental pollutants are toxic to fish which may be either lethal 

or sub-lethal. Lethal concentrations usually cause the death of the organisms directly, whereas 

the exposure of fish at sublethal concentration disturbs the metabolic activities of the animal. 



Journal of Global Biosciences               Vol. 5(1), 2016 pp. 3611-3614 
ISSN 2320-1355  

http://mutagens.co.in                                                                                                                    3613 

The only relevant and measurable parameter for the acute toxicity of pollutants in fish at sub 

lethal concentration is measurement of altered respiratory metabolism. The effect of silicon 

dioxide nanoparticles on the rate of oxygen consumption in Oreochromis mossambicus is the 

first attempt in nanotoxicology. The present study evaluated the toxic impact of silica-

nanoparticles at sub lethal concentration, i.e., 12 mg/ L for acute study (24, 48, 72 and 96 h 

intervals). 

 

Figure 1 

 

 

 

The rate of oxygen consumption observed in the present study showed a siginificant 

gradual decrease to an increasing exposure period. On the other hand, the control group 

showed a steady and normal rate of oxygen consumption (Figure 1). The result suggests that the 

animal failed to acclimatize to the exposed silicon dioxide nanoparticles and as a result the 

activity of fish decreased suddenly in the depletion of oxygen. It was also noted that after an 

immediate exposure to silica-nanoparticles, the fish were noticed to swim at the water surface 

and gulping air at the surface that was continued up to 24 h. Gradually fish become lethargic 

after 24 h and remained inactive at the bottom of the tank but no mortality was observed at this 

concentration. It is clearly evident from the study that silica-nanoparticles affected oxygen 

conumption of O. mossambicus at sublethal concentration. The decreased rate of oxygen 

consumption may be attributed to the impaired oxidative metabolism in fish. 

 

CONCLUSION 

Changes in the rate of oxygen consumption in silica-nanoparticles exposed fish is 

probably due to impaired oxidative metabolism and toxicant induced respiratory stress, which 

could serve as a bio-indicator of silica-nanoparticles toxicity. 
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