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ABST1RACT
The aim of the present study was to investigate the effect of cobalt oxide nanoparticles
(Co2O4 NPs) on freshwater fish, Labeo rohita. Survival, behavior, histopathological and
hematological changes were investigated in the Co2O4 NPs treated fish in comparison to
the control untreated fish. Fish were exposed to Co2O4 NPs for 15 days. Basal diets and
basal diets supplemented with Co2O4 NPs were fed to triplicate groups of fish. Survival of
the fish was not much different in both groups. Hematological parameters such as total
erythrocyte count (TEC) and total leukocyte count (TLC) were altered in NPs treated fish.
Histological changes in different tissues were also examined. This study provides insights
about the effects of nanoparticles on aquatic organisms and focus on the importance of
interpretation of NPs for understanding their behavior, uptake, and impacts on valuable
food fish.
1. INTRODUCTION
Nanotechnology is being increasingly applied in a wide range of biological applications.
The high production rate and utilization of nanoparticles (NPs) has raised concerns over
their release into the environment (Oberdorster et al. 2005). The water bodies are on a
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serious risk to these NPs as they may serve as the terminal end points for NPs in the
environment (Moore 2006). Therefore, research regarding the potential toxicity of NPs to
the aqauatic species is of great importance and urgency.
Metallic NPs, are being widely used in industrial settings, antimicrobial coatings, water
electrolysis, biomedical imaging and air and water purification, all of which will likely result
in their release to the environment. Since many metals were found toxic to the aquatic
species, it is need of hour to evaluate the potential toxic effects of metallic NPs to aquatic
animals. Cobalt oxide NPs are known to play important roles as strong antimicrobial
agents against resistant microbial strains (Karvani & Chehrazi 2011). Cobalt NPs are also
used in pigments, sensors, electrochemistry, catalysis, magnetism and energy storage
processes (Liu et al 2005). Cobalt based nanoparticles have been associated with
genotoxicity, DNA fragmentation and high production of reactive oxygen species
(Colognato et al. 2008, Papis et al. 2009, Alarifi et al. 2013). The release of such cobalt
based nanoparticles to aquatic bodies may also cause toxic effect on organs of water
animals e.g., fish. The studies about such toxic effects of cobalt oxide NPs on water
species are limited. Therefore, it is of great importance to find cobalt oxide NPs induced
potential risk factors to aquatic animals. The goal of the present research was to assess
the toxicity of cobalt oxide nanoparticles to Labeo rohita juveniles.
2. MATERIAL AND METHOD
Labeo rohita juvenile fish were obtained from Hamaliya Fish Hatchery, Muridkee
Lahore, Pakistan. The healthy fish was selected to be acclimatized to the laboratory
conditions for 14 days. Fish were kept in glass aquaria equipped with aerators for suitable
dissolved oxygen supply. After acclimatization the fish were divided into two groups: 1Control (con) untreated group; 2- Co2O4 NPs (50mg/lit) treated fish.
Cobalt oxide nanoparticles were synthesized by solution based chemical route
reported Liang and Zhao (2012) with some modification. The cobalt chloride hexahydrate
(CoCl2.6H2O) was used as the precursor and sodium borohydride (NaBH4) as the reducing
agent along with tri-sodium citrate trihydrate (C6H5Na3O7.3H2O) as stabilizing agent. The
prepared cobalt oxide nanoparticles were of simple cubic (Co2O4) crystalline nature and
ferromagnetic behavior as confirmed by X-ray diffraction (XRD) and Variable Sample
Magnetometer (VSM) techniques.
The experiment was continued for a period of 14 days and was performed in
triplicates. The physiochemical parameters of water were routinely checked were retained
in the optimal ranges. The behavior and survival of the fish was noted. After the
experimental period blood was collected from the fish of both groups. Blood was drawn
from the caudal vein of fish with EDTA coated syringes for the hematology analysis. A
hemocytometer was used for the hematology study. Blood smears were formed for

observing blood cells morphology.
morphology Cells were then studied under Leica optical microscope
(Leica DM 400M, Germany)
Germany). Smears were fixed in methanol and stained with Giemsa
stain. Fish were then dissected to visualize its different organs and images were taken
taken.
3. RESULTS AND DISCUSSION
3.1 Behavior of fish to cobalt oxide NPs
Upon addition to the water Co2O4 NPs caused a fast water color change from
transparent to dark brown (Fig. 1 A, B). Fish was noticed to be in stress as it moved very
fast and in random directions
directions.

Fig. 1 (A) Color of water in the control tank,
tank (B) Color of water in the Cobalt oxide NPs
treated fish tank
3.2 Survival
The survival of the fish in control and Co2O4 NPs treated fish groups was examined.
The survival of fish in both groups was recorded to be 100% as no fish was found dead
during the whole experimental period. ((Fig. 2). Therefore we conclude that CobNPs did not
cause an acute lethal toxicity to the fish
fish.

Fig. 2 Survival of fish in control and Co2O4 NPs treated groups
3.3 Hematology
For hematology analysis total
total leukocyte count and total erythrocyte count was
performed. The
he no. of white blood cells were found to be slightly increased in the Co2O4
NPs treated fish which may indicate a more activated and challenged immune system as
compared to the control group. Conversely the number of red blood cells was seen to be
declined in Co2O4 NPs treated group in comparison
c
to the control group which might
suggest an anemic condition of fish due to nanoparticles exposure. (Fig. 3)

Fig. 3 Total leukocyte count (TLC) and Total erythrocyte count (TEC) in control and
CobNPs treated fish

3.4 Histopathological phenotype

Fig. 4 The phenotype of the organs of control and Co2O4 NPs treated fish
The control and Co2O4 NPs treated fish was dissected to observe its different
organs. The liver and intestine of Co2O4 NPs treated fish were shown to have more lesions
and damaged surfaces (Fig. 4). The control fish had light colored and more defined organ
phenotype. This suggested that the Co2O4 NPs had adverse effects on the internal organs
of the fish which are a clear sign
sig of the toxicity.
The blood cells in the control and Co2O4 NPs treated fish were observed. Elliptical
red blood cells were found in the control (Fig. 5). The red blood cells in the Co2O4 NPs
treated fish appeared to clump and their shape was less defined than the control group.
Leukocytes however, did not seem to be much affected.

Fig. 5 Blood cell morphology in control (con) and Co2O4 NPs treated fish. Solid white
arrows indicate leukocytes and dashed white arrows indicate erythrocytes

4. CONCLUSIONS
The Co2O4 NPs induced chronic toxicity in Labeo rohita juvenile fish. Survival of fish
was not much affected due to Co2O4 NPs treatment in our study. However, Co2O4 NPs
caused a low red blood cell count in the fish which suggested an anemic condition in the
nanoparticles treated fish. The organs of the particles treated fish were observed to be

adversely affected. Erythrocytes clumping and shape change was also observed in Co2O4
NPs treated fish.
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