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ABSTRACT

Nanoparticles are considered vital in numerous fields of modern technology owing
to their interesting chemical, physical and biological properties. In addition to their useful
applications, nanoparticles have some disconcerting effects to living organisms. Thus,
to study the impact of nanoparticles on living species such as fish is of great importance.
In the present work, the effects of chromium oxide nanoparticles (Cr3O4 NPs) on certain
hematological, immunological and histological indices of Indian major carp, Labeo rohita
were examined. Juvenile Labeo rohita were used for this study. Basal diets and basal
diets supplemented with Cr2O3NPs were fed to triplicate groups of fish. The survival of
Cr3O4 NPs treated fish was low as compared to the control untreated fish. Increase in
red blood cell count was noted in Cr3O4 NPs treated group as compared to control
untreated groups, however, total leukocyte counts were found to be declined.
Pathological changes in different organs of Cr3O4 NPs treated fish were observed. Our
results demonstrate that high Cr3O4 NPs concentrations in the aquatic environment may
have adverse hematological, immunological and histological effects on fish.
1. INTRODUCTION
Nanoparticles (NPs) have attained considerable interest in the field of biology
due to their novel applications in biotechnology, medical diagnostics, water treatment,
food processing and anti-pathogenic activities. Nanotechnology has allowed new
advancements in the fields of drug delivery which are suitable for attacking chronic
infections in humans and other animals with the negligible side effects (Pandey and
Khuller 2006, Scott 2005). However, NPs do also have a potential to cause adverse
effects on the biological systems. Harmful effects of nanoparticles on human and animal
health such as inflammation, oxidative stress have been reported which were particle
size dependent (Born et al. 2006, Warheit et al. 2004). Therefore, before using
nanoparticles for therapeutic purposes it is vital to check their toxicity in the living
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systems. Furthermore, the release of nanoparticles in water systems is of great concern
for the aquatic life.
The striking properties of NPs are attributed to their small size and high surface
to volume ratio (Gleiter, 2000). The shape and size of NPs determines their activity with
the biological molecules. Chromium oxide nanoparticles (Cr3O4 NPs) are used in various
applications e.g., humidity control, pigments and thermal protection coating systems.
Some toxic effect of Cr3O4 NPs for example DNA damage are of much concern as it
may lead to cell death, reproductive problems and cancer (Alarifi et al, 2016). The
present study was designed to measure the toxicity of Cr3O4 NPs to Labeo rohita fish
which is one of the top edible fish in Asia.
2. MATERIAL AND METHOD
Labeo rohita fish was obtained from Hamaliya Fish Hatchery, Muridkee Lahore,
Pakistan. The healthy fish was acclimatized to the laboratory conditions for two weeks
in well-aerated glass aquaria. After the acclimatization period fish was divided in two
groups: 1-Control (con) untreated group; 2- Cr3O4 NPs (25mg/lit) treated fish.
Chromium oxide nanoparticles (Cr3O4 NPs) were synthesized by solution based
chemical method using chromium chloride (CrCl3.6H2O) as precursor and ethylene
diamine tetra acidic acid (ETDA) as solvent. Sodium hydroxide (NaOH) was also used
to adjust the pH of the solution during the synthesis of chromium oxide nanoparticles.
The prepared chromium oxide NPs were of paramagnetic nature as confirmed by
Variable Sample Magnetometer (VSM). The X-ray diffraction (XRD) determined
tetragonal crystalline structure of Cr3O4 NPs and crystallite size was found of 15.7 nm.
Experiment was run for a period of two weeks and was done in triplicates. The
physiochemical characteristics of the water were routinely monitored and were kept in
the optimal range. The survival of the fish was recorded. At the end of the experimental
period fish from both groups were weighed and sacrificed. Blood was drawn from the
caudal vein with EDTA coated syringes for the hematology analysis. For hematology
study a hemocytometer was used. Blood smears were prepared to study the blood cells
morphology. Cells were then studied under Leica optical microscope (Leica DM 400M,
Germany). Fish was dissected to visualize its different organs, images were taken.
3. RESULTS AND DISCUSSION
3.1 Color change in water:
Upon addition to the water Cr3O4 NPs caused a fast water change from
transparent to cloudy grey (Fig. 1). Fish was noticed to be more in unrest and random
swimming after this change.

Fig. 1 (A) Color of water in the control tank,
tank (B) Color of water in the Cr2O3NPs treated
fish tank
3.2 Survival:
The survival of the fish was recorded. It was noted that two fish were found dead
in Cr3O4 NPs tank after 24 hrs of the Cr3O4 NPs treatment (Fig. 2).. However, after that
no death was recorded. The death of the fish in the Cr3O4 NPs treated group showed
that they have some acute toxicity to the fish.
fish

.
Fig. 2 Survival indices of fish in control and Cr2O3NPs treated groups
3.3 Hematology:
Total leukocyte count and total erythrocyte count was done. It was noted that the
no. of white blood cells were reduced in the chromium oxide nanoparticles treated
groups which indicated a low immune profile of the Cr3O4 NPs exposed fish. On the
other hand the no. of red blood cells were not seen to be much different in the control
and Cr3O4 NPs treated
ted groups (Fig. 3)

Fig. 3 Total leukocyte count (TLC) and Total erythrocyte count (TEC) in control and
Cr3O4 NPs treated fish
3.4 Histopathological phenotype:
Fish
ish was dissected to observe any effects of the Cr3O4 nanoparticles on the
organs. It was noted that the Cr2O3 NPs treated fish showed more greyish color of the
intestine and the liver appeared more reddish in color as compared to the control fish
(Fig. 4). This suggests that the chromium oxide nanoparticles had an adverse effect on
the organs of the fish.

Fig. 4 The phenotype of the organs of control and Cr2O3NPs treated fish

The blood cells of the control and Cr3O4 NPs treated fish were compared. Red
blood cells in control appeared elliptical in shape (Fig. 5). However, the red blood cells
in the nanoparticles treated fish appeared more slender and shrunken. The morphology
of the leukocytes, however, did not seem to be much altered by Cr3O4 NPs.

Fig. 5 Blood cell morphology in control (con) and Cr3O4 NPs treated fish. Solid white
arrows indicate leukocytes and dashed balck arrows indicate erythrocytes

CONCLUSIONS
The chromium oxide nanoparticles induced both acute and chronic toxicity in
Labeo rohita fish. Survival of fish was low in Cr3O4 NPs treated fish. Further Cr3O4 NPs
caused a low white blood cell count in the fish. The organs of the Cr3O4 NPs treated fish
seemed to be adversely affected. The erythrocytes in Cr3O4 NPs treated fish were
appeared to be more slender as compared to the control.
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