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Introduction
The trout farming is a new aquaculture industry in Azerbaijan. 

Trout aquaculture, as one of the most progressive and perspective 
directions of artificial fish breeding, is currently being developed in 
more than 100 countries around the world. Due to its high adaptability 
to the environment in which it lives, relatively short incubation period 
of roes, its rapid growth rate and for some other features the rainbow 
trout (Oncorhynchus mykiss Walbaum) is one of the most widely grown 
fish species in the world today for commercial purposes [1-3].

There are many approaches to increase the productivity of trout 
farming which among them application of nanotechnology is a new 
and interesting field in this activity. The application of engineered 
nanomaterials and nanoparticles in industry, electronics, food 
technology, agriculture, medicine and consumer goods over the recent 
decades significantly increased their likelihood of falling into the 
environment, including to water, soil and air. Nanoparticles can cause 
different physiological effects in different aquatic organisms. In aquatic 
environments, nanoparticles can significantly change their structure, 
shape, and size as a result of aggregation, solubilisation or adsorption 
phenomena [4,5]. Physiological effects of nanoparticles on the aquatic 
organisms depends their type, size, concentration and exposition 
time. There are data that nanoparticles can diffuse into the organisms 
of aquatic invertebrates (amoebae, infusoria, cladocerans) and 
accumulates in organs [6]. In the experiments of Zhu and his colleagues 
shows that TiO2, Al2O3, and ZnO nanoparticles may accumulate in the 
gut of the daphnia kept in suspensions of nanoparticles for 48 h. The 
accumulation time of nanoparticles depends on their type. For example 
TiO2 rapidly accumulated over 12 h, whereas their excretion was 
slowed and a considerable part of these nanoparticles still remained 
in the daphnia body 72 h later. They compared the toxicity of these 
nanomaterials with their bulk counterparts using zebrafish embryos. 
Through examining the morphology, hatching and survival rates of 
embryos exposed to suspensions of these materials, ZnO was found 
to be the most toxic one that exerted hatching delay, skin ulceration. 

The metal based nanoparticles can cause different effect at different 
stages of the life cycle and these interactions can cause an urgent need 
for the biochemical balance of the organism and the adaptation of the 
species to the changing environment [6,7]. For example, at higher 
concentration (e.g. 1 mg/L of one particular nanoparticle) physical 
injuries such as gill edema, thickening of lamellae and embryonic 
injuries and high mortality are reported. At lower concentrations (5-
50 µg/L), sub-lethal effects including physiological changes in Na+K+-
ATPase activity, membrane lipid oxidation, chromosomal aberrations 
and aneuploidy could be observed, but no mortality. Osmoregulation 
in migratory fish depends on Na+K+-ATPase. According to the studies, 
nanoparticles can decrease Na+K+-ATPase in gill, however, its effect on 
fish migration, has not been considered [8].

Results of some experiments suggests that some nanometals can 
be more acutely toxic to some fish than dissolved forms. For example, 
juvenile zebrafish have a 48 h LC50 of about 0.71 and 1.78 mg/L for 
nano and dissolved forms of Cu respectively [9].

The fate of nanoparticles in water ecosystems, their interactions 
with biotic and abiotic components, and their potential in the creation 
of negative cases have not yet been fully investigated, and these 
uncertainties create anxiety over the risks to human and environmental 
health [6,10]. Thus, the study of the eco-toxicity of nanomaterials in the 
aquatic environment is special urgency.
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Abstract
Nanoparticles can get into the aquatic environment at different stages of the life cycle of water organisms and these 

interactions can cause an urgent need for the biochemical balance of the organism and the adaptation of the species to 
the changing environment. The goal of the current research is to investigate the effect of nanoparticles of Fe3O4 (20-30 
nm) and Al (18 nm) on the processs of fertilization of sexual cells of rainbow trout (Oncorhynchus mykiss Walbaum) in 
the aquaculture condition and the effects of embryonic developmental stages after fertilization, as well as absorption 
of nanoparticles by feedstuffs and entry into the food chain and investigating possible bioaccumulation. According to 
the results of the experiments it was concluded that, when Fe3O4 (20-30 nm) and Al (18 nm) nanoparticles are added 
in roe of rainbow trout prior to fermentation, the percentage of fertilization of roe was higher, and the release of free 
embryos was higher than in the control variants. Fe3O4 (20-30 nm) nanoparticles have a stimulating effect at amount of 
0.05 g (2018) and Al (18 nm) nanoparticles at the amount of 0.005 g (2018). It can be assumed that these nanoparticles 
have a catalytic effect on spermatozoid acrosomes, accelerate energy activity, and eventually increase the activity of 
spermatozoids, which leads to an increase in the rate of fertilization of the roe.
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There is insufficient information in the scientific literature on 
rapid development of nanotechnology and its impact on hydrocele, 
particularly to embryonic development stages, which are more sensitive 
to external environmental factors in connection with its application to 
various fields. Therefore, the main purpose of the current research is to 
investigate the effect of nanoparticles of Fe3O4 (20-30 nm) and Al (18 
nm) on sexual cells (sperm, egg cell) of rainbow trout (Oncorhynchus 
mykiss Walbaum) before fermentation in the aquaculture process and 
the effects of embryonic developmental stages after fermentation, as 
well as absorption of nanoparticles by feedstuffs and entry into the food 
chain and investigating possible bioaccumulation.

Material and Methods 
The material of the research was carried out in January-March of 

2017-2018 at Gabala salmonid fish hatchery named after G.Yusifov of 
the Republic of Azerbaijan. In the course of the experiment, mature 
male and female individuals were grouped and labeled according to 
gender dimorphism, and their length, mass and fullness factor (Fulton) 
were determined. The roe was taken from the sexually mature egg-
laying fish by smoothing softly abdomen with thumb and placed in 
porcelain dishes with smooth surface according to number of options 
in experiment. 1 gram of roe sample was taken in each egg-laying fish 
used to calculate the number of roe and overall productivity and fixed 
in 4% formalin solution after determining the number of roe pieces.

The fermentation of the roe was carried out in a “dry” manner 
according to the accepted method [1,3]. The quality of the sperm 
extracted from males was primarily visualized and the activity of 
spermatozoids in the samples taken was determined on 5 points 
scale by adopted methodology for the case using the optic binocular 
microscope by magnifying them for 400 times. Fe3O4 (20-30 nm) and 
Al (18 nm) nanoparticles were used in experiment and purchased from 
Skyspring Nanomaterials Inc., USA, Houston TX. The sexual cells of 
rainbow trout (sperm, egg cell) and roe were exposed on nanoparticles 
in various amounts (0.0001 g, 0.001 g, 0.005 g and 0.05 g), as well as 
added to the fermented roe before fertilization and their effect on 
embryonic development stages was studied under microscope. Every 
day in the incubation process, dead embryos were removed from the 
apparatus in every version, was noted in special book and the free 
embryos were then counted.

Results 
For the investigation the impact of nanoparticles on the 

fermentation process the experiments were conducted in three 
variant. In the first variant the sperm of rainbow trout were processed 
with nanoparticles before fermentation and then fertilized. In 
second variant before fermentation the roe of rainbow trout were 
processed with nanoparticles and then fertilized. In third variant 
the nanoparticles added to the fermented material of rainbow trout. 
The percentage of fermentation of roes and subsequent release of 
free embryos were calculated. The results of the experiments were 
compared with control. Experiments were conducted in two repeats 
(in 2017 and 2018 years).	

First, was investigated the effect of Fe3O4 nanoparticles with sizes 
20-30 nm and concentration of 0.0001 g and 0.001 g on 100 g of roe. 
As in first variant Fe3O4 nanoparticles was added to sperm of rainbow 
trout before fermentation and then fertilized. The sperm of rainbow 
trout was taken from fishes which have length 49 cm and mass 1530 g. 
In the result we showed that the percentage of fermentation of roes and 
subsequent release of free embryos for control (59.12%) was relatively 

high and was 61.65% and 71.45% respectively Table 1 and Figure 1. It 
was results of 2017 years experiments. As shown in Figure 1 the release 
of free embryos in this case was significantly higher than in control 
variant. In the Table 2 and Figure 2 shown the release of free embryos 
during impact of Al nanoparticles with sizes 18 nm on the sperm of 
rainbow trout before fertilization. In the case of Al nanoparticles the 
concentrations were same as Fe3O4 nanoparticles that is 0.001 g and 
0.0001 g on the 100 g of roe. The results of Al nanoparticles were more 
interesting than with Fe3O4. Since at low concentrations (0.0001 g) the 
yield of roe was 98.66% whereas in control this was just 59.19% (Table 
2 and Figure 2).

In the next experiments we increased concentration of nanoparticles 
about 50 time. In this case the approach was same, the ferment (sperm) 
of rainbow trout was processed with nanoparticles before fertilization 
and then roe was fertilized. The result of these experiments are given in 
Tables 3, 4 and Figures 3, 4. As shown in Figure 3 during processing of 
sperm of rainbow trout by Fe3O4 nanoparticles with 0.05 g concentration 
the release of roe was 92%. It was 10% more than in control. The same 
results were obtained with the Al nanoparticles, the release of roe was 
93.7%. The results of these experiments say that even if we increase 
the nanoparticle concentration 50 times, we get the same high yield of 
rainbow trout roe. In the next experiments we used such concentration 
of nanoparticles for the processing of roe and fertilized materials. 

In the second variant of experiments the roe of rainbow trout 
were processed with nanoparticles before fertilization. In these case 
also have used the 0.05 g and 0.005 g Fe3O4 and Al nanoparticles. 
Nanoparticles were added to the roe of rainbow trout, was mixed 
and five minutes later they produced fertilization. The results of 
these experiments were shown in the Tables 5, 6 and Figures 5, 6. 
While Fe3O4 nanoparticles were added in roe of rainbow trout in 
amount of 0.005 g and 0.05 g before fermentation, the release of 
free embryos in control variant were 35.37%, the total number of 
deaths was higher, 64.63%. But in test variant the release of free 
embryos in 0.05 g Fe3O4 was 46.64% and dead embryos were 53.36% 
i.e the number of dead embryos decreases. Same tendency was with 
concentration of 0.005 g Fe3O4 nanoparticles.

When are added to the roe of rainbow trout 0.05 g and 0.005 g 
Al nanoparticles before fermentation the release of free embryos was 
54.1% and 73.8% and the number of dead embryos was 45.49% and 
26.2% respectively. In the control variant these data were relatively low 
in control and was 64.63% and 35.37% respectively Table 6 and Figure 6.

Finally in the third version of experiments nanoparticles were 
used after fertilization. In this variant also have used the 0.05 g and 
0.005 g Fe3O4 and Al nanoparticles. Nanoparticles were added to the 
fertilized materials of rainbow trout, was mixed and calculated release 
of embryos. The results of these experiments were shown in the Tables 
7, 8 and Figures 7, 8. Adding to the fermented material of rainbow trout 
0.05 g and 0.005 g Fe3O4 nanoparticles after fertilization the release of 
free embryos was 75.35% and 72.99% and the number of dead embryos 
was 24.65% and 27.01% respectively. In the control variant these data 
were relatively low in control the release embryos was 35.37% but the 
number of dead embryos was 64.63% (Table 7 and Figure 7).

Similar results were obtained when 0.05 g and 0.005 g of Al 
nanoparticles were added to the fermented roe of rainbow trout, the 
release of free embryos was 74.18% and 65.35% respectively. The 
number of dead embryos was 25.82% and 34.65% respectively Table 
8 and Figure 8. 
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Amount
of Al (18 nm),

g

Length of the fish
L, cm

Mass of fish
P, g

Amount of roe,
g

Total number of roe,
pcs

Release Number of dead

% pcs % pcs

0,001 33 545 100 3000 59,46 1784 40,54 1216
0,0001 33 545 100 3000 98,66 2960 1,34 40
Control 49 1530 100 1260 59,12 745 40,88 515

Table 2: Release of roe during impact of Al nanoparticles on the ferment (sperm) of rainbow trout.

Amount of Fe3O4
(20-30 nm), g

Length of the 
fish L, cm

Mass of fish
P, g

Amount of roe, 
g

Total number 
of roe,

pcs

Release Number of dead

% pcs % pcs

0,001 49 1530 100 2000 71,45 1429 28,55 571
0,0001 49 1530 100 2000 61,65 1233 38,35 767
Control 49 1530 100 1260 59,12 745 40,88 515

Table 1: Release of roe during impact of Fe3O4 nanoparticles on the ferment (sperm) of rainbow trout. 

Figure 1: Release of roe during impact of Fe3O4 nanoparticles on the ferment (sperm) of rainbow trout.

Figure 2: Release of roe during impact of Al nanoparticles on the ferment (sperm) of rainbow trout.

Amount of Fe3O4
(20- 30 nm), g

Length of the fish
L, cm

Mass of fish
P, g

Amount of roe,
g

Total number of 
roe,
pcs

Release Number of dead

% pcs % pcs

0,05 54 2070 50 350 92,0 322 8,0 28
Control 54 2070 50 350 82,0 287 18,0 63

Table 3: Release of roe during impact of Fe3O4 nanoparticles on the ferment (sperm) of rainbow trout. 

Amount
of Al (18 nm),

g

Length of the fish
L, cm

Mass of fish
P, g

Amount of roe,
g

Total number of roe,
pcs

Release Number of dead

% pcs % pcs

0,005 54 2070 50 350 93,7 292 6,3 58
Control 54 2070 50 350 82,0 287 18,0 63

Table 4: Release of roe during impact of Al nanoparticles on the ferment (sperm) of rainbow trout.
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Figure 5: Release of roe during impact of Fe3O4 nanoparticles on the roe of rainbow trout.

Figure 3: Release of roe during impact of Fe3O4 nanoparticles on the ferment (sperm) of rainbow trout.

Figure 4: Release of roe during impact of Al nanoparticles on the ferment (sperm) of rainbow trout.

Amount of Fe3O4 (20-30 
nm), g

Length of the fish 
L, cm

Mass of fish
P, g Amount of roe, g Total number of roe,

pcs
Release Number of dead

% pcs % pcs
0,05 32 430 50 1300 46,64 606 53,36 694

0,005 44 1090 50 1000 44,1 441 55,9 559
Control 44 1090 38,3 766 35,37 272 64,63 494

Table 5: Release of roe during impact of Fe3O4 nanoparticles on the roe of rainbow trout. 

Amount
of Al (18 nm), g

Length of the fish 
L, cm

Mass of fish 
P, g

Amount of 
roe, g

Total number of 
roe, pcs

Release Number of dead
% pcs % pcs

0,05 32 500 50 1300 54,1 703 45,49 597
0,005 32 540 50 1400 73,8 1033 26,2 367

Control 44 1090 38,3 766 35,37 272 64,63 494

Table 6: Release of roe during impact of Al nanoparticles on the roe of rainbow trout.
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Figure 6: Release of roe during impact of Al nanoparticles on the roe of rainbow trout.

Amount of Fe3O4 (20-30 nm), g Length of the fish 
L, cm

Mass of fish
P, g Amount of roe, g Total number of 

roe, pcs
Release Number of dead

% pcs % pcs
0,05 32 430 50 1300 75,35 979 24,65 321
0,005 44 1090 50 1000 27,01 270 72,99 730

Control 44 1090 38,3 766 35,37 272 64,63 494

Table 7: Release of roe during impact of Fe3O4 nanoparticles on the fermented roe of rainbow trout.

Amount of Al (18 nm), g Length of the fish 
L, cm

Mass of fish 
P, g

Amount of roe,
g

Total number of 
roe, pcs

Release Number of dead
% pcs % pcs

0,05 32 500 50 1300 74,18 964 25,82 336
0,005 29 420 50 1350 65,35 882 34,65 468

Control 44 1090 38,3 766 35,37 272 64,63 494

Table 8: Release of roe during impact of Al nanoparticles on the fermented roe of rainbow trout.

Figure 7: Release of roe during impact of Fe3O4 nanoparticles on the fermented roe of rainbow trout.

Figure 8: Release of roe during impact of Al nanoparticles on the fermented roe of rainbow trout.
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Discussion
Fish play an important roles in the food chain of water ecosystems, 

therefore often they are used for toxicological monitoring in 
the environmental studies, because fishes even respond to low 
concentration of xenobiotics and can rapidly absorb toxic substances 
[11]. Last years, for rapid evaluation of nanoparticles toxicity the 
zebrafish (Danio rerio) was a simple model [12] for such kind of 
investigations. In most cases toxic effects of nanoparticles were 
observed in different water animals including fishes. Nanoparticles can 
cause biochemical, physiological and morphological responses in fish 
which results toxic effects. Using both fishes from sea and sweet waters 
as model organisms, the toxic effects of nanoparticles are studied 
comparatively, and the main purpose of these studies is to determine 
the risk of nanomaterials [13,14]. Bioaccumulation of nanoparticles, its 
distribution and localization in organisms, removal of tissues and their 
mechanism of action are intensively studied [7,15-18]. 

Overall the data suggests that aqueous SWCNTs are a respiratory 
toxicant, neurotoxic or cardiovascular effects of SWCNTs that may 
alter fish behavior, SWCNTs increases the risk of mortality [19], TiO2 
nanoparticles could pose toxicity to fish [20]. During exposition fish to 
different nanoparticles Xiong et al. [21] observed toxicological effects, 
gill histological alteration, which can compromise vital functions 
such as, for example, gas exchange. Campos-Garcia et al. [22] have 
observed hypertrophy and hyperplasia of the epithelial cells, dilation 
of capillaries and aneurism of the lamellae on influence multiwalled 
carbon nanotubes.

Based on scientific literature [7,13,22-27] a number of research 
studies have identified the effect of various nanoparticles on hydroceles, 
the high biological activity of some of the metals’ nanoparticles, 
the acceleration of metabolism and the increased resistance of the 
organism to natural factors, growth rate and exterior symptoms. It 
has been noted that in addition to the high bactericidal properties of 
metals in the form of nanoparticles, it also has less toxicity and are not 
accumulated in the body because they are used as microelements in the 
metabolism process [28].

It should be noted that there is no information in the scientific 
literature on the study of the effects of Fe3O4 (20-30 nm) and Al (18 
nm) nanoparticles on sexual cells (sperm, egg cell) of rainbow trout 
(Oncorhynchus mykiss), as well as on its fermented roe. Danio rerio 
(1822) from sweet water fishes was used as a model object to study 
the effects of nanoparticles on the embryonic development process. 
In the course of the experiments, Danio rerio embryos were exposed 
to impact of CeO2 and silver (Ag) nanoparticles (LC50) for 96 hours, 
their morphological changes at the embryonic development stages, 
the release of free embryos and the percentage of deaths depending on 
the amount of nanoparticles [13,14] were studied. It was noted that in 
pure conditions, CeO2 nanoparticles did not cause complications in the 
development of embryos of Danio rerio, but the increase in the amount 
of silver (Ag) nanoparticles resulted in an increase of death rates of 
embryos and number of crippled embryos.

According to the results of the research, when Fe3O4 (20-30 nm) 
and Al (18 nm) nanoparticles are added in roe of rainbow trout prior to 
fermentation, the percentage of fertilization of roe was higher, and the 
release of free embryos was higher than in other variants. Fe3O4 (20-30 
nm) nanoparticles have a stimulating effect at amount of 0.05 g and Al 
(18 nm) nanoparticles at the amount of 0.005 g. It can be assumed that 
these nanoparticles have a catalytic effect on spermatozoa acrosomes, 
accelerate energy activity, and eventually increase the activity of 

spermatozoids, which leads to an increase in the rate of fertilization 
of the roe.

It should be noted that rainbow trout (Oncorhynchus mykiss) was 
brought to Azerbaijan since 1981, its generative fund has been formed 
and exploited for many years. Azerbaijan’s salmonids fish hatcheries 
used by producers were formed in plant conditions for many years. 
In such a situation, the high rate of relationships between individuals 
leads to the occurrence of the inbreeding. That is why the percentage 
of deaths among small fries at the fish growing process is high, in 
many cases the quality of the producers’ sexual products is low and 
the new generation emerging from them is intolerant to the various 
environmental effects. There are statistical data on this in connection 
with hatchery’s activity for many years.

Conclusion
Toxic effects were observed in the work of many scientists who 

investigated the effect of nanoparticles on fish. However, in our 
experiments, we observed the positive effects of iron and aluminum 
nanoparticles on the fertilization of fish. For example, the addition of 
0.001 g of iron oxide nanoparticles to the sperm material release of free 
embryos after fertilization were significantly higher than the in control 
variant (59.12% in control, 71.45% in nanoparticles). In all cases during 
our experiments, nanoparticles accelerated the fertilization process. The 
mechanism of this process unknown and needs addition experiments.

Thus, the obtained results can be used to reduce the losses occurring 
during the embryonic development stage in the aquaculture process of 
the salmonid fishes, especially in the rainbow trouts, and to increase 
overall productivity.

References

1.	 Guliyev ZM (2006) Commodity fishing in Azerbaijan. Baku, p: 302. 

2.	 Emre Y, ve Kürüm V (2007) Havuz ve Ag Kafeslerde Alabalik Yetistiriciligi. 
Posta Basim, Istanbul, p: 272.

3.	 Grigoryeva SS, Sedova NA (2008) Industrial fish farming. Part 1: Biological 
basis and the main directions of fish farming by industrial methods. Water 
Bioresour Aquacult. 

4.	 Baun A, Hartmann NB, Grieger K, Kusk KO (2008) Ecotoxicity of engineered 
nanoparticles to aquatic invertebrates: a brief review and recommendations for 
future toxicity testing. Ecotoxicology 17: 387-395.

5.	 Zhu X, Wang J, Zhang X, Chang Y, Chen Y (2009) The impact of ZnO 
nanoparticle aggregates on the embryonic development of zebrafish (Danio 
rerio). Nanotechnology 20: 195103.

6.	 Ju-Nam Y, Lead JR (2008) Manufactured nanoparticles: an overview of their 
chemistry, interactions and potential environmental implications. Sci Total 
Environ 400: 396-414.

7.	 Xia J, Zhao HZ, Lu GH (2013) Effects of selected metal oxide nanoparticles 
on multiple biomarkers in Carassius auratus. Biomed Environ Sci 26: 742-749.

8.	 Mahmoudreza Ovissipour (2013) Impact of engineered nanoparticles on 
aquatic organisms. J Fisheries Livest Prod 1: e106.

9.	 Shaw BJ, Handy RD (2011) Physiological effects of nanoparticles on fish: 
comparison of nanometals versus metal ions. Environ Int 37: 1083-1097.

10.	Handy RD, Shaw BJ (2007) Toxic effects of nanoparticles and nanomaterials: 
implications for public health, risk assessment and the public perception of 
nanotechnology. Health Risk Soc 9: 125-144.

11.	Çavas T, Ergene-Gozukara S (2005) Induction of micronuclei and nuclear 
abnormalities in Oreochromis niloticos following exposure to petroleum refinery 
and chromium processing plant effluents. Aquat Toxicol 74: 264-271.

12.	Filho JDS, Matsubara EY, Franchi LP, Martins IP, Rivera LMR, et al. (2014) 
Evaluation of carbon nanotubes network toxicity in zebrafish (Danio rerio) 
model. Environ Res 134: 9-16.

http://seba.az/Five/fifth2En.html
http://dergipark.gov.tr/download/article-file/417732
http://dergipark.gov.tr/download/article-file/417732
https://journals.indexcopernicus.com/search/details?id=49477
https://journals.indexcopernicus.com/search/details?id=49477
https://journals.indexcopernicus.com/search/details?id=49477
https://doi.org/10.1007/s10646-008-0208-y
https://doi.org/10.1007/s10646-008-0208-y
https://doi.org/10.1007/s10646-008-0208-y
https://doi.org/10.1088/0957-4484/20/19/195103
https://doi.org/10.1088/0957-4484/20/19/195103
https://doi.org/10.1088/0957-4484/20/19/195103
https://doi.org/10.1016/j.scitotenv.2008.06.042
https://doi.org/10.1016/j.scitotenv.2008.06.042
https://doi.org/10.1016/j.scitotenv.2008.06.042
https://doi.org/10.3967/0895-3988.2013.09.005
https://doi.org/10.3967/0895-3988.2013.09.005
https://doi.org/10.4172/2332-2608.1000e106
https://doi.org/10.4172/2332-2608.1000e106
https://doi.org/10.1016/j.envint.2011.03.009
https://doi.org/10.1016/j.envint.2011.03.009
https://doi.org/10.1080/13698570701306807
https://doi.org/10.1080/13698570701306807
https://doi.org/10.1080/13698570701306807
https://doi.org/10.1016/j.aquatox.2005.06.001
https://doi.org/10.1016/j.aquatox.2005.06.001
https://doi.org/10.1016/j.aquatox.2005.06.001
https://doi.org/10.1016/j.envres.2014.06.017
https://doi.org/10.1016/j.envres.2014.06.017
https://doi.org/10.1016/j.envres.2014.06.017


Citation: Ahmadov IS, Sadıqova NA, Agayeva NJ, Mamedov CA (2018) Influence of Nanoparticles on the Yield of Embryos of the Roe Rainbow Trout 
(Oncorhynchus mykiss Walbaum) in the Fermentation Process. J Oceanogr Mar Res 6: 183. doi: 10.4172/2572-3103.1000183

Page 7 of 7

Volume 6 • Issue 3 • 1000183
J Oceanogr Mar Res, an open access journal
ISSN: 2572-3103

13.	Krysanov EY, Demidova TB (2012) Influence of low concentrations of 
nanocrystalline cerium dioxide on the embryotoxicity of doxorubicin for fish. 
Dokl Biol Sci 443: 523-525.

14.	Abramenko NB (2017) Study and modeling of the toxic effect of silver 
nanoparticles on hydroceles. Thesis Department of Chemical Sciences, 
Moscow.

15.	Arinzhanov AE, Miroshnikova EP, Kilyakova YV, Miroshnikov AM, Kudasheva 
AV (2012) The use of extruded feeds with the addition of metal nanoparticles in 
fish feeding. Vestnik Orenburg State University, 10: 146.

16.	Schrand AM, Rahman MF, Hussain SM, Schlager JJ, Smith DA, et al. (2010) 
Metal-based nanoparticles and their toxicity assessment. Wiley Interdisciplinary 
Rev Nanomed Nanobiotechnol 2: 544-568.

17.	Gajewicz A, Rasulev B, Dinadayalane TC, Urbaszek P, Puzyn T, et al. (2012) 
Advancing risk assessment of engineered nanomaterials: application of 
computational approaches. Adv Drug Deliv Rev 64: 1663-1693.

18.	Ivask A, Juganson K, Bondarenko O, Mortimer M, Aruoja V, et al. (2014) 
Mechanisms of toxic action of Ag, ZnO and CuO nanoparticles to selected 
ecotoxicological test organisms and mammalian cells in vitro: a comparative 
review. Nanotoxicology 8: 57-71.

19.	Smith CJ, Shaw BJ, Handy RD (2007) Toxicity of single walled carbon 
nanotubes to rainbow trout, (Oncorhynchus mykiss): respiratory toxicity, organ 
pathologies, and other physiological effects. Aquat Toxicol 82: 94-109.

20.	Chen J, Dong X, Xin Y, Zhao M (2011) Effects of titanium dioxide nano-particles 
on growth and some histological parameters of zebrafish (Danio rerio) after a 
long-term exposure. Aquat Toxicol 101: 493-499.

21.	Xiong DW, Fang T, Yu L, Sima X, Zhu W (2011) Effects of nano-scale TiO2, 
ZnO and their bulk counterparts on zebrafish: acute toxicity, oxidative stress 
and oxidative damage. Science Total Environ 409: 1444-1452.

22.	Campos-Garcia J, Martinez DT, Rezende KF, da Silva JR, Alves OL, et al. 
(2016) Histopathological alterations in the gills of Nile tilapia exposed to 
carbofuran and multiwalled carbon nanotubes. Ecotoxicol Environ Saf 133: 
481-488.

23.	Rezende KF, Bergami E, Alves KVB, Corsi I, Barbieri E (2018) Titanium 
dioxide nanoparticles alters routine metabolism and causes histopathological 
alterations in Oreochromis niloticus. Bol Inst Pesca 44: e343.

24.	Barbieri E, Campos-Garcia J, Martinez ST, da Silva JR, Alves OL, et al. 
(2016) Histopathological effects on gills of Nile Tilapia (Oreochromis niloticus, 
Linnaeus, 1758) exposed to Pb and Carbon nanotubes. Microsc Microanal 22: 
1162-1169.

25.	Cimbaluk GV, Ramsdorf WA, Perussolo MC, Santos HKF, Da Silva, et al. 
(2018) Evaluation of multiwalled carbon nanotubes toxicity in two fish species. 
Ecotoxicol Environ Saf 150: 215-223.

26.	Arnold MC, Badireddy AR, Wiesner MR, Di Giulio RT, Meyer JN (2013) 
Cerium oxide nanoparticles are more toxic than equimolar bulk cerium oxide in 
Caenorhabditis elegans. Arch Environ Contam Toxicol 65: 224-233.

27.	Felix LC, Ortega VA, Ede JD, Goss GG (2013) Physicochemical characteristics 
of polymer-coated metal-oxide nanoparticles and their toxicological effects on 
zebrafish (Danio rerio) development. Environ Sci Technol 47: 6589-6596.

28.	Bikmuhametov MM (2009) Longterm significance and development of nano. 
Bull Beef Cattle 3: 31-34.

https://doi.org/10.1134/S0012496612020135
https://doi.org/10.1134/S0012496612020135
https://doi.org/10.1134/S0012496612020135
https://doi.org/10.1002/wnan.103
https://doi.org/10.1002/wnan.103
https://doi.org/10.1002/wnan.103
https://doi.org/10.1016/j.addr.2012.05.014
https://doi.org/10.1016/j.addr.2012.05.014
https://doi.org/10.1016/j.addr.2012.05.014
https://doi.org/10.3109/17435390.2013.855831
https://doi.org/10.3109/17435390.2013.855831
https://doi.org/10.3109/17435390.2013.855831
https://doi.org/10.3109/17435390.2013.855831
https://doi.org/10.1016/j.aquatox.2007.02.003
https://doi.org/10.1016/j.aquatox.2007.02.003
https://doi.org/10.1016/j.aquatox.2007.02.003
http://dx.doi.org/10.1016/j.aquatox.2010.12.004
http://dx.doi.org/10.1016/j.aquatox.2010.12.004
http://dx.doi.org/10.1016/j.aquatox.2010.12.004
http://dx.doi.org/10.1016/j.scitotenv.2011.01.015
http://dx.doi.org/10.1016/j.scitotenv.2011.01.015
http://dx.doi.org/10.1016/j.scitotenv.2011.01.015
https://doi.org/10.1016/j.ecoenv.2016.07.041
https://doi.org/10.1016/j.ecoenv.2016.07.041
https://doi.org/10.1016/j.ecoenv.2016.07.041
https://doi.org/10.1016/j.ecoenv.2016.07.041
https://doi.org/10.20950/1678-2305.2018.343
https://doi.org/10.20950/1678-2305.2018.343
https://doi.org/10.20950/1678-2305.2018.343
https://doi.org/10.1017/S1431927616012009
https://doi.org/10.1017/S1431927616012009
https://doi.org/10.1017/S1431927616012009
https://doi.org/10.1017/S1431927616012009
https://doi.org/10.1016/j.ecoenv.2017.12.034
https://doi.org/10.1016/j.ecoenv.2017.12.034
https://doi.org/10.1016/j.ecoenv.2017.12.034
https://doi.org/10.1007/s00244-013-9905-5
https://doi.org/10.1007/s00244-013-9905-5
https://doi.org/10.1007/s00244-013-9905-5
https://doi.org/10.1021/es401403p
https://doi.org/10.1021/es401403p
https://doi.org/10.1021/es401403p

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Material and Methods 
	Results
	Discussion
	Conclusion
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	References

