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Abstract 

Objective(s): This study aimed to determine the possible toxicity of Cuo nanoparticles (NPs) 

on Oncorhynchus mykiss by evaluating hematological parameters.  

Materials and Methods: Fish were sampled and treated in 4 aquariums containing the 

concentration ranges of 1, 5, 20 and 100 ppm of CuO NPs. There was one control group (no 

CuO NPs) and three replicates. The physicochemical properties of water were as follows: the 

temperature was 22±2 Cº, oxygen saturation was 90.9±0.2%, pH was at 7±0.004 and the 

concentration of CaCO3 was 270.  

Results: No mortality was observed after 96 hours of exposure. The analysis of 

hematological parameters showed that CuO NPs affected the counts of white blood cells, 

lymphocytes, eosinophils, neutrophils, hematocrits, MCH, MCHC and MCV and did not 

have any effects on monocytes and hemoglobins.  

Conclusion: The data showed that the overall hardness (270 ppm) neutralized the lethal 

effect of copper on O. mykiss and no mortality was recorded. 
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Introduction  
Although copper (Cu) in low amounts is 

essential to animals and higher plants (e.g., 

cytocrome c oxidase and superoxide 

dismutase) (1), the hazards and 

pathological effects of excess amounts of 

copper are reasonably well known in fish 

(2; 3). Cu can have adverse effects on fish 

by decreasing glutathione levels (4), 

catalyzing the formation of reactive 

oxygen species (ROS) via a Fenton-like 

reaction (5) and interacting with 

antioxidant enzymes (6). Histopathological 

studies showed that copper nanoparticles 

and copper sulphate caused organ injuries 

including aneurisms, hyperplasia, and 

necrosis in the secondary lamellae of the 

gills; necrosis in the mucosa layer and 

vacuole formation in the gut; swelling of 

goblet cells; hepatitis-like injuries and 

cells with pyknotic nuclei in the liver; 

damage to the epithelium of some renal 

tubules and increased Bowman’s space in 

the kidney; some mild changes in the 

brain; alteration in the thickness of the 

mesencephalon layers and enlargement of 

blood vessel on the ventral surface of the 

cerebellum in Oncorhynchus mykiss (7). 

Nanotechnology has become a rapidly 

growing industry with a vast number of 

potential applications  such as in 

cosmetics, electronics, paints, medical 

devices, food packaging, catalysts,  

antimicrobial fabrics,  water  treatment  

membranes,  etc. (8; 9; 10; 11; 12). CuO 

nanoparticles (NPs) are increasingly used 

in medicine, industry, or as pesticides (13) 

and can be simply entered into aquatic 

resources. In aquatic animals, NPs can 

enter organisms by various routes such as 

direct passage across the gills and other 

external epithelial surfaces (14). Fish is 

considered a valuable source of protein in 

the human diet and it is full of 

polyunsaturated fatty acids which help 

preventing human cardiovascular diseases 

(15). 

 

 

The rainbow trout is an economically 

important species commercially farmed in 

many countries throughout the world. It 

has a rapid growth, and can easily adapt to 

environmental conditions. Many studies 

have been conducted on the ecotoxicity of 

nanomaterials (16; 17; 18; 19), but data on 

the effects of CuO NPs on hematological 

parameters of O. mykiss are scarce.  

NPs are very reactive and able to pass 

through cell membranes in organisms. 

Furthermore, their interactions with 

biological systems are relatively unknown. 

Therefore, the aim of this study was to 

determine the CuO NPs potential toxicity 

in O. mykiss and its impact on 

hematological parameters. These data can 

be useful in aquatic toxicity management 

and environmental safety. 

 

Materials and Methods 
One hundred and fifty-five live specimens 

of O. mykiss were obtained. Samples 

weighted 18±3 g. They were acclimatized 

randomly in 15 cm aquariums for one 

week. Four aquariums were treated with 

25, 30, 50, and 100 ppm of CuO NPs with 

one control group (no CuO NPs).  

No feeding occurred during the test 

(during 96 hours). There were no 

significant differences between aquariums 

in water quality and the following 

parameters were constant: pH:  7±0.004; 

temperature: 22±2 ◦ C; hardness: 270±0.05 

ppm and oxygen saturation: 90.9±0.2%. 

The photoperiod was12 h light and 12 h 

dark. CuO NPs were prepared in water-in-

oil microemulsions as described in Capek 

(20). Blood samples were collected and 

transferred to glass tubes and 

hematometric parameters were 

determined. Hematological parameters 

were estimated according to routine 

clinical methods (21).   The acid-hematin 

method of Sahli in hemometer was used to 

analyze   hemoglobin    percentage   and 
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Table 1. Hematological  parameters of O. mykiss exposed to Cuo NPs at 4 doses. 

Hematological 

parameters 

 

Control 
 

1 ppm 
 

5 ppm 
 

20 ppm 
 

100 ppm 

RBC* (10
6
 mm

3
) 0.64±0.01 0.65±0.01 0.63±0.01 0.63±0.02 0.6±0.005 

WBC* (10
3
 mm

3
) 6716.66±47.25 5530.96±115.32 6163.33±40.41 5860.96±714.3 5040±52.91 

MCH* (10
-5

pg) 94.70±0.6 65.06±0.92 98.16±1.23 93.46±1.01 101.80±3.35 

MCHC* (%) 19.56±0.64 18.63±0.56 17±0.72 18.43±0.35 21.23±0.90 

MCV* (10
-4

mm
3
) 502.33±6.80 526.33±3.51 529±5.29 499.33±6.65 495±4.58 

HB (g/100ml) 6.06±0.05 6.16±0.15 6.23±0.15 6.06±0.05 5.96±0.11 

HCT* (%) 31.33±0.57 34.33±0.57 34.66±0.57 32.66±0.57 29.66±0.57 

Lymphocyte* (%) 86.33±2.08 79.66±1.52 77.66±1.52 78.33±2.08 74±3 

Monocyte (%) 2±0 1.66±0.57 2.33±2.3 3.66±2.08 5±4 

Eosinophil* (%) 1.66±0.57 2.66±0.57 4.66±1.15 7.33±1.15 6±1.73 

Neutrophil* (%) 10.26±0.7 16.36±0.65 15.66±0.61 12.6±0.55 15.36±1.65 

Each value is a means ± standard error. * shows statistically significant difference (P<0.05) 
 

Naeubaur’s double hemocytometer was 

used to enumerate the erythrocytes (22). 

Mean cell hemoglobin (MCH), mean 

corpuscular volume (MCV), and mean cell 

hemoglobin concentration (MCHC) were 

calculated based on Decie and Lewis (23). 

Mortality rates were recorded after 24, 48, 

72 and 92 hours and the dead fish were 

quickly removed from the aquarium. In 

order to determine the nominal 

concentration of toxins causing mortality, 

LC1،LC10   ، LC30 ،LC50 ،LC70 ،LC90 

and LC99 were recorded within 24, 48, 72 

and 96 hours. After 96 hours, blood 

samples were taken. One-way analyses of 

variance (ANOVA) were used to analyze 

hematological parameters. Differences 

between means  were determined using 

Duncan’s multiple range test at 5% 

probability level. 
 

Results and Discussion 
No mortality was observed during the 

acclimation and the test. This is to say that 

within 96 h no mortality was recorded in 

treatment aquariums. It is noteworthy that 

no mortality was observed even after 2 

weeks. The analysis of hematological 

parameters showed that CuO NPs 

stimulated white blood cells, lymphocytes, 

eosinophils, neutrophil, hematocrit, MCH, 

MCHC and MCV, and did not have any 

effects on monocytes and hemoglobins (Table 

1). 

 

Changes in the quantitative and qualitative 

characteristics of blood cells occur when 

anomalies in blood components interfere 

with normal functions (24).  

Hematological data showed that CuO NPs 

exerted a certain influence on some of the 

blood indices in this study. Cu is regularly 

used in the form of CuSO4 in aquaculture 

to control algal blooms and as a 

therapeutic chemical for ectoparasitic and 

bacterial infections (25; 14); it is also 

imported into aquatic resources. pH  and 

water  hardness are two  major  factors 

modifying  the toxicity  of  copper (26; 27; 

28; 29).  

Howarth and Sprague (28) demonstrated 

that high  hardness   decreased   the 

toxicity of copper at any pH. this 

phenomenon can be explained by the 

influence of biological membrane 

permeability on toxic metals due to the 

change in hardness, resulting in an 

increase of the passive flux of metal ions 

across the membrane as the calcium 

concentration decreases (29; 30). The 

uptake of calcium and magnesium ions by 

the cell membrane causes it to stabilize, 

which reduces its permeability to metal 

ions (31) and as a result toxicity of heavy 

metals is governed by the water hardness. 

In this study, total hardness (270 ppm) 

neutralized the lethal effect of copper on 

O. mykiss and no mortality was recorded.  
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The comparative lethal toxicity of copper 

affirms the lethality of copper to O. mykiss 

and other aquatic animals. Richey and 

Roseboom (32) reported the acute toxicity 

of copper to some types of fish. They 

indicated that the LC50 48h of copper to 

rainbow trout in size of a yearling and 

alkalinity of 250, is 0.75 mg/l. 

Furthermore, in size of 12-16 centimeters 

(4.42 grams) and alkalinity of 250 LC50 

48h is 0.27 mg/l, whereas, LC50 24h with 

low alkalinity is 0.43 mg/l. In addition, 

MATC/60 days Brook trout at the size of 

0-60 days within alkalinity of 178; LC50 96 

h 3 years old Atlantic salmon within 

alkalinity 4; LC50 72h yearling Silver 

salmon within alkalinity 78 and LC50 96h 

yearling Coho salmon within alkalinity 74 

was 0.006, 0.125, 0.19 and 0.067 mg/l, 

respectively (32). 

Surely CuO NPs caused no mortality on O. 

mykiss with the size of 18 g and the 

hardness of 270 mg/l in this study. 

However, the effect of CuO NPs on 

hematological parameters was evident. 

Statistical analysis showed that numbers of 

RBCs were statically different in the 

treatment and control group. Thomas and 

Egee (33) stated that the transport of 

oxygen (O2) and carbon dioxide (CO2) 

within the blood is intricately related to the 

electrolytes and the acid-base status of the 

red blood cells (RBCs). This suggests that 

CuO NPs caused respiratory restrictions 

which led to changes in the number of 

RBCs. In addition, other results indicate 

that monocytes have a relatively short 

respiratory burst response following 

activation (34; 35). Al-Bairuty et al. (7) 

reported that CuO NPs caused some kinds 

of gill injuries such as hyperplasia, 

oedema, lamellar fusion and clubbed tips. 

Studies that compare the effect of CuO 

NPs on erythrocyte count and hemoglobin 

content are scarce. MCV is the index most 

often used. It measures the average volume 

of red blood cells by dividing the 

hematocrit by RBC. Alteration in the 

values of MCV, MCH and MCHC in 

Cyprinus carpio exposed to pesticides in 

60 and 120 µg/L concentrations was 

reported by Svoboda et al., (36) and 

Banaee et al., (37). 

The number of white blood cells may 

increase or decrease significantly in certain 

diseases (37). There was a significant 

difference (p<0.05) between three types of 

white cells (lymphocytes, neutrophile and 

eosinophile). Changes in white blood cell 

count suggest dysfunction in 

hematological tissues (spleen and kidney) 

or certain infectious diseases. Al-Bairuty 

et al., (7) reported some damage to the 

epithelial cells of the renal tubules, 

changes in the Bowman’s space, and an 

increase in the foci of melanomacrophage 

deposits in O. mykiss exposed to CuO 

NPs. Kosai et al., (39) stated that 7 days of 

46 mg/l Cu exposure caused tubular 

swelling, atrophy of the glomerulus, and 

necrosis of the renal epithelium in 

Oreochromis niloticus. In addition, one 

study in mice showed damage in 

pathological observation in the kidney 

after 72 h of oral gavage of 108–1080 

mg/kg Cu-NPs (38). Lower than normal 

levels of lymphocytes (lymphopenia) can 

be an indicator of immune system 

deficiency and poisonous substance 

treatments can also deplete the body’s 

supply of lymphocytes (37). Many 

researchers reported deletion in 

lymphocytes in fish exposed to pesticides 

such as Heteropneustes fossilis (40) and 

Cyprinus carpio (41; 36; 37). Banaee et 

al., (37) stated that most infections cause 

neutrophilia. The degree of elevation often 

indicates the severity of the infection. 

Tissue damage from other causes raises 

the neutrophile for similar reasons. 

Poisonings, and severe disease, like kidney 

failure all cause neutrophilia (42). Ghosh 

and Banerjee (43) reported that after 

Heteropneustes fossilis exposed to 

dimethoate, neutrophile and eosinophile 

increased in blood parameters. 

 

Conclusion 
This study has demonstrated from the 

viewpoint of hematology that Cuo NPs 
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stimulated the immune system of O. 

mykiss, but this effect did not have any 

lethality on this species at pH:  7±0.004; 

temperature, 22±2 ◦ C; hardness, 270±0.05 

ppm and oxygen saturation, 90.9±0.2%. 

This study showed that the Sublethal 

effects of Cuo nanoparticles are much less 

than Cu. Overall, Cuo NPs have less 

mortality; therefore, it is beneficial to use 

NPs instead of heavy metals in industry 

because they have fewer detrimental 

effects on water resources, fisheries, the 

environment, and humans. 
 

Acknowledgements 
Authors have contributed to the 

preparation of the manuscript and agree 

with the submitted manuscript content.  

We thank all our colleagues. 
 

References 
1. Zhou B, Gitschier J. HCTR1: A human 

gene for copper uptake identified by 

complementation in yeast. Proc Natl Acad 

Sci USA. 1997; 94(14): 7481-7486. 

2. Grosell M,  Blanchard  J,  Brix  KV,  

Gerdes  R. Physiology  is  pivotal  for  

interactions  between  salinity  and  acute  

copper  toxicity  to  fish  and  

invertebrates. Aquat Toxicol. 2007; 84(2): 

162-172. 

3. Mustafa SA, Davies SJ, Jha AN. 

Determination  of  hypoxia  and  dietary  

copper  mediated  sub-lethal  toxicity  in  

carp,  Cyprinus  carpio,  at  different  

levels  of biological  organisation.  

Chemosphere. 2012; 87(4): 413-422. 

4. Speisky H, Gómez M, Burgos-Bravo F, 

López-Alarcón C, Jullian C, Olea-Azar C, 

et al. Generation of superoxide radicals by 

copper-glutathione complexes: redox-

consequences associated with their 

interaction with reduced glutathione. 

Bioorg Med Chem. 2009; 17(5): 1803-

1810. 

5. Prousek J. Fenton chemistry in biology 

and medicine. Pure Appl Chem. 2007; 

79(12): 2325-2338. 

6. Isani G, Monari M, Andreani G, Fabbri 

M, Carpenè E. Effect of copper exposure 

on the antioxidant enzymes in bivalve 

mollusk Scapharca inaequivalvis. Vet Res 

Commun. 2003; 27 (1): 691-693. 

7. Al-Bairuty GA, J. Shaw BD, Handy RB.  

Henry T. Histopathological effects of 

waterborne copper nanoparticles and 

copper sulphate on the organs of rainbow 

trout (Oncorhynchus mykiss). Aquat 

Toxicol. 2013; 126: 104-115. 

8. Roco MC. Nanotechnolgy:  convergence 

with modern biology and medicine. Curr 

Opin  Biotechnol. 2003; 14(3): 337-346. 

9. Karnik BS, Davies SH, Baumann MJ, 

Masten SJ. Fabrication  of  catalytic  

membranes  for  the  treatment  of  

drinking  water  using  combined  

ozonation  and ultrafiltration. Environ Sci 

Technol. 2005; 39(19): 7656-7661. 

10. Aitken RJ, Chaudhry MQ, Boxall ABA, 

Hull M. Manufacture  and  use  of  

nanomaterials:  current  status  in  the  UK  

and  global  trends. Occup Med. 2006; 

56(5): 300-306. 

11. Brody AL. Nano and food packaging 

technologies converge. Food Technol. 

2006; 60: 92-94. 

12. Savolainen K, Alenius H, Norppa H, 

Pylkkänen L, Tuomi T, Kasper G. Risk 

assessment of engineered nanomaterials 

and nanotechnologies, a review. 

Toxicology. 2010; 269(2-3): 92-104. 

13. Kiaune L, Singhasemanon N. Pesticidal 

copper (I) oxide: environmental fate and 

aquatic toxicity. Rev Environ Contam 

Toxicol. 2011; 213: 1-26. 

14. Isani G, Letizia Falcioni M, Barucca G, 

Sekar D, Andreani G, Carpenè E, et al. 

Comparative toxicity of CuO 

nanoparticles and CuSO4in rainbow trout. 

Ecotoxicol Environ Saf. 2013; 97: 40-46. 

15. Talas ZS, Gulhan MF. Effects of various 

propolis concentrations on biochemical 

and hematological parameters of rainbow 

trout (Oncorhynchus mykiss). Ecotoxicol 

Environ Saf. 2009; 72: 1994-1998. 

16. Handy RD, von der Kammer F, Lead JR, 

Hassellöv M,  Owen R, Crane M. The 

ecotoxicology and chemistry of 

manufactured nanoparticles.  

Ecotoxicology. 2008; 17(4): 287-314. 

17. Klaine SJ, Alvarez PJ, Batley GE, 

Fernandes TF, Handy RD, Lyon DY, et al. 

Nanomaterials in the environment: 



CuO nanoparticles toxicity 

72                                           Nanomed J, Vol. 2, No. 1, Winter 2015 

behavior, fate, bioavailability and effects. 

Environ Toxicol Chem. 2008; 27(9): 

1825-1851. 

18. Kahru A, Dubourguier HC, Blinova I, 

Ivask A, Kasemets K. Biotests and 

biosensors for ecotoxicology of metal 

oxide nanoparticles: a minireview. 

Sensors. 2008; 8(8): 5153-5170. 

19. Handy  RD, Al-Bairuty  G, Al-Jubory  A, 

Ramsden  CS, Boyle  D, Shaw  BJ, et al.    

Effects  of  manufactured  nanomaterials  

on  fishes:  a  target  organ  and body  

systems  physiology  approach.  J Fish 

Biol. 2011; 79(4): 821-853. 

20. Capek I. Preparation of metal 

nanoparticles in water-in-oil (w/o) 

microemulsions. Adv Colloid Interface 

Sci. 2004; 110(1-2): 49-74. 

21. Wintrobe MM. Clinical Hematology. 

Kipton, London. Zar, J.H., 1974. 

Biostatistical Analysis. Prentice-Hall, 

Engelwood Cliffs, NJ. 1978; 260. 

22. Mukherjee KL. Medical Laboratory 

Technology. Aprocedure manual for 

routine diagnostics tests, Vol I., Tata-

McGraw- Hill, New Delhi. 1988; 48. 

23. Landis WG, Yu M. Introduction to 

Environmental Toxicology. Crc Press. 

2004. P. 509. 

24. Griffin BR, Mitchell AJ. Susceptibility of 

channel catfish, Ictalurus punctatus 

(Rafinesque), to Edwardsiella ictaluri 

challenge following copper sulphate 

exposure. J Fish Dis. 2007; 30(10): 581-

585. 

25. Lloyd R. Factors that affect the tolerance 

of fish to heavy metal poisoning. 

Biological Problems in Water Pollution, 

Third Seminar, 1962 U.S. Publ. Hlth Serv. 

Publ. No. 999-WP-25.  1965; 181-187. 

26. Mount DI. The  effect of  total  hardness  

and  pH on  acute  toxicity  of  zinc  to  

fish. Air War Pollut. 1966; 10(1): 49-56. 

27. Howarth RS, Sprague JB. Copper lethality 

to rainbow trout in waters of various 

hardness and pH. Water Res. 1978; 12(7): 

455-462. 

28. Yim JH, Kim KW, Kim SD. Effects of 

hardness on acute toxicity of metal 

mixtures using Daphnia magna: prediction 

of acid mine drainage toxicity. J Hazard 

Mater. 2006; 138(1): 16-21. 

29. Decie SIV, Lewis SM. Practical 

Hemotology, 7th Edition. Churchill 

Livingstone, London/Melbourne/New 

York. 1991. 

30. Gundersen DT, Curtis LR. Acclimation to 

hard or soft water at weakly alkaline pH 

influences gill permeability and gill 

surface calcium binding in rainbow trout 

(Oncorhynchus mykiss). Can J Fish Aquat 

Sci. 1995; 52(12): 2583-2593. 

31. Penttinen S, Kostamo A, Kukkonen JVK. 

Combined effects of dissolved organic 

material and water hardness on toxicity of 

cadmium to Daphnia magna. Environ 

Toxicol Chem. 1998; 17(12): 2498-2503. 

32. Richey D, Roseboom D. Acute toxicity of 

copper to some fishes in high alkalinity 

water. Illinois state water survey, Urbana, 

Circular. 1978; 131: 24. 

33. Thomas S, Egee S. Fish Red Blood Cells: 

Characteristics and Physiological Role of 

the Membrane Ion Transporters. Comp 

Biochem Physiol A Mol Integr Physiol. 

1998; 119(1): 79-86. 

34. Neumann NF, Barreda DR, Belosevic M. 

Generation and functional analysis of 

distinct macrophage sub-populations from 

goldfish (Carassius auratus L.) kidney 

leukocyte cultures. Fish Shellfish 

Immunol. 2000; 10(1): 1-20. 

35. Rieger AM, Hall BE, Barreda DR. 

Macrophage activation differentially 

modulates particle binding, phagocytosis 

and downstream antimicrobial 

mechanisms. Dev Comp Immunol. 2010; 

34(11): 1144-1159. 

36. Svoboda M, Luskova V, Drastichova J, 

Zlabek V. The effect of Diazinon on 

hematological indices of common carp 

(Cyprinus carpio. L). Acta Vet Brno. 

2001; 70: 457-465. 

37. Banaee M, Mirvagefei AR, Rafei GR, 

Majazi Amiri B. Effect of sub-lethal 

diazinon concentration on blood plasma 

biochemistry. Int J Environ Res. 2008; 2 

(2): 189-198. 

38. Chen  Z,  Meng  H,  Xing  G,  Chen  C,  

Zhao  Y,  Jia  G,  et al. Acute toxicological 

effects of copper nanoparticles in vivo. 

Toxicol Lett. 2006; 163(2): 109-120. 

39. Kosai P, Jiraungkoorskul W, 

Thammasunthorn T, Jiraungkoorskul K. 



Khabbazi M, et al 

 

Nanomed J, Vol. 2, No. 1, Winter 2015                                                73 

Original Research (font 12) 

 

 

Reduction  of  copper-induced 

histopathological alterations by calcium 

exposure in Nile tilapia  (Oreochromis 

niloticus). Toxicol Mech Methods. 2009; 

19 (6-7): 461-467. 

40. Nath R, Banerjee V. Effect of pesticides 

methylparathion and cypermethrin on the 

air-breathing fish Heteropneustes fossilis. 

Environ Ecol. 1996; 14: 163-165. 

41. Siwicki AK, Cossarini-Dunier M, 

Studnicka M, Demael A. In vivo effect of 

the organophosphorus insecticide 

trichlorphon on imunne response of carp 

(Cyprinus carpio). II. Effect of high doses 

of trichlorphon on nonspecific immune 

response. Ecotoxicol Environ Saf. 1990; 

19(1): 99-105. 

42. Holland MM, Steven M, Gallin JI. 

Disorders of Granulocytes and 

Monocytes. In Harrison’s Principles of 

Internal Medicine, edited by Anthony S. 

Fauci, et al. New York, McGraw-Hill. 

1997. 

43. Ghosh K, Banerjee V. Alteration in 

bloodparameters in the fish 

Heteropneustes fossilis exposed to 

dimethoate. Environ Ecol. 1993; 11: 979-

981. 

 

 

 

 


