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ABSTRACT: Metal oxide in the nanorange acquires distinctive properties that 

depend on size, chemical composition and surface chemistry. Among the metal 

oxide nanoparticles, the zinc oxide nanoparticles (ZnO NPs) are commonly used 

for their antimicrobial properties. ZnO nanomaterials are incorporated into a 

variety of skin coatings because of their antimicrobial and/or antifungal 

properties. Most of the future therapeutic applications of NPs are based on 

intravenous/oral administration. Experiments on their interaction with blood 

components especially erythrocytes are of immense importance, if the 

nanoparticles are to be administered intravenously. Haemolytic potential of ZnO 

NPs was assessed spectrophotometerically as well as by phase contrast 

microscopy. In our study, interaction of different concentrations of ZnO NPs 

with erythrocytes revealed absence of hemolysis by spectrophotometric method. 

On the other hand, phase contrast microscopic examination revealed 

concentration dependent clustering of erythrocytes. The detailed investigation 

about interaction of erythrocytes with ZnO NPs is needed before their clinical 

applications.

INTRODUCTION: Nanotechnology has come to 

the forefront of research in the past decade and has 

the tremendous potential to revolutionize the 

livestock sector. Nanoparticles have been used for 

different sort of applications right from production 

to treatment in livestock sector 
1
. Remarkable 

efficacy was noted in targeted delivery of 

antimicrobials 
2
, anti-neoplastic 

3
, analgesics 

4
 and 

anti-inflammatory agents 
5
 by using the 

nanoparticles. Although nanoparticles possess 

novel properties that make them available to a vast 

range of applications, the questions regarding their 

safety arise when these come in contact with the 

biological systems 
6
.  
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ZnO is considered to be “GRAS” (generally 

recognized as safe) substance by the FDA but 

GRAS designation mostly acceptable to materials 

in the micron size range, when these substances are 

reduced to nanoscale, they may develop new 

actions of toxicity. Toxicity of ZnO NPs has been 

extensively studied and they have been shown to 

affect many cell types and animal systems 
7-12

. 

Most of the future therapeutic applications of NPs 

are based on intravenous/oral administration 
13

. 

Experiments on their interaction with blood 

components are of immense importance, if the 

nanoparticles are to be administered intravenously. 

The present paper deals with the haemolytic 

potential of zinc oxide nanoparticles. 

 

MATERIALS AND METHODS: 

Preparation of drug solution:  

ZnO NPs synthesized by method standardized in 

our lab were used in this study. PBS containing 

10% dimethylformamide (DMF) was prepared 
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(Solubilising buffer). ZnO NPs (10mg) were 

dissolved in 1ml of solubilising buffer and after 

sonication, two fold serial dilutions were prepared 

using the same solution. 

 

Preparation of Red Blood Cells (RBC) 

suspension: 

Blood sample was collected from adult Marwari 

horse and centrifuged at 1200 rpm for 10 min. The 

supernatant was discarded and equal volume of 

phosphate buffered saline (PBS,  pH 7.2)  was 

added to the sediment for washing and centrifuged 

at same speed and time for 4 times and finally RBC 

pellet was dissolved with equal volume of PBS.  

 

Assessment of haemolysis by 

spectrophotometer: 

Haemolytic potential of ZnO NPs was analysed 

spectrophotometerically as described previously 

with some modification
14

. Twenty micro litre (µl) 

of RBC suspension was added to 96 well plates to 

which 180 µl of drug dissolved in solubilising 

buffer from each concentration was added. For 

complete haemolysis the cells were suspended in 

180 µl of distilled water (Positive control). For 

negative control cells were suspended in PBS 

containing 10% DMF.  

 

Plate was incubated at 37⁰C for 90 min after that 

contents were transferred to eppendorf tubes and 

centrifuged at 3000 rpm for 5 min. Supernatants 

were directly transferred to new 96 well plate by 

using multipipette. Optical density (OD) of each 

well was taken at 543nm by using UV 

Spectrophotometer. The percentage haemolysis 

caused by the drug at a given concentration was 

calculated by using the following formula 

                                     ODS - OD0          

                   H =                                      × 100 

                                     OD100 - OD0 

Where H, ODS, OD0, OD100 are percent 

haemolysis, optical density in the presence of ZnO 

NPs, optical density in the presence of solubilising 

buffer and optical density in the presence of water 

respectively.  
 

Assessment of haemolysis by phase contrast 

microscope: 

Haemolytic properties of ZnO NPs were assessed 

by phase contrast microscopy as described 

previously with some modification
15

. Blood sample 

was collected from adult Marwari horse and 

centrifuged at 1200rpm for 10min. The supernatant 

was discarded and equal volume of PBS was added 

to the sediment and centrifuged for 4times to obtain 

clear RBC pellet. RBC suspension was prepared by 

diluting twenty times in PBS. Two fold serial 

dilutions of ZnO NPs were prepared in 1ml of PBS. 

Ten µl of drug samples were mixed with 50 µl of 

final RBC suspension and kept at 37⁰C in 

incubator. After 24 hr of incubation, blood smears 

were prepared out of the sample and examined 

under phase contrast microscope along with 

control. 

 

RESULTS: 

RBC suspension treated with different 

concentration of ZnO NPs and subsequent 

spectrophotometric evaluation revealed that they 

were non toxic to RBC at all concentrations. 

Haemolytic pattern of different concentrations of 

ZnO NPs along with positive and negative controls 

is shown in Fig. 1.  

 
FIG.1: GRAPHICAL PRESENTATION OF HAEMOLYSIS BY ZnO NPs 
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Significant difference was observed between 

positive control and ZnO NPs treated cells 

(p<0.01). After 24hr incubation of RBC with 

different concentrations of ZnO NPs showed 

aggregation of RBC at higher concentration but at 

lower concentrations, no toxic effect was observed. 

Effect of ZnO NPs on RBC is shown in Fig. 2.     

 

 
FIG.2: EFFECT OF ZnO NPs ON HORSE RBC AFTER 24 HR INCUBATION (400X) 

                    a Positive control,   b Negative control 

                    c RBC aggregation in ZnO NPs @ concentration of 1.6 µg/ml 

                    d RBC aggregation in ZnO NPs @ concentration of 0.8 µg/ml 

 

DISCUSSION: This study demonstrated that ZnO 

NPs did not have any haemolytic property by 

spectrophotometric method. On the other hand, 

concentration dependent clustering of RBC was 

noted in phase contrast microscopic examination. 

This clustering may interfere with physiological 

gas exchange mechanism. The pathological 

changes induced by ZnO NPs mainly depend on 

size and dose 
16

. The size of ZnO NPs used in this 

study was less than 20 nm. Therefore, detailed 

investigation of interaction between ZnO NPs (size, 

dose) and RBC should be studied in in vitro and in 

vivo before their therapeutic usage.  

 

CONCLUSION: Hemolysis (destruction of red 

blood cells) results in various pathological 

conditions including anemia, jaundice etc. The 

hemolytic potential of all intravenously 

administered drugs should be evaluated. In the 

present investigation, interaction of different 

concentrations of ZnO NPs with horse erythrocytes  

 

revealed the absence of hemolysis by 

spectrophotometric method. While, phase contrast 

microscopic examination revealed concentration 

dependent clustering of erythrocytes. The detailed 

investigation about interaction of erythrocytes with 

ZnO NPs is required before their clinical 

applications. 

 

ACKNOWLEDGEMENT: The authors thank 

Indian Council of Agricultural Research, Ministry 

of Agriculture, New Delhi, India for providing 

financial support. Raguvaran is thankful to ICAR 

for providing the fellowship during his MVSc.  

 

COMPETING INTERESTS: The authors declare 

that they have no competing interests. 

 

REFERENCES: 

1. Manuja A, Kumar B, Singh RK. Nanotechnology 

developments: opportunities for animal health and 

production. Nanotech Dev. 2012, 2(1): e4  



Raguvaran et al., IJPSR, 2015; Vol. 6(3): 1166-1169.                               E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1169 

2. Cordeiro C, Wiseman DJ, Lutwyche P, Uh M, Evans JC, 

Finlay BB, Webb MS. Antibacterial efficacy of gentamicin 

encapsulated in pH-sensitive liposomes against an in vivo 

Salmonella enterica serovar Typhimurium intracellular 

infection model. Antimicrob. Agents. Chemother. 2000, 

44(3): 533-539. 

3. Hofheinz RD, Gnad-Vogt SU, Beyer U, Hochhaus, A. 

Liposomal encapsulated anti-cancer drugs. Anti-Cancer 

Drugs. 2005, 16(7): 691-707. 

4. Rose JS, Neal JM, Kopacz DJ. Extended-duration 

analgesia: update on     microspheres and liposomes. Reg. 

Anesth. Pain. Med. 2005, 30(3): 275-285. 

5. Metselaar JM, Wauben MH, Wagenaar-Hilbers JP, 

Boerman OC, Storm G. Complete remission of 

experimental arthritis by joint targeting of glucocorticoids 

with long circulating liposomes. Arthritis. Rheum. 2003, 

48(7): 2059-2066.    

6. Snyder-Talkington BN, Qian Y, Castranova V, Guo NL. 

New perspectives for in vitro risk assessment of multi 

walled carbon nanotubes: application of co culture and 

bioinformatics. J. Toxicol. Environ. Health. B. Crit. Rev. 

2012, 15(7): 468-492. 

7. Cheng WY, Tong H, Miller EW, Chang CJ, Remington J, 

Zucker RM, Bromberg PA, Samet JM, Hofer TP. An 

integrated imaging approach to the study of oxidative 

stress generation by mitochondrial dysfunction in living 

cells. Environ. Health. Perspect. 2010, 118(7): 902-908.  

8. De Berardis B, Civitelli G, Condello M, Lista P, Pozzi R, 

Arancia G, Meschini S. Exposure to ZnO nanoparticles 

induces oxidative stress and cytotoxicity in human colon 

carcinoma cells. Toxicol. Appl. Pharmacol. 2010, 246: 

116-27. 

9. Osman IF, Baumgartner A, Cemeli E, Fletcher JN, 

Anderson D. Genotoxicity and cytotoxicity of zinc oxide 

and titanium didoxide in Hep-2 cells. Nanomedicine. 2010, 

5(8): 1193-203. 

10. Sharma V, Singh P, Pandey AK, Dhawan A. Induction of 

oxidative stress, DNA damage and apoptosis in mouse 

liver after sub-acute oral exposure to zinc oxide 

nanoparticles. Mutat. Res. 2012a, 745(1-2): 84-91. 

11. Sharma V, Anderson D, Dhawan A. Zinc oxide 

nanoparticles induce oxidative    DNA damage and ROS-

triggered mitochondria mediated apoptosis in human liver 

cells (HepG2). Apoptosis. 2012b, 17: 852-70. 

12. Wahab R, Kaushik NK, Verma AK, Mishra A, Hwang IH, 

Yang YB, Shin HS, Kim YS. Fabrication and growth 

mechanism of ZnO nanostructures and their cytotoxic 

effect on human brain tumor U87, cervical cancer HeLa 

and normal HEK cells. J. Biol. Inorg. Chem. 2011, 16(3): 

431-42. 

13. Mocan T. Hemolysis as Expression of Nanoparticles-

Induced Cytotoxicity in Red Blood Cells. Biotechnology, 

Molecular biology and Nanomedicine. 2013, 1: 7-12. 

14. Raghava GPS, Goel A, Singh AM, Varshney GC. 

Technical Report: A Simple Microassay for Computing 

Hemolytic Potency of Drugs. Biocomputing. 1994, 17(6): 

1148-1152.  

15. Simundic M, Drasler B, Sustar V, Zupanc J, Stukelj R, 

Makovec D, Erdogmus D, Hagerstrand H, Drobne D, 

Kralj-lglic V. Effect of engineered TiO2 and ZnO 

nanoparticles on erythrocytes, platelet-rich plasma and 

giant unilamelar phospholipid vesicles. BMC. Vet. Res. 

2013, 7(9):1-13. 

16. Wang B, Feng W, Wang M, Wang T, Gu Y, Zhu M, 

Ouyang H, Shi J, Jhang F, Zhao Y, Chai Z, Wang H, 

Wang J. Acute toxicological impact of nano-and submicro-

scaled zinc oxide powder healthy adult mice. J. Nanopart. 

Res. 2008, 10: 263-276. 
 

 

 

 

 

 

  

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are 

available on Google Playstore) 

How to cite this article: 

Raguvaran R, Manuja A, Singh S, Chopra M, Manuja BK and Dimri U: Zinc Oxide Nanoparticles Induced Haemolytic Cytotoxicity in 

Horse Red Blood Cells. Int J Pharm Sci Res 2015; 6(3): 1166-69.doi: 10.13040/IJPSR.0975-8232.6 (3).1166-69. 


