


Clinico-Hematological Effects of Nanonickel Administration in Wistar Rats

ABSTRACT
The present work was carried out to study the clinical signs, mortality and haematological alterations induced by administration of nanonickel in Wistar rats at NOAEL dose for a period of 90 days.  A total of 35 rats of six weeks of age, of both sexes, were randomly divided into two groups. Group 1 was kept as control and comprising of 20 rats. Group II was comprising of 15 rats and were orally administered nanonickel mixed in distilled water orally at NOAEL dose rate of 5 mg/kg body weight/day from 0 day of experiment till 90 days post treatment (DPT). Animals were observed twice daily for the presence of any untoward clinical signs and mortality throughout the period of experimentation. Blood was collected from 5 rats from each group at 0 (5 rats from control group only at this interval), 30th, 60th and 90th DPT to study the haematological parameters.  Body weight of both the groups of rats was also recorded at the above said intervals. Animals of the both the groups showed no clinical signs and mortality throughout the experimentation. Group I rats showed no significant variation in body weight and haematological values. A significant time dependent decrease in body weight was recorded in group II rats. Hematological studies revealed a non-significant decrease in hemoglobin (Hb) and significant decrease in packed cell volume (PCV) values at 60th and 90th DPT, in treated rats as compared to control rats while there was a significant decrease in total erythrocyte count (TEC) at 30th and 90th DPT in treated rats. There is significant decrease in mean corpuscular volume (MCV) at 60th DPT and significant increase in mean corpuscular hemoglobin (MCH) also there was increase in mean corpuscular hemoglobin concentration (MCHC) in treated rats as compared to control rats at all the DPT. There was a decrease in total leucocyte count at all DPT in treated rats as compared to control rats. In differential leucocyte count, a significant decrease in lymphocyte count and neutrophil count at 30th and 60th DPT. There was a significant increase in eosinophil at 30th and 90th DPT and a significant increase in monocyte count at 30th DPT. There was significant decrease in absolute neutrophil count at 90th DPT in treated rats as compared to control rats while there was significant decrease in absolute lymphocyte count at 30th DPT. It can be concluded from the present study that nanonickel have adverse effects on body weight and haematological parameters of Wistar rats at NOAEL dose. 
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INTRODUCTION 
	Nanotechnology is an applied science and technology discipline which deals with the formulation and control of nano scale matter and the preparation of products and equipment having their dimensions within this specific size range4. Nanotechnology can deliver new tools for molecular and cellular biology and new materials for detection of pathogen, so there are many areas in which nanotechnology could be applied to the science and agriculture engineering, food systems, agricultural and food system security, disease treatment due to its involvement in drug delivery systems, and the protection of the environment14. These days, nanoparticles have gained a great deal of attention not only because of their widespread applications but also because of their adverse effects on the environment and human health16. Nickel is a naturally occurring silvery metal found in the earth’s crust in the form of several nickel minerals. Nickel and its compound present in all components of the environment including plant and animal, air, drinking water, river, lakes, oceans and soil. Nanonickel has fascinated greater attention due to their different flexible properties17,5 and increasingly used in various day-to-day applications such as catalyst, gas sensor, alkaline battery cathode, electro-chrome film, magnetic and fuel cell12,11,10. Nickel nanoparticles are also found in roots, almonds, vegetables, coco, nuts, cereals, chocolates, oatmeal, soybean13. thereby causing exposure of nanonickel to the human and animal. Nickel deficiency in animals leads to depressed development, alterations in carbohydrates and lipid metabolism were associated, delayed conception, anemia, skin rashes, decreased haemoglobin and hematocrit qualities, hematopoiesis and increases in iron, copper and zinc content in liver and decreased activity of various enzymes, such as hydrogenases and transaminases. Although the nickel nanoparticles are used in various fields, having a wide role in various application and involved in our day today life, but there is very limited information on nanonickel toxicity at cell and molecular level. The present study was therefore planned to know the effects of nanonickel on general health and hematological parameters at NOAEL (No Observable Adverse Effect Level) dose in Wistar rats for a period of 90 days.
MATERIALS AND METHODS
Apparently healthy, six weeks old, 35 Wistar Rats of both the sexes were procured from Laboratory Animal Resources, Indian Veterinary Research Institute, Izatnagar, Bareilly, India. The rats were maintained in Experimental Animal House of Department of Veterinary Pathology, College of Veterinary and Animal Sciences, Pantnagar under standard managemental conditions. The project was approved by Institutional Animal Ethics Committee. All the rats were acclimatized for a period of seven days prior to experiment. Rats were randomly divided in two groups, group I with 20 rats, as control group and group II with 15 rats, as treatment group. The nickel oxide nanoparticles used in this study were having aerodynamic particular size of less than 50 nm and molecular weight is 74.69 was purchased from Sisco Research Laboratories Pvt. Ltd., India. The nanoparticles were diluted in distilled water and working samples of recommended dose formulation was prepared daily during the entire period of study. The nanoparticles were homogenized by vortexing just prior to administration and were gavaged once daily for 90 days. The dose used in the study was Non Observable Adverse Effect Level (NOAEL) dose which was 5 mg/kg body weight/day. The experimental design in tabular form is given in table 1: 	Comment by İBRAHİM HAKKI ÇAĞIRAN: laboratory standards need to be written more clearly. Was pellet feed given as standard or was a different feed given separately? These need to be written more clearly.
In the method section, information should be given that the Helsinki animal rights and 3R rules were followed.
The method needs to be rewritten in more detail.
Table 1: Experimental design in tabulated form  
	Days post treatment (DPT)
	Group I (control)
	Group II ( treatment)

	0 DPT
	5 rats
	--

	30th DPT
	5 rats
	5 rats

	60th DPT
	5 rats
	5 rats

	90th DPT
	5 rats
	5 rats

	Total 35 rats
	20 rats
	15 rats


Rats of both the experimental groups were observed twice daily for the development of any untoward clinical sign and mortality throughout the period of experimentation i.e. up to 90thDPT. Body weight of rats of both the groups was recorded at 0th, 30th, 60th and 90th DPT. Blood was collected from 5 rats from each group at 0 (only from group I), 30th, 60th and 90th DPT for hematological studies in EDTA coated vials. The hematological parameters viz. hemoglobin (Hb), packed cell volume (PCV), total erythrocyte count (TEC), total leucocyte count (TLC), and differential leucocyte count (DLC) were determined from blood collected from 5 rats from each groups at 0, 30th, 60th and 90th DPT. For DLC, smears were drawn from fresh blood without anticoagulant. These hematological parameters were studied using standard protocols21. Mean cell volume (MCV), Mean hemoglobin concentration (MCH), Mean corpuscular hemoglobin concentration (MCHC), Absolute neutrophil count (ANC) and Absolute lymphocyte counts (ALC) were calculated as per the standard protocols. The data generated during the course of experiment was statistically analyzed by using two way ANOVA test with the help of SPSS software18. 
RESULTS 
Clinical Observations
	Treated rats with nickel nanoparticles showed dullness, irritation and decrease in feed intake. There was no mortality in any group throughout the course of the experiment i.e. upto 90th DPT.
Body weight
Body weight of the rats of both the groups taken at different time intervals expressed in grams and is presented in Table 2. When the values were compared between both the groups, mean body weight of group Ι rats were 114±3.94, 153±7.31, 258±16.46 and 253±17.47 g at 0, 30th, 60th and 90th DPT, respectively. In group II, mean body weight was 114 ±3.94, 158 ±11.02, 178±10.1 and 166 ±9.07 g at 0, 30th, 60th and 90th DPT, respectively. There was an increase in weight by 3.27% at 30th DPT while decrease in weight by 31.01% and 34.39% at 60th and 90th DPT, respectively. There was significant decrease in mean body weight of group II rats at 60th and 90th DPT, as compared to group I rats. When these values were compared within the groups at different time intervals, there was significant increase in mean body weight of group I rats at 60th and 90th DPT, respectively. Also there was significant increase in mean body weight of group II rats at 30th DPT only and after that the increase in body weight of this group was non-significant. 

Table 2: Body weight (Mean ± SE) (g) of different groups of experimental rats at different time intervals of the experiment 
	Day Post Treatment
	Body weight (Mean ± SE) in grams 

	
	Group I (Control)
	Group II (Treated)

	0
	114±3.94cA
	114±3.94bA (0%)

	30
	153±7.31bA
	158±11.02aA (3.27%)

	60
	258±16.46aA
	178±10.1aB (-31.01%)

	90
	253±17.47aA
	166±9.07aB (-34.39%)


 *Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a, b, and c) indicate significant (P<0.05) difference within days in a particular group.

Hemoglobin concentration
	Mean hemoglobin concentration of experimental rats in both the groups at different time intervals expressed in g/dl and are presented in Table 3. Mean hemoglobin concentration of group Ι rats were 15.3 ± 1.06, 13± 0.54, 13.4± 0.67, 14 ± 0.79 at 0, 30th, 60th and 90th DPT, respectively. In group II, these values were 15.3 ± 1.06, 14.4± 0.81, 12.2± 1.01, 12.8± 0.9 at 0, 30th, 60th and 90thDPT, respectively. There was significant increase in mean hemoglobin concentration by 10.78 % at 30th DPT only and a non-significant difference in mean hemoglobin concentration by 8.95 % and 8.57 % at 60th and 90th DPT in group II rats as compared to group I rats. When these values were compared with in the same group at different time intervals, there were significant decrease in mean hemoglobin values of group I rats at 30th and 60th DPT. In group II rats, there was a significant decrease in mean hemoglobin values at 60th and 90th DPT.




Table 3: Hemoglobin concentration (Mean ± SE) (g/dl) in different groups of experimental rats at different time intervals of the experiment 	Comment by İBRAHİM HAKKI ÇAĞIRAN: The number of tables is excessive; it would be more appropriate to combine the tables and reconstruct them.
	Day Post Treatment
	Hemoglobin (Mean ± SE) in g/dl 

	
	Group I (Control)
	Group II (Treated)

	0
	15.3 ± 1.06aA
	15.3 ± 1.06aA (0%)

	30
	13±0.54bB
	14.4± 0.81abA (10.78%)

	60
	13.4± 0.67bA
	12.2±1.01bA (-8.95%)

	90
	14±0.79abA
	12.8±0.9bA (-8.57%)


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a and b) indicate significant (P<0.05) difference within days in a particular group
Packed cell volume
Mean PCV values of experimental rats in both the groups at different time intervals expressed in % and are presented in table 4. Mean PCV values for group Ι rats were 48.6±0.67, 43.2±1.52, 42.8±1.71, 45.8±1.59 at 0, 30th, 60th and 90th DPT, respectively. In groups II rats, these values were 48.6±0.67, 43.2±2.42, 36.6±3.05, 38± 2.7 at 0, 30th, 60th and 90th DPT, respectively. There was a significant decrease in mean PCV values by 14.48 % and 17.03 % at 60th and 90th DPT in group II rats as compared to group I rats. When these values were compared with in the same group at different time intervals, there was significant decrease in group Ι rats at 30th and 60th DPT. There was a significant decrease in values of group II rats at 30th, 60th and 90th DPT.	Comment by İBRAHİM HAKKI ÇAĞIRAN: It would be more appropriate to provide the p-value at the end of the sentence
Table 4: Packed cell volume (Mean ± SE) (%) in different groups of experimental rats at different time intervals of the experiment 
	Day Post Treatment
	Packed cell volume ( Mean ± SE) in percent 

	
	Group I (Control)
	Group II (Treated)

	0
	48.6±0.67aA
	48.6±0.67aA (0%)

	30
	43.2±1.52bA
	43.2±2.42bA (0%)

	60
	42.8±1.71bA
	36.6±3.05cB (-14.486%)

	90
	45.81.59abA
	38± 2.7cB (-17.031%)


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a, b and c) indicate significant (P<0.05) difference within days in a particular group
Total erythrocyte count
	The mean values of TEC of experimental rats between both groups at different time intervals, expressed in 106/µl and are presented in Table 5. Mean values of group Ι rats were 5.8±0.68, 6.54±1.03, 5.24±0.37, 5.24±0.32 at 0, 30th, 60th and 90th DPT, respectively. In group II, rats, the values were 5.8±0.68, 5.05±0.14, 5.96±0.21, 3.14±0.47 at 0, 30th, 60th and 90th DPT, respectively. There was a significant decrease in mean TEC values by 22.78 % and 40.08 % at 30th and 90th DPT and a non-significant increase in value by 13.74 % at 60th DPT, in treated group as compared to control group. When these values were compared with in the same group at different time intervals, there was significant decrease in group Ι rats at 60th and 90th DPT. In group II rats also, there was significant decrease in the TEC values at 60th and 90th DPT.
Table 5: Total erythrocyte count (Mean ± SE) (106/µl) in different groups of experimental rats at different time intervals of the experiment 
	Day Post Treatment
	Total Erythrocyte count (Mean ± SE) in 106/µl 

	
	Group I (Control)
	Group II (Treated)

	0
	5.80.68abA
	5.80.68bA (0%)

	30
	6.541.03aA
	5.050.14bB (-22.78%)

	60
	5.240.37bA
	5.960.21aA (13.74%)

	90
	5.240.32bA
	3.140.47cB (-40.08%)


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a, b and c) indicate significant (P<0.05) difference within days in a particular group
Mean corpuscular volume (MCV)
	The values of MCV of experimental rats in both the groups at different time intervals, expressed in femtolitre (fl) and are presented in Table 6. In group Ι rats, these values were 87.47±9.36, 61.47±10.62, 82.83±5.13 and 77.87±12.4 at 0, 30th, 60th and 90th DPT, respectively. In group II rats, these values were 87.47±9.36, 85.87±5.52, 65.01±3.82 and 138.38±30 at 0, 30th, 60th and 90th DPT, respectively. There was a significant increase in value by 77.70 % at 90th DPT and a significant decrease in the values by 21.51 % at 60th DPT in group II rats as compared to group I rats. When these values were compared within the same group at different time intervals, there was a significant difference in group II rats at 60th and 90th DPT. There was no significant differences in the values of group I rats at any time interval.
Table 6: Mean corpuscular volume (Mean ± SE) (fl) in different groups of experimental rats at different time intervals of the experiment
	Day Post-Treatment
	Mean Corpuscular volume (Mean ± SE) in fl 

	
	Group I (Control)
	Group II (Treated)

	0
	87.47±9.36aA
	87.47±9.36bA (0%)

	30
	61.47±10.62aA
	85.87±5.52bA (39.69%)

	60
	82.83±5.13aA
	65.01±3.82cB (-21.51%)

	90
	77.87±12.4aB
	138.38±30aA (77.70%)


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a, b and c) indicate significant (P<0.05) difference within days in a particular group
Mean corpuscular hemoglobin (MCH)
	Mean MCH values of experimental rats in both the groups at different time intervals, expressed in pictogram (pg) and are presented in Table 7. In group Ι, these values were 27.35±2.9, 21.33±2.58, 26.20±2.66 and 26.76±0.51 at 0, 30th, 60th and 90th DPT, respectively. In group II rats, these values were 27.35±2.9, 28.4±1.28, 21.73±4.83 and 45.1±7.63 at 0, 30th, 60th and 90th DPT, respectively. There was a significant increase in MCH values by 33.14 %, and 68.53 % at 30th and 90th DPT and a significant decrease in values by 17.06 % at 60th DPT, in group II as compared to group I. When these values were compared with in the same group at different time intervals, there were significant difference in group II rats 60th and 90th DPT. There was no significant differences in the values of group I rats at any time interval.
Table 7: Mean corpuscular hemoglobin (Mean ± SE) (pg) in different groups of experimental rats at different time intervals of the experiment
	Day Post-Treatment
	Mean corpuscular hemoglobin (Mean ± SE) in pg 

	
	Group I (Control)
	Group II (Treated)

	0
	27.35±2.9aA
	27.35±2.9bA (0%)

	30
	21.33±2.58aB
	28.4±1.28bA (33.14%)

	60
	26.20±2.66aA
	21.73±4.83cB (-17.06%)

	90
	26.76±0.51aB
	45.1±7.63aA (68.53%)


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas alphabetical letters (a, b and c) indicate significant (P<0.05) difference within days in a particular group.
Mean corpuscular hemoglobin concentration (MCHC)
	The MCHC values of experimental rats in both the groups at different time intervals expressed in percent and are presented in Table 8. These values in group Ι rats were 31.5±2.09, 30.35±2.05, 31.36±1.4 and 29.20±1.22 at 0, 30th, 60th and 90th DPT, respectively. For group II rats, these values were 31.5±2.09, 34.19±4.43, 32.44±2.66 and 34.81±4.47 at 0, 30th, 60th and 90th DPT, respectively. There were insignificant variation in MCHC values by 12.65 %, 3.44 % and 19.21 % at 30th, 60th and 90th DPT in treated group as compared to control group. When these values were compared with in the same group at different time intervals, there was no significant difference in any group at any time interval.




Table 8: Mean corpuscular hemoglobin concentration (Mean ± SE) (%) in different groups of experimental rats at different time intervals of the experiment
	Day Post-Treatment 
	Mean corpuscular hemoglobin concentration (Mean ± SE) in percent 

	
	Group I (Control)
	Group II (Treated)

	0
	31.5±2.09aA
	31.5±2.09aA (0%)

	30
	30.35±2.05aA
	34.19±4.43aA (12.65%)

	60
	31.36±1.4aA
	32.44±2.66aA (3.44%)

	90
	29.20±1.22aA
	34.81±4.47aA (19.21%)


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas alphabetical letters (a, b and c) indicate significant (P<0.05) difference within days in a particular group.
Total leucocyte count
	Mean TLC values of experimental rats in different groups at different time intervals expressed in 103/µl of blood and are presented in Table 9. Mean TLC values for group Ι rats were 11.2±1.62, 15.3±0.79, 14.64±0.49, 19.19±1.3 at 0, 30th, 60th and 90th DPT, respectively. In group II, these values were 11.2±1.62, 13.52±0.58, 12.65±1.35, 17.2±1.75 at 0, 30th, 60th and 90th DPT, respectively. There was a non significant variation in mean TLC values by 11.63 %, 13.59 % and 10.37 % at 30th, 60th and 90th DPT, respectively in group II as compared to group I. When these values were compared with in the same group at different time intervals, there was a significant increase in mean TLC values in group Ι and group II rats at 90th DPT.
Table 9:  Total leukocyte count (Mean ± SE) (103/µl) in different groups of experimental rats at different time intervals of the experiment
	Day Post Treatment
	Total leucocyte count (Mean ± SE) in 103/µl 

	
	Group I (Control)
	Group II (Treated)

	0
	11.21.62bcA
	11.21.62bA (0%)

	30
	15.30.79cA
	13.520.58bA (-11.63%)

	60
	14.640.49cA
	12.651.35bA (-13.59%)

	90
	19.191.3aA
	17.21.75aA (-10.37%)


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a, b and c) indicate significant (P<0.05) difference within days in a particular group
Differential leucocyte count (DLC)
	The counts of various white blood cells over the entire experimental period are described as under.
Neutrophils
	Mean neutrophil count of experimental rats in both groups at different time intervals expressed in percent and are presented in Table 10. Mean neutrophil values of group Ι rats were 10.2±0.58, 26.8±1.59, 19.6±1.07 and 25±1.51 at 0, 30th, 60th and 90th DPT, respectively. In group II, these values were 10.2±0.58, 34.8±1.49, 15.8 ±2.8 and 17.8±2.03 at 0, 30th, 60th and 90th DPT. There was a significant increase in mean neutrophil count by 29.85 % at 30th DPT, and there was a significant decrease in mean neutrophil count by 19.39 % and 28.80 % at 60th and 90th DPT, in group II as compared to group I. When these values were compared with in the same group at different time intervals, there was significant difference in group Ι and II rats at 30th, 60th and 90th DPT. 
Table 10: Neutrophil count (Mean ± SE) (%) in different groups of experimental rats at different time intervals of the experiment
	Day Post Treatment
	Neutrophil count (Mean±SE) in percent 

	
	Group I(Control)
	Group II(Treated)

	0
	10.20.58cA
	10.20.58cA(0%)

	30
	26.81.59aB
	34.81.49aA(29.85%)

	60
	19.61.07bA
	15.8 2.8bB(-19.39%)

	90
	251.51aA
	17.82.03bB (-28.80%)


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a, b and c) indicate significant (P<0.05) difference within days in a particular group
Lymphocytes
	Mean lymphocyte count of experimental rats in both the groups at different time intervals expressed in percent and are presented in Table 11. Mean values of lymphocytes in group Ι rats were 82.6±1.5, 69.8±1.9, 81±3.59 and 79.2±2.26 at 0, 30th, 60th and 90th DPT, respectively. In group II rats, these values were 82.6±1.5, 54.2±1.46, 76.8±1.46 and 79.8 ±1.01 at 0, 30th, 60th and 90th DPT, respectively. There was an insignificant variation in mean lymphocyte values by 0.75 % at 90th DPT and a significant decrease in values by 22.35 % and 5.2 % at 30th and 60th DPT, respectively. When these values were compared with in the same group at different time intervals, there was significant difference in group Ι rats at 30th DPT and 60th and 90th DPT in group II rats, respectively.
Table 11: Lymphocyte count (Mean ± SE) (%) in different groups of experimental rats at different time intervals of the experiment
	Day Post Treatment
	Lymphocyte count (Mean±SE) in percent

	
	Group I(Control)
	Group II(Treated)

	0
	82.61.5aA
	82.61.5aA (0%)
	

	30
	69.8±1.9cA
	54.21.46bB (-22.35%)
	

	60
	813.59aA
	76.8 1.46bB (-5.2%)
	

	90
	79.22.26abA
	79.8 1.01aA (0.7576%)
	


*Alphabetical letters (A,B and C) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a and b) indicate significant (P<0.05) difference within days in a particular group
Monocytes
	The mean monocyte values of experimental rats expressed in percent and are presented in Table 12. Mean values of monocytes of group Ι rats were 2±0.4, 3.6±1.16, 2.2±0.37 and 2.4±0.5 at 0, 30th, 60th and 90th DPT, respectively. In group II rats, these values were 2±0.4, 6.8±1.39, 3±0.94 and 3±0.89 at 0, 30th, 60th and 90th DPT, respectively. There was a significant increase in mean monocyte count values by 88.80 % at 30th DPT only, in group II as compared to group I. When these values were compared with in the same group at different time intervals, there was significant difference in group II rats at 30th DPT only.
Table 12: Monocyte count (Mean ± SE) (%) in different groups of experimental rats at different time intervals of the experiment
	Day Post Treatment
	Monocyte count (Mean±SE) in percent 

	
	Group I(Control)
	Group II(Treated)

	0
	20.4aA
	20.4bA (0%)
	

	30
	3.61.16aB
	6.81.39aA (88.8%)
	

	60
	2.20.37aA
	30.94bA (26.67%)
	

	90
	2.40.5aA
	30.89bA (20%)
	


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a and b) indicate significant (P<0.05) difference within days in a particular group
Eosinophils
	The mean eosinophil count values in experimental rats expressed in percent and are presented in Table 13. Mean values of eosinophils for group Ι rats were 2.2±0.73, 1.6±0.4, 0.2±0.20 and 1.2±0.58 at 0, 30th, 60th and 90th DPT, respectively. In group II rats, these values were 2.2±0.73, 3±0.55, 0.3±0.37 and 2±0.54 at 0, 30th, 60th and 90th DPT, respectively. There was a significant increase in mean eosinophil count by 87.50 % and 66.60 % at 30th and 90th DPT, respectively in group II rats as compared to group I rats. When these values were compared with in the same group at different time intervals, there was no significant difference in group Ι rats and a significant decrease in group II rats at 60th DPT only.





Table 13: Eosinophil count (Mean ± SE) (%) in different groups of experimental rats at different time intervals of the experiment
	Day Post Treatment
	Eosinophils count (Mean±SE) in percent 

	
	Group I(Control)
	Group II(Treated)

	0
	2.2aA
	2.2aA (0%)
	

	30
	1.60.4abB
	3aA (87.50%)
	

	60
	0.20.2bA
	0.30.37bA (50%)
	

	90
	1.20.58abB
	20.54aA (66.60%)
	


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a and b) indicate significant (P<0.05) difference within days in a particular group


Absolute neutrophil count (ANC)
	Mean values of ANC of experimental rats in different groups expressed in 103/µl and are shown in Table 14. Mean values of ANC for group Ι rats were 1.16±0.2, 4.14±0.40, 1.98±0.23, 4.77±0.39 at 0, 30th, 60th and 90th DPT, respectively. In group II, these values were 1.16±0.2, 4.70±0.34, 1.93±0.30, 2.95±0.22 at 0, 30th, 60th, 90th DPT, respectively. There was a significant decrease in mean ANC values by 38.155 % at 90th DPT only, in treated group as compare to control group. When these values were compared with in the same group at different time intervals, there was a significant increase in group Ι and group II rats at 30th and 60th DPT, respectively.
Table 14: Absolute neutrophil count (Mean ± SE) (103/µl) in different groups of experimental rats at different time intervals of the experiment
	Day Post-Treatment
	Absolute Neutrophil Count (Mean ± SE) in 103/µl

	
	Group I (Control)
	Group II (Treated)

	0
	1.160.2cA
	1.160.2bA (0%)

	30
	4.140.40bA
	4.700.34aA (13.52%)

	60
	1.980.23cA
	1.930.30bcA (-2.52%)

	90
	4.770.39abA
	2.950.22cB (-38.155%)


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a and b) indicate significant (P<0.05) difference within days in a particular group
Absolute lymphocyte count (ALC)
	Mean values of ALC of experimental rats of both the groups expressed in 103/µl and are shown in Table 15. Mean values of ALC in group Ι rats were 9.2±1.2, 10.71±0.52, 11.820.54 and 15.28±1.38 at 0, 30th, 60th and 90th DPT, respectively. In group II rats, these value were 9.2±1.2, 7.30±0.26, 9.66±1.02 and 13.5±1.36 at 0, 30th, 60th and 90th DPT, respectively. There was a significant decrease in mean ALC values by 31.83 % at 30th DPT only in treated group as compared to control group. When these values were compared with in the same group at different time intervals, there was a significant difference in group Ι rats at 30th and 60th DPT and group II rats at 30th, 60th and 90th DPT, respectively.



Table 15: Absolute lymphocyte count (Mean ± SE) (103/µl) in different groups of experimental rats at different time intervals of the experiment
	Day Post Treatment
	Absolute Lymphocyte Count (Mean ± SE) in 103/µl

	
	Group I (Control)
	Group II (Treated)

	0
	9.21.2aA
	9.21.2aA (0%)

	30
	10.710.52cA
	7.300.26dB (-31.83%)

	60
	11.820.54cA
	9.661.02bA (-18.27%)

	90
	15.281.38aA
	13.51.36bA (-11.64%)


*Alphabetical letters (A and B) indicate significant (P<0.05) difference between groups at a particular DPT (DPT= Day Post-Treatment) whereas different alphabetical letters (a, b, c and d) indicate significant (P<0.05) difference within days in a particular group

DISCUSSION 	Comment by İBRAHİM HAKKI ÇAĞIRAN: "The discussion section needs to be updated to be more detailed and include comparisons with similar studies."
	In the present study, the effect of nanonickel administration on behaviour, growth and hematological parameters of the rats was studied. Body weight is an important parameter for evaluating the toxic effect of any compound on animal health7. It is well known that body weight and organ weight coefficients are sensitive indicators of potentially toxic chemicals in general toxicity studies1. Body weight of treated rats decreased significantly at 60th and 90th DPT indicating a depressant effect of nanonickel on body weight. It may be due to the inhibition of the differentiation of the preadipocytes (precursors of fat cells) mediated by the G coupled protein mechanism because of high exposure to the calcium6. Hematologic values obtained at monthly intervals were quite variable. However, the greatest variability appeared in the hemoglobin values which are suggestive of a simple hypochromic anemia. It suggests that chronic exposure of nickel nanoparticle causes anemia in Wistar rats9 at the same time, low-level inhalation burdens can induce the erythropoiesis stimulation also8. Total erythrocyte counts were decreasing significantly in treated group at 30th and 90th DPT as compared to control group. Nanonickel may reduce the number of red blood cells by acting on erythrocyte glutathione peroxidase resulting in oxidative stress. Oxidative stress thus cause excessive damage to essential cellular molecules like DNA and cause apoptosis of the affected cell and results in anemia by diminishing the life span of red blood cells. The lower values of red blood cells could also be due to the binding of nanonickel to the surface of red blood cells leading to hemolysis. In addition, the toxic effects of nickel nanoparticles on bone marrow cells have also been reported. The peripheral blood smear of group II rats also showed normocytic hypochromic anemia with increased central pallor area within the erythrocyte at 60th DPT15. There was a marked increase in total erythrocyte count at 60th DPT. In1982 observed an enhanced generation of erythropoietin with an increase in hematocrit in guinea pigs and rats in response to administration of nickel nanoparticles19. This finding can also be considered as a mechanism to overcome the hypoxia induced by nanonickel intoxication, as hypoxia activates the erythropoietin secretion from renal tissue thereby causing enhanced erythropoiesis20. There was non-significant decrease in total leucocyte count at all DPT in treated rats as compared to control rats. This may be due to ability of nickel nanoparticles to cause cellular damage via excessive generation of reactive oxygen species. There was a significant increase in mean eosinophil count by at 30th and 90th DPT, respectively in group II rats as compared to group I rats. It would be an enticing hypothesis to connect the well-known systemic nickel allergy which proved that nickel nanoparticles work as a recognized potent sensitizer9. There was a significant increase in mean neutrophil count by at 30th DPT. It can be due to injuries in association with the increased and rapid generation of free radicals in treated rats2.

[image: H:\20200730_104539.jpg]fig 1 : Photomicrograph of blood smear showing erythrocytes with normocytic    hypochromic anemia (group Π, 60th DPT)

   It can be concluded from the present study that nanonickel have adverse effects on the haematological parameters in Wistar rats at NOAEL dose for period of 90 days. Our present findings reveal that nanonickel adversely affects the red blood cells and blood leukocytes. Nickel nanoparticle produces the toxic effects on the haematological parameter of Wistar rats. Further study must be required in respect to nanoparticle exposure to different animals.
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