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Abstract  

The sudden large-scale production and exposure to a variety of nanotechnology innovations has stirred interest 

concerning the health consequences of humans. To investigate these questions, we determined the acute and sub-

acute toxicity of manganese nanomaterials along with bulk material in albino Wistar female rats according to OECD 

guidelines (407and 420). The dosages used in the experiments were: 500 (Low), 1000 (Medium) and 2000 (High) 

mg/kg body weight (bw). 500mg/kg bw of nanomaterial showed no observed adverse effect” (NOAEL). Higher 

dosage showed dose dependent alterations in serum and blood parameters of exposed rats following MnO2 

nanomaterial treatment  MnO2-bulk did not induce adverse effects in both acute and repeated dose studies and the 

changes observed were mostly insignificant, indicating that the bulk material is less potent than the nanomaterial in 

causing toxicity. In acute toxicity studies no significant changes were seen in repeated doses of MnO2 ≤ 50 

nanomaterials. But significant inhibition was recorded in CBP viz: hemoglobin, hematocrit, MCV, MCHC RBC, platelet 

count and a significant increase in glucose, cholesterol and alkaline phosphate levels. Increased levels of these 

enzymes in serum as well as changes in hematological parameters might be an adaptive mechanism, caused due to 

the stress of nanomaterials. 
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Introduction  

Nanomaterials (NMs) are defined as particles designed and produced to have at least one dimension 

lower than 100 nanometers. NMs exhibit considerably novel properties and functions compared to their 

bulk counterparts which make them highly desirable for applications in the commercial, medical and 

environmental sectors. At present the global market is expected to reach 6.2 billion US $ by the year 

2015 (Jones and Grainger, 2009). Recently metal and metal oxide nanomaterials are used in cosmetics 

and skin care products, abrasives, polishers and as drug delivery systems. Moreover in the field of 

biomedicine nanomaterials are used as efficient diagnostics and therapeutic tools to detect and treat 

human disease, but the small size of more nanomaterials are released into the environment with the 

Increasing development of nanotechnology. The small size and large surface areas endow them with an 
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active group or intrinsic toxicity. The impact of nanomaterials on humans and environmental has been a 

matter of concern by some scientists and organizations (Liu et al., 2008). Metals  have long been known 

to cause DNA strands breaks in cells and leucocytes (Dana Devi et al., 2001) but  NM toxicology is 

emerging as an important sub discipline of nanotechnology, which could be the answer for the issues that 

are related to the possible toxic effects of NMs (Oberdorster et al., 2005).  

       

     Manganese is an essential trace element and it is required for many ubiquitous enzymatic reactions.  

Larger amounts of manganese metal or powder applications are typically found in industries involving 

steel and non-steel alloy production, battery manufacture, colorants, pigments, ferrites, welding fluxes, 

fuel additives, catalysts, metal coatings and manganese oxides have been considered in the 

environmental remediation, MRI diagnosis and drug and pharmaceutical industries (Kim et al., 2011; Nam 

et al., 2003 and Rosi and Mirkin, 2005). Occupational exposure Manganese can result in brain damage 

that causes psychological and neurological disturbances (Mergler and Baldwin, 1997). Due to the recent 

development of nanomaterials, there have been several reports on the toxicity of NM, but there is a lack 

of studies which compare them with micro-sized particles. NM can potentially cause adverse effects on 

organs, tissue, cellular and sub-cellular and protein levels due to their unique physico-chemical properties 

(Schrand et al., 2010). Moreover, at present the knowledge of MnO2 NM toxicity is very limited especially 

in in-vivo studies. The applications of Manganese nanomaterials are currently being pursued for catalysis 

and battery technology used as contrast enhancement agents for magnetic resonance imaging (MRI), 

and as biosensors (Han et al., 2005). Recently, Manganese oxide nanomaterials demonstrated that it can 

be used as T1 MR Contrast agent for various body organs, depicting fine anatomic structures (Na et al., 

2007). 

       

     It was also reported that alternations in hematological parameters and serum enzymes are frequently 

used as indicator of toxicity and, organ function or cell damage (Guilhermino et al., 1998; Meeks et al., 

1989). Therefore in the current study our aim was to investigate the acute and sub acute toxicity of 

manganese oxide nanomaterials and its bulk on hematological indices like hemoglobin (Hb), hematocrit 

(Hct), total erythrocyte count (TEC), mean corpus volume (MCV), mean corpus hemoglobin (MCHC), 

complete blood picture and total platelet count. We also determined the biochemical parameters like 

calcium, creatinine, chlorides, total protein, albumin, globulin, A/G ratio, alkaline phosphate in female 

albino Wister rats. Hemato-biochemical responses have been reported to be easy and sensitive markers 

that can predict the expression of toxic effects in the higher level of biological organization (Cceurdassier 

et al., 2002).  

 

Materials and Methods  

MnO2-NM <50nm and Manganese oxide Bulk (MnO2-Bulk) was kindly supplied by M/s. Mukherjee 

Industries, Howrah, Kolkata.  
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Preparation of stock solutions 

Manganese oxide nanomaterial (MnO2 NM) and MnO2-Bulk were dissolved in MilliQ water and properly 

ultrasonicated (UP100H, Hielscher Ultrasonics, Gmbh, Germany) and vortexed before use for every 

treatment to the rats.  

 

Animal Testing Protocol 

All animals were acquired under CPCSEA guidelines from National Institute of Nutrition, Hyderabad; 

newly obtained adult female Wister rats weighing 120-150 g (8 weeks)  were first acclimatized in the 

Institute Animal House for one week prior to the experiment.  The control and experimental rats were 

maintained under standard conditions of 12 h light/dark cycle; at 22 ± 2
o
C temperature, 30-70 percent 

relative humidity and standard rat feed and water were provided ad libitum as per the guidelines of 

CPCSEA.   

 

Toxicity studies 

(i) Dosages used for this study 

 Low (500mg/kg-bw), Medium (1000mg/kg-bw), and High (2000mg/kg-bw) dosages of MnO2 NM and 

MnO2-Bulk were prepared, and the animals were treated by oral route for one day and for 28 days using 

suitable intubation cannula. The LD50 of these compounds was determined as < 2000 mg/kg body 

weight. 

 

(ii) Acute oral toxicity study  

Acute oral toxicity study of  MnO2 NM and MnO2-Bulk was conducted following Organization for Economic 

Cooperation and Development (OECD) guidelines 420 (OECD,2001), initially an exploratory  study was 

conducted on  single female rats treated individually with 5, 50, 300 and 2000 mg/kg doses to determine 

the LD50 dose toxicity.  Mortality was not observed at any of the above doses by both the compounds; 

hence a trial test was carried out at 2000 mg/kg dose with 5 female rats and observations recorded for 14 

days and 24 hours.  To understand the biochemical alterations by MnO2<50 NM and its counterpart 

MnO2-Bulk, rats were divided into 4 groups (5 rats in each group) receiving various doses such as : 500 

(Low), 1000 (Medium) and 2000 (High) mg/kg and control- not receiving any MnO2 these were treated 

with single dose by oral route using suitable intubation cannula. The experiments done were tabulated 

after statistical analysis.  

 

Repeated oral toxicity  

Similarly, following OECD guidelines 407 (OECD,1995) repeated oral toxicity for 28 days was carried out 

on female rats. The rats were divided into 4 groups- as mentioned above (5 rats in each group); along 

with control group, there were treated with  low dose (30 mg/kg/day), medium dose (300 mg/kg/day), and 

high dose (1000 mg/kg/day) of MnO2 NM and MnO2-Bulk by oral route daily for 28 days.  The highest 
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dose was selected based on toxic effect but without sufferings and mortality, whereas the lowest dose 

demonstrated no observed adverse effect levels (NOAEL).    

 

Hematological and biochemical studies  

 After treatment blood samples were collected from the retro-orbital plexus using the micro capillary 

technique. Blood was collected in two aliquots. In one aliquot EDTA was added as anticoagulant. In 

second aliquot serum was harvested from anticoagulant free blood for biochemical estimation. After 

clotting, the samples were centrifuged at 750 x g for 10 min. The serum was pipette from the cellular 

elements (erythrocytes, platelets, leucocytes) and transferred to an acid washed polypropylene tube, 

properly labeled, and stored at 4° C until ready for biochemical analysis. Blood smears were also 

prepared for differential count; Hb was estimated by the cyano-methemoglobin method (Dacie and Lewis, 

1975) and HCT was determined by microhematocrit method (Brown et al., 1984). TEC, TLC and platelet 

count were recorded by light microscopy examination (Brown et al., 1984). MCV, MCHC and MCH were 

calculated from the TEC, Hb and HCT values (Brown et al., 1984). All other biochemical parameters for 

calcium (Bagniski et al., 1973), creatinine (Henry et al., 1974), chlorides (Schoenfeld et al., 1964.), 

cholesterol (Allain et al., 1974.), HDL cholesterol (Lopes et al., 1977.) and triglycerides (Buccolo and 

David, 1973) were determined by the standard routine procedures. Glucose was estimated by GOD/POD 

method (Triender, 1969), alkaline phosphate (Li-Fern and Rajasoorya, 1999). The plasma globulin and 

A/G ratio concentration was calculated as the difference between total protein and albumin (Doumas et 

al., 1971), concentrations were determined in serum using Ame’s Autopak kits obtained from M/s. Miles 

India (Baroda, India). Serum protein was estimated using the method of Lowry et al. (1951). 

 

Statistical analysis 

Data represents mean and statistical deviation (SD) of three biological replicates from each group of 

experimental animals. The data were analyzed by Student’s‘t’ test to illustrate the significant difference 

between the treated groups and the control. Statistical significance was considered at P<0.05. All the data 

was statistically analyzed as required before presenting it in the tables.  

 

Results 

Animal observation, food consumption and body weight  

No adverse signs, symptoms and mortality were observed in the acute and repeated dose treated 

animals of MnO2 NM and MnO2-Bulk except MnO2 NM high dose treated rats showed dullness, irritation 

and moribund symptoms, but mortality was not observed in this group of animals.  Further, no significant 

differences were observed in food consumption and body weight changes in acute and repeated dose 

treated animals of both the compounds.  Since, mortality was not observed in acute dose treated rats by 

MnO2 NM and MnO2-Bulk at 2000 mg/kg dose, thus LD50 of these compounds was greater than 2000 



International journal of advanced scientific and technical research                           Issue 2 volume 6, December 2012          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

 Page 85 
 

mg/kg ranking it into category 5, as per the OECD guidelines 420 and Globally Harmonized Systems 

(GHS). 

 

Acute toxicity studies: Hematological and biochemical enzyme alterations 

Acute toxicity studies describe the adverse effects of a substance that results either from a single 

exposure or from multiple exposures in a short space of time.  The changes in biochemical parameters in 

serum of rats after MnO2 nanomaterial oral injection for 24 hours and 14 days are presented in Table 1. It 

is seen that there were no significant dose related differences for the all the parameters studied 

compared to the control groups. Similarly very little changes were seen in hematological parameters such 

as hemoglobin, RBC, hematocrit, MCV, MCHC, lymphocytes, neutrophils, esinophils, monocytes, 

platelets, in the high, medium and low doses indicating that MnO2 nanoparticles and bulk have no obvious 

effects as compared to the control groups after 24 hours and 14 days of the acute toxicity treatment.    

Table 1: Hematological parameters in acute treatment of rats with Nano and Bulk MnO2. 

 

Parameter 

Dose in 

mg/kg body 

weight 

 24 hours 14 days 

Control Bulk Nano Bulk Nano 

Hb (g/dL)(%) 

2000 

14.68±0.19 

14.46±1.32 14.24±0.50 13.91±0.50 14.24±1.33 

1000 14.46±0.58 14.13±0.33 14.79±0.33 14.46±1.71 

500 14.69±0.50 14.69±0.77 13.70±2.4 15.01±0.50 

RBC (10
6 
)(µL)) 

2000 

5.28±0.08 

5.19±0.50 5.19±0.31 4.98±0.25 5.21±0.49 

1000 5.19±0.32 5.18±0.25 5.25±0.12 5.26±0.60 

500 5.46±0.06 5.24±0.33 4.97±0.67 5.35±0.44 

Hematocrit (%) 

2000 

41.67±1.15 

41.00±3.61 40.68±2.52 38.68±2.08 41.00±2.00 

1000 41.00±2.65 41.00±2.65 41.68±1.15 42.00±2.65 

500 42.68±0.59 41.33±2.90 39.00±5.29 42.00±2.65 

MCV(fl) 

2000 
28.48±1.17 

 

27.59±0.31 27.92±0.98 28.00±0.49 28.57±1.50 

1000 28.28±0.33 27.57±1.00 28.15±0.37 27.48±0.55 

500 27.78±0.65 27.60±0.70 27.45±1.23 28.15±1.45 

MCH(pg) 

2000 

78.91±0.60 

78.98±0.52 78.34±0.34 77.80±0.65 78.39±2.69 

1000 78.93±0.44 79.25±1.57 79.07±0.11 78.48±1.48 

500 78.42±0.50 78.90±0.91 78.70±0.60 78.64±1.63 

MCHC (%) 

2000 

35.22±0.02 

34.27±0.75 35.08±1.93 37.70±0.61 34.69±1.63 

1000 35.30±0.97 34.51±1.77 35.23±0.81 34.35±2.07 

500 34.40±0.77 35.54±0.67 35.25±1.44 35.12±0.03 

WBC(10³)(µL) 

2000 

6.53±0.30 

6.40±0.53 6.13±0.59 6.20±0.20 6.33±0.42 

1000 6.68±0.47 6.60±0.60 6.33±0.81 6.33±0.50 

500 6.68±0.12 6.73±0.12 6.48±0.61 6.48±0.31 

Lymphocytes (%) 2000 77.33±1.52 78.00±1.00 77.00±2.65 78.00±1.00 78.00±1.00 
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1000 77.00±1.00 77.68±1.15 77.00±2.65 77.00±1.00 

500 78.00±1.00 77.00±1.00 77.68±2.08 78.00±1.00 

Neutrophils (%) 

2000 

17.33±16.68 

17.33±1.00 18.33±1.15 16.68±1.15 17.33±0.59 

1000 18.00±1.73 17.33±0.59 17.33±0.59 17.00±0.00 

500 17.00±0.00 17.68±0.59 17.00±1.00 17.69±1.53 

Monocytes (%) 

2000 

3.00±1.00 

2.68±0.59 3.00±1.00 3.00±1.00 2.68±1.15 

1000 3.00±1.00 3.00±1.00 3.00±1.00 3.68±0.59 

500 3.00±0.00 2.33±0.59 2.68±0.59 3.00±1.00 

Esinophills (%) 

2000 

2.33±0.58 

2.00±1.00 1.68±0.59 3.00±0.00 3.00±1.00 

1000 2.00±0.00 2.00±1.00 2.68±1.53 2.68±0.59 

500 2.00±1.00 2.00±0.00 2.33±0.59 2.33±0.59 

Platelets(10
6
) 

(µL)) 

2000 

3.56±0.15 

3.55±0.05 3.55±0.05 3.50±0.40 3.38±0.12 

1000 3.48±0.07 3.45±0.05 3.46±0.07 3.43±0.17 

500 3.53±0.07 3.43±0.17 3.55±0.05 3.46±0.17 

  Significant differences, Student’s t test, on comparison of learning types with intact animals: * P<0.05 significantly different from 

control.  

 

Results obtained with acute toxicity studies are presented in Table 2, it is seen that there were no distinct 

effects during the acute dose treatment in female rats group. Further, no significant changes were seen in 

total serum calcium, glucose, creatinine, cholesterol, chlorides, HDL cholesterol, triglycerides, alkaline 

phosphate, total protein, albumin, and globulin and A/G ratio in all the groups as compared to respective 

control group. Even though minor changes were seen, but these were statistically insignificant. 

 

Table 2: Biochemical parameters in acute treatment of MnO2 Bulk and Nano in female Wistar rats. 

 

Parameter 

Dose in 

mg/kg body 

weight 

 24 hours 14  days 

Control Bulk Nano Bulk Nano 

Calcium(mg/dl) 

2000  

9.67±1.52 

10.80±0.35 10.63±0.45 9.01±0.88 9.77±0.75 

1000 10.60±0.80 10.10±0.00 10.80±0.10 10.01±0.30 

500 9.30±0.88 11.00±0.00 10.07±0.15 9.15±1.15 

Glucose 

(mg/dl) 

2000  

82.33±2.08 

86.00±2.00 83.33±0.59 78.68±1.15 84.33±2.08 

1000 87.00±0.00 81.00±2.65 77.00±4.00 83.68±2.52 

500 79.33±4.51 85.00±0.00 87.33±2.52 84.00±2.00 

Chlorides 

(mEq/L) 

2000  

100.33±2.08 

101.68±0.59 99.00±1.00 100.33±2.08 99.00±1.00 

1000 100.68±0.59 99.00±1.73 99.00±1.00 99.00±1.73 

500 100.00±2.00 100.00±0.00 102.68±0.59 100.00±0.00 

Cholesterol 

(mg/dl) 

2000  

76.67±1.52 

73.33±3.06 76.00±3.00 78.00±2.65 73.33±2.90 

1000 74.33±0.59 73.00±4.00 72.68±1.53 73.33±2.52 

500 73.33±0.59 73.68±1.53 75.00±2.65 76.00±1.00 
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HDL 

cholesterol(mg/dl) 

2000  

58.51±0.43 

58.00±2.65 58.00±2.00 55.33±1.53 56.33±4.51 

1000 58.68±0.59 56.68±2.89 55.67±2.08 56.33±2.08 

500 56.00±1.73 58.00±1.73 59.33±0.59 61.00±4.00 

Triglycerides(mg/dl) 

2000  

57.00±2.00 

 

52.00±2.65 54.00±2.00 51.00±2.65 57.00±0.00 

1000 55.67±2.08 56.68±2.89 53.33±2.08 53.33±4.04 

500 58.33±2.31 57.33±1.53 55.00±3.00 56.00±1.73 

AKP(U/L) 

2000  

70.67±7.09 

75.68±2.08 73.68±1.53 63.00±3.47 72.00±2.00 

1000 70.68±7.51 75.33±1.53 76.68±5.51 71.68±5.51 

500 70.33±3.21 74.33±3.79 74.00±3.47 74.00±6.08 

Creatinine(mg/dl) 

2000  

0.78±0.55 

0.81±0.10 0.81±0.10 0.81±0.11 0.77±0.55 

1000 0.77±0.03 0.75±0.04 0.84±0.13 0.78±0.03 

500 0.77±0.04 0.78±0.07 0.79±0.03 0.77±0.04 

Protein (g/dl) 

2000  

7.46±0.22 

 

7.89±0.39 7.93±1.19 7.44±0.07 7.80±0.26 

1000 7.59±0.06 7.47±0.09 7.69±0.36 7.67±0.25 

500 7.85±0.22 7.80±0.31 7.56±0.43 7.70±0.22 

Albumin(g/dl) 

 

 

2000  

2.87±0.09 

 

3.02±0.15 3.06±0.46 2.86±0.05 3.02±0.10 

1000 2.92±0.02 2.96±0.04 3.00±0.015 2.93±0.07 

500 3.02±0.10 3.02±0.09 2.91±0.17 2.93±0.09 

Globulin(g/dl) 

2000  

4.57±0.12 

4.85±0.24 4.85±0.73 4.57±0.07 4.77±0.16 

1000 4.66±0.04 4.56±0.07 4.68±0.21 4.73±0.18 

500 4.82±0.13 4.77±0.21 4.64±0.26 4.76±0.13 

A/G ratio(g/dl) 

2000  

0.62±0.00 

0.62±0.01 0.62±0.00 0.62±0.01 0.62±0.00 

1000 0.62±0.00 0.63±0.01 0.63±0.00 0.61±0.01 

500 0.62±0.01 0.63±0.01 0.62±0.00 0.61±0.00 

Significant differences, Student’s t test, on comparison of learning types with intact animals: * P<0.05 significantly different from 

control.  

 

The changes in hematological parameters in the blood of rat after nano and bulk treatment for repeated 

dose exposure are presented in Table 3.  

 

In lower dose (30 mg/kg) and middle dose (300 mg/kg) of the MnO2 nano and bulk there were no 

significant changes for all parameters compared with control groups (P<0.05). In the higher dose of MnO2 

nano (1000mg/kg) groups, however there was a significant decreased in the levels of  Hemoglobin, 

hematocrit, RBC, MCHC and platelets (P<0.05) compare with control and bulk. Decrease in levels of 

these parameters was observed only with higher dose exposure of manganese oxide nanomaterials. This 

hematological alteration might be due to effect nanomaterials on activity of heme biosynthesis. 
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Table 3: Hematological parameters in repeated dose treatment of MnO2 Bulk and Nano in female Wistar 

rats. 

Parameter 
Dose in mg/kg 

body weight 
Control Bulk Nano 

Hb (g/dL)(%) 

1000 

14.13±0.33 

12.70±1.69 11.60±0.83* 

300 12.69±1.19 13.69±0.96 

30 13.69±0.95 13.80±2.29 

Hematocrit (%) 

1000 

38.33±0.58 

36.00±5.30 32.67±4.04* 

300 34.00±4.36 35.33±3.06 

30 38.33±1.53 39.00±6.08 

MCV (fl) 

1000 

26.79±0.08 

26.65±0.85 26.61±0.34 

300 26.73±0.77 26.84±0.47 

30 26.95±2.01 27.13±0.71 

MCH (pg) 

1000 

75.65±1.13 

75.18±3.02 74.79±4.81 

300 74.09±1.61 76.63±2.66 

30 75.47±5.24 76.79±1.95 

MCHC (%) 

1000 

36.55 ±0.51 

35.33±0.78 33.88±081* 

300 35.98±1.10 35.04±0.74 

30 35.68±1.21 35.34±0.59 

RBC (10
6 
)(µL)) 

1000 

5.08±0.12 

4.78±0.55 4.36±0.26* 

300 4.59±0.55 4.57±0.30 

30 5.09±0.19 5.07±0.73 

Platelets(10
6 
)(µL)) 

1000 

3.58±0.16 

3.45±0.05 3.30±0.13* 

300 3.50±0.05 3.50±0.50 

30 3.51±0.05 3.51±0.50 

Lymphocytes (%) 

1000 77.33±0.57 

 

 

77.67±0.57 78.00±1.00 

300 77.33±0.57 77.00±1.00 

30 78.33±1.52 78.00±1.00 

Neutrophils (%) 

1000 

17.67±0.57 

17.00±0.00 17.67±0.57 

300 18.33±0.57 19.00±1.00 

30 16.67±0.57 17.67±0.57 

Monocytes (%) 

1000 

2.66±0.57 

3.00±0.00 2.33±0.57 

300 2.67±0.57 2.66±0.57 

30 3.00±1.00 2.33±0.57 

Esinophills (%) 

1000 

2.33±0.57 

2.33±0.57 2.00±1.00 

300 2.33±0.57 1.33±0.57 

30 2.00±1.00 2.00±1.00 

  Significant differences, Student’s t test, on comparison of learning types with intact animals: *p < 0.05 

 

Sub-acute Toxicity Studies in female Wistar rats treated with MnO2 Nano and Bulk materials 
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Sub-acute toxicity study aims to find out the toxic effect of a chemical on repeated exposure and also 

provide the valuable information i.e. delayed effect which may result due to the cumulative effect of the 

chemicals on the tissues or other biochemical mechanisms. This study also helps in establishing the level 

of the safe usage of a chemical compound. Observation from the pathological examinations indicated that 

liver and kidney were the two organs where we found signs of manganese oxide nanoparticles exposure 

via oral route.  However we did not find any statistically significant differences between the levels of 

chlorides, calcium, HDL-cholesterol, creatinine, total protein, albumin, globulin and A/G ratio (Table 4). 

However some significant differences were found in the enzyme activities such as alkaline phosphates, 

glucose, and cholesterol levels at higher dose (1000 mg/kg) of MnO2 nanomaterials. It appears that 

exposure to manganese oxide nanomaterial at a dosage of over more than 300 kg/mg may cause slight 

liver damage (P<0.05) when compare to the control and bulk doses.  

Table 4: Biochemical parameters in sub acute treatment (repeated dosage) of MnO2 Nano and Bulk in 

female Wistar rats. 

Parameter 

Dose in 

mg/kg body 

weight 

Control Bulk Nano 

Calcium 

(mg/dl) 

1000 

9.93±0.20 

10.38±0.31 10.03±0.48 

300 9.85±0.17 9.73±0.06 

30 9.98±0.25 9.98±0.15 

Glucose 

(mg/dl) 

1000 

79.33±2.08 

76.33±4.04 92.00±1.00* 

300 80.33±1.53 87.00±1.73 

30 73.68±1.53 81.68± 2.90 

Chlorides 

(mEq/L) 

1000 

101.33±1.52 

100.33±2.08 101.68±1.53 

300 100.00±2.00 100.00±1.00 

30 101.68±1.53 99.33±2.52 

Cholesterol 

(mg/dl) 

1000 

77.33±1.52 

78.68±2.52 83.33±2.08* 

300 76.33±0.59 79.00±2.65 

30 77.33±1.53 77.68±1.53 

HDL cholesterol 

(mg/dl) 

1000 

58.33±0.58 

54.00±2.65 58.00±3.00 

300 55.68±2.08 56.00±3.47 

30 56.00±1.73 56.68±0.59 

Triglycerides 

(mg/dl) 

1000 

54.67±2.51 

54.00±1.73 58.00±3.00 

300 52.33±3.51 56.00±3.47 

30 50.33±1.53 56.68±0.59 

AKP(U/L) 

1000 

78.64±2.66 

77.04±1.49 89.52±1.57* 

300 75.45±1.53 74.04±2.94 

30 76.76±0.79 73.04±0.29 

Creatinine(mg/dl) 
1000 

0.73±0.53 
0.73±0.06 0.73±0.06 

300 0.78±0.12 0.78±0.03 
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30 0.77±0.12 0.77±0.05 

Protein(g/dl) 

1000 

8.05±0.23 

8.29±0.14 8.08±0.60 

300 8.39±0.23 8.60±0.34 

30 8.19±0.48 8.31±0.11 

Albumin(g/dl) 

1000 
3.06±0.08 

 

3.15±0.12 3.12±0.07 

300 3.21±0.08 3.21±0.08 

30 3.14±0.17 3.14±0.17 

Globulin (g/dl) 

1000 

4.97±0.14 

4.91±0.49 5.16±0.08 

300 5.37±0.27 5.14±0.15 

30 5.15±0.07 5.03±0.29 

A/G ratio (g/dl) 

1000 

0.61±0.00 

0.63±0.05 0.60±0.00 

300 0.59±0.02 0.62±0.00 

30 0.60±0.04 0.62±0.00 

  Significant differences, Student’s t test, on comparison of learning types with intact animals: *p < 0.05 

 

Discussion 

Adverse effect of engineered nanoparticles (NPs) on humans, eco-environments and organisms has 

recently drawn much attention. This paper reports on the acute and sub acute toxicity of MnO2 NPs to 

rats and their distribution in tissues and compared to its counterpart bulk particles. In acute and sub acute 

toxicity studies we did not observe any significant changes in biochemical and hematological parameters 

in the animal model studies. Recent advances in the toxicity testing of nanomaterials are beginning to 

shed light on the characteristics, uptake and mechanisms of their toxicity in a variety of cell types and in-

vivo in animal models. Manganese (Mn) is an essential element in brain development (Hurley, 1981), 

Manganese metal toxicity in humans has been reported as manganism, a disease that resembles 

Parkinson’s disease. The mechanism (Olanow, 2004) of Mn toxicity and the chemical forms that may be 

responsible for its neurotoxicity are not well understood. 

 

One major concern of using Mn-based nanoparticles is their cellular toxicity (Gunter et al., 2006). 

Manganese is considered as an essential metal for biological systems, working as a cofactor for a 

number of key enzymes. However, high concentrations of Mn are associated with neurotoxicity (Archibald 

and Tyree, 1987); this includes progressive and permanent neurodegenerative disorders, altogether 

termed as manganism, which resembles Parkinsonism in many ways. Nonetheless, Mn formulations have 

been used frequently in clinics to help improve the quality of MR imaging (Bennewitz et al., 2011), MnCl2, 

for instance, is an FDA approved contrast agent (Aoki et al., 2006). These differences are certainly based 

on the speciation or the various forms of the metal species. Therefore when observing the toxicity 

parameters these have to be taken into consideration. In our investigation we have determined the 

toxicity of nano compared to bulk material of Mn, however this does not include Mn Metal toxicity. 
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  Once the nanomaterials have been satisfactorily characterized, the evaluation of their interactions with 

cells and organs of the animal models can be determined with microscopy and biochemical assays. The 

combination of viability testing, observation of morphology and the generation of oxidative stress provide 

clues to the mechanisms of nanomaterial toxicity. The results of these studies are used to better 

understand how the size, chemical composition, shape and functionalization, surface area, oxidation 

status etc. may contribute to their toxicity. To study the toxicity of nanomaterials several physico-chemical 

parameters have been proposed (Schrand et al., 2010) to be critical determinants in nanomaterial toxicity. 

The oral route of drug administration which we have used is generally preferred because of its versatility, 

and safety. It is obvious that there is an outstanding need of research for nanoparticles to find whether 

they have no toxicity when administered orally. To be described as acute toxicity, the adverse effects 

should occur within 14 days of the administration of the substance. This study provides information 

regarding the possible health hazards which are likely to occur, if human are exposed to a single dose of 

a substance. This way, can help determine the level of usage of that substance. 

 

It has been reported by Lanone et al. (2009) that no single parameter has yet been identified as being the 

one responsible for nanomaterial toxicity. Further they also emphasize, another important factor to take 

into account, is that each cell type because it has its own function may not respond the same way as 

another cell type after exposure to one single nanomaterial. This is also true for various in-vivo toxicities 

of nanomaterials of different origin. However, cytotoxicity studies provided limited information on the long-

term impact. At the end of the analysis (typically within 72 h), many nanoparticles are still in the process 

of decomposing in an acidic endosome/lysosome environment (Gilad et al., 2008). Systematic studies are 

needed to better understand the detailed particle metabolism and their long-term effects to a living 

subject, especially from a neurotoxicity perspective and the stress due to their presence in the organs. 

Since nanomaterials are small enough to pass through many biological barriers and able to interact with 

biological systems at the molecular level (Zhen and Xie, 2012). It is now believed that nanotechnology 

has evolved to a level that allows the construction of nanoscale materials in a controlled manner for the 

benefit of mankind. 

 

Conclusion 

Mn-based nanoparticles are a relatively new class of materials. Unlike the other well-studied 

nanoparticles, such as iron oxides, research on Mn-based nanoparticles is at a relatively early stage. 

Much more work has to be done to promote this new class of materials in a nanomedicine context. 

However at suggested doses, Mn did not cause dramatic side effects. The list of actual applications and 

uses for nanomaterials is already substantial, and will certainly become exponential in the future. A critical 

issue in the widespread use, development and subsequent use of nanomaterials is on the upsurge 

therefore there is an urgent need for checking the safety of these nanomaterials in our environment, 
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where humans are inadvertedly exposed. Hence knowledge on nanomaterials toxicity is a step towards in 

our understanding of the toxicity/or safety of nanomaterials as compared to bulk materials. 

 

Acknowledgement 

We are grateful to the Director, Indian Institute of Chemical Technology (IICT) for permitting us to use the 

facilities and to the Staff and Head of Biology Division of IICT, for their help and support during this 

investigation. We are also grateful to the Director of Mahavir Hospital and Research centre for the 

encouragement and support. 

 

References 

Allain CC, Poon LS, Clen CSG, Richmond W, Fu PC, 1974. Enzymatic determination of total serum cholesterol. 

Clinical Chemistry, 20(4): 470-475. 

 

Aoki I, Takahashi Y, Chuang KH, Silva AC, Igarashi T, Tanaka C, et al. , 2006. Cell labeling for magnetic resonance 

imaging with the T1 agent manganese chloride. NMR in Biomedicine, 19(1):50–59. 

 

Archibald FS, Tyree C, 1987. Manganese poisoning and the attack of trivalent manganese upon catecholamines. 

Archives of Biochemistry and Biophysics, 256(2): 638–650. 

 

Banginski SS, Clarke WL, Zak B, 1973.Direct micro determination of serum calcium. Clinica Chemica Acta, 46(1):49-

54.  

 

Bennewitz MF, Lobo TL, Nkansah MK, Ulas G, Brudvig GW, Shapiro EM, 2011. Biocompatible and pH-sensitive 

PLGA encapsulated MnO nanocrystals for molecular and cellular MRI. American Chemical Society Nano, 5(5):3438-

3446. 

 

Brown BA, 1984. Hematology: Principles and Procedures, 4
th
 edition. Philadelphia: Lea and Febiger, pp. 29–31. 

Buccolo G, David H, 1973. Quantitative determination of serum triglycerides by the use of enzymes. Clinical 

Chemistry, 19(5): 476-482. 

 

Coeurdassier M, Gomot-De Vaufleury A, Saint-Denis M, Ribera D, Narbonne JF, Badot PM, 2002. Effects of 

dimethoate on snail B- esterage and growth as a function of dose, time and exposure route in a laboratory bioassay. 

Biomarkers, 7(2): 138-150.       

 

Dana Devi K, Rozati R, Saleha Banu B, Jamil K, Grover P, 2001. In vivo genotoxicity effect of potassium dichromate 

in mice leukocytes using comet assay. Food and Chemical Toxicology, 39 (8): 859 – 865. 

 

Daciel JV, Lewis SM, 1975. Practical Hematology, 5
th
 edition. New York: Churchill Livingstone, pp.31.  

Doumas BT, Watson W, Biggs HG, 1971. Albumin standards and the measurement of serum albumin with 

bromocresol green. Clinica Chimica Acta, 31(1): 87-96. 



International journal of advanced scientific and technical research                           Issue 2 volume 6, December 2012          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

 Page 93 
 

 

Gilad AA, Walczak P, McMahon MT, Na HB, Lee JH, An K, et al.,  2008. MR tracking of transplanted cells with 

"positive contrast" using manganese oxide nanoparticles. Magnetic Resonance in Medicine, 60(1):1-7. 

 

Gunter TE, Gavin CE, Aschner M, Gunter KK, 2006. Speciation of manganese in cells and mitochondria: a search for 

the proximal cause of manganese neurotoxicity. Neurotoxicology, 27(5):765-776. 

Guilhermino L, Soares AMVM, Carvalho AP, Lopes MC, 1998. Effects of cadmium and parathion exposure on 

hematology and blood biochemistry of adult male rats. Bulletin of Environmental Contamination and Toxicology, 

60(1): 52–59. 

 

Han MJ, Ozaki T, Yu J, 2005. Electronic structure and magnetic properties of small manganese oxide clusters. The 

Journal of Chemical Physics, 123 (3): 3430-3436. 

 

Henry RC, Canon DC, Winkelman JW, 1974. Clinical Chemistry Principles and Techniques, 2
nd

 edition, New York: 

Harper and Row. 

 

Hurley LS, 1981. The roles of trace elements in foetal and neonatal development. Philosophical Transactions of 

the Royal Society of London. Series B, Biological Sciences, 294(1071):145–152. 

 

Jones CF, Grainger DW, 2009. In vitro assessments of nanomaterial toxicity. Advanced Drug Delivery Revuews, 

61(6): 438–456.  

 

Kim T, Momin E, Choi J, Yuan K, Zaidi H, Kim J, et al., 2011. Mesoporous silica coated hollow manganese oxide 

nanoparticles as positive T1 contrast agents for labeling and MRI tracking of adipose derived mesenchymal stem 

cells. Journal of the American Chemical Society, 133(9):2955-2961. 

 

Lanone S, Rogerieux F, Geys J, Dupont A, Maillot-Marechal E, Boczkowski J, Lacroix G, Hoet P, 2009. Comparative 

toxicity of 24 manufactured nanoparticles in human alveolar epithelial and macrophage cell lines. Particle and Fibre 

Toxicology, 6:14.  

 

Li-Fern H, Rajasoorya C, 1999. The elevated serum alkaline phosphatase--the chase that led to two 

endocrinopathies and one possible unifying diagnosis.  European Journal of Endocrinoly, 140 (2): 143–147. 

 

Liu H, Ma L, Zhao J, Liu J, Yan J, Ruan J, Hong F, 2009. Biochemical toxicity of nano-anatase TiO2 particles in mice. 

Biological Trace Element Research, 129(1-3):170-80. 

 

Lopes-Virella MF, Stone P, Ellis S, Colwell JA, 1977. Cholesterol determination in high-density lipoproteins separated 

by three different methods.  Clinical Chemistry, 23(5): 882-884. 

 

Lowry OH, Rosenbhrough NJ, Farr AL, Randall RJ, 1951.  Protein measurement with folin phenol reagent. The 

Journal of Biological Chemistry, 193(1):, 265-275.  



International journal of advanced scientific and technical research                           Issue 2 volume 6, December 2012          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

 Page 94 
 

 

Meeks RG, 1989. The rat. In: The Clinical Chemistry of Laboratory Animals, Eds., Loeb WF, Quimby FW, New York: 

Pergaman Press, pp: 19-25.       

 

Mergler D, Baldwin M, 1997. Early manifestations of manganese neurotoxicity in humans: An update. Environmental 

Research, 73(1-2): 92-100. 

Na HB, Song IC, Hyeon, 2009. Inorganic nanoparticles for MRI contrast agent. Advanced Materials, 21(21): 2133-

2148. 

 

Nam JM, Thaxton CS, Mirkin CA, 2003. Nanoparticle-based bio-bar codes for the ultrasensitive detection of proteins. 

Science 301(5641):1884-1886. 

 

Oberdorster G, Oberdorster E, Oberdorster J, 2005. Nanotoxicology: an emerging discipline evolving from studies of 

ultrafine particles. Environmental Health Perspectives, 113(7): 823–839. 

 

Olanow CW, 2004. Manganese-induced Parkinsonism and Parkinson’s disease. Annals of the New York Academy of 

Sciences, 1012:209–223. 

 

Olson RE, 1998. Discovery of the lipoproteins, their role in fat transport and their significance as risk factors. The 

Journal of Nutrition, 128 (2 Suppl):439S–443S. 

 

 Organization for Economic Cooperation and Development, 1995.  OECD guidelines for the testing of chemicals.  

Test guidelines 407.  Repeated dose 28 days oral toxicity study in rodent.  Paris: OECD. 

 

Organization for Economic Cooperation and Development,  2001.  OECD guidelines for the testing of chemicals.  

Test guidelines 420.  Acute oral toxicity – Fixed dose procedure.  Paris: OECD. 

 

Rosi NL, Mirkin CA, 2005. Nanostructures in biodiagnostics.  Chemical Reviews, 105(4):1547-1562. 

 

Schoenfeld RG, Lewellen CJ, 1964. A Colorimetric Method for Determination of Serum Chloride. Clinical Chemistry, 

10:533-539.   

 

Schrand AM, Rahman MF, Hussain SM, Schlager JJ, Smith DA, Syed AF, 2010. Metal-based nanoparticles and their 

toxicity assessment. Wiley Interdisciplinary Reviews: Nanomedicine and Nanobiotechnology,  2(5):544-568. 

 

Trinder P, 1969. Determination of blood glucose using an oxidase peroxidase system with a non-     carcinogenic 

chromogen. Journal of Clinical Pathology, 22(2):158-161 

 

Zhen Z, Xie J, 2012. Development of Manganese-Based Nanoparticles as Contrast Probes for Magnetic Resonance 

Imaging. Theranostics, 2(1):45–54. 

http://www.ncbi.nlm.nih.gov/pubmed/14512622
http://jn.nutrition.org/cgi/pmidlookup?view=long&pmid=9478044

