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Introduction
In the present age, the use of nanomaterials is expanding 

tremendously but the safety of these nanomaterials to human health 
is poorly known. Nanomaterials are engineered structures with at least 
one dimension of 100 nanometers or less. Apart from commercial 
purpose, nanomaterials have gained much application in healthcare 
systems, particularly in imaging and targeted drug delivery systems. 
Magnetic nanoparticles are particularly appealing and are widely used 
in biomedical applications as contrast agents in magnetic resonance 
imaging (MRI) [1], in tissue repairing [2], detoxification of biological 
fluids, hyperthermia [3], drug delivery [4], cell separation [5] and drug 
targeting [6] etc. 

Ferrite particles coated with biocompatible phases like 
hydroxyapatite is employed for hyperthermia treatment of cancer [7]. 
As bare metal and metal oxide nanoparticles are toxic to biological 
systems, coating with biocompatible phases are often done to increase 
the biomimmetic nature of the particles suiting for various biomedical 
applications. Dextran (C6H10O5), a branched polysaccharide, obtained 
by microbial synthesis is used to coat iron nanoparticles. Dextran 
being nontoxic, biodegradable and hydrophilic may facilitate the intra 
cellular uptake of dextran coated magnetic iron particles [8]. 

Toxicity of the nanomaterials may be due to the release of its 
chemical entities or its physical presence in tissues, which may results 
in the local tissue response, systemic toxicological response, allergic 
response, carcinogenic or mutagenic response and so on. Toxicity may 
also arise because of the components get accumulated and become 
concentrated. Acute toxicity involves any harmful effects produced in 
an organism through a single or multiple exposures within a period 
of 24 h, resulting in severe biological harm or death. The sole purpose 
of acute toxicity is to detect and provide a degree of quantitation of 
the biological activity and lethal effects of a substance following the 
oral, dermal or inhalation exposure. From this assay, it is possible to 
determine whether a substance is very toxic or toxic or less toxic. The 
results may split into five categories (Category 1-5) of severity. Category 

1 requires the least amount of exposure to be lethal while Category 5 
requires the most exposure to be lethal [9]. 

The molecular mechanisms of toxicity of nanoparticles are still 
underway. Experimental evidence has shown that metal and metal oxide 
nanoparticles, through the generation of reactive oxygen species (ROS) 
induce oxidative stress mediated DNA damage and apoptosis [10]. 
Due to the high reactivity of ROS, most cellular components are likely 
to be the targets of oxidative damage resulting in lipid peroxidation, 
protein oxidation, GSH depletion, DNA single strand breaks. All of 
these events ultimately lead to cellular dysfunction and injury [11]. 
Antioxidant defense system that plays a critical role in maintaining 
cellular homogeneity includes both low-molecular-weight free radical 
scavengers like tripeptide glutathione, as well as antioxidant enzymes, 
such as superoxide dismutase, Glutathione reductase and glutathione 
peroxidase [8]. For this reason, antioxidant enzymes are considered as 
vital markers for oxidative stress induced in the body.

Here, dextran coated ferrite nanomaterials intended to be used 
for targeted drug delivery applications were synthesized in-house and 
was characterized before proceeding to the toxicity evaluation. The 
present study was designed to provide information on the acute oral 
toxicity of dextran coated ferrite nanoparticles and its effects on various 
parameters like haematological, biochemical, antioxidant enzymes, 
reduced glutathione and lipid peroxidation. 
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Abstract
Dextran Coated Ferrite Nanomaterials (DFNM) of size <25 nm was synthesized, characterized and the acute 

oral toxicity along with antioxidant enzymes activities were evaluated in Wistar rats. The healthy adult rats were 
orally administered with 300 and 2000 mg/kg body weight of DFNM using a gastric needle and observed for 14 
days. None of the animals showed any adverse effects/toxicity at the end of observation period. After two weeks 
of administration, blood was collected and subjected to haematological and biochemical analysis. Animals were 
sacrificed and gross necropsy was done on all animals. Liver was dissected; homogenized (10% homogenate) and 
rate of formation of lipid peroxides were evaluated. In addition, the concentration of reduced glutathione and the 
activity of vital antioxidant enzymes like glutathione reductase, glutathione peroxidase and superoxide dismutase 
was determined. The result of the study indicates that even at 2000 mg/kg body weight, DFNM was non-toxic. It 
was also observed that there was a slight fluctuation in the level of antioxidant enzymes activity, lipid peroxidation, 
haematological and biochemical parameters but it was not significant. Hence, it can be concluded that the in-house 
synthesized DFNM was non-toxic and shows no lethal effects when orally exposed to rats.
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Materials and Methods
Chemicals

Dextran coated ferrite nanoparticles (SCTIMST, India), 
thiobarbituric acid (TBA), reduced glutathione (GSH), oxidized 
glutathione (GSSG), dithio-bis-2-nitrobenzoic acid [DTNB], RNase 
(Sigma, USA), disodium hydrogen phosphate (Na2HPO4), sodium 
dihydrogen phosphate (NaH2PO4), ethylene triamine tetra acetic acid 
(EDTA) (Merck, Germany), physiological saline (Parenteral Drugs 
Ltd., India). All the chemicals and reagents used were of analytical 
grade.

Experimental animals

Healthy Wistar rats weighing 200-250 g were maintained in a 12-h 
light/dark cycle at a constant temperature of 22 ± 3°C with free access 
to standard pellet diet and water. Animal experiments were carried 
out according to the guidelines of Institute Animal Ethics Committee 
regulations approved by Committee for the Purpose of Control and 
Supervision of Experiments on Animals.

Individual animals were identified with picric acid marks. In 
addition to this, each animal cage was identified by labels having 
details such as experiment number, name, animal number(s) and date 
of experiment. All the animals were acclimatized for a period of 5 days 
before initiation of experiments.

Animal husbandry and welfare

All animals were handled humanely, without making pain or 
distress and with due care for their welfare. The care and management 
of the animals will comply with the regulations of the Committee for 
the Purpose of Control and Supervision of Experimental Animals 
(CPCSEA), Govt. of India. All the animal experiments were carried out 
after prior approval from Institutional Animal Ethics Committee and 
in accordance with approved institutional protocol. 

Synthesis of dextran coated ferrite nanomaterials 

Dextran-coated ferrite nanomaterials (size<25 nm) were prepared 
using the co-precipitation method. Briefly, the stoichiometric mixtures 
of FeCl3 and FeCl2. 4H2O (Fe3+/Fe2+: 2:1) were heated at 70°C. Ferrite 
nanoparticles were precipitated by the addition of 3M NaOH drop wise 
for 1h followed by hot stirring for another 1 hr. The precipitate was then 
washed three times with deionized water to get uniformly dispersed 
spherical magnetite particles. The overall reaction was carried out in N2 
atmosphere to prevent oxidation of magnetite to magnemite. Surface 
coating of ferrite nanoparticles with dextran was done by stirring ferrite 
nanomaterial in a solution of dextran of appropriate concentration for 
overnight (at 37°C). The precipitate was then washed and lyophilized to 
obtain dextran coated nanomaterials (DFNM) [12].

Characterization of DFNM

The size of synthesized DFNM was studied by Transmission 
Electron Microscopy (TEM) analysis. For TEM analysis, the sample was 
prepared by ultrasonication of the synthesized DFNM and dispersion 
of DFNM as a thin coat on top of the copper grid. 

Acute toxicity

Acute oral toxicity is to provide information on the possible 
health hazards likely to arise from the single or multiple exposures to a 
substance within a period of 24 h. For oral administration, the DFNM 
was suspended in aqua guard water and was loaded in a syringe after 

thorough agitation. A single administration of this suspension was 
given to rats using a gastric needle. DFNM of 300 mg/kg body weight 
was orally given to 3 wistar rats. Another 3 more rats were administered 
with DFNM of 2000 mg/kg body weight. The experiment was repeated 
with each dose for confirmation. All these animals were observed for 
14 days for the evidence of any adverse reactions/toxicity or death [13] 
following DFNM exposure.

Haematological and Biochemical parameters

At the end of the experimental period, blood was collected from 
the orbital sinus of the animals. For hematology analysis, blood was 
collected in tubes with EDTA. Hematological parameters such as 
hemoglobin concentration (Hb), total erythrocyte count (RBC), white 
blood cell (WBC), hematocrit (HCT), total and differential leukocyte 
counts were evaluated using haematology counter. 

For biochemical estimation, the serum was obtained by 
centrifugation of the whole blood at 3000 rpm. The biochemical 
parameters such as ALP, SGOT, SGPT, GGT, albumin, total protein, 
glucose, cholesterol, urea, creatinine, total bilirubin, phosphorous 
etc were estimated using ERBA XL 300 Biochemical Fully automated 
analyzer. All the diagnostic kits were purchased from Transasia 
Biomedical Ltd, Mumbai.

Gross pathology

Animals were sacrificed by cervical dislocation and gross 
necropsies were performed which include examination of the external 
surface of the body and internal organs. All major organs such as heart, 
liver, lungs, kidneys, spleen and adrenals were observed for any gross 
abnormalities.

Preparation of liver homogenate

For anti oxidant studies, 10% liver tissue homogenate (Phosphate 
buffer, pH 7.4) was prepared from the untreated and treated animals 
of both the concentrations (300 and 2000 mg/kg body weight). The 
homogenate was then centrifuged at 3500 rpm for 10 min at 4°C in 
a refrigerated centrifuge. The resultant supernatants were maintained 
in an ice bath and are used as the sample for the estimation of total 
protein, lipid peroxidation, glutathione reductase, reduced glutathione, 
glutathione peroxidase and superoxide dismutase as per the standard 
protocols with slight modifications. 

Total protein

Lowry’s et al. [14] method was followed for the estimation of total 
proteins using bovine serum albumin as standard.

Lipid Peroxidation (LPO)

The extent of lipid peroxidation in the above prepared liver 
homogenate was determined as described by Ohkawa et al. [15]. This 
method is based on the increase in malondialdehyde formation in 
response to increased peroxides within the cell. The malondialdehyde 
(MDA) thus produced reacts with thiobarbituric acid reactive 
substances (TBARS) forming a complex. The amount of MDA formed 
was measured spectrophotometrically at 532 nm.

Glutathione Reductase (GR)

GR activity of liver homogenate was determined by measuring the 
reduction of GSSG in the presence of NADPH as described by Mize 
and Langdon [16] with slight modification. Briefly, this assay measures 
the rate of NADPH oxidation to NADP+, which is accompanied 
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by a decrease in absorbance at 340 nm, which can be monitored 
spectrophotometrically. Thus, one GR unit is defined as the reduction 
of one μM of GSSG per minute at 25°C and pH 7.6. 

Reduced Glutathione (GSH)

The concentration of reduced GSH was determined by the method 
of Moron et al. [17], with slight modifications in which DTNB 
(5, 5’-dithiobis-(2-nitrobenzoic acid), reacts with GSH to form a 
spectrophotometrically detectable product that absorbs at wavelength 
of 412 nm. The change in absorbance at 412 nm is directly proportional 
to the GSH concentration in the reaction mixture. The amount of GSH 
present in the sample was expressed as nmol/mg protein.

Glutathione Peroxidase (GPx)

Activity of GPx in liver homogenate was assayed by the method 
described by Rotruck et al. [18]. This enzyme catalyzes the formation 
of glutathione disulfide (GSSG) from GSH. The remaining GSH after 
the enzyme catalyzed reaction complexed with DTNB, which absorbs 
at maximum wavelength of 412 nm. Enzyme activity was expressed as 
µg of GSH consumed/min/mg protein.

Superoxide Dismutase Assay (SOD)

Activity of superoxide dismutase, an enzyme that dismutates the 
superoxide anion radical was assessed as explained by Marklund [19]. 
Under higher pH, Pyrogallol auto oxidizes in aqueous solution. The 
method is based on the inhibition of superoxide dismutase (SOD) 
on pyrogallol auto oxidation which was observed by decrease in 
absorbance at 420 nm. 

All measurements were carried out using UV 
Spectrophotometer-1601, Shimadzu, Japan.

Statistical Analysis

All values are expressed as mean ± SD. Statistical differences between 
the control and experimental values were compared by Student’s ‘t’ 
test. For all comparisons, p<0.05 was considered significant. 

Results
Synthesis and characterization of DFNM

Ferrite nanoparticles were prepared by the standard co-
precipitation method and coated with dextran to yield dextran coated 
ferrite nanoparticles. The Transmission Electron Microscopic (TEM) 
image indicates a very uniform size distribution of DFNM particles and 
was found to be less than 25 nm (Figure 1).

Acute toxicity

All the animals exposed to DFNM were observed periodically 
during the first 24 hours, and thereafter daily for 14 days. Appearance 
of skin, fur, eyes, respiratory, autonomic and central nervous system 
were monitored during these days. No changes on skin, fur, eyes, 
respiratory, autonomic and central nervous system were observed 
during these days. None of the animals showed any abnormal behavior 
like tremors, convulsion, salivation, diarrhoea, lethargy, sleep, coma 
or death. There was no loss in body weight. At the end of observation 
period, all animals were sacrificed and gross examination of all the 
organs appeared normal.

Haematological and biochemical parameters

At the end of experimental period, blood was subjected for the 

analysis of haematological (WBC, RBC, Haemoglobin, hematocrit, 
MCV, MCH, MCHC) and biochemical (glucose, cholesterol, total 
bilirubin, albumin, chloride, total protein, creatinine, urea, SGPT, 
SGOT, alkaline phosphatise, GGT) parameters. Table 1 indicates 
the haematological parameters of DFNM exposed groups and slight 
fluctuation was seen when compared to control values, but the changes 
were not statically significant, when compared to control values. 

The report of biochemical parameters were given in the Table 2. It 

Figure 1: TEM image of DFNM (X30K).

Parameters Mean ± SD
Control 300 mg/kg body 

weight
2000mg/kg body 
weight

WBC (103/mm3) 6.93 ± 1.46 7.17 ± 1.62 6.83 ± 1.01
RBC (106/mm3) 6.71 ± 0.18 6.80 ± 0.48 6.54 ± 0.41
HGB (g/dL) 15.27 ± 0.31 14.83 ± 0.81 14.9 ± 0.95
HCT (%) 36.6 ± 0.49 35.30 ± 2.44 35.53 ± 1.62
MCV 54 ± 1.00 53.67 ± 1.53 54.33 ± 1.15
MCH 22.4 ± 0.35 22.77 ± 0.93 22.8 ± 0.7
MCHC 41.13 ± 0.35 42.4 ± 0.66 41.93 ± 1.00

(Student’s ‘t’ test. For all comparisons p<0.05 was considered significant, n=3 
Table 1: Haematological parameters of DFNM administered animals.

Biochemical Parameters Mean ± SD
Control 300 mg/kg body 

weight
2000 mg/kg 
body weight

Total Protein (g/dL) 7.23 ± 0.21 7.7 ± 0.2* 8.23 ± 0.87
Creatinine (mg/dL) 0.89 ± 0.02 0.98 ± 0.11 0.79 ± 0.09
Urea (mg/dL) 30.77 ± 2.04 34.6 ± 2.36 33.53 ± 3.88
SGPT (U/L) 76.6 ± 10.86 89.95 ± 18.31 54.75 ± 2.89
SGOT (U/L) 142.2 ± 7.3 129.1 ± 0.14 106.63 ± 9.15*
Alkaline Phosphatase (U/L) 135.1 ± 2.08 177 ± 16.97 165 ± 4.24*
Glucose (mg/dL) 101.05 ± 0.49 87.1 ± 2.82 117.75 ± 2.05*
Cholesterol (mg/dL) 98 ± 1.00 78.33 ± 10.16 87.67 ± 6.81
Bilirubin Total (mg/dL) 0.08 ± 0.01 0.36 ± 0.25 0.22 ± 0.25
Albumin (BCG) (g/dL) 4.46 ± 0.59 4.3 ± 0.1 4.13 ± 0.15
Phosphorus (mg/dL) 5.63 ± 0.14 7.6 ± 3.32 6.72 ± 1.35
Chlorides (mEq/L) 97.13 ± 2.35 103.1 ± 0.56* 101.3 ± 0.82*
GGT (U/L) 1.47 ± 0.99 1.77 ± 1.59 2.33 ± 1.30
(Student’s ‘t’ test. For all comparisons, p<0.05 was considered significant), *(p 
value <0.05, n=3) 

Table 2: Biochemical parameters of DFNM administered animals.
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was noted that, there was a slight changes in some of the biochemical 
values (statistically significant, p value<0.05) between control and 
treated groups. 

Lipid peroxidation

An increase in lipid peroxides level in liver tissue homogenates 
of treated animals was measured (Figure 2). The mean value of LPO 
was found to be 4.61 ± 0.71 (300 mg/kg), 4.82 ± 0.07 (2000 mg/kg) 
whereaks in control group it shows only 3.42 ± 017.

Activity of GR 

The activity of GR increased in a concentration dependent manner 
that was evident from the Figure 3. The GR activity increased in 2000 
mg/kg exposed group (0.526 ± 0.03) with respect to control (0.286 ± 
0.02). The mean value observed in 300 mg/kg treated group was 0.456 
± 0.07. Both are statistically significant (p value <0.05).

Level of GSH

No change was measured in GSH concentration in the group 
treated with the low dose (300 mg/kg) of DFNM when compared to 
control non treated one, whereas a slight increase in GSH level was 
obtained in high dose of DFNM (2000 mg/kg) treated groups that was 
found to be insignificant on comparison. 

The level of reduced glutathione remains the same in the 300 mg/
kg exposed (1.10 ± 0.10) and in control (1.10 ± 0.02) groups. The 

concentration was slightly increased in 2000 mg/kg treated group and 
was observed to be 1.42 ± 0.25 (Figure 4).

Activity of GPx 

The GPx activity remains the same in both the treated as well as 
control group (Figure 5). The mean values were (0.121 ± 0.03), (0.144 
± 0.03) and (0.112 ± 0.001) for 300 mg/kg, 2000 mg/kg treated groups 
and the control respectively.

Activity of SOD

SOD also showed dose dependent increase in activity that was clear 
from the Figure 6. The mean value for the 300 mg/kg exposed group 
was 0.109 ± 0.008 and for the 2000 mg/kg exposed group was 0.119 
± 0.025. Both the values were higher than the control (0.084 ± 0.002) 
values. 

Discussion
The safety and toxicity of nanomaterials are of growing concern 

despite their significant scientific interest and promising potential 
in many applications. Their biological activity and biokinetics are 
dependent on many parameters, such as size, shape, chemistry, 
charge, surface modifications etc. Health effects of nanomaterials 
are attracting considerably and increasing concern of the public and 
government worldwide. So far, most of the nanotoxicological research 
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focused on respiratory tract exposures for assessing the health effects 
of nanoparticles. Other exposure routes, e.g., gastrointestinal tract 
also need to be considered as potential portals of entry. The present 
study focused on the acute oral toxicity of DFNM and its effects on 
the cellular level. The size of the nanoparticles influences its property 
and their interaction with the biological system. The result of the TEM 
study indicates that the synthesized DFNM was an authentic particle 
and has a size less than 25 nm. 

In this study the DFNM was suspended in aqua guard water and was 
loaded in a syringe after thorough agitation. A single administration 
of this suspension containing DFNM was given to rats using a gastric 
needle. All the animals were observed for 14 days and found that none 
of the animals showed any adverse effects or toxicity or death. The gross 
examination report showed that there was no abnormality detected in 
any of the organs. 

It was reported [20] that the toxicity of nanoparticles depends 
on their properties like size, shape, surface chemistry etc., the route 
of exposure of nanoparticles plays a key role in determining their 
biodistribution and the rate of clearance from the body. Most of the 
nanoparticles injected via oral route showed increased accumulation 
in liver, spleen and kidney. Acute toxic study of copper and zinc 
nanoparticles on mice showed color change and atrophy in mice. The 
mice treated with nano zinc suspensions suffered from lethargy, nausea, 
vomiting and diarrhea [21]. Dextran coated nanoparticles are widely 
used in imaging by magnetic resonance (MRI), optical and positron 
emission tomography (PET) etc., These nanoparticles offer extended 
vascular retention time and are non toxic, biodegradable [22]. 

The rationale of the present study is to investigate the biological 
response of DFNM when orally administered to rats and to gain 
insights into its action. Acute oral toxicity in Wistar rats showed that 
the general physical conditions of the experimental animals were 
normal during the experimental period. The results indicated that 
there was no alternation in the haematological values. It was also noted 
that there was no major alternations observed in the biochemical 
parameters, when different concentrations of DFNM (300 and 2000 
mg/kg) exposed to rats. 

Oxidative stress, one of the leading mechanisms of nanoparticles 
toxicity often results in increase in reactive oxygen species inside the 
cell. ROS encompasses variety of partially reduced oxygen metabolites 
like superoxide anions, hydrogen peroxides and hydroxyl radicals [23]. 

ROS occurs as a normal metabolic end product. The major site of ROS 
production is mitochondria as a result of respiratory chain. Interaction 
of ROS with cell components results in their structural modifications [24]. 

Lipids are the major site of ROS modification resulting in peroxides 
formation. Lipid peroxidation, is a chain reaction that propagates by 
peroxy radicals and prolongs till unsaturated lipid molecules are 
available [25]. In the present study, there was a slight increase in 
lipid peroxidation observed in the treated group when compared to 
control, but level of peroxides formation remain the same (on both in 
300 and 2000 mg/kg exposed group) suggesting that DFNM seems to 
induce peroxide formation on initial stage, reaching a saturation level 
(plateau) after that it does not elicit any further increase. Thus a cell 
possesses several mechanisms to overcome the negative consequences 
of lipid peroxidation above a particular level.

There are various antioxidant enzymes present in a cell, which 
tracks on the level of ROS formed. Oxidative stress occurs when a cell 
fails to establish a correlation between the levels of ROS generated 
and the activity of antioxidant defense system. Among the various 
antioxidants, reduced glutathione exhibit a prime role by acting as 
a scavenger of ROS. The thiol group of GSH plays a critical role in 
antioxidant defense. GSH act as a substrate for glutathione peroxidase 
forming glutathione disulfide (GSSG). GSSG formed further reduced 
to GSH by glutathione reductase in a NADPH dependent manner 
[26]. Though there was an increase in activity of GPx, an indication of 
increase in ROS production, the cell tries to defeat the effect of ROS by 
upholding the level of reduced glutathione. The increased level of GSH, 
was established by the activity of glutathione reductase that reduce two 
molecules of GSH for one molecule of GSSG formed.

Super oxide dismutase is the first line of antioxidant defense 
enzyme that acts against the free oxygen radical. Cu-Zn SOD is 
an enzyme widely distributed in eukaryotic cells localized in the 
cytoplasm, while Mn-SOD, can be found in prokaryotic cells and 
eukaryotic mitochondria. The end product of dismutation H2O2 is 
catalyzed by other enzymes like catalase and glutathione peroxidase 
[27]. The increase in SOD activity observed signifies that the cell tries 
to rescue from the effect of superoxide radical generated. Difference 
in the above antioxidant parameters was found to be insignificant, 
implies that the synthesized DFNM does not induce oxidative stress 
and the cell can able to manage the slight changes initiated in response 
to DFNM introduction. Since there was no adverse symptoms/toxicity 
or death at the dose of 2000 mg/kg body weight, the DFNM is classified 
as an unclassified compound (non toxic) as per Globally Harmonized 
System for Classification (Category 5) for chemical substances and 
mixtures (OECD 423).

Conclusion
The results of the acute toxicity study demonstrated that the 

synthesized DFNM has a particle size less than 25 nm and is considered 
as an unclassified compound (showing no specific organ toxicity seen 
at the proposed concentration tested) as per Globally Harmonized 
System for Classification for chemical substances and mixtures. 
There was no significant fluctuation in the level of haematological, 
biochemical, antioxidant defense mechanism and lipid peroxidation. 
Hence, it can be concluded that the synthesized DFNM was non-toxic 
at 2000 mg/kg body weight and has no molecular level toxicity when 
exposed orally in rats, promising their use for biomedical applications. 
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