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Abstract

Haematological tests are signifi cant diagnostic tools that are equally valuable as indicators of 
toxic insult or stress due to xenobiotics and environmental fl uctuations. Present study was designed to 
investigate alterations in primary renal function markers, pathological changes in kidneys and variations 
in RBCs shape of male wistar rats due to chromium oxide nanoparticles (Cr2O3NPs) exposure. Cr2O3NPs 
are transition metal oxide NPs which are widely being used as catalysts, pigments and coating materials. 
Therefore, toxicological evaluation is fundamental with respect to their increasing applications. In 
the current study, synthesis of Cr2O3 NPs was accomplished by sol - gel method and characterized in 
sequential manner by electron microscopy (TEM and SEM). TEM analysis revealed size - distribution of 
test NPs in the range 22.50 ± 1.76 nm. SEM represented the morphological features with high homogeneity 
of sample NPs validating Cr2O3NPs synthesis. Toxicological fi ndings revealed deviations in renal function 
test of treated rats with respect to the control group indicative of kidney damage. Blood Urea Nitrogen 
(BUN) was found to be signifi cantly higher (p < 0.05) after 14 days high dose exposure in comparison to 
control rats. Extensive changes in kidneys architecture were noted after repeated exposures to high dose. 
Various structural deformations of RBCs including tear drop cells, bite cells, elliptocytes, echinocytes etc 
were also observed. Results of present investigations, though preliminary but clearly demonstrate that 
oral administration of Cr2O3 NPs induces biochemical changes consequently leading to alterations in renal 
function parameters and RBC shapes of exposed rats.
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Introduction 

Nanotechnology is a fast - growing research fi eld that has 
led to many signifi cant scientifi c breakthroughs [1]. It involves 
the formation and manipulation of particles at ‘nanoscale’ 
having novel and improved physico - chemical properties [2-
4]. Owing to the minuscule magnitudes, nanoparticles (NPs) 
acquire unique physical, chemical, electrical and magnetic 
properties. The exclusive characteristics have resulted in 
increasing synthesis and widespread usage of engineered 
NPs. Prevalent applications of NPs have thereby conferred 
them with enormous toxic potential on human health and 
environment. The NPs being very small in size can pervade the 
cellular membrane and interfere in the cell’s natural processes 
[5,6]. Entry of NPs via various routes like oral, dermal and 
inhalation may occur either intentionally or unintentionally, 
resulting in subjugating normal cell functioning [7, 8]. So, 
safety concerns have arisen regarding the risk assessment of 
manufactured NPs. Blood plays an integrated and inevitable 

part of the biological system and haematology can visibly 
ascertain the diseased or stressed state of animals [9-11]. 
Many workers have studied effects of several heavy metals 
on haematological parameters in various model organisms 
[12-15]. Gardner and Yeuich [16] have established long - term 
effects of heavy metal on blood chemistry parameters. Jawad et 
al. [17], advocated that haematological parameters may serve 
as early biomarkers of toxicity. A study by Ahmad et al. [18], 
established the correlation between NDMA - induced hepatic 
fi brosis and changes in clinical blood parameters of wistar rats. 
Likewise, serum biochemical indices also play a signifi cant 
role in monitoring clinical symptoms produced by a toxicant 
[19]. However, research on haemato - toxic effects due to 
NPs exposure are limited and such study concerning ‘nano’ 
Cr2O3 are lacking. Cr2O3 NPs are industrially important which 
are being widely used as pigments, catalysts, for thermal and 
wear protection coating, sensing of humidity and in many 
other applications [20-23]. Owing to the development and 
applications of Cr2O3 NPs, it is important to cautiously evaluate 
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their toxicity. Well-designed experiments with a consistent 
approach and reasonable interpretations are required to 
determine the risks associated with nanomaterials. In view of 
the present literature, attempts are made to investigate the 
effect of Cr2O3 NPs taking red blood cells (RBCs) phenotype 
and renal function profi le as indicators of toxicity in wistar 
rats. These tests are used in examining the response of an 
organism to toxic insult and can be effi ciently employed for 
toxicity evaluation of NPs. For this study, rats were exposed to 
two concentrations of Cr2O3 NPs for multiple durations to study 
discrepancies in renal function profi le and changes in shape of 
RBCs due to acute or cumulative dosing. The study may help 
in curbing nanotoxicity at initial stages by monitoring these 
parameters in exposed organisms.

Methodology

Preparation and characterization of Cr2O3 NPs

Cr2O3 NPs were prepared by sol - gel method followed by 
characterization using transmission electron microscopy (TEM) 
and scanning electron microscopy (SEM). For size distribution 
analysis, TEM of Cr2O3 NPs aqueous solution was performed 
on JEOL 100/120 kV transmission electron microscope (JEOL, 
Tokyo, Japan) at an accelerating voltage of 120 kV. For the 
morphological analysis, SEM was done using fi ne Cr2O3 NPs 
powder on a carbon tape in a JSM-6510LV scanning electron 
microscope (JEOL, Tokyo, Japan) at an accelerating voltage of 
~ 20 kV. 

Animals and ethical approval

Male albino wistar rats (Rattus norvegicus) aged 7 - 8 weeks 
and weighing 145 ± 10 gm were procured from the Central 
Animal House, Jawaharlal Nehru Medical College (JNMC), AMU.  
The animals were housed in polycarbonate cages in a hygienic 
condition at a temperature of 22 ± 3°C and relative humidity of 
55 - 65%, on a 12 / 12 hours light / dark cycle. Commercially 
available sterilized food pellets and quality drinking water was 
offered ad libitum. Care, handling and sacrifi ce of animals were 
in accordance with the guidelines of Institutional Animal Ethics 
Committee (IAEC; No: 401/RO/C/2001/CPCSEA); CPCSEA, India.  

Sample NPs and experimental design

Normal control and treated groups were randomly allocated 
with 5 animals each and acclimatized for a week. Cr2O3 NPs 
were suspended in double distilled water and in order to avoid 
the aggregation, stock suspensions were stirred on vortex 
agitator for 5 min, each day prior to dosing. The concentrations 
of Cr2O3 NPs in stock suspensions were 50 μg / ml and 200 
μg / ml, respectively. Each dose of Cr2O3 NPs [50 μg / 100 gm 
bwt (low dose) and 200 μg / 100 gm bwt (high dose)] was 
administered orally in wistar rats for multiple durations i.e. 24 
hours (single dose), once daily for 7 days and for 14 consecutive 
days, respectively. Haematological parameters were monitored 
in control and exposed rats. To investigate renal function 
enzymes and their changes in response to Cr2O3 NPs exposure, 
normal range of these factors were initially measured in serum 
of control rats. The control group received equivalent volume 

of the vehicle (double distilled water) for the same number of 
days. 

Blood sampling

Whole blood sample was collected at the end of each dose - 
duration exposure. 5 ml of blood sample was withdrawn from 
the heart of each rat by direct cardiac puncture through sterilized 
syringe into EDTA vials and clot activator vials for RBC shape 
and serum study, respectively. The blood samples drawn from 
animals were used for preparing permanent smears of RBCs. 
For observation of deformation in RBCs shape, slides were fi xed 
in methanol for 12 - 15 min, stained with Giemsa for 8 - 10 
min and fi xed in DPX. The stained slides were then randomly 
selected for rheological studies and observed on Nikon ECLIPSE 
E200 microscope at 40 X magnifi cation. For renal function test, 
serum was separated by centrifugation at 3000 rpm for 10 min 
and kept at - 80°C until used for biochemical estimations. 
Activities of kidney function (BUN i.e. blood urea nitrogen, uric 
acid, creatinine, Na+, K+) were measured in the serum of rats 
by an automatic biochemical analyzer (Cobas Mira Plus, Roch 
Diagnsotics, Germany). 

Data and statistical analysis

All observations were replicated thrice for varied 
observations and the data are expressed as mean ± SEM. 
Statistical analyses were performed using Graph Pad Prism 
software version 3.02. Groups’ variance was analyzed by one 
way analysis of variance (ANOVA) followed by post hoc Tukey 
to test for signifi cant difference between the groups. The level 
of signifi cance was set as p < 0.05 (*). 

Results

Preparation and characterization

The size - distribution of Cr2O3 NPs was determined to be 
22.50 ± 1.76 nm in diameter by TEM, illustrated in Figure 1(a). 
SEM observations revealed high homogeneity of the sample 
and showed micrometric aggregate formation consisting of 
nanometric spherical particles (Figure 1b), validating successful 
synthesis of Cr2O3 NPs.

RBC Shape

Although quantitative assessment was not performed 
but various deformities in shape of RBCs like tear drop red 
cells, acanthocytes, echinocytes, bite cells, elliptocytes and 
spherocytes were observed extensively in exposed rats. These 
structural distortions in RBCs were noted to increase with dose 
- duration exposure of Cr2O3 NPs (Figure 2). 

Renal function markers

Serum levels of various biomolecules are frequently 
monitored in diagnosing various diseases. Results of this study 
clearly demonstrate infl iction of toxicity following Cr2O3 NPs 
exposure consequently leading to renal injury. It is evident 
from the alterations in kidney function markers noticed in 
serum of test groups at both doses and all duration exposure 
of Cr2O3 NPs, as compared with control group (Tables 1,2). 
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There was rise in serum creatinine and uric acid levels noted 
at both doses after 14 days of repeated exposure but, compared 
to control group, their elevated levels were insignifi cant. 
However, in case of BUN, signifi cant increase was observed for 
high dose repeated exposure (14 days, p < 0.05). No apparent 
variations in treated groups were observed for Na+ and K+ levels 
when compared to control group. But, signifi cant elevation 
in Na+ level (p < 0.05) was reported after 14 days exposure to 
high dose in comparison to low dose indicating ineffi ciency of 
kidneys in rats due to continual insult of NPs stress. However, 
animals with elevated renal function markers did not show 
any noticeable clinical signs. In addition, kidneys were also 
examined for histological changes after repeated (7 days and 
14 days) high dose administration of Cr2O3 NPs. It was clearly 
observed that prolonged exposures of Cr2O3 NPs signifi cantly 
changed the architecture of kidneys in treated groups when 
compared with controls. Congested glomeruli and focal tubular 
atrophy was noticed after 7 days exposure. After 14 days 

exposure congested interstitial tissues, marked vacuolization 
of tubular cells and infl ammation were noticed. The tested 
concentrations of Cr2O3 NPs caused renal damage, prominently 
with durations indicating kidneys to be one of the major target 
organs.

Discussion

Nanotechnology research warrants toxicological 
examination of NPs due to their increasing use and synthesis. 
Assessment of serum biochemical parameters and shape of 
RBCs defi nitely assures feasible and early detection of response 
of an organism to any stressor in the body or environment. 
This fact was reasonably and logically employed in the present 
study for toxicity evaluation of Cr2O3 NPs in rats with special 
focus on primary renal markers and RBCs shape. In the current 
study, Cr2O3 NPs were successfully synthesized by sol - gel 
method and primarily characterized by electron microscopy. 
SEM and TEM observations clearly demonstrated Cr2O3 NPs to 
be well dispersed displaying average particle size of 22.50 ± 
1.76 nm. For toxicological evaluation of Cr2O3 NPs exposure, 
discrepancies in established renal function markers activities 
in serum of rats were noted as they effectively display damage 
or harm to the organ. The kidneys are supposed to be highly 
vascular organ and play an important role in detoxifi cation 
as well as many metabolic processes. They have a host of 
functional enzymes and any disturbance or injury to the renal 
tissues would thereby affect the normal level of measurable 
biochemical parameters of this organ in blood. When kidney 
cells are infl amed or damaged due to toxicity or diseases, 
these markers spill into bloodstream leading to a rise in their 
levels. Therefore, anomalous levels of associated biochemical 
parameters in serum signify injury to the organs leading either 
to adaptive response or ultimately to severe damage after 

Figure 1: (a) Transmission Electron Micrograph, and (b) Scanning electron 
micrograph of Cr2O3 NPs.

Figure 2: Effect of Cr2O3 NPs exposure on blood cell morphology. Photomicrographs 
of blood fi lms shows extensive structural RBC deformations. Tear drop cells - a, 
echinocytes - b, bite cells - c, target red cells - d, spherocytes - e, elliptocytes - f, 
acanthocytes - g, schizocytes - h). 
Plate 1, shows blood smear of control group. Plates 2 - 8, represent blood smears 
from treated rats (40 X).

Table 1: Renal function test (RFT) profi le of experimental animals assessed at 
multiple durations after low dose (50 μg / 100 g bwt) chromium oxide nanoparticles 
exposure.

RENAL FUNCTION PROFILE CONTROL 24 HRS 7 DAYS 14 DAYS

BLOOD UREA NITROGEN 
(BUN) mg / dl

41.33±12.55 41.33±8.57 68.67±7.22 83.67±19.64

URIC ACID mg / dl 4.8±0.96 3.3±0.53 3.6±0.36 6.2±2.68

CREATININE mg / dl 0.9±0.12 0.67±0.12 1.26±0.42 2.62±1.0

Na+  m. Eq / L 140.3±2.40 136.3±5.93 140.3±0.88 123.3±7.27

K+   m. Eq / L 4.23±0.47 4.03±0.52 3.93±0.33 5.33±0.39

Table 2: Renal function test (RFT) profi le of rats evaluated at multiple durations 
after high dose (200 μg / 100 g bwt) chromium oxide nanoparticles exposure.

RENAL FUNCTION PROFILE CONTROL 24 HRS 7 DAYS 14 DAYS

BLOOD UREA NITROGEN 
(BUN) mg / dl

41.33±12.55 54.33±5.21 81±7.57 103.7±14.53*a

URIC ACID  mg / dl 4.8±0.96 3.33±0.66 3.73±1.70 8.67±4.00

CREATININE  mg / dl 0.9±0.12 0.86±0.15 2.71±1.07 3.56±1.43

Na+   m. Eq / L 140.3±2.40 139.3±0.88 137±5.77 150.3±5.21*b

K+   m. Eq / L 4.23±0.47 4.43±0.41 4.42±0.17 6.67±1.47

Values are expressed as means ± SEM. 
One way ANOVA and post hoc Tukey; * p<0.05; a: in comparison to control; b: in 
comparison to low dose
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continual exposure. Thus, in our study, aberrant expression in 
renal function profi le (BUN, creatinine, uric acid, Na+ and K+ 
levels) of treated rats clearly pinpoints injury to the kidney of 
treated rats as compared to control rats. This study shows that 
functional activity of kidneys happens to be disturbed due to 
Cr2O3 NPs exposure which resulted in the leakage of some of 
the investigated renal parameters. In general, renal function 
biomolecules have been reported to spill over into the serum 
upon exposure to toxic materials [24-26]. Furthermore, it can 
be hypothesized that Cr2O3 NPs exposure may lead to dysfunction 
of renal haemopoiesis as the kidney function is found to be 
impaired in treated rats. Considering the biological clearance 
function of kidneys, deviations of serum parameters from 
normal control was well anticipated. Multiplicity of structural 
deformations observed in RBCs of rats might be due to stress 
of NPs exposure and may indicate towards onset of apoptosis 
which is a matter of critical concern. These fi ndings clearly 
signify that after oral administration, Cr2O3 NPs get effi ciently 
absorbed in the digestive tract and ultimately released into 
blood as evidenced by deformed RBCs and altered renal profi le. 
Some previous studies have also indicated that nano-sized 
particles may possibly cross the small intestine by persorption 
and further distribute into blood, brain, lungs, heart, kidneys, 
spleen, liver, intestine and stomach [27, 28]. NPs deposition 
in vital organs or tissues could induce cellular damage [29]. It 
is generally agreed that upon ingestion NPs can be absorbed 
and that absorption increases with decreasing particle size 
[30].Structural changes observed in renal tissues are indicative 
of kidneys being the main target organs of Cr2O3 NPs toxicity 
that may have occurred through the absorption of these NPs 
from digestive tract and their subsequent circulation in blood. 
Obviously possibilities of detrimental effects to other organs 
cannot be ignored, once NPs come into circulation, but this 
study is limited to investigate the effect of Cr2O3 NPs on kidneys 
only. Thus, we can say that administered Cr2O3 NPs deposited in 
kidneys may have induced cellular damage via ROS formation 
which resulted in leakage of investigated parameters into 
the bloodstream [31-33]. The present results taken together 
strongly indicate kidney damage as well as variations in RBCs 
shape that may further enhance other metabolic disturbances 
and cause disease. This study is preliminary on potential 
haemato - toxicological changes on oral intake of Cr2O3 NPs 
that may serve as useful information to determine the safety 
regulations against Cr2O3 NPs toxicity. Future studies are 
warranted to explore the exact molecular mechanism of this 
renal toxicity as well as damage to other tissue/organ types. 

Conclusions 

In conclusion, variations in RBCs shape and alterations of 
renal function markers are a consequence of Cr2O3 NPs induced 
toxicity in rats. This investigation may be helpful to monitor 
and regulate Cr2O3 NPs toxicology by accumulating information 
on the type of toxicities generated by these NPs in vitro or in 
vivo. Development of friendly synthetic processes for NPs, such 
as green synthesis, may be a possible alternative and hope in 
regressing NP induced-toxicity. From this experimental study, 
it is suggested that primary toxic potential of Cr2O3 NPs shall be 
assessed before its use in various industrial sectors using blood 
and renal function parameters.
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