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Abstract 

Recently bioretention and toxicity of injected nanoparticles in the body has drawn much 

attention in biomedical research. In the present study, 5 mg Fe/kg body weight of magnetic 

fibrin nanoparticles (MFNPs) were injected into mice intravenously and investigated for their 

blood clearance profile, biodistribution, haematology and pathology studies for a time period 

of 28 days. Moderate long circulation of MFNPs’ in blood was observed with probable 

degradation and excretion into bloodstream via monatomic iron forms. Inductively coupled 

plasma optical emission spectrometry (ICP-OES) and Prussian blue staining results showed 

the increased accumulation of MFNPs in liver, followed by spleen and other organs. Body 

weight, spleen/thymus indexes, haematology, serum biochemistry and histopathology studies 

demonstrated that MFNPs were biocompatible. These results suggest the feasibility of using 

MFNPs for drug delivery and imaging applications. 
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1. Introduction  

Currently, nanoparticles (NPs) are employed for diagnosis of diseases in medical field, 

preservation of food products and cosmetics in industries with different physiochemical 

properties and many possibilities of human exposure.
1−4

 To ascertain biosafety, it is important 

to consider the potential health impact and mandatory to evaluate time dependent 

biodistribution, biodegradation and clearance of any nanoparticles introduced into the body. 

For magnetic iron oxide nanoparticles (IONPs) based system promises to have many 

biomedical applications such as tumour targeting drug delivery carrier, magnetic resonance 

imaging (MRI) contrast agents and hyperthermia treatment.
5,6

 It is essential to determine the 

biodistribution, clearance, toxicity and biocompatibility of IONPs depending on their 

properties such crystalline phase, uniformity size and stoichiometry.
4,7,8

 These characteristics 

can affect cell interaction and serum protein interaction in biological system.  

The benefit of using magnetic NPs in clinical field is their ease of in vivo detection by 

magnetic and non-magnetic analysis.
9,10

 Non-magnetic analysis of iron element studies such 

as ICP-OES and Prussian blue staining are observed in the IONPs distribution of tissues.
11

 

Vibrating Sample Magnetometer (VSM) studies are used to quantify the presence of IONPs 

in dry tissues by the magnetic analysis.
12

 Mostly, the injected IONPs are rapidly cleared by 

tissue macrophages of the reticuloendothelial system (RES) and the mononuclear phagocytic 

system (MPS) from blood stream, leads to increased biodistribution in both liver (80-90%) 

and spleen (5-8%).
13−15

 In previous studies, iron oxide nanoparticles were synthesized from 

goat blood and then functionalized with fibrin to obtain Magnetic fibrin nanoparticles 

(MFNPs), which is used as a carrier of targeted delivery in clinical studies.
16

 Herein, we 

demonstrated the biodistribution, clearance, toxicity and biocompatibility of MFNPs in 

mouse model. 

2. Experimental section  
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2.1. Materials 

Fluorescein isothiocyanate (FITC), sodium phosphate (mono- and di-basic), potassium 

ferrocyanide, nuclear fast red solution, and 10% neutral-buffered formalin were obtained 

from Sigma-Aldrich. All the other chemicals used in this study were of analytical grade.  

2.2. Preparation of MFNPs  

MFNPs was prepared by precipitation methods using goat blood as starting materials to 

ensure nanoparticle crystalline and superparamagnetic with in vitro biocompatibility 

according to method reported earlier.
16  

The morphology and size of the MFNPs were studied 

using transmittance electron microscope (TECNAI FE12 TEM instrument operating at 

120kV).  The hydrodynamic size and surface charge of MFNPs in the PBS solution were 

evaluated using a dynamic light scattering (DLS) instrument (Malvern Zeta Sizer). 

Approximately 1 X 10
5 

Saos2
 
cells were seeded in 6 well. After recovering for 24h, cells 

were incubated with 50 µg Fe/ml of MFNPs at 37
0
C for 5h. The cells were rinsed with PBS, 

and stained with Prussian blue for iron to investigate the cellular internalization of MFNPs 

using microscope.   

2.3. Hemolysis assay 

 

The hemolysis assay was carried out to determine whether MFNPs could cause any damage 

to red blood corpuscles (RBCs) when used for in vivo application.
3
 RBCs were collected 

after removing serum from the blood by centrifugation and suction. RBCs were washed thrice 

with PBS and used for the assay. The 500 µl of cell suspension were treated with different 

concentrations of MFNPs - 50, 100, 200, 400, 600, 800, 1000 µg Fe/mL and incubated at 

room temperature for 120 min. The cell suspensions treated with PBS and deionized water 

was used as negative and positive control. After incubation, the samples were centrifuges and 

the absorbances of the supernatants were read at 541 nm. 
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2.3. Preparation of FITC-labeled MFNPs (FITC@MFNPs) 

FITC@MFNPs was prepared by method described elsewhere.
17

 Briefly, a solution of FITC (5 

mg) in an ethanol/water mixture (1/1, v/v) was added to a dispersion of MFNPs (20 mg) in 

PBS (20 mL; pH 7.4). The reaction proceeded for 5 h at 20ºC in the dark. The 

FITC@MFNPs were magnetically separated and washed several times with PBS (pH 7.4) to 

remove non-conjugated FITC. The fluorescence spectra of FITC@MFNPs were measured by 

a Jasco FP 6200 spectrofluorimeter (Jasco Analytical Instruments, Easton, MD, USA). The 

iron levels of FITC labelling and without labelling of MFNPs were measured using the 1, 10-

phenanthroline colorimetric method.
10,18

 

2.3. In vivo study  

Balb/c female mice (5–6 week old) weighing around 20–22 g were used for this experiment. 

All the animals were subjected to humane care, maintained in hygiene conditions and 

administered with mice pellet feed and water ad libitum throughout the experimental period. 

All experiments were performed after obtaining approval from the Institutional Animal 

Ethics committee of Central Leather Research Institute, India (466/01a/CPCSEA). The 

animals were divided into two groups i.e., control and experimental groups. The experimental 

animals were administrated with 100 µL of MFNPs solution at a dose of 5 mg Fe/kg. The 

mice were weighted and assessed for their behavior and symptoms every other day for 28 

days after post administration.
10, 19, 20

 

2.4. Blood clearance experiment 

To assess the clearance of FITC@MFNPs in vivo, NPs (5 mg Fe/Kg) was injected 

intravenously to the animals (n = 6) and blood was collected at various time intervals (1h, 3h, 

9h, 12h, 24h and 48h). Serum was isolated from the collected blood samples, analyzed using 

spectrofluorometer at an excitation wavelength of 485 nm and emission wavelength in the 

range of 500–600 nm.  
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2.5. Non-magnetic biodistribution methods  

2.5.1. Inductively coupled plasma optical emission spectrometry (ICP-OES) 

The tissue distribution of MFNPs in mice (n = 6) was studied at the time period of 6h, 12h, 

1d, 7d, 14d, and 28d after injection. Immediately after sacrificing the animals, liver, spleen, 

lungs, heart, and kidney were excised, weighed and lyophilized. Urine and feces were 

collected and analyzed clearance of injected nanoparticles for 6h, 12h, and 24h, 3d, and 7d. 

All the samples were heated at 70ºC with nitric acid and 30% H2O2 at (1:2) concentration 

until to obtain clear solutions and measured by ICP-OES.
14

 All Results were normalized in 

units of percentage of injected dose per gram (% ID/g) of tissue.  

2.5.2. Prussian blue staining 

Prussian blue is a highly sensitive method for determination of ferric molecules in tissue 

sections. To determine MFNPs biodistribution in the major organs such as liver, spleen, lung, 

kidney and heart, these tissues were fixed in 10% paraformaldehyde and embedded in 

paraffin. 4 µm thick tissue sections were incubated with fresh 1% potassium ferrocyanide and 

1% hydrochloric acid (1:1) for 20 min at room temperature, where this solution stained 

MFNPs as dark blue/brown and nuclear-fast red was used to stain the nuclei red.
21

 All the 

stained sections were observed under a bright field microscope. 

2.6. Magnetic biodistribution method  

Biodistribution and clearance of magnetic nanoparticles were measured by the magnetic 

characterization of tissues in a Lakeshore VSM 7410 at 150 K. According to the ICP-OES 

studies, most of the IONPs were accumulated in the liver after injection.
5
 The liver was 

excised from the animals (n = 4) at 6h, 12h, 24h time periods and lyophilized. Magnetization 

curves were recorded by saturating the sample in a 1 T field and sweeping the field range 

between 1 T and –1 T at 0.1 Tmin
–1

. 
  

2.7. Determination of body weight and immune response 
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Body weight is an important indicator for evaluating the toxicological effects of the 

nanoparticles, in vivo. After MFNPs injection, the animals were weighed daily and assessed 

for behavioural changes. To explicitly examining immune response, the spleen and thymus 

were excised, weighed and the thymus/spleen indices (Sx) was expressed accordingly.
22

  

Sx = Weight of experimental organ (mg) / Weight of experimental animal (g)  

2.8. Haematology and biochemical parameters 

Whole blood and serum was collected from the MFNPs injected animals after the time period 

of  1d, 14d, 28d and series of parameters such as white blood cells (WBC), red blood cells 

(RBC), platelet count (PLT), haemoglobin (HGB), Haematocrit (HCT), creatinine (CREA), 

blood urea nitrogen (BUN), aspartate aminotransferase (AST), alanine aminotransferase 

(ALT) were measured.  

2.9. Histopathology  

A portion of liver, spleen, heart, lung and kidney tissues excised from the MFNPs injected 

animals were fixed in 10% neutral buffered formalin and embedded in paraffin. 4 µm thick 

sections were prepared and stained with Haematoxylin and Eosin (H&E) and viewed under a 

Nikon Eclipse E600 microscope. 

2.10. Statistical analysis 

All data presented here as mean ± standard deviation (SD) and analyzed for statistical 

significance using one-way analysis of variance (ANOVA) followed by Duncan’s test. 

Statistical comparisons in biodistribution studies were determined using the student’s t test 

with a significance of p < 0.05. 

3. Results and discussion 

Previously, our group has reported the synthesis and characterization of MFNPs along with in 

vitro studies.
16

 The study reveals that synthesized MFNPs are crystalline in nature with super-

paramagnetic behaviour.
16

 Particle size and surface charge properties play an important role 
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in the in vivo behaviour of synthesised nanoparticles. Under TEM (Fig 1a), MFNPs were 

spherical in shape with diameter of 12-15 nm. The DLS measured hydrodynamics size 

distribution and surface charge of the MFNPs were 26.3 nm and – 17.8 mV respectively 

(Fig.1b and c). The cellular internalization of the MFNPs by Saos2 cells was studied by 

Prussian blue iron staining method. The microscopic images of stained cells showed a more 

number of NPs were observed in the cytoplasm and nucleus, there by indicating the increased 

uptake of MFNPs in treated cells (Fig. 1d). It has been proposed that particles with size less 

than 100 nm are preferentially taken up by the cells. Also, particles with such miniature size 

hold larger surface area and result in excessive drug loading capacity with slow rate of drug 

diffusion.  The negative surface charge of MFNP helps repel each particle in suspension, thus 

confirming their long-term stability and avoidance of particle aggregation.
23, 24

  

Hemolysis is a crucial toxicological factor that must be considered for the in vivo practice of 

MFNPs. As shown in Fig. 1e no sign of visible hemolysis was observed with any of the 

concentrations of MFNPs used for the analysis. According to ASTM standard F756, the 

samples exhibiting percentage of hemolysis < 2 are considered as non-hemolytic, 2-5 as 

slightly hemolytic and > 5 as haemolytic. Our results state the non-hemolytic property of 

MFNPs and their safety for in vivo application. The hemocompatibility of MFNPs may be 

ascribed to their negative surface charge. RBCs are made up of two sublayers - a positively 

charged internal layer and a negatively charged external layer. When positively charged 

nanomaterials come in contact with the negatively charged RBCs, they instigate the release of 

toxic substances resulting in hemolysis.
25,26

 MFNPs show good internalization potential and 

hemocompatible, hence can be employed in clinical studies and drug delivery applications. 

Normally, the distribution of IONPs was difficult to interpret from the results obtained via 

elemental analysis of Fe in blood samples due to the presence of endogenous Fe like 

haemoglobin, ferritin and transferrin.
5
 In this study, we are using fluorescence marker 
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labelled with synthesized nanoparticle. Fig.2a illustrates the conjugation of FITC to the 

MFNPs as determined by fluorescence spectroscopy. It was observed that the peak position 

of fluorescence emission for the FITC@MFNPs is about 519 nm, a blue line shift of 6 nm as 

compared to the free FITC in water (525 nm). No fluorescence was observed in the spectrum 

of the supernatant after washing of the FITC-labelled MFNPs, which is used to track blood 

circulation in animals. This result confirmed that the MFNPs were successfully modified with 

FITC via the formation of a stable bond without fluorophore degradation.
17

  

With the development of nanocarrier, the blood circulation half time is desired to help the 

bioavailability of drug. Fig. 2c depicts the blood clearance profile of FITC@MFNPs in 

experimental animals. Disappearance of MFNPs in blood was increased significantly after 1 

h of administration followed by gradual elimination of NPs from blood stream after 3-12 h. 

MFNPs exhibited a little slowly clearance with the carrier levels of 3.96 % at 24h after 

administrated nanoparticles. A very less quantity of MFNPs was found in the circulation after 

48 h and the blood circulation half-time (t1/2) of injected nanoparticles was 12.06 h indicating 

relatively moderate long circulation and therefore suitable for targeted drug delivery 

applications. It is supposed that surface charge and particle size of MFNPs have played a vital 

role in the prolonged blood circulation of NPs by reticuloendothelial cells.
15,27,28

  

Biodistribution and tissue-specific accumulation of the NPs have tremendous significance in 

targeted drug delivery applications. Quantification of iron by ICP-OES was performed at 

different time periods for major organs including liver, spleen, heart, lung and kidney were 

shown in Fig. 3a. About 53.11±1.04 ID/g % of the administered NPs were accumulated in the 

liver, 4.23±1.72 ID/g % in the spleen, 2.81±0.21 ID/g % of iron in the lung, 1.92± 0.37 in 

kidney and 1.87±0.31 ID/g % in heart at 6 h. The Fe level was continuously depleted after 12 

h to 3 d, and then gradually declined over the next 14 d in the liver. While in the case of lung, 

kidney and heart, the level of Fe decreased after 3 d of injection. But in case of spleen after 
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12 h the level of injected MFNPs has been increased on 24h and 3d then it has decreased on 

gradually. The presence of injected MFNPs in spleen at 28 days may be attributed to 

formation of the monatomic irons and recycling of RBCs, which is in good agreement with 

the Prussian blue staining results.
10

 Based on ICP-OES analysis, most of the administered 

MFNPs accumulated in the liver which was determined by analyzing the magnetic saturation 

of the lyophilized samples. The magnetization was 0.064 emu g 
–1

 after 6 h of MFNPs 

administration which gradually declined to a value of 0.03 emu g 
–1

 and 0.0036 emu g 
–1 

after 

12 h and 24 h respectively as shown in Fig. 3b. Hence, we determined the distribution of 

administered MFNPs, then degradation and clearance of NPs by reticuloendothelial system in 

liver. Particle size and surface charge of nanoparticles play essential roles in tissue 

distribution. Iron oxide nanoparticles with size less than 50 nm escape opsonisation and have 

prolonged circulation time followed by gradual uptake by macrophages in liver and spleen. In 

the present study, the increased uptake of MFNPs by liver may be ascribed to their smaller 

size and also net negative surface charge. Earlier studies indicate that the strong negative 

charges on the surface of nanoparticles enable their uptake by the liver.
30

 Tab. 1 shows the 

clearance of MFNPs in urine and fecal samples at 6, 12, and 24h of post injection. Excretion 

of nanoparticles in urine and feces studies shows around 7.68 % after 1d and totally 11.67 % 

after 7 days. Some studies report 18-22% of iron oxide nanoparticles have been slowly 

cleared over the period of 7 weeks and on the other hand, nearly 25% of iron oxide 

nanoparticles were more rapidly cleared in 19 days via urine and feces due to the surface 

chemistry of the magnetic nanoparticles. 
29,31

   

The tissue sections stained with Prussian blue were examined for iron accumulation, where 

time-dependent degradation and clearance of the NPs accumulated in liver, spleen and lung 

kidney and heart were observed (Fig. 4). On 1 d and 7 d MFNPs were found to be 

predominantly accumulated in the kupffer cells of liver that are located in the linings of the 
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sinusoids followed by reduced level of staining on days 14 d and 28 d. The injected MFNPs 

were completely cleared from the kupffer cells by the liver macrophages. The spleen sections 

showed similar degree of iron staining in all sections due to the rupture of senescent 

erythrocytes and following release of the iron in the heme group.
10,32–34

 A very minimal 

staining pattern was noticed on 1 d in the lung, kidney and heart sections. Iron nanoparticles 

are generally excreted from the body via two ways - particles with size less than 5.5 nm are 

cleared through renal filtration where as larger particles are stored in monatomic form at 

spleen and blood stream and undergo hepatobiliary (HB) process leading to gradual 

excretion.
31, 35

  In the present study the results obtained using ICP-OES, VSM and Prussian 

blue staining methods indicat that the injected MFNPs accumulated mostly in the RES 

organs, then degraded and excreted into the bloodstream in various monatomic iron forms, 

and then it may gradually clear by HB process.
35-37 

Change in body weight is one of the important criteria to evaluate the NPs toxicity in 

experimental animals.
38

 Fig. 5a depicts measurement of changes in the body weight of 

control and MFNPs injected experimental animals which were recorded every 2 days up to 28 

days. MFNPs at the dose of 5 mg Fe/kg body weight did not cause any mortality in 

experimental animals compared to the control after 1 d. The body weight of the MFNPs 

injected experimental animals increased in a fashion similar to that of control animals and 

there was no significant change between these two groups. After 28 d of MFNPs injection, 

the experimental animals showed no signs of adverse side effects like dishevelled hair, 

immobility, convulsions, irregular respiration, gastrointestinal symptoms, severe decubitus 

paralysis exploratory behaviour as well as neurological disturbance. Necropsy of the animals 

at the end of the experiment did not show any macroscopic changes of the organs.  

As in Fig. 5b, the organ indexes of spleen and thymus were examined on 1 d and 28 d of 

MFNPs injected experimental animals to grade the changes caused by malities, spleen and 
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thymus indexes (Sx). As previously reported, a marked rise in the spleen index was noticed in 

the MFNPs injected experimental animals in this study.
38,

 MFNPs injected mice on 1 d, 

spleen index had no significant change, while the thymus index had very less significant 

changes due to some kind of protected NPs.
39,

 MFNPs injected mice for 28 d showed no 

significant changes in spleen and thymus indexes compared to control. 

Since MFNPs administered intravenously interact primarily with blood and its components, it 

is necessary to study the level of haematological and serum biochemical indictors after their 

administration. Fig. 6 illustrated the Haematological and typical biochemical parameters 

relevant to liver and kidney function, where the levels of white blood cells (WBC), red blood 

cells (RBC), platelet count (PLT), haemoglobin (HGB), hematocrit (HCT), creatinine 

(CREA), blood urea nitrogen (BUN), aspartate aminotransferase (AST), alanine 

aminotransferase (ALT) were unaltered in MFNPs injected experimental animals compared 

to control. The results suggested no significant toxicity in MFNPs injected animals at the 

time period of 1, 14 and 28 d and these results are in good agreement with the earlier 

reports.
40-42

 

Evaluation of the tissue morphology was performed to determine the difference between the 

control and MFNPs injected experimental animals. Fig. 7 shows representative photographs 

of H & E stained tissue sections of major organs taken during 1, 7, 14 and 28 d of MFNPs 

injection and compared to the control tissue sections. The liver sections showed normal 

hepatocyte morphology without inflammatory infiltration. Spleen sections showed no 

hyperplasia. The lung tissues appeared normal without any sign of pulmonary fibrosis. No 

hydropic degeneration was observed in heart sections. In the kidney sections, the renal cortex 

and the glomerulus structure appeared normal and it can be distinguished easily. Overall, the 

histological analysis showed no necrosis or lesions in any of the major organs in the MFNPs 

injected experimental animals until 28 days. 
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4. Conclusion 

In this study, the time dependent in vivo distribution and biocompatibility profile of MFNPs 

were studied for a period of up to 28 days. The nanoparticles injected in mice were found to 

be accumulated at a higher percentage in liver and cleared from the biological system via 

phagocytosis as revealed by ICP-OES, VSM and Prussian blue staining results. Haematology, 

serum biochemistry and histology results revealed that the administered MFNPs did not 

induce any significant toxicity in experimental animals. Finally, biodistribution and clearance 

studies performed for up to 28 days demonstrated that MFNPs showed no toxicity and 

biocompatible, thus indicating their overall safety, and suitability for its future applications in 

cancer therapy, drug delivery and bioimaging.    
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Figure caption 

 

Fig. 1 a) TEM image of spherical shaped MFNPs. Dynamic light scattering data 

showing the hydrodynamic size (in Diameter) and surface charge of MFNPs in PBS 

(b & c). d) Representative microscope images for Prussian blue stained Saos2 cells 

after incubation with MFNPs at 37 ° C for 5 h; Iron oxide nanoparticles appear blue 

and cells appear red in colour. e) Digital images of eppendorf-tubes containing 

supernatant from RBCs exposed to different  concentrations of MFNPs. PBS, and 

water were used as negative and positive controls, respectively; Graphical 

representation of percentage of hemolysis by different iron concentration of MFNPs.   

  

Fig. 2 a) Fluorescence emission spectra of FITC and FITC@MFNPs. b) Photographic 

images of FITC@MFNPs under normal light and UV light. c) Blood circulation 

curves and half-time of FITC@MFNPs in blood after intravenous injection in 

experimental animals.   

 

Fig. 3 a) Biodistribution profile of MFNPs in the organs excised after intravenous 

administration in mice. b) Distribution of MFNPs in liver at 6, 12, and 24 h. Table. 1) 

Clearance of nanoparticles in animal urine and faecal samples at various time 

intervals. 

 

Fig. 4 Prussian blue staining. The various organs of control and experimental animals 

excised after 1, 7, 14 and 28 d of MFNPs injection and stained with Prussian blue. 

The stained liver, spleen, lung, heart and kidney sections were visualized at 40 X 

Page 18 of 26Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



19 

 

under bright field microscope. The insets in liver section indicate the magnified image 

of kupffer cells. 

 

Fig. 5 a) Body weight measurement in control and experimental animals after every 2 

days of MFNPsinjection for 28 days. b) Analysis of spleen and thymus indexes in 

control and experimental animals after 1 d and 28 d of MFNPs injection. 

  

Fig. 6 Hematology and serum biochemical analysis.  Time-course measurement of 

levels of WBC, RBC, PLT, HGB, HCT, AST, ALT, CREA and BUN in the control 

and experimental animals after 1, 7, 14 and 28 d of MFNPs injection. The asterisk 

symbol (*) represents the statistically significant difference from control 

(P<0.05) as determined by the Student t test. 

  

Fig. 7 Haematoxylin and Eosin (H & E) staining. Representative photomicrographs of 

liver, spleen, lung, heart and kidney tissues from control and experimental animals 

after 1, 7, 14 and 28 days of MFNPs injection. Magnification – 40 X. 
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Fig. 2. 
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Fig. 3 
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Fig. 4. 
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Fig. 6 
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Fig. 7. 
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