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Diagnosis 

Therapy 

Theranostic tool 

 

 
• MRI contrast agent:      

 * Cancer imaging 

 * Stem cells tracking       

(regenerative  medicine)  

* Monitroring the transplanted 

tissues.  

• Bio detection of pathogens  

• Detection of protein 

 

 

• Hyperthermia.  

• Drug and gene delivery 

• Detoxification. 

• Immunization. 

• Cell separation  

( cellular therapy) . 
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• Controlling nanomaterial 
polydispersity is crucial, 
otherwise different batches 
of the same nanomaterial 
might display different 
behaviours inside the cell.  



 

Core diameter 

(nm) 

 

Hydrodynamic diameter 

(nm) 

R1 4.1 50.5 

R2 7.4 64.9 

R2.5 8.8 75.5 

R3 9.4 79.4 

R4 12.1 82.1 

R7 13.3 104.0 

R8 14.4 112.0 



 Fig 1. Analysis of ferrofluids. A. TEM images of iron oxide nanoparticles in the ferrofluid 

(R1) . B. Size distribution of spherical iron oxide nanoparticles. C. The hydrodynamic 

diameter of all R series.  



 Rationale  

 To study the toxicological behaviour of our ferrofluids  
in vitro and in vivo, in order to introduce them  in the 
market as a therapeutic tool (Hyperthermia) or as a 
diagnostic tool (MRI contrast agents).  





LDH ASSAY   

• Colorimetric assay.     



Fig 2. LDH activity measurement for 2 cell lines, VSMC (A) and OK cells (B) after 24h of 

incubation with different conc. of ferrofluids.  

Day 1 Day 2 Day 3 Day 4 Day 5 

R1 0.0093 0.0136 0,0089 0,0087 0,0095 

R2 0,0099 0,0092 0,0084 0,0082 0,0076 

R2.5 0,0025 0,0037 0,0096 0,0020 0,0036 

R3 0,01581 0,0140 0,0146 0,0135 0,0224 

R4 0,01915 0,0156 0,0112 0,0100 0,0073 

R7 0,02686 0,0208 0,0198 0,0254 0,0220 

R8 0,02363 0,0231 0,0174 0,0185 0,0166 

R1 

Day 1  0.0896 

Day 2 0.0407 

Day 3 0.0312 

Day 4 0.0292 

Day 5  0.0279 

LC50 for VCMC.  LC50 for OK cells.  

A B 



Fig 3. Effect of the nanoparticle diameter on the OK cell death 

after 7 days of incubation with 0.01 g/l Fe2O3 



Fig 4. Fluorescence micrographs of AO/EB stained OK cells treated with R1 

nanoparticles  using the indicated concentration of nanoparticles for 24h.  

Fig 5. Fluorescent micrographs (magnification×40) of DNA fragmentation 

stained OK cells treated with different conc. of R1 for 24h. 



Fig 6. Caspase 3 relative emission measurment  in OK cells after 24h of incubation with  the 

indicated conc. of R1.  

0 

20 

40 

60 

80 

100 

120 

Negative  0.007 0.01 0.02 

R
el

at
iv

e 
em

is
si

o
n

 %
 

[Fe2O3] g/L  

* 



Fig 7. Colorimetric determination of carbonyl protein content 

using different concentrations of R1 nanoparticles for 24 hours.  

Fig 8. Fluorescence micrographs of  Thiotracker stained OK cells treated with  R1 nanoparticles  

using the indicated concentration of nanoparticles for 24h.  

Negative control 0.007 g/l  0.01 g/l 0.02 g/l  



• The nanoparticles toxicity is higher in the 
VSMC in compared to OK cells. 

• R1 is the more toxic than R8 (size dependent 
toxicity).   

• Our nanoparticles causing cell death by 
necrosis . 

• No oxidative stress action was detected after 
24h of nanoparticles incubation with OK cells.   





 
Good understanding of the nano-bio interface interactions helps to : 
1.  Disclose valuable information related to some nanomaterial implications 

as toxicity. 

2. Determine the intracellular fate of the nanomaterial. 
3.  Design an efficient drug delivery system capable of escaping from 

unfavorable cellular conditions (e.g. lysosomes). 
4. Improve the subcellular targeting research area in the near future. 



1. Nanomaterial physicochemical properties 
(shape, size, surface charge, surface charge 
density, and surface charge arrangement) 

2. Suspending medium ( pH, Ionic strength, 
temperature, and presence of large organic 
molecules as proteins) 

3. Cell type, and cell density.  



Fig 9. Quantitative iron detection for OK cells (a) and VSMC (b), after incubation with different 

concentrations of R1 and R8 for 24 h. Values represent mean ± SEM (n=6). 

Fig 10. Effect of cell type on the nanoparticles uptake. Both cell lines (OK and VSMC) were 

incubated with different concentrations of R1 (a) and R8 (b) for 24 h. Values represent mean ± SEM 

(n=6). 



Subcellular localization  

DAPI + FL-SPION DAPI + Anti-EEA1 Merge 

DAPI + FL-SPION DAPI Mitotracker Merge 

DAPI + FL-SPION DAPI + Lysotracker Merge 

DAPI + FL-SPION DAPI + Anti-Derlin Merge 

Fig 11. Subcellular localization of nanoparticles using markers of the endoplasmic reticulum (Anti-Derlin 

Ab),  mitochondria (Mitotracker), early endosomes ( Anti-EEA1), endolysosomal compartements 

(lysotracker) by fluorescence microscopy. Cells were treated with fluorescent nanoparticles (R8) at 0.007 

g/l Fe2O3 for 24 h. 
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Potassium depletion  

Clathrin coated pit 
inhibitor  



• The size dependent uptake was conspicuous in each cell line (OK or 
VSMC), since R1 internalized more than R8 into the cells. This could 
explain the toxic effect associated with R1 compared to R8 in both 
cell lines. 

• A cell type dependent nanoparticle (R1, R8) uptake was indicated, 
since VSMC taken up more nanoparticles in compared to OK cells.  

• Fluorescent nanoparticles were not found in the endoplasmic 
reticulum, early endosomes, mitochondria or the nucleus. They are, 
however, observed inside the endo-lysosomal compartments 
(lysosomes and late endosomes) after 24 hours of incubation in 
both cell lines (OK and VSMC). 

• The existence of fluorescent R8 in the endo-lysosomal 
compartments suggests the mechanism that is responsible for the 
nanoparticle internalization which is Clathrin dependent 
endocytosis that was confirmed with the help of  pharmacological 
inhibitors.  
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"Everything is poison, there is 
poison in everything. Only 

the dose makes a thing not a 
poison." 

Paracelsus  
“The father of toxicology”  

Even I  

Poster 



A future press 



Uptake kinetics 

Internalization of fluorescently labeled R8 (112nm) in OK and VSMC at 
different time points of incubation. Upper panel is OK cells after 4h (a), 8h 
(b), 12h(c), and 24h (d) of incubation, lower panel is VSMC after 4h (e), 8h (f), 
12h (g), and 24h (h) of incubation. 

 



Time dependent uptake of R8 in OK cells (a) and VSMC (b). Values represent 
mean ± SEM (n=6). 



Endocytosis  

Different categories of endocytosis mechanisms 


