
Chapter 6                                                        Cell line and Toxicity studies. 
 

Design and Development of PEI coated Iron Oxide Nanoparticles for Targeting Brain Tumors    
-Mr. Parva H. Jani, Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda, Vadodara.
  Page 97 
 

6.1. Materials. 
Miminum essential medium(MEM), Fetal Bovine serum(FBS),Antibiotic antimycotic 

solution 100x, Culture flask for adherent cell lines, well plates, MTT (3-(4,5-

Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide), dimethyl sulphoxide (biochemistry 

grade), Fluorescein isothiocyanate (FITC), DAPI (4′,6-diamidino-2-phenylindole) and 

Paraformaldehyde were procured from HiMedia, India. mCherry-Mito-7, Lipofectamine® 

3000, Propidium Iodide (#P1304MP) were procured from Thermofisher, USA. Pro-long 

media, TMRM stain (Tetramethylrhodamine, Methyl Ester, Perchlorate) and ATP 

determination kit were procured from Molecular Probes, Life Technologies, Canada. 

Isopropyl alcohol and sodium hydroxide AR grade was procured from Rankem, India. Triton 

X100 was procured from Sigma Aldrich, USA. All buffers were prepared in house using 

filtered double distilled water. 

6.1. Procurement and subculture of cell lines. 
The U87MG glioblastoma cell lines were procured from National centre for cell sciences, 

Pune, Maharashtra, India. The cell line was cultured in vented flasks for adherent cell lines of 

25cm2 area aseptically. The culture medium was composed of MEM with 10% Fetal bovine 

serum and 0.1% antibiotic antimycotic solution. The subculturing was done as per ATCC 

guidelines in the ratio of 1:2 and media change was given 2-3 times per week. The cell line 

flasks were examined periodically to monitor the growth of cells and to check for 

contamination as shown in figure 6.1.The cultured U87MG cell lines were used in all the 

studies. 
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Figure 6.1:U87MG glioblastoma cell lines cultured aseptically. 

6.2. In vitro cytotoxicity (MTT assay). 
For the assay, U87MG glioblastoma cell lines were cultured in sterile 96 well plates at counts 

of 25000 cells /well and were given incubation for 24 hours with replacement of culture 

media after adherence of cells. The cell line was treated with 200µl of concentrations of 20-

100µg/ml of the following series of the formulation components in triplicate. 

a) Drug (lenalidomide) 

b) Gd-doped iron oxide nanoparticles (metallic core). 

c) Drug coated metallic core. 

d) Theranostic nanoparticles. 

The aliquots for the components were prepared in culture media aseptically before treatment. 

After 24 hours of treatment the contents of each well was removed using a sterile pipette and 

100µl of 1mg/ml of MTT dye  in sterile PBS was added to each well and incubated in dark 

for 3 hours.  
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The purple formazan crystals formed during the incubation period were dissolved using 

200µl of dimethyl sulphoxide .The absorbance of the wells was taken along with the blank at 

570nm using plate reader (Biotek synergy, HTX,USA) (1-3). 

6.3. Cell migration assay (Scratch assay). 
The U87MG cells were cultured in sterile 6 well plates till the confluency reached 90-95%. 

The well plates were examined daily to check the cell growth using an inverted microscope 

(Nikon, Eclipse, Ti-2, Japan).The scratch was made in the middle of each well plate using a 

sterile 200µl microtip. All wells were treated with 200µl of the theranostic nanoparticles with 

drug concentration of 20-100µg/ml except one well which was kept as control. The well 

plates were observed under microscope at the time intervals of 24 and 48 hours (4, 5). 

6.4. Confocal microscopy. 
The localization of nanoparticles intracellularly was observed visually by confocal 

microscopy. The U87MG cells were seeded at the density of 1.5x105 cells per well in a 24 

well plate. The glioblastoma cell lines were transfected with mCherry-Mito-7 using 

Lipofectamine® 3000. 

After 24 hours of transfection the cells were exposed to FITC tagged theranostic 

nanoparticles at concentration of 0.8mg/ml for a period of 4 hours. The tagging of theranostic 

nanoparticles was done during the assembly step where the PEI-FA-TPP solution was 

incubated FITC such that the resultant concentration of the FITC was 2µg/ml and pH was 

adjusted to 11 using 0.01 M NaOH. The mixture was kept in dark for 24 hours and dialysed 

for 4 hours to remove unbound FITC after which the FITC tagged PEI-FA-TPP was used to 

coat the drug coated core (6). 

The slides and coverslips were rinsed with phosphate buffer saline and treated with 4% 

paraformaldehyde for 30 minutes followed by washing with buffer and nuclear staining with 

DAPI after which mounting in pro-long media  was accomplished. The examination was 

done with confocal microscope, Zeiss, LSM-710, Germany using appropriate excitation 

sources and filters (7, 8). 
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6.5. Mitochondrial membrane potential (TMRM) and ATP levels. 
In a 96 well plate, the U87MG cells were seeded at the density of 10000 cells/well. The cells 

were treated with 20-100µg/ml of drug and drug equivalent theranostic nanoparticles. The 

mitochondrial potential was determined using TMRM stain for 15 min followed by 

quantification of fluorescence at 510/570–600 by plate reader Biotek synergy, HTX,USA (9). 

For determination of ATP levels the glioblastoma cell lines were seeded in density of  50000 

cells/well. The cells were treated with 20-100µg/ml of drug and drug equivalent theranostic 

nanoparticles. The ATP levels were estimated using ATP determination kit in which 1:10 

dilution of cell lysate was done in ATP master mix. The luminescence intensity was 

measured using Multimode Microplate Reader, Biotek synergy, HTX, USA (10). 

6.6. PI staining. 
The U87MG cells were seeded in 10000 cells /well in a 96 well plate followed by treatment 

of 20-100µg/ml of drug and drug equivalent theranostic nanoparticles. After the treatment, 

the cells were washed with PBS and stained with10 μM Propidium Iodide  solution for 30 

min followed by washing with DPBS. The florescence was measured at excitation 

wavelength 530nm and emission of  590 nm using Biotek synergy, HTX,USA (11) 

6.7. Mucosal toxicity study. 
The intact nasal mucosa of goat was procured from local slaughter house and divided into 

three equal sections. In a 6 well plate, one section was treated with isopropyl alcohol 

(positive control), second section was treated with phosphate buffer saline pH 7.4 (negative 

control) and the third was treated with 1 ml theranostic nanoparticle dispersion (equivalent to 

500µg drug) for 1 hour. After the exposure period all the sections were rinsed with double 

distilled water in the well plate and preserved in formalin solution till sectioning was done 

with microtome with staining of hematoxylin-eosin for microscopic examination (12, 13). 

6.8. Hemolytic  toxicity. 
The blood was sourced from tail veins of rats which was collected in EDTA coated tubes to 

prevent coagulation. The RBCs were separated from plasma by centrifugation at 1000 rpm 

for 10 minutes. The RBCs were separated from the plasma and washed with phosphate buffer 

saline pH 7.4 and redispersed in phosphate buffer saline for further use.  
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The diluted RBC suspension was treated with theranostic nanoparticles such that the final 

concentration of drug in dilution would be 1-500µg/ml. The positive control was prepared by 

mixing the RBC dispersion with 2% v/v triton X100 surfactant and RBCs diluted with 

phosphate buffer saline were kept as negative controls. After the treatments, the RBCs were 

separated from the medium and clear supernatant obtained after centrifugation at 10000 rpm 

for 10 minutes was analysed at 541 nm using UV spectrophotometer, UV-1800, Shimadzu, 

Japan. The % Hemolysis was calculated using the following equation (14, 15). 

  %𝐻𝐻𝑒𝑒𝑚𝑚𝑜𝑜𝑙𝑙𝑦𝑦𝑠𝑠𝑖𝑖𝑠𝑠=𝐴𝐴𝑏𝑏𝑠𝑠 (𝑠𝑠𝑎𝑎𝑚𝑚𝑝𝑝𝑙𝑙𝑒𝑒) −𝐴𝐴𝑏𝑏𝑠𝑠 (−𝑣𝑣𝑒𝑒 𝑐𝑐𝑡𝑡𝑟𝑟𝑙𝑙) / 𝐴𝐴𝑏𝑏𝑠𝑠 (+𝑣𝑣𝑒𝑒 𝑐𝑐𝑡𝑡𝑟𝑟𝑙𝑙) −𝐴𝐴𝑏𝑏𝑠𝑠 (−𝑣𝑣𝑒𝑒 𝑐𝑐𝑡𝑡𝑟𝑟𝑙𝑙) x 100 

6.9. Results and discussions. 

6.9.1. MTT assay. 
The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay is used to 

assess the cytotoxicity of a drug or formulation and is based on the principle of conversion of 

MTT dye  to formazan by the enzymatic reduction in mitochondria as shown in figure 6.2 . 

The MTT dye is a water soluble dye which can cross the cell membranes into mitochondria 

but the formazan dye formed by the mitochondrial metabolism is insoluble and is solubilised 

using solvents like DMSO or ethanol following by the measurement of absorbance at 570nm 

corresponding to the cell viability (16). 

 

Figure 6.2: Principle of MTT assay. 
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The results of MTT assay are shown in figure 6.3. It can be seen that as compared to control 

all the other components like the drug lenalidomide, metallic core, drug coated core and final 

formulation of theranostic nanoparticles exhibit cytotoxicity. There exists a linear 

relationship in all the cases as with the increase in concentration of the drug the cell viability 

decreased. This observation is same for the metallic core, drug coated core and final 

formulation of theranostic nanoparticles.  

The  theranostic nanoparticles exhibited the highest cytotoxicity as the cell viability is lower 

than 50% for the lowest concentration of 20µg/ml of drug in the formulation while the 

highest concentration of 100µg/ml of drug in  theranostic nanoparticles showed viability less 

than 10 % which indicated that the formulation of theranostic nanoparticles enhanced the 

cytotoxicity of the drug. The IC50 value calculated theoretically which was found to be 

1.85µg/ml from the regression equation obtained by plotting % cell viability against the 

concentration of drug in the formulation. The low IC50 value highlighted the cytotoxic 

behaviour of the formulation as lower the value, the greater is the cytotoxic potential of the 

substance under examination (17). 
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Figure 6.3: Results of MTT assay (n=3).  
ANOVA analysis(α=0.05), P ≤ 0.05(*), P ≤ 0.01(**),P ≤ 0.001(***), P ≤ 0.0001(****). 
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6.9.2. Cell migration assay (scratch assay). 
In case of cancerous cells, cell migration is a critical phenomenon related to the survival and 

proliferation of cells. The cancerous cells disintegrate from primary tumours and invade other 

organs through the circulatory system by the process known as metastasis. In case of the 

scratch assay, the ability of the drug or formulation to inhibit the cell migration of metastasis 

is evaluated qualitatively (18). As shown in figure 6.4, the observations made at initial stage 

and at 48 hours show the ability of the theranostic nanoparticles to arrest the metastasis. 

In case of the control group after period 48 hours post, scratch there was migration of 

U87MG cells in the scratch area followed by their proliferation. The theranostic nanoparticles 

containing 20µg/ml of drug which is the lowest concentration showed reduction in no of cells 

migrating to the scratched area as compared to control while the well treated with 100g/ml of 

drug containing theranostic nanoparticles showed cell death and inhibition of migration of the 

cells towards the scratched area. Thus it can be concluded that  higher the concentration of 

the drug in theranostic nanoparticles more is the inhibition of metastasis (19, 20). 

 

Figure 6.4: Observations of scratch assay at initial phase and after 48 hours. 
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6.9.3. Confocal microscopy. 
The confocal microscopy revealed the internalization of the FITC labelled theranostic 

nanoparticles (green) into the mitochondrial vicinity (red) as observed in overlay of figure 

6.5.The internalization of the theranostic nanoparticles can be attributed to the secondary PEI 

coat modified with folic acid and Triphenylphosphonium which aided the cell and 

mitochondrial uptake of nanoparticles respectively. The cancerous cells have overexpressed 

folate receptors which bind with folic acid ligand present on the modified PEI followed by its 

internalization (21). The cationic nature of the PEI and Triphenylphosphonium aid in 

targeting mitochondria(22). The 3-D visualization generated by the ZEISS ZEN black edition 

3.0 SR software in figure 6.6 also shows the same results. The mitochondrial targeting can be 

useful for delivery of various molecules to the mitochondria and can also assist in 

amplification of cytotoxicity through disruption of mitochondrial function by various 

mechanisms which will enhance the treatment of cancer through organelle targeting (tertiary 

level of drug targeting). The effect of localization of theranostic nanoparticles can also be 

seen in assays like MTT, TMRM and ATP levels where the disruption of the mitochondrial 

function is determined quantitatively (23, 24). 
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Figure 6.5: Confocal image of U87MG cell lines with nucleus (blue), mitochondria (red) 
and FITC tagged theranostic nanoparticles (green) and their overlay. 

 

Figure 6.6: 3-D visualization of confocal microscopy of U87MG cell lines with 
mitochondrial internalization of theranostic nanoparticles. 
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6.9.4. Mitochondrial membrane potential (TMRM) and ATP levels. 
 

The mitochondrial membrane potential and the ATP levels are mitochondrial function assays 

which are shown in figure 6.7 and 6.8. There was a similar concentration dependant effect 

observed in both the cases. In case of mitochondrial membrane potential, the free drug 

showed  decrease  in mitochondrial potential for the concentration range of 40-100µg/ml 

while the formulation of theranostic nanoparticles showed no change in membrane potential 

for the drug concentrations of 20 and 40 µg/ml but on further increase in concentration 

showed remarkable decrease in membrane potential as compared to control. In case of ATP 

level assay, a non-linear relationship has been observed. For the free drug, the ATP levels 

increase with increase in concentration from 20-60µg/ml but on further increase in 

concentration caused drastic reduction of ATP levels which was similar to that exhibited by 

the theranostic nanoparticles. The changes in mitochondrial membrane potential and ATP 

levels are indicators of mitochondrial stress and can be caused by the accumulation of drug 

and nanoparticles inside the mitochondria which can be seen in confocal microscopy and can 

further lead to apoptosis or cell death which is confirmed by the low viability from the results 

of MTT assay which depends on the mitochondrial metabolism in conversion of MTT to 

formazan (25-27). 
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Figure 6.7: Results of mitochondrial membrane potential assay (n=3). 

ANOVA analysis(α=0.05), P ≤ 0.05(*), P ≤ 0.01(**),P ≤ 0.001(***), P ≤ 0.0001(****). 
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Figure 6.8: Results of ATP level assay (n=3). 

ANOVA analysis(α=0.05), P ≤ 0.05(*), P ≤ 0.01(**),P ≤ 0.001(***), P ≤ 0.0001(****). 
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6.9.5. PI staining. 
The propidium iodide is a dye which cannot permeate the live cells but can permeate non-

viable or dead cells. The dye binds to the nucleic acids present in non-viable cells and 

exhibits florescence. As shown in figure 6.9, the free drug does not show any significant 

change in florescent intensity with increase in the concentration but the formulation of 

theranostic nanoparticles have higher florescent intensities than control and drug series which 

indicated that the cells have undergone apoptosis or are non-viable. The theranostic 

nanoparticles showed 4.7 times higher florescence than the control indicating the cytotoxicity 

of the formulation (28). 
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Figure 6.9: Results of PI staining (n=3). 

ANOVA analysis(α=0.05), P ≤ 0.05(*), P ≤ 0.01(**),P ≤ 0.001(***), P ≤ 0.0001(****). 

 

6.9.6. Mucosal toxicity study. 
As observed  microscopically from figure 6.10, the positive control shows signs of toxicity in 

terms of the disruption of the nasal mucosa and the fenestrations as isopropyl alcohol is a 

toxicity inducing solvent. The negative control shows no signs of toxicity as the mucosa 

appears intact and has fewer fenestrations.  
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The formulation appears to show minimal toxicity as compared to positive control as there 

are no major fenestrations produced by the formulation and the nasal mucosa appears intact 

as compared to the positive control (29, 30). 

 

 

Figure 6.10: Histological observations of mucosal toxicity study. 

6.9.7. Hemolytic  toxicity. 
The morphology of the red blood cells can be observed from figure 6.11. The positive 

controls showed hemolysis while the normal biconcave round morphology of RBCs was seen 

in case of negative control. The highest concentration of drug equivalent formulation of 

theranostic nanoparticles of 500ug/ml does not show any signs of toxicity in the qualitative 

examination. In case of quantitative analysis shown in figure 6.12, theranostic nanoparticles 

showed increase in hemolysis with increase in concentration of drug although the highest 

concentration of drug in the theranostic nanoparticles showed mild hemolysis which is less 

than <5% and under acceptable limits as per the ASTM standards E254-08. The reference 

values for the hemolysis test shown in table 6.1. It can be concluded that the sample was 

mildly haemolytic due to the property of drug lenalidomide and iron oxide nanoparticles 

which are reported to cause hemolysis depending on the physicochemical characteristics like 

particle size, presence of polymeric coat and concentration (31, 32). 
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Table 6.1: Reference values for the hemolysis as per ASTM E254-08 guidelines. 

% Hemolysis Inference 

<2% Non haemolytic sample 

2-5% Mildly haemolytic sample 

>5% Haemolytic sample 

 

 

Figure 6.11: RBC morphology after treatment with positive control, negative control 
and formulation of theranostic nanoparticles. 

 

 

Figure 6.12: Results of haemolytic toxicity study for formulation (n=3). 
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