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by complexation with PgP. The particle size was found to be around 200nm. (Fig. 4.4A) 

The particle size and zeta potential were also taken for PgP-25k and PgP-50k. At w/w 

higher than 1/1 the pDNA was neutralized. The particle sizes were approximately 200nm 

and 150nm at all w/w ratios for PgP-25k and PgP-50k respectively. (Fig. 4.4B) The 

reason for the lower size with a higher molecular weight is most likely the larger 

hydrophobic core forming a tighter micelle. Based on this particle size data PgP-50k may 

be the best option for systemic injection in vivo. The reason for this is that particles above 

200nm are subject for removal by the reticuloendothelial system [24]. 

 

Figure 4.4 Particle size and Zeta Potential of PgP-12k, PEI (A), PgP-25k  

and PgP-50k (B) 
 

 

4.2.2 Gel Retardation 

Gel retardation was used to determine complex stability. PgP-12k at N/P ratios 

above 5/1 showed no pDNA migration, meaning the complex was completely stable. 

(Fig. 4.5A). For PgP-12kDa-Ab all w/w ratios used showed complete pDNA complex 

A B B 
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formation (Fig. 4.5B). Weight/weight ratio was used because the exact amount of 

conjugated antibody was not known. N/P ratio could not be calculated because of this. 

 

 

 

 

 

 

 

Figure 4.5 Gel retardation of PEI and PgP-12k (A) Lanes: 1 ladder, 2 pGFP, 3 PEI/pGFP 
N/P 5/1, 4-9 PgP-12k/pGFP N/P 5/1-30/1. Gel retardation of PEI and PgP-12k-Ab (B) 

Lanes: 1 ladder, 2 pGFP, 3 PEI/pGFP N/P 5/1, 4-9 PgP-12k-Ab/pGFP w/w 1/1-6/1 

 

4.3 Transfection Efficiency and Cytotoxicity  

First, transfection was done in non-serum conditions because serum severely 

inhibits transfection with the positive control PEI. In these conditions, higher ratios of 

PgP-12k showed a significant increase in percent transfection compared with PEI with no 

significant change in cell viability (Fig. 4.6A, B). Next, transfection was tested in 10% 

serum conditions because it more accurately mimics conditions seen in vivo. PEI 

performed as expected in serum conditions, with low transfection but PgP-12k showed 

increased percent transfection up to an N/P ratio of 30/1 with no decrease in cell viability 

(Fig. 4.6A, B). Representative images of C6 cells transfected with PgP-12k/pGFP show 

high levels of GFP expression with no change in cell morphology (Fig. 4.7).  After 
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showing that PgP significantly outperforms PEI in serum conditions, non-serum 

conditions were no longer tested. PgP-25k and PgP-50k were tested with higher N/P 

ratios due to the higher molecular weights. PgP-25k showed higher transfection with 

lower cell viability (Fig. 4.6C, D). The same was true for PgP-50k (Fig. 4.6E, F). 

Transfection was also tested using PgP-12k-Ab. The percent transfection was higher than 

that of PgP-12k and PEI however the cytotoxicity was higher (Fig. 4.8A, B). All PgP 

transfections in C6 cells showed promising transfection results with much higher 

transfection than PEI and low to no cytotoxicity. Similar studies have transfected C6 cells 

with PEI based nanoparticles in non-serum and serum conditions with varying degrees of 

success. One study showed 25% percent transfection with 85% viability in C6 cells. [39] 

Another study showed 40% transfection with no cytotoxicity in serum conditions. [42] A 

targeting ligand based nanoparticle showed 60% transfection in serum conditions with no 

cytotoxicity. [43] Based on these studies our polymer is better than or on par with other 

transfections done in the same cell type. This is promising for future studies because we 

showed that our polymer has the ability to delivery nucleic acids to cells.  

Transfection in CFN was done to show transfection capability in neurons. Non-

serum transfection with PgP-12k showed similar percent transfection to PEI 5/1 with 

increased cytotoxicity at higher N/P ratios (Fig. 4.9A, B). Serum transfection with PgP-

12k showed higher transfection than PEI 5/1 however it did show higher cytotoxicity. 

PgP-25k showed increased transfection with increasing N/P ratio with high toxicity (Fig. 

4.9C, D). PgP-50k showed similar results (Fig. 4.9E, F). While the transfection 

percentage was not as high as in C6 cells it is known that non-dividing cells transfect at 
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much lower percentages than rapidly dividing ones when using a DNA based reporter. 

[41] Other studies have shown low rates of transfection in neurons with lipoplexes, 

around 4% hippocampal and cortical neurons. [40] Another showed similar results with 

branched PEI transfection in neurons. [44] Our polymer, showed its capability to deliver 

pDNA to neurons.  
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Figure 4.6 C6 cells transfected with PgP-12k/pGFP in 10% serum and non-serum 

conditions; percent transfection (A) and cell viability (B). C6 cells transfected with PgP-

25k/pGFP in 10% serum; percent transfection (C) and cell viability (D). C6 cells 

transfected with PgP-25k/pGFP in 10% serum; percent transfection (E) and cell viability 

(F). PEI N/P is 5/1 *:P<0.05 for serum conditions, †:P<0.05 for non-serum compared to 

PEI 
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Figure 4.7 Representative images of transfected C6 cells. Magnification 100x, top: phase 

contrast, bottom GFP transfected cells. PEI/pGFP 5/1 (A), PgP-12k/pGFP 5/1, 10/1, 15/1 
and 20/1 (B-E respectively) 

 

 

 

Figure 4.8 C6 cells transfected with PgP-12k-Ab/pGFP in 10% serum; percent 

transfection (A) and cell viability (B). PEI N/P is 5/1 *:P<0.05 for serum conditions. 

 

 

 

A 
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Figure 4.9 CFN cells transfected with PgP-12k/pGFP in 10% serum and non-serum 

conditions; percent transfection (A) and cell viability (B). CFN cells transfected with 

PgP-25k/pGFP in 10% serum; percent transfection (C) and cell viability (D). CFN cells 

transfected with PgP-50k/pGFP in 10% serum; percent transfection (E) and cell viability 

(F). PEI N/P is 5/1 *:P<0.05 for serum conditions, †:P<0.05 for non-serum compared to 

PEI 
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4.4 Generation of Hypoxia as an in vitro TBI Model 

 Western blots done to test for HIF1α in C6 cells showed the highest levels of 

protein production with 150µM CoCl2 at 24 and 44 hours. (Fig. 4.10A) Beta actin 

blotting showed equal levels of protein levels (Fig. 4.10B), meaning the change in 

hypoxia factor was due to hypoxia induction. Neurons were treated with CoCl2 at 100µM 

and 150µM for 24 hours to test for hypoxia. After staining with betaIII tubulin noticeably 

less neurite outgrowth was seen. (Fig. 4.11) 

 

Figure 4.10 Western blot for HIF1α (A) and beta actin (B) from C6 cells treated with 
CoCl2 to induce hypoxia 

 

 

Figure 4.11 Hypoxia on Rat Cerebellar Neurons stained with BetaIII tubulin. No 
treatment (A), 100µM CoCl2 (B), 150µM CoCl2 (C) for 24 each.  
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4.5 Rolipram Loading 

 Rolipram loading was tested by varying rolipram amounts, PgP composition and 

PgP concentration. PgP-50k at 10mg/mL using 4mg of rolipram was found to be able to 

load the highest amount rolipram. PgP-50k has the longest hydrophobic portion thus 

forms a strong hydrophobic core for drug loading (Fig 4.12). Weight of rolipram 

dissolved was compared with weight of PgP used (Fig. 4.13, primary axis, colored bars). 

It was found that although higher concentrations of PgP were able to load more rolipram 

they were not as efficient. This is an important consideration for treatment using rolipram 

loaded micelles. In order to use rolipram loaded micelles in vitro the PgP must be diluted 

to the concentrations on the order of micrograms. Diluting 10mg/mL PgP to appropriate 

concentrations would dilute rolipram more than diluting 1mg/mL PgP to appropriate 

concentrations. Higher rolipram amounts added to PgP solutions showed higher loading 

amounts. However, higher rolipram amounts were not as efficient as using lower amounts 

of rolipram. (Fig. 3.13, secondary axis, white bars) 
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Figure 4.12 PgP loading amounts in PgP-12k, PgP-25k and PgP-50k; each category is 

amount of rolipram weighed out. Data points are concentration of rolipram dissolved in 

solution calculated from standard curve by HPLC 

 

 

 

Figure 4.13 Weight/Weight ratio of rolipram loaded by micelle (µg rolipram)/(mg PgP) 

(colored bars); Percent of dry rolipram used loaded by micelle. 
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Chapter 5  

Conclusion and Future Studies 

5.1 Conclusion 

 The goal of this project was to develop a neuron-specific polymeric 

micelle nanoparticle delivery system for combinatorial therapy of an siRNA and a drug. 

This study showed that the PgP micelle is an effective nucleic acid delivery vehicle that 

can both load drug and conjugate to an antibody. The polymeric micelle was synthesized 

successfully and important characteristics were measured. Molecular weight and particle 

size were used to characterize the micelle. Particle size, zeta potential and gel retardation 

proved stable polyplex formation with pDNA. The critical micelle concentration was 

calculated. It was also proven that PgP has the ability to conjugate an antibody. This is 

important because the micelle can be conjugated to anti-NgR1 for neuron specific 

delivery.  

Next, we demonstrated that this PgP micelle is a promising delivery carrier for 

nucleic acids and drugs in C6 (glioma) cells and primary CFN cells in 10% serum 

containing medium in vitro.  The combination of improved transfection and reduced 

cytotoxicity in the presence of serum relative to conventional b-PEI (25 kDa) control 

suggest PgP may be a promising nucleic acid carrier for in vivo gene delivery. In 

addition, transfection using PgP-Ab in C6 cells showed that adding an antibody did not 

hinder transfection efficiency or cytotoxicity.  

 In addition to showing nucleic acid delivery, hydrophobic drug loading capability 

of PgP was also demonstrated. The PgP micelle was able to load sufficient amount of 
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rolipram for treatment of in vitro cultured neurons. Lastly, an in vitro model for TBI, 

hypoxia, was generated using cobalt chloride.  

5.2 Limitations and Future Studies 

PgP molecular weight was calculated using both 1H-NMR and GPC; however, the 

molecular weight of PgP-50k could not be calculated. We believe this is due to the strong 

hydrophobic core formed when the polymer is in aqueous solutions interfering with 

measurements. The next steps for characterization of PgP-50k are to determine an 

adequate solvent for use in 1H-NMR and GPC.   

Transfection in C6 cells was very successful, with both high transfection 

efficiency and low cytotoxicity. Transfection in CFN showed higher cytotoxicity. The 

next steps are to use siRNA knockdown to analyze transfection efficacy.  

PgP-IgG conjugation was successful. Currently, we are preparing PgP-Ab 

(Ab:NgR antibody) and evaluating the feasibility of PgP-Ab as a neuron-specific nucleic 

acid (NgR siRNA) carrier for targeting neuron cells in rat cortical neuron/astrocyte co-

culture system.  In the future, we will study rolipram-loaded PgP-Ab as a nucleic 

acid/drug carrier using RhoA siRNA in hypoxia conditions in vitro and rat traumatic 

brain injury model in vivo. 

Rolipram was successfully loaded into the micelle. The next steps are to 

determine release of the drug. Using hypoxia as a TBI model, neurons can be treated with 

free rolipram, rolipram loaded PgP, no treatment and healthy neurons. The cAMP levels 

of cells can then be analyzed using cAMP ELISA to determine release and effectiveness 

of rolipram treatments. Finally, an in vivo model of traumatic brain injury will be utilized 
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to test the regenerative capacity of our neuron-targeted, rolipram loaded, RhoA siRNA 

complexed PgP micelle. 
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