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Statement of Purpose: With the emergence of nucleic 
acids as highly potent tools in the field of medicine and 
biotechnology, the need for enhanced targeting and 
bioactive delivery has become a rapidly growing area of 
study.  Breakthroughs in siRNA gene knockdown have 
provided new more effective and specific techniques to 
battle disease and serve as potential tools for diagnosis.  
Limitations in bioavailability of siRNAs in tissues and 
cells, however, have long been a roadblock in further 
advancement of the technology.  The use of polycationic 
polymers for the efficient delivery of nucleic acids has 
been previously demonstrated to greatly enhance both 
gene expression with plasmid DNA1 and gene silencing 
with siRNA2.  Despite their high efficacy, polycations are 
often limited by cytotoxicity issues.  Chitosan, a natural 
polysaccharide, has previously been studied as a delivery 
vehicle for both pDNA3 and siRNA4 based on its cationic 
nature, biodegradability and inherent biocompatibility. In 
this report, we demonstrate the use of our imidazole acetic 
acid (IAA) modified chitosan4 as an effective in vivo 
delivery vehicle for siRNA.  Due to the introduction of 
highly buffering secondary and tertiary amines, it has 
been demonstrated that IAA can produce cationic 
particles that utilize the proton sponge effect5.  In this 
study we demonstrate effective in vivo gene silencing in 
the liver and lungs via systemic delivery with chitosan-
IAA/siRNA nanocomplexes.  
 
Methods:  IAA-modified chitosan was prepared as 
previously described4.  The schematic for the reaction can 
be seen in figure 1.  Chitosan-IAA30 (30% of primary 
amines modified chitosan) was complexed to siRNA at 
nitrogen to phosphate ratios (N/P) of 50, followed by 
PEGylation.  Particles were then administered to 6-8 
week old mice via low pressure intravenous injection in a 
single dose of 1, 3 or 5 mg/kg. Mice were then sacrificed 
3 days post injection and livers and lungs were harvested 
and processed to collect mRNA for analysis. Liver 
samples were studied for mice injected with anti-ApoB 
siRNA, while lungs were studied with anti-GAPDH 
siRNA  (siRNA obtained from Ambion, Inc. Austin, Tx). 
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Figure 1. Schematic of IAA modification of chitosan 

 
Results/Discussion: Previously, we demonstrated an 
effective reaction for introduction of secondary and 
tertiary amines in the form of an imidazole group to the 
backbone of chitosan.  In vitro studies demonstrated an 
effective gene silencing at an N/P ratio of 50, and so this 

ratio was used for in vivo studies.  Initial in vivo studies 
demonstrated reduced efficacy of chitosan-IAA50 (50% 
modified chitosan) as compared to chitosan-IAA30, 
signifying an optimal degree of modification. We 
therefore utilized chitosan-IAA30 for further in vivo 
studies.  Particles with no or minimal PEGylation 
demonstrated instability; therefore particles were 
PEGylated post-complexation to increase residence time 
as well as to prevent protein adhesion to particle surfaces. 
 Gene silencing in tissues with non-modified 
chitosan/siRNA nanocomplexes showed minimal gene 
knockdown when administered via IV injection.  
Knockdown of GAPDH in lungs was significantly higher 
in both balb/c and c57bl/6 mice when studied at a dose of 
1 mg/kg per mouse giving a silencing of near 50% when 
delivered in complex with chitosan-IAA30. Delivery of 
anti-ApoB siRNA demonstrated high knockdown in the 
whole liver with mice showing knockdown of up to 60% 
with a 3 mg/kg dose and as high as 85% with a 5 mg/kg 
dose.  As seen in figure 2, 3 out of 5 mice demonstrated 
near 80% ApoB silencing at a 5 mg/kg dose providing 
significant gene silencing.  Negative control siRNA (not 
shown) did not demonstrate any gene knockdown in all 
cases for both lungs and livers. 

 
Figure 2. ApoB knockdown in mouse liver with chitosan-

IAA30/siRNA complexes at 3 and 5 mg/kg doses 
 
Conclusions:  We have effectively demonstrated a 
reproducible enhancement of gene silencing in vivo with 
siRNA delivery mediated by IAA-modified chitosan via 
systemic delivery.  This reproducible chemistry provides 
an effective and biocompatible polymer for the delivery 
of nucleic acids through multiple routes and to various 
organs, while retaining further potential for targeting.   
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