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ABSTRACT

Nanotechnology, a separate field of knowledge since 80’s, involves application of nanomaterials in biomedical research (so called nanomedicine) including drug delivery, bioimaging and biomedical-diagnostics. Utilization of nanotechnology in the field of medicine could revolutionize the way we detect and treat various human diseases in the future.

Development of noninvasive delivery systems of magnetic resonance imaging (MRI) contrast agents is still a burning question for effective diagnosis of hepatobiliary tract diseases and attracts increasing attention of scientists today.  Macromolecular (dendrimer-, liposome- , polymer- based) contrast agents provide a significant shortening of relaxation times and, as a result, contrast enhancement, and improvement of pharmacokinetic properties. Dendrimers, a relatively new class of polymeric compounds, proved to be promising candidates for drug or imaging contrast agents delivery systems. Therefore, I decided to develop the theme of utilization of dendrimers as vehicles for iminodiacetic acid derivatives in MRI of hepatobiliary tract. 

The first part of my studies involved examination of G1 – G4 PAMAM dendrimers’ effect on aqueous solubility of four iminodiacetic acid derivatives and establishment of the type of the interactions between these compounds and dendrimers. 

The solubility experiments were performed by means of the spectrophotometric equilibrium solubility method. Conducted studies revealed that positively charged PAMAM dendrimers significantly contributed to the increased solubility of all examined compounds. The solubility of iminodiacetic acid derivatives increased in an approximately linear manner as a function of the whole concentration range of PAMAM dendrimers. The solubility of compounds depends also on the dendrimer generation. The order in which PAMAM dendrimers increase the solubility of all compounds is G4 > G3 > G2> G1. In addition, studies concerning the influence of G1 – G4 PAMAM dendrimers on aqueous solubility of two selected compounds after 72 hours incubation time confirmed that solubility of examined compounds remained the same when comparing with conditions of previous studies which suggests that chemical interactions created between iminodiacetic acid analogues and PAMAM dendrimers contributing to the solubility enhancement are stable over 72 hours. 
The utilization of G1 – G4 PAMAM dendrimers as carriers of iminodiacetic acid derivatives was evaluated by means of 1H NMR and 2D-NOESY spectroscopy. Analysis of  1H NMR and 2D-NOESY spectra confirmed that complex formation between examined compounds and PAMAM dendrimers is predominantly based on electrostatic interactions between the surface amine groups of PAMAM dendrimers and the carboxyl groups of iminodiacetic acid derivatives. Additionally, 2D-NOESY spectroscopy enabled to establish that iminodiacetic acid derivatives are localized on the outermost layer of PAMAM dendrimers.
The next purpose of my research was to synthesize novel compounds based on 
G3 – G4 PAMAM dendrimers and gadolinium complexes of iminodiacetic acid derivatives. Spectrophotometric analysis enabled to establish the exact number of gadolinium complexes of iminodiacetic acid derivatives molecules attributable to one molecule of G3 and G4 PAMAM dendrimers. G3 PAMAM dendrimers bound 32 particles of gadolinium complexes, whereas G4 PAMAM dendrimers bound 68 particles. 
As the introduction of new contrast agents for clinical use depends primarily on the safety of their use I decided to examine the toxicity and biocompatibility with particular emphasis on effects on hemostasis and function of endothelium. I determined in vitro the influence of G1 – G4 PAMAM dendrimers, iminodiacetic acid derivatives and synthesized compounds on the process of clot formation and fibrinolysis by means of spectrophotometric method with own computer program ‘CL-test’. Experiments were conducted on human plasma. By means of electronic method based on the measurements of impedance I evaluated the effect of G3 and G4 PAMAM dendrimers on the function of human aortal endothelial cells (HAEC).

The influence of dendrimers on the process of clot formation and fibrinolysis was evaluated by means of two independent experiments: by addition of high concentrations of thrombin and after generation of endogenous thrombin triggered by calcium chloride. It was found that the influence of PAMAM dendrimers on the process of clot formation and fibrinolysis depends on the concentration and generation of the dendrimers. Observed multidirectional impact of dendrimers on all three phases: clot formation, its stabilization and fibrinolysis could be regarded as important when trying to use them clinically.
The influence of iminodiacetic acid derivatives on the process of clot formation, its stabilization and lysis was evaluated, similarly to PAMAM dendrimers, by two independent methods: under the influence of high concentrations of thrombin and after generation of endogenous thrombin. Examined compounds affected in statistically important manner the kinetic parameters of all three phases of examined process. However, systemic effects of iminodiacetic acid derivatives on the process of clot formation, its stabilization and fibrinolysis should be considered insignificant, because statistically important changes in kinetic parameters of examined process were not reported for the average circulating plasma concentration of these compounds, but 10-fold higher concentration.

Synthesized novel compounds based on G4 PAMAM dendrimers and gadolinium complexes of iminodiacetic acid derivatives were examined towards the potential influence on the clot formation and fibrinolysis under the influence of high concentrations of thrombin. From the point of view of systemic administration, examined compounds could be regarded safe when considering hemostasis system because for the potential average circulating plasma concentration I did not report any statistically important changes in kinetic parameters of the process of clot formation and fibrinolysis.

Studies of the influence of G3 and G4 PAMAM dendrimers on human aortal endothelial cells (HAEC) proved that examined polymers have concentration- and generation- dependent adverse effect towards these cells. Observed toxicity is associated with dendrimers’ multiple positive charge which interacts with negatively charged cells membrane. 

On the basis of the results of conducted solubility and spectroscopic studies it may be concluded that PAMAM dendrimers might be regarded as potential carriers of iminodiacetic acid derivatives. Biological experiments concerning synthesized novel compounds based on G4 PAMAM dendrimers and gadolinium complexes of iminodiacetic acid derivatives and their influence on hemostasis system revealed that these compounds, in average circulating plasma concentration, could be considered as safe. 
The results of the conducted studies provide new insight into the host-guest chemistry and toxicity of PAMAM dendrimers and gadolinium complexes of iminodiacetic acid derivatives which might be useful in the design and optimization of dendrimer-based contrast agents delivery systems.
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