
Bone regeneration due to trauma and pathology as well as bone 
degeneration in aging population and/or osteporosis ellicit a societal need for 
new performant regenerative products. Although a wide range of 
biomaterials have been researched and applied for hard tissue repair and 
regeneration, there is still a high competition and challenge in improving their 
performances in vivo. For a bone graft to be successful, it seems that a 
biomaterial with superficial nano-features and possessing a superior surface 
reactivity available for growth factors and other biospecies to be immobilized 
could represent real advances. Several recent works report superior bone 
cells performances associated with nanoroughness and nanophase
materials of various nature. It was constantly reported that these materials 
increase the recognition of the surfaces by the osteoblasts that are naturally 
accustomed with the nanostructured components of natural bone.

This work addresses the above issues by developing biomimetic dendrimer 
nanostructured surfaces on polymer supports that seem to be appropriate 
generally for biomedical and particularly for bone regeneration use. 
The deliverable of this research is represented by innovative smart 
biomaterials which biomimetism is ensured through a special surface 
chemistry and through a specific topography. The key parameter - the 
nanoroughness – is going to be achieved through surface conditioning with 
dendrimer molecules. Crosslinked gelatin hydrogels with plane surfaces 
were selected as polymer supports.
The chemical immobilization of dendrimers on the gelatin matrix was 
performed in two steps: activation of the support (introduction of free 
aldehyde groups through glutaraldehyde crosslinking) followed by the 
coupling of the uncreacted aldehydes with amines from PAMAM (via Schiff-
base linkage formation). 
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The presence of the dendrimers on the GA-gelatin scaffolds leads to 
nanoroughness and increased cluster-like amino-functionalities. More 
specific, the RMS roughness of the hydrogels increased after the dendrimers 
functionalization of the surfaces (from  50 ± 5 in crosslinked gelatin to > 100 
for PAMAM-conditioned surfaces); nevertheless, RMS roughness increased 
as dendrimers generation was increasing (112 ± 26 for PAMAM-g2 and 
195 ± 52 for PAMAM-g4). 
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Amino-terminated PAMAM dendrimers with 16 and respectively 64 amino groups have been chemically immobilized on crosslinked gelatin scaffolds, based on Schiff-
base formation between amines and free aldehyde from patially unreacted GA. Crosslinking and dendrimers modification of hydrogels have been chemically and 
physically investigated.  Dendrimers have been successfully surface-immobilized leading to homogeneous and continuous coatings. The modified scaffolds present 
regular nanorough surfaces, with clusters of amino groups available for further functionalization with amino-reactive molecules. Nanorough surfaces are available as 
two dimensions, corresponding to the two generations of PAMAM used in the study; each bound dendrimer molecule provides maximum 15 and, respectively, 63 
reactive amines for the chemical immobilization of other species of interest.  The synthesis strategy presented in this work seems to open a new route of nanorough
gelatin-based scaffolds that could be used for biomedical and especially for hard tissue engineering application. Further studies will concern better control of the 
dendrimers surface distribution as well as the biofunctionalization with drugs, adhesion peptides and other molecules of interest for bone repair.  All scaffolds are 
going to be in vitro and in vivo tested.

Conclusions and future work

The project
Microscopic appearance of the disc roughness at two magnification 

scales (general image recorded at a magnification of 5x and the 
detail at 50x). A: gelatin; B: GA-gelatin; C: PAMAM-g2 modified GA-

gelatin; D: PAMAM-g4 modified GA-gelatin.

PAMAM-surface modification of GA-crosslinked gelatin membranes, with the formation of enhanced number 
of reactive NH2 sites onto the surface of the membrane. The modification occurs through the reaction 

between one unreacted aldehyde group of the crosslinked gelatin scaffold and one NH2 from the dendrimer 
molecules providing a new Schiff-base linkage

Gelatin scaffolds chemically coated with PAMAM globules are available for hard tissue regeneration. Two 
topographies and amino densities are created, corresponding to the two generations of PAMAM used

Furthermore, the availability of NH2 for further coupling with bioactive species of interest, is considerably increased. In uncrosslinked gelatin there are 0.385 mmol 
free amino/g material (in bulk). Following PAMAM nanostructuring, the amino density increases approximately 4 times for PAMAM-g2-modified gelatin and 9 times 
for PAMAM-g4-modified gelatin, leading to 1062±180 mmol amino/g gelatin-PAMAM-g2 (on surface) and 3408 ±567 mmol amino/g gelatin-PAMAM-g4 (on 
surface); nevertheless,  the amino groups from PAMAM are available exclusively at the surface of the scaffolds, as clusters of 15, respectively 63 functionalities.

TNBS invasive colorimetric technique proved the increasing amino content in the PAMAM-
containing samples. The orange color resulted from the reaction of amino groups with TNBS. B: 

GA-gelatin; C: PAMAM-g2 modified GA-gelatin; D: PAMAM-g4 modified GA-gelatin
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ABSTRACTABSTRACT
The present study reports on methods of synthesis of self-assembling monodisperse colloidal particles, obtained for the 
system styrene (St) – hydroxypropyl methacrylate (HPMA), through emulsion polymerization, using no surfactant. The 
syntheses performed have lead to the conclusion that the emulsion copolymerization in the presence of fullerene is 
responsible both for a significant decrease of the particles’ dimension as well as for a dimensional monodispersity of the 
systeme. The morphology and the dimension distribution have been explored using SEM and DLS.

Monodisperse colloidal systems
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