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a b s t r a c t

Aliphatic hyperbranched polyesters of different generation, having different nucleophilic groups (such as
hydroxyl or sulfonate) in the periphery, have been photocrosslinked by using a trifunctional low molec-
ular weight diazonium salt. The photocrosslinking process, that does not require photoinitiator, allows to
prepare polymeric materials that have shown not to cause cytotoxicity when used as substrate for cell
growth. Furthermore, cell adhesion studies carried out in polymeric micropatterns generated in glass
by direct laser writing, show that cells preferentially proliferate on the structure demonstrating cell
affinity for the material.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Photopolymerization of multifunctional monomers represents a
widely used strategy for the fabrication of biomaterials. Light-
induced polymerization allows the generation of materials with
tunable properties [1] whose microstructure can also be engi-
neered by the application of light-structuring techniques [2,3].
Additionally, photopolymerization may be carried out at physio-
logical conditions and allow to encapsulate cells into the generated
material [4,5], which represents an advantage in tissue engineering
applications.

As macromolecular precursors for the fabrication of biomateri-
als by photocrosslinking, either natural or synthetic functionalized
polymers have been widely investigated. Natural polymers can
intrinsically show bioactivity [6,7], while synthetic polymers allow
material properties modulation by an appropriated design of the
chemical structure of the polymer [8,9].

Either with natural or synthetic polymers, the preparation of
biomaterials by photocrosslinking has been mainly carried out by
a radical chain photopolymerization of polymers functionalized

with acrylate groups. However, when biodegradable materials
are sought, this reaction generates acrylic chains that cannot be de-
graded and they could be difficult to eliminate from the body [10].
Alternative photoinduced reactions, having a step-growth mecha-
nism, are being explored to avoid this drawback. With this aim,
macromonomers functionalized with alkene or alkyne groups have
been photocrosslinked using a multifunctional thiolated molecule
by thiol-ene and thiol-yne photochemistry [11–13].

Other photoreactions can also be applied for the photocross-
linking of polymers using a step growth mechanism. In this way,
diazonium salt photoinduced decomposition has been demon-
strated as a feasible strategy for the crosslinking of polymers hav-
ing nucleophilic groups such as sulfonate [14–16], carboxylate
[17,18] and hydroxyl groups [19,20]. To date, this reaction has
been mainly applied for the fabrication of negative presensitized
plates [15,20] and electrooptical applications [17,18,21,22] by
using a polymeric diazonium salt, although some biological appli-
cations such as enzyme encapsulation [23] and DNA microarrays
generation [24,25] have also been described. Recently, we have
demonstrated the photocrosslinking of HA (naturally having nucle-
ophilic hydroxyl and carboxylate groups) without further chemical
modification by using a low molecular weight trisdiazonium salt
for the preparation of biomaterials. The use of this low molecular
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weight crosslinker (instead of tipically used polymeric diazonium
salts in combination with a degradable polymer) shows advantages
since degradation of this can lead to small molecules easier to ex-
crete by the body. Additionally, this photoinduced reaction takes
places in water and without need of photoinitiator, which repre-
sents an advantage for biomedical applications since the photoini-
tiator (or its generated byproducts) could produce an inflammatory
response [26].

In this paper, the photoinduced decomposition of diazonium salt
is applied to the photocrosslinking of different aliphatic polyesters
(Scheme 1), that are known to be biocompatible and biodegradable
materials widely used in biomedical applications [27,28]. The se-
lected polyesters have a hyperbranched polymeric architecture
and, consequently, they are highly functionalized with ending
groups which facilitates the formation of a polymeric network.
Thus, the peripheral hydroxyl groups allow the direct photocross-
linking of the polymer by photoinduced reaction with the trifunc-
tional low molecular weight diazonium salt previously studied
[29,30]. Furthermore, the hyperbranched polymers can also be
modified with other nucleophilic groups such as sulfonate that
can photoreact with the diazonium crosslinker to obtain materials

with tunable properties. With this aim, the photocrosslinking of ali-
phatic hyperbranched polyesters of different generations, bearing
hydroxyl groups or functionalized with sulfonate groups in the
periphery, using a trisdiazonium salt as a crosslinker has been stud-
ied to obtain biomaterials. The biocompatibility of the resulting
materials was studied with two different cell lines, HeLa tumoral
cells and COS-7 fibroblasts as a healthy cell line. Two dimensional
surface patterns were also generated by direct laser writing
(DLW) to study cell interaction with the polymeric material.

2. Experimental

2.1. Materials

The hyperbranched aliphatic polyesters derived from 2,2-
di(hydroxymethyl)propionic acid with 16, 32 and 64 hydroxyl
groups (coded as HB16OH, HB32OH and HB64OH respectively),
having an estimated molecular weight of 1750, 3600 and 7300,
respectively, according to the supplier) were purchased from
Aldrich. Potassium 4-hydroxycarbonilbenzenesulfonate (Aldrich)

Scheme 1. (a) Schematic representation of the hyperbranched polyesters of second, third and fourth generation (bearing 16, 32 and 64 peripheral reactive groups
respectively): polyesters having ending hydroxyl groups were coded as HB16OH, HB32OH and HB64OH respectively; sulfonated polyesters were coded as HB16S, HB32S and
HB64S respectively. (b) Average chemical structure of hyperbranched polyesters HB16OH and HB16S of second generation (as an example). (c) Photoinduced crosslinking
process of the trisdiazonium salt crosslinker and peripheral reactive groups.
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