Fabrication of biocompatible hydrogels from pine resin
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Abstract This short review aims to look at some of the applications based on potential pine associated resin (rosin)
composites for cell culture studies via hydrogel fabrication. Although hitherto there are only a few links to pine resin
based hydrogel formation in the public domain, literature work based rosin incorporated drug delivery studies and
its associated uses can be useful for extensive works on the cell interaction and viability. Rosin in such case may be
optimised to afford similar characteristics hence applications.

1 Introduction

Pine resins are exudates ranging from the volatile ter-
penes to non-volatile material known as rosin (Figure
1). They are isolated by tapping the tree, approximately
contains 70% rosin, 15% turpentine 15% debris and wa-
ter [1]. At room temperature it is brittle and softens at
higher temperatures. It is used in paper sizing, printing
inks, surface coatings, adhesives and rubber additives to-
gether with some more advanced applications in biomed-
ical and construction industry [2].

Figure 1: Blocks of rosin

2 Hydrogel fabrication from nature

The usual composition of hydrogels could be up to 99%
water and as a result are similar to human tissues [3].
By tuning their shape, physical properties, chemical com-
position and infusing them with cells, biomedical engi-
neers have successfully used hydrogels as three— dimen-

sional molecular scaffolds that can be filled with cells,
molecules for bodily injection or application in order to
release drugs and stimulate tissue regeneration. Alginate
hydrogels [4] have been studied as it is a biocompati-
ble polysaccharide obtained from natural brown seaweed
and its degradation kinetics can be tuned to suit drug
molecules encapsulated in the gel hence delivery.

One of the most useful and naturally biocompati-
ble polymers is cellulose and the research works related
to them are encouraging. Peng et al [5] have reported
on developing novel cellulose based hydrogels to over-
come weak mechanical strength, poor biocompatibility
and lack of antimicrobial activity which may induce skin
allergy of the body in commercial diapers with a sim-
ple chemical cross-linking of quaternized cellulose (QC)
and native cellulose in sodium hydroxide and urea aque-
ous solution. The prepared hydrogel was shown super-
absorbent property, high mechanical strength, good bio-
compatibility and excellent antimicrobial efficacy against
Saccharomyces cerevisiae (Figure 2). The resulting data
encouraged the use of these hydrogels for hygienic appli-
cation such as disposable diapers.

Figure 2: Saccromyces cerevisiae (unicellular fungi)
Image credit:
http://www.scientistlive.com/content/19429.

Kobayashi [6] describes the use of cellulose originat-
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ing from bagasse wastes (Figure 3) from the food indus-
try to fabricate hydrogel films with flexible and bioactive
properties for tissue engineering.

T '-’*"Q_ﬁ“ .
Figure 3: Pile of baggase waste
Image credit:
http://www.endswasteandbioenergy.com/article/
1290438/cuba-unveils-plan- 76 5mw-biomass-power

A natural plant polymer was regenerated from Agave
tequilana Weber bagasse from Corralejo Penjamo, Gua-
najuato, Mexico. It was subsequently converted to ligno-
cellulose. A phase inversion process with a new prepara-
tion technique was followed for cellulose hydrogel films.
The hydrogel film preparation and characteristics were
demonstrated from perspectives of bioactive applications
with cytotoxicity of fibroblast cell cultivation on a scaf-
fold film. Experimental evidence was established show-
ing the resultant hydrogel films have exclusive properties
displaying good mechanical and viscoelastic films even
in their water-swollen condition. Hydrogel behaviours in
cellulose structure and characteristics were clarified us-
ing several analytical methods for cell growth on the scaf-
fold which was prepared to show different cellulose mor-
phologies. Different effects of cellulose fibre nanostruc-
tures of the hydrogel films were described for their cyto-
toxicity for tissue engineering applications.

A new series of in situ forming antibacterial con-
ductive degradable hydrogels using quaternized chitosan
(QCS) grafted polyaniline (Figure 4) with oxidized dex-
tran as cross- linker has been reported [7].

N
H

Figure 4: Chemical structure of polyaniline

n

The chemical structures, morphologies, electrochem-
ical property, conductivity, swelling ratio, rheological
property, in vitro biodegradation and gelation time of hy-
drogels were characterized. Injecting ability was verified
by in vivo subcutaneous injection on a Sprague Dawley

2 HYDROGEL FABRICATION FROM NATURE

[8] rat. The antibacterial activity of the hydrogels was
initially evaluated employing antibacterial assay using
Escherichia coli and Staphylococcus aureus in vitro (Fig-
ure 5). The hydrogels containing polyaniline showed en-
hanced antibacterial activity compared to QCS hydrogel,
especially for hydrogels with 3 wt% polyaniline showing
95 kill% and 90 kill% for E. coli and S. aureus, respec-
tively. Compared with QCS hydrogel, the hydrogels with
3 wt% polyaniline still showed enhanced antibacterial ac-
tivity for E.coli in vivo. The adipose-derived mesenchymal
stem cells (ADMSCs) have been used to evaluate the cyto-
toxicity of the hydrogels, and hydrogels with polyaniline
showed better cell compatibility than QCS hydrogel. The
electroactive hydrogels could significantly enhance the
proliferation of C2C12 myoblasts compared to QCS hy-
drogel. This work opens the way to fabricate in situ form-
ing antibacterial and electroactive degradable hydrogels
as a new class of bioactive scaffolds for tissue regenera-
tion applications.

(b)
Figure 5: (a) Escherichia coli and (b) Staphylococcus

aureus
Image credit (a):
http://www.nature-education.org/water-testing.html
Image credit (b):

This scanning electron micrograph shows the
methicillin-resistant Staphylococcus aureus.
http://www.sci-news.com/medicine/science- antibiotics-
methicillin-resistant-staphylococcus-aureus-01548.html

Franco et al [9] have described the anomalous
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swelling behaviour of a scleroglucan (a water soluble
nature-derived polysaccharide produced by fermenta-
tion of the filamentous fungus Sclerotium rolfsii) in bo-
rax hydrogel by different physico-chemical approaches
and means of molecular dynamics simulations. The role
of polymer combinations forming interpenetrated struc-
tures was explained in terms of specific properties which
significantly differ from those of the constituent polymers
thus allowing appropriate tailoring of the delivery rates.
Finally the wide possibilities of applications of nano-gel
structures which allow combination therapies for cancer
treatment and the suitability for intracellular targeting
have also been reported. The studies on polysaccharide
hydrogels are still in progress and emphasize future re-
searches to be more stimulated.

It is also noteworthy mentioning that natural bioma-
terials such as gelatine (derived either from animals or
plants e.g. pectin or pectic polysaccharides) are directly
involved in cell culture studies due to their biocompati-
bility. The chemical functionalities present in gelatin [10]
(e.g. carboxylic acid, thiol, hydroxyl) allow for poten-
tial covalent modification of the gelatine methacrylated
(GelMA) with growth factors or cytokines to further pro-
mote cell viability and function. Therefore, GelMA could
potentially be tailored to different cell or tissue types or
growth factor and drug delivery applications based on the
specific type of gelatin precursor.

3 Rosin in biological applications

Along with the other naturally occurring materials previ-
ously discussed rosin has been studied as an application
for drug delivery [11] obtained from Pinus palustris [12]
(Figure 6), the long leaf pine. It has potential as phar-
maceutical excipients [13], that is natural or synthetic
substance formulated alongside the active ingredient of
a medication in terms of biodegradability, ease of avail-
ability, matrix forming coating, microencapsulating and
binding. The studies further reveal it had been found as
an anti-inflammatory and antitumor activity. A semisolid
preparation such as skin cream shows good homogene-
ity and spreading ability. Moreover consists of promi-
nent properties for the sustained release drug system with
most of the drug and dosage form.

Further study on rosin has been used to prepare
spherical microcapsules by a method based on phase sep-
aration via solvent evaporation [14]. Rosin based poly-
mer has been used as film coating materials; coated
pellets were prepared using diclofenac sodium [15]
as a model drug and sustained release of the drug
was probed [16]. Rosin polymer has been used as the
transdermal drug delivery system. Its combination with
polyvinyl pyrrolidone and dibutyl phthalate (30% w/w)
produces smooth film with improved elongation and ten-
sile strength.

3 ROSIN IN BIOLOGICAL APPLICATIONS

Figure 6: Longleaf pine (Pinus palustris) forest

Rosin has appropriate hydrophobic properties that
can be utilized as matrix forming agent of water soluble
drug such as dilitiazem hydrochloride [17] to prolong the
release. The drug release followed first order kinetics and
the Higuchi model, thus indicates that there was no ero-
sion of the matrix and the tablet maintained its shape and
surface area [18].

Moreover, rosin esters are reported to have good film
forming properties and can be used for enteric coat-
ing and delayed release of drugs. Rosin and rosin-based
polymers have drug delivery applications achieving sus-
tained/controlled release profiles [19-20]. This further
exemplifies the role of rosin as a barrier to migrate
molecules in the medium.

Derivatives of rosin polymers (RD-1 and RD-2)
had been synthesized in the laboratory and evalu-
ated for physicochemical properties [21], polydispersity
(Mw/Mn), molecular weight (Mw), and glass transi-
tion temperature (Tg). The derivatives of rosin have fur-
ther been evaluated for pharmaceutical film coating by
characterizing the release of a model drug (diclofenac
sodium) from pellets coated with the derivatives. The
studies have revealed that pellet film coating could be
achieved without agglomeration of the pellets within a
reasonable operation time and drug release was sus-
tained up to 10 hours with the two rosin derivatives.
These results have suggested the application of rosin
derivatives (RD-1 and RD-2) for film coating.

In vitro tests related to rosin have been studied [22]
to determine its biochemical and physical compatibilities.
Free films of rosin (2 cm x 1 cm x 0.4 mm, 120 mg) were
subjected to in vitro degradation by placing them in 10.0
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mL of 0.2M phosphate buffered saline (PBS) (pH 7.4, 37
°C) and maintained on a rotating container [23]. The PBS
was changed every 8 hours for the first day, every day for
the first week and weekly thereafter to keep the pH rela-
tively constant. 15 Films were withdrawn at intervals of
30, 60, and 90 days, washed with distilled water, dried
and subjected to analysis. The films have been subcuta-
neously implanted on the backs of male Wistar [24] rats
(200-300g) to monitor the in vivo degradation. Anaesthe-
sia was induced by intraperitoneal injection of a mixture
of ketamine HCI (85 mg/kg bodyweight) and xylazine
(12 mg/kg body weight). Tetracycline, 10 mg/kg dose,
was given at the time of surgery. An incision (2.5 c¢cm)
was inflicted laterally about the mid-portion of the back.
Subcutaneous pockets were formed around each incision,
free film was inserted, and the wounds have been sealed
by intermittent nylon stitches at 0.5 cm apart. Films were
explanted at 30, 60, and 90 days for analysis [25-26]. In
these studies the authors have broadly justify the biocom-
patibility of rosin as a material for exclusive use in living
organism.

Satturwar et al [27] have studied rosin, for its degrad-
ability and compatibility in and with the physiological en-
vironment with the aforementioned methodologies and
revealed rosin has shown faster degradation in vivo as
compared with in vitro studies. Subsequent placement in
PBS, the rosin films showed MW loss of 14.7%, with the
films being recovered at the end of 90 days. After in vivo
implantation in rats, the free films showed MW loss of
60% at around day 75 and complete loss at the end of 90
days. Bulk degradation is evident both in vitro and in vivo.
Although rosin degrades over a period of 2 to 3 months,
it provides good compatibility compared with Poly (DL-
lactic-co-glycolic acid) (PLGA) to the extent investigated
in the paper. This finding presumably will lead to new
applications of rosin in the field of drug delivery.

Nande et al have discussed the derivatives of rosin
synthesized by a reaction with polyethylene glycol 200
and maleic anhydride proved suitable for sustaining drug
release from matrix tablets and pellets [28]. Furthermore
polymerised rosin films containing hydrophobic plasticis-
ers showed excellent potential as coating materials for
the preparation of sustained release dosage forms have
been reported [29].

In a slightly different approach to what we have dis-
cussed so far, Kaith et al [30] have recently reported on
reducing the gum rosin [31] from its rosin acid to al-
cohol form via a typical reducing agent, sodium boro-
hydride and cross-linked subsequently with the addition
of an acrylamide to afford its co-polymer as gum rosin-
acrylamide (GrA-cl-poly(AAm) hydrogel, an application
for removal of malachite green dye from waste water.
This reaction resembles to the reaction of gelatine with
acrylic anhydride followed by the cross-linking to afford
gelatine methacrylamide (GelMA), a hydrogel which is
widely used in cell culture studies as mentioned before.
The paper has further explained the versatility of rosin in

4 CONCLUSION

terms of modifying the structure to adopt a useful route
in creating a hydrogel. Most importantly it also suggests
the rosin acids collectively have no influence on reduc-
tion preferences to its alcohol form enabling to fabricate
hydrogels as the final product.

4 Conclusion

In this short review we have looked into the ways of in-
corporating rosin as a useful precursor for potential bi-
ological studies similar to many other natural materials
and its advancement. Number of researches carried out
on rosin as a precursor for drug transport in biomedical
applications and has been shown as a useful insulator for
prolong released drugs in vivo with no influence in the
overall interaction per se. Furthermore, it has also been
studied for structural modifications especially in the hy-
drogel fabrications, where the rosin had undergone typ-
ical reduction reaction followed by polymerisation to af-
ford the co-polymer. These studies have also proved that
rosin withstands to structural modifications with its func-
tional groups acting as the site of interest without the
distortion of its overall fused ring system. These develop-
ments have encouraged for potential hydrogel fabrication
for cell studies in vitro and in vivo.
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