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Polymers and more specifically, polyesters have gained a significant position within biomedical
applications mainly owing to their well-controlled biodegradability. They play a prominent role
within nanomedicine, in improving the safety and efficacy of therapeutic agents. In recent years,
polymers obtained from renewable resources have attracted much attention as a sustainable
alternative considering the depletion of fossil fuels, concerns related to the environment
(emission of greenhouse gasses) as well as government policies. Renewable resources can be
defined as “any vegetable or animal species that is utilized without jeopardizing its survival and
is renewed by biological (short term) instead of geochemical (very long term) processes” [1].
Consequently, today’s research and development in polymer-based drug delivery is mainly
focused on utilising polymers derived from renewable resources. Therefore, in this commentary,
we will shed light on the status of renewable polymers in drug delivery applications in terms of
their ability to replace fossil-based polymers.

Unlike natural polymers, synthetic biodegradable polymers derived from sustainable sources
offer the opportunity to generate tailor-made materials with tunable properties such as
degradation time, acceptable physicochemical properties and so forth, depending on the desired
application. Furthermore, with such polymers, it is possible to obtain reproducible materials with
minimal batch-to-batch variations. Polymers for a specific purpose can be easily prepared by

blending or copolymerization of two or more different polymers/monomers [2]. Out of several
polymers synthesized using renewable feedstocks, poly(lactic acid) (PLA), poly(glycolic acid)
(PGA) and their copolymer (PLGA), have been widely employed in drug delivery applications.
Being a Food and Drug Administration (FDA) approved polymer, pharmaceutical products based
on these materials are already found on the market and their potential biomedical applications
has been extensively reviewed [3, 4]. At present, PLA and/or PLGA are the only widely explored
renewable materials, and abundant literature is available discussing their properties and
applications. Therefore, with the help of this article, we would like to bring up polymers other
than PLA and PLGA, which are relatively less explored but could still readily act as alternative
materials to fossil-based polymers in biomedical applications.
Polyhydroxyalkanoates (PHAs) are the most extensively studied polyesters for biomedical
applications, which are naturally produced by bacteria and other living microorganisms using fats
and carbohydrates. Yet, the PHA market faces problems owing to the high production costs,
complex extraction process, limited production, inadequate opportunities to modify polymer
properties and so forth; thus making them unfavorable from an industrial point of view. To solve
this problem, an industrially favorable synthetic route i.e. ring opening polymerization (ROP) for
PHAs or more specifically, poly(hydroxybutyrate) (PHB) was developed using fossil derived
monomer β-butyrolactone, but still this methodology is inefficient in producing high molecular
weight and high isotactic material in a controlled manner. Nevertheless, recently a new route for
PHB synthesis was developed using eight-membered cyclic diolide derived from renewable
dimethyl succinate to accomplish the synthesis of high molecular weight and isotactic polymers
[5]. This discovery could lead to a plethora of opportunities in generating tunable materials of
this highly attractive class of natural polymer, where PHB can be synthesized using renewable
monomers via a synthetic route.
δ-Decalactone, a renewable lactone monomer obtained from the plant Cryptocarya massoia
have been utilized on quite a few occasions to synthesize polymers or block copolymers via ROP
for drug delivery applications. Poly(decalactone) (PDL) is an amorphous polymer and thus, high
drug loading and accelerated drug release is expected using its copolymer with poly(ethylene
glycol) (PEG) compared to crystalline, non-renewable polymers such as poly(caprolactone) (PCL).

In addition, crystallinity of PDL polymer can be tuned by copolymerizing with highly crystalline
renewable monomer ω-pentadecalactone, which is an excellent example of tunability of a
synthetic renewable polymer, to control the drug release rate. Moreover, being a polyester, PDL
degrade into small-chained species at physiologically relevant conditions [6, 7]. Recently, due to
the viscous oil type physical state of poly(decalactone), a novel kind of nanoemulsion was
fabricated in our lab for the delivery of hydrophobic drugs [8]. In addition, a targeted drug
delivery system based on poly(decalactone) based copolymer was also evaluated using docetaxel
as a therapeutic agent (unplublished results). Similarly, an identical renewable monomer i.e. ɛdecalactone was investigated for its drug delivery capability [9].
Recently, synthesis of an attractive functional renewable polymer was reported by Tang et al.
using renewable α-methylene-γ-butyrolactone (MBL) via controlled ROP [10]. Although polymer
synthesis using MBL via vinyl addition polymerization utilizing double bond was reported earlier,
the resultant polymer lacked in degradability and reactive functionality for post-polymerization
modifications. However, the polymer generated using MBL via ROP is a biodegradable polyester
and offers opportunity of inserting functionalities to prepare tailor-made polymers through the
available double bonds. Conversely, this polymer was not explored for any biomedical
application. α-methylene-γ-valerolactone is another example similar to MBL monomer, which
have been explored to synthesize polymers through radical polymerization while also holding
potential to generate polyester via ROP using a suitable catalytic system. Correspondingly,
polymers synthesized using renewable monomers such as gluconolactone, menthide, etc. are a
few more examples [11], whose examination in biomedical applications is deficient.
Itaconic acid (IA) is another interesting renewable monomer produced by fermentation of
carbohydrate biomass. IA is an unsaturated dicarboxylic acid, included by the US Department of
Energy (USDE) in the list of top 12 building blocks. Homopolymer and copolymers of IA could
substitute polymers obtained from acrylic, methacrylic, maleic, or fumaric acid in near future.
Hydrogels, polymeric micelles (pH sensitive) are a few examples that fabricated using
poly(itaconic acid) for the treatment of infections, ocular disorders and cancer [12]. Furan
derivative, 2,5-Furandicarboxylic acid (FDCA), is a bio-based aromatic monomer that is also listed
by the USDE, and is usually derived from the starting material 5-(hydroxymethyl)furfural obtained

from carbohydrates, such as fructose, glucose etc.

Due to the structural similarity with

terephthalic acid, FDCA could be a replacement renewable material for terephthalic acid.
Although no direct investigation was reported using FDCA based polymer/copolymers in
biomedical applications, it was suggested that its copolymers could be potentially used in tissue
engineering [13] and as a 3D printing material [14].
Over the past few years, glycerol is becoming an attractive renewable building block due to its
huge production as main by-product during the process of biodiesel production. It is also included
in the list of USDE as valuable material, and its polymer and copolymers have been extensively
employed in pharmaceutical applications. Poly(glycerol), being an hyperbranched water-soluble
nontoxic polymer, is a considerable alternative to dendrimers (synthesized from tedious
methodologies) and PEG for therapeutic applications. Copolymers of glycerol synthesized using
succinic acid, adipic acid, citric acid, sebacic acid (SA), dodecenyl succinic anhydride, as well as
with lactide and ɛ-caprolactone among others, were widely investigated in numerous biomedical
applications ranging from drug delivery to tissue engineering, including nanomedicines [15, 16].
Synthesis and drug delivery applications of hyperbranched poly(citric acid) are also reported in
the literature. Fumaric acid, SA and their copolymers were also explored for controlled drug
delivery and tissue engineering in an effort to replace polyesters from non-renewable sources.
The fatty acid based monomer, ricinoleic acid (RA) obtained from castor oil is largely utilized for
the synthesis of polyurethane, polyamides and polyesters. Polymers modified using RA was
investigated to deliver several therapeutic agents such as rotenone, domperidone, cisplatin and
so forth in a controlled fashion. Recently, an amphiphilic polymer synthesized using RA, SA and
PEG was evaluated for the controlled delivery of anticancer drug via encapsulation in micelles. It
was suggested that the drug release rate can be controlled by tuning the ratio of RA and SA,
which consequently affect the crystallinity of micellar core [17]. 10-Undecenoic acid is an another
excellent molecule derived from castor oil utilized for the synthesis of poly(thioether-ester) for
biomedical applications. A low toxic poly(thioether-ester) was synthesized using isosorbide as
another renewable monomer, and its drug delivery potential was ascertained using coumarin-6
as a model molecule [18].

Several polymers and their derivatives, derived from renewable resources, are reported [19-21]
but their investigation in biomedical applications are scarce. The reasons of scant studies on such
polymers could be related to complex synthesis methodologies, lack of functionalities,
cytotoxicity, high production cost etc. Simplistic design of a biodegradable polymer using
economical renewable resources is still one of the key points for successful translation of drug
carriers from lab to clinics. Considering diminution of non-renewable resources, escalation in the
price of petroleum-based products will not come as a surprise. Thus, it is a need of the hour that
researchers should focus more on finding sustainable and economical alternatives of fossil-based
materials used in pharmaceutical industries, ranging from excipients to polymeric
nanomedicines. Sustainable materials inevitably contribute in building a greener earth as well as
being beneficial for industries in terms of economy.
Polymers or polyesters synthesized from lactone or similar monomers obtained from renewable
feedstock are certainly advantageous, in a similar fashion as lactide. They can be synthesized
reproducibly via industrially favorable ROP methodology on large scale with full control on
molecular weight. It should be noted that the commercial applications of PLA were restricted in
the beginning due to its high cost, and that exactly could be the case with several newly
investigated monomers. It took almost 60 years from the first discovery of PLA synthesis via ROP
to synthesize it on commercial scale, which ultimately reduces the polymer cost. Considering this
fact, high monomer cost would not be the limiting factor restricting biomedical applications. In
most cases, cytotoxicity of polymers was evaluated on cells to establish their toxicity profile.
However, upon acquiring promising results, these studies must be extended to in vivo to
determine the toxicity effects on vital organs. Interestingly, production of monomers such as εcaprolactone, ε-caprolactam, tetramethylene carbonate and its derivatives (which are usually
procured from petrochemicals), was reported using different sugars as a renewable feedstock.
PCL and poly(carbonate) are extensively studied polymers for biomedical applications and
commercialization of reported synthesis methodologies from renewable feedstocks could bring
a paradigm shift in their utilization in the biomedical field [11].
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