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ABSTRACT:
Aliphatic polyester elastomers are class of biomaterials that are widely used for drug delivery and tissue
engineering. The demand for biodegradable non toxic elastomers is ever increasing due to their dexterity of
being biocompatible and biodegradable. A series of novel biodegradable polyesters are synthesised, using
multifunctional non- toxic monomers: aconitic acid, citric acid, sebacic acid and glycerol by melt condensation
method, followed by post polymerisation. The chemical structure of the elastomer are characterised by FT-IR,
1
H NMR and 13C NMR.TGA, and DSC techniques are used to determine the physical properties of the polymers.
The low Tg values and a higher Tm and Td illustrates the elasticity and stability of the synthesised elastomers
respectively which makes it suitableas implant materials.The CAM assay exhibits the wound healing property
which is further confirmed by the molecular docking with the matrix metalloproteinase. Chorioallantoic
membrane (CAM) assay shows that the formation of blood vessels is 178% and 169% greater than the standard.
Lib dock score of these polymers with MMP2, MMP8and MMP12 suggests that are effective MMP inhibitors.
The observed results unambiguously suggest that the synthesized elastomer poly(glycerol acotinate-co-glycerol
citrate)PACGL and poly(glycerol acotinate-co-glycerol sebacate)PASGL have excellent wound healing ability
and are suitable as potent biomaterials in the biomedical field.
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INTRODUCTION:
Unsaturated aliphatic polyester elastomers have gained a
lot of attention as an implant material in the field of
tissue engineering due to their biocompatibility and
biodegradability. Numerous elastomers are being
explored, via synthesis and application, yet the quests for
novel biodegradable elastomers are on rise, to meet the
ever increasing demand. Unfortunately, implantation of
many such polymers have resulted in adverse effects
such as inflammation, low cell adhesion etc and also
required a complex and expensive synthetic procedure 1,2.
Elastomers using caprolocatone3, citric acid4, sebacic
acid 4,5 and Aconitic acid7,8 has been reported in the past.
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Yet, no study has been reported based on copolymerisation of aconitic acid and citric or sebacic acid
with glycerol.
The present work is aimed at synthesising
biocompatible, biodegradable, random copolyester
elastomers, based on multifunctional as well as non toxic
monomers; Aconitic acid, citric acid, sebacic acid and
glycerol without the use of any toxic catalyst. The
unique monomers are extracted from sugarcane baggase
and from natural components unlike other monomers
which are petroleum based. Moreover aconitic acid and
citric acid are also constituent metabolites in the Kreb’s
cycle. Even though these metabolite monomers are not
essential to synthesise biocompatible elastomers, but it
attempts a route to minimize the side effects as these
molecules are resorbed in various physiological
pathways during metabolism9.
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Poly(glycerol acotinate-co-glycerol citrate) PACGL and
poly(glycerol acotinate-co-glycerol sebacate) PASGL
were synthesized, characterized and subjected to
biological studies such as CAM assay10,11 to establish
their wound healing ability and biocompatibility. The
molecular interaction of synthesised polymers with
matrix metalloproteinase using molecular docking
studies displayed wound healing property of the
elastomers, which is illustrated by the inhibition of
matrix metalloproteinase12-15.

MATERIALS AND METHODS:

Biological studies:
CAM assay (Chorion allaontoic membrane) was used to
find the biocompatability of the synthesised post
polymers. Synthesized compounds were dissolved in
sterile phosphate buffer saline and pellets of these
solutions 100 µL/pellet (Corresponds to 1000 µg/pellet)
were prepared, applied drop wise on gelatine sponge and
then on to chorioallantoic membrane. Seven day
embryonated white leghorn chicken eggs were cleaned
with 70% ethanol and asmall window of 1.0 cm–2 cm
was made in the shell of each egg. Then, air was sucked
out from the eggs to bring their membrane down11.
Through the window of each egg, sterile disc of gelatine
sponge containing concentration (1000 µg/pellet) of
methanol extracts were implanted inside the egg at the
junction of two blood vessel of the chorioallontoic
membrane. Subsequently, the opening was resealed with
parafilm and the eggs were re-incubated at 37º C and
incubated for 72 hrs10. The windows were then reopened
and formation/inhibition of vessels were observed in
terms of number and caliber and finally compared with
PBS used as control.

Synthesis of elastomers:
These polyesters were prepared in simple two step
methods of synthesising pre-polymers by melt polycondensation method without the use of a catalyst
followed by post-polymerisation. Equimolar amounts of
monomers were placed in a three necked flask and
heated up to 170oC-175oC for 15 minutes, till monomers
melts. The temperature is then decreased to 140 oC-145oC
for 2 hours in nitrogen stream. The purified
multifunctional pre-polymers are dissolved in 1,4dioxane6 and casted into a silicone petri dish, left
overnight and then placed in an air oven for about 24hrs Molecular docking studies was performed using
at a temperature of 80oC. The post polymers were Acclery’s Discovery studio 4.0 in TANUVAS, Chennai
to identify the wound healing property of the synthesised
obtained in the form of thin film.
polyesters. Three dimensional structures of three
FT-IR, 1H NMR, 13C NMR and MALDI-MS were different matrix metalloproteinase MMP2 (gelatinase),
performed using the pre-polymers, due to the insolubility MMP8 (collagenases) and MMP12 (metallo elastase):
of the cross-linked post polymers. Thermal and (PDB ID:1QIB;1MNC; 1HNE) were obtained from the
biological studies were performed using the post protein data bank12. The structures of PACGL and
PASGL were drawn using CHEMBIODRAW and
polymers.
converted in the form of sdf format. The prepared
ligands were used as input files for Auto docking. Studio
Polymer characterisation:
A Fourier transform infra red spectrum was recorded Visualizer and AutoDock Tools packages were used to
using FT-IR 4700 type A spectrometer for the pre- prepare docking files. A grid of 60, 60, and 60 points
polymer samples prepared by a solution casting in x, y, and z directions was built with a grid spacing of
technique over KBr crystals.1H NMR and 13C NMR 0.375 Å and a distance-dependent function of the
were recorded for the purified pre-polymers, dissolved in dielectric constant were used for the calculation of the
DMSO using 400MHz solution Bruker Flex-PC energetic map. The default settings were used for all
microflex NMR spectrometer. The molecular weight of other parameters. Lamarckian genetic algorithm method
the pre-polymers were determined by BRUKER 1825 was employed for docking simulations 13. At the end of
MALDI mass spectrometer using the pre-polymers docking, the best poses were analyzed and the pose with
the highest lib dock score was considered.
dissolved in DMSO with the ionising agent NaI.
Thermogravimetric analysis(TGA) of the post polymers
were performed in a range of room temperature to 5000C
in nitrogen atmosphere at a heating rate of 100C/min
with a TGA instrument TGA Q50 V20.13 Build79.
Differential scanning calorimetry (DSC) was performed
in a range of -700C to 3500C at a heating rate of
100C/min using DSC Q200 V23 Build 79 instrument
under nitrogen atmosphere.

RESULTS AND DISCUSSION:
Polymer Characterisation:
The FT-IR spectra (Fig1 and Fig2) shows strong
absorption bands at 1713cm-1 and 1725cm-1, which
contributes to the carbonyl stretching of the ester bond.
Moreover the ester bond formation is confirmed by the
strong absorption at 1160 cm-1 in both the spectra, which
due to the C-O stretching of the ester group. The peaks at
3652 cm-1 and 3349 cm-1 are attributed to the -OH
stretching of the glycerol moiety. The absorption band at
2949 cm-1 were assigned to the methylene groups in the
triol and acids4.

724

Asian J. Research Chem. 11(4): July – August 2018

Fig1 FT-IR spectra of PACGL

Fig2 FT-IR spectra of PASGL

The 1H NMR spectra of the pre-polymers (Fig:3 and
Fig:4) show peaks aroundδ 3.5- δ 3.7 ppm due to the –
CH2and –CH groups ofglycerol moiety. The peaks at δ
6.76 ppm andδ 6.8ppm are due to the –CH group of
Trans Aconitic acid. The δ 2.8ppmof PACGL (Fig:1) is
attributed to the –CH2 group of citric acidand δ 0.9ppm δ 1.2ppm is of PASGL (Fig:2) is attributed to the-CH2
group of sebacic acid. The 13C NMR of these prepolymers PACGL (Fig:5) and PASGL (Fig:6) shows
peaks at δ160-180ppm which confirms the formation of
the ester group.

Fig:3 1H NMR spectra of PACGL
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The MALDI-MS spectrum of the pre-polymer PACGL
shows the molecular ion peak at 679, which is assignable
to (TA2GL2CANa). The m/e of PASGL at 925 is
assigned to the fragment (TA2GL3SA2Na). The mass
spectrum confirms the formation of the oligomers.

Fig:4 1H NMR spectra of PASGL

The DSC and TGA values are listed in the table: 1. The
thermal studies reveal the cross linking and the
elastomeric properties of the post polymers by the lower
Tg value of -17.38oC and -64.54oC for PACGL and
PASGL respectively as shown in fig 7 and fig 8. The
high decomposition temperature T d (Fig 9 and fig
10)displays the thermal stability of the post polymers.
The melting point Tm, muchabove the body
temperatureillustrates its suitability as implant materials.
Comparatively a very low Tg value for the polymer
PASGL is attributed to the Chain length of sebacic acid
than the citric acid. The lower Tg value attributes to the
elastic nature of the polymers which is a unique quality
of implant materials.
Table:1 Tg, Tm, Td , valuesof PACGL and PASGL
Elastomer
Tg/ oC
Tm / oC
PACGL
-17.38
157.22
PASGL
-64.54
84.94

Td / oC
288.63
323.70

Fig:5 13C NMR spectra of PACGL

Fig : 7 DSC thermogram of PACGL
Table : 2 No. of Binding poses , Lib dock score and relative energy
values of PACGL and PASGL
Elastomer
Type of
No. of
Lib dock
Relative
MMPs
binding
score
energy/
poses
KJ/Mol
PACGL
MMP-2
13
86.68
2.2532
PACGL
MMP-8
16
97.73
7.0211
PACGL
MMP-12
17
83.16
3.7497
PASGL
MMP-2
21
98.48
3.2153
PASGL
MMP-8
20
110.00
5.1055
PASGL
MMP-12
15
92.93
4.7657

Fig:6 13C NMR spectra of PASGL
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Biological studies:
CAM Assay:
The CAM assay confirms the biocompatibility of
PASGL, as it can form blood vessels 169% greater than
the control.The number of branch point of the blood
vessels formed by PACGL 178% is greater than the
control. The PACGL is more biocompatible due to the
presence of citric acid moiety. The following figures
shows the blood vessels formed by the control(Fig:11),
PASGL(Fig:12) and the PACGL(Fig: 13)respectively.

Fig : 8 DSC thermogram of PASGL

Fig:11 CAM assay of the control showing the formation of blood
vessels

Fig : 9 TGA thermogram of PACGL

Fig:12 CAM assay of the PASGL showing

Fig:13 CAM assay of the PACGL showing the formation of blood
vessels the formation of blood vessels
Fig : 10 TGA thermogram of PASGL
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The CAM assay shows the formation of the new blood Table : 2 No. of Binding poses , Lib dock score and relative energy
vessels, which supports the wound healing process after values of PACGL and PASGL
Elastomer
Type of
No. of
Lib dock
Relative
the implantation of the biomaterial. After 72 hrs,
MMPs
binding
score
energy/
endothelial cells became adherent and showed confluent
poses
KJ/Mol
PACGL
MMP-2
13
86.68
2.2532
cell layers formed on the synthesised polymer and also
PACGL
MMP-8
16
97.73
7.0211
on the window of the egg10-11.
This result shows the biocompatibility of the polymer to
well adhere to the surface of the implanted site and also
to mimic the ECM. The biocompatibility of these
polymers is due to natural monomers used, whichis
evident from the growth of the blood vessels , which can
be owed to the natural monomers as they are
intermediates in the Kreb’s cycle.

PACGL
PASGL
PASGL
PASGL

MMP-12
MMP-2
MMP-8
MMP-12

17
21
20
15

83.16
98.48
110.00
92.93

3.7497
3.2153
5.1055
4.7657

These values suggest that both the elastomers have good
inhibitory potential against MMPs19. Comparatively
PACGL has better libdock score which can be due to the
presence of citric acid moiety. The binding mode of
these ligands with the active site of the MMPs is shown
Molecular docking studies:
using the 2D ligand- protein interaction. The wound
Matrix metallo proteinase plays essential and beneficial healing property of these elastomers is visible from their
roles in three important phases of wound healing like amino acids interactions as shown in the figure.
inflammation, proliferation and remodelling. They play
key roles in debriding damaged ECM, angiogenesis, re- PACGL has a binding interaction with Ala A:220with
epithelialisation, wound contraction, and scar MMP2(Fig:14 A). The potential binding site of PACGL
remodelling14,15. However, there is strong clinical with MMP-8 is found at Ala A:241 and TYR A:248
evidence that chronically elevated levels of MMPs and (Fig:14 B).The binding interactions of PACGL with
other proteases prevent wounds from healing 16,17.In MMP-12 was at Leu E:130, Cys E:182 and Arg
acute wounds, the increased activity ofMMP’s causes, E:129(Fig:14 C).
ECM and basement membrane destruction in excess
which contributes to the pathogenesis of many
diseases.It is thus desirable to reduce or inhibit the
effects or activity of MMPs in a patient suffering from a
variety of diseases, conditions, and disorders. It has been
found that many polymers and polymer compositions are
effective inhibitors of MMPs.
The molecular docking studies is used to find the
inhibiting activity of the synthesized polymers to avoid
the undesired activity of MMPs (MMP-2, MMP-8 and
MMP-12). The studies revealed that PASGL and
PACGL reduces or inhibits the unwanted or elevated
MMPs, activity.
Molecular docking studies reveal that the elastomers
PASGL and PACGL docked into the active sites of
MMP-2, MMP-8 and MMP-12. The literature 18 suggests
that if the RMSD of the best docked structure is < 2.0Ao
then the scoring function is successful. The RMSD value
of the elastomers is less than 2.0 Ao, which further
confirms the reliability of docking of the synthesised
polymers into the structures of MMPs. Moreover the
greater the Libdock score values and lower the relative
energy values, stronger is the affinity between the
ligands and the MMPS. The table:2list out the relative
energies and Libdock score values of the best poses of
the synthesised elastomers with MMP-2. MMP-8and
MMP-12.
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Fig:14 Binding interactions of amino acids with PACGL

Fig: 15 Binding interactions of amino acids with PASGL

The binding interactions of PASGL with MMP-2 is
found at His A: 201 and Thr A:227(Fig:15 A). PASGL
has a hydrogen bonding interaction at Arg A:243 with
the MMP-8 proteinase (Fig:15 B). The binding site of
PASGL with MMP-12 is found at His E:210 (Fig:15 C).

The MMP protease inhibiting property of the synthesised
elastomers PASGL and PACGL is evident from the
hydrophilic and hydrophobic interaction of the
elastomers with the amino acid residues present in the
active sites of the MMPs. This affirms that the
synthesised elastomers possess the wound healing
ability, which makes it suitable as an biomaterial

CONCLUSION:
The polyester elastomers Poly(glycerol acotinate-coglycerol citrate) PACGL and poly(glycerol acotinate-coglycerol sebacate) PASGL were synthesized by simple
melt poly condensation methods without the use of any
toxic catalyst.PASGL and PACGL were characterized
by FT-IR, NMR spectroscopy and MALDI-MS. The
cross-linking in the synthesised elastomers is evident
from the low glass transition temperature. The melting
point and decomposition temperature displays the
thermal stability of the elastomers on implantation, as
their decomposition temperature was much above the
body temperature. The biocompatibility of the
elastomers is obvious from its ability to form blood
vessels from the CAM assay. Molecular docking studies
divulge the MMP inhibiting potential of the elastomers
by the interactions with the amino acid residues in the
active site of the MMPs. These results confirm the
elastomers PACGL and PASGL have the potential as an
implant biomaterial in the field of tissue engineering.
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