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ABSTRACT
Aim: The purpose of this study was to investigate the comparative drug release kinetics 
of implants and microspheres of an anticancer drug loaded onto a bio-degradable polymer. 
Methods: Poly (sebacic anhydride) was synthesized using a melt-polycondensation 
reaction, and its physicochemical properties were determined using gel permeation 
chromatography, nuclear magnetic resonance, differential scanning calorimetry, and 
Fourier transform infrared techniques. The polymer was used to encapsulate drugs via 
the melt moulding technique for implants and the solvent evaporation technique for 
microspheres. Results: In-vitro degradation of implants showed a 95% degradation rate 
in 6 days with the disappearance of the anhydride peak due to polymer hydrolysis. 
The microspheres of size 63 ± 3 µm were found to be spherical and porous in optical 
microscopy images. In-vitro drug release from implants (85 ± 3.5%) and microspheres 
(88 ± 4.5%) in pH 7.4 revealed similar sustained drug release following Higuchi kinetics. 
Conclusion: There was no significant difference observed in drug release patterns from 
implants and microspheres with the same quantity of polymer. Therefore, poly (sebacic 
anhydride) could become a successful candidate for controlling the release of a drug over 
a long period of time.
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INTRODUCTION
Drug delivery systems are commonly 
used to increase the pharmacological 
and therapeutic properties of  drugs by 
modifying their pharmacokinetics. Among 
them, microspheres and implants could be 
used to monitor the amount of  medication 
released over weeks or months.1,2 Polymers 
may be natural, synthetic, or semi-synthetic 
in nature, which modulate drug release 
and allow for managed degradation.3,4  
Bio-degradable polymers were used to 
ensure that the end release of  drug coincided 
with the end of  polymer erosion.5,6 
Polyanhydrides are the most extensively 
studied biodegradable polymers,7 with 
excellent biocompatibility and controlled 

release properties8-12 and are widely used as 
a vehicle for anticancer drug delivery.13 It 
has a reactive functional group available for 
passive hydrolysis14 that degrades quickly in 
an aqueous environment.15 They are simple 
to plan and manipulate to meet desired 
characteristics using readily available, 
low-cost technology.15 These are surface 
eroding polymers,16 which improve drug 
stability by reducing water contact with the 
drug prior to release. Poly-anhydrides have 
excellent controlled release properties14 
as a result of  the hydrophobic backbone 
and the hydrolytically labile anhydride 
couplings17 and do not display any signs of  
inflammation.18 The exponential decline in 
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the molecular weight (Mw) of  polymers is frequently seen 
during the breakdown of  poly-anhydride matrices.3 Poly 
(sebacic anhydride) (PSA) is an aliphatic polyanhydride 
made up of  sebacic acid monomer units (a dicarboxylic 
acid)19-21 slightly soluble in water, but it’s freely soluble in 
other organic solvents. Its molecular weight (Mw) can 
reach up to 137 kD depending on the length of  time 
it takes to polymerize. Drug delivery systems prepared 
with this polymer will show a sustained drug release over 
weeks.
Bio-degradable polymeric microspheres for drug 
delivery have been extensively researched for the 
past 25 years22 to customize release profiles with 
increased effectiveness, decreased toxicity and 
patient compliance.23 The morphology, encapsulation 
effectiveness, and in-vitro release profile are all well-
known.24 To create bio-degradable microspheres various 
methods such as solvent evaporation25 or solvent 
extraction method,26 spray drying method27 and using 
fluids under supercritical conditions without harmful 
residual solvents28 can be used. Numerous approaches 
were made using PSA microspheres to deliver drugs like 
nifedipine10 and p-nitroaniline.4

Bio-degradable polymeric implants are designed to 
deliver medication to the body in a consistent and 
regulated manner.29 Implants are surgically put into the 
body cavity to retain them and deliver drugs.30 Various 
methods are employed in preparing implants, e.g. melt 
molding, extrusion molding, and syringe extrusion. 
Various evaluation techniques are used to characterize 
implants e.g. surface morphology, surface area, weight, 
in-vitro dissolution rate,31 drug loading capacity32 etc. 
PSA implants have been used in a variety of  ways to 
deliver drugs such as tamoxifen citrate33 paclitaxel,34 
doxorubicin,35 gentamycin,36 salicylic acid.37

Olaparib is indicated for ovarian, breast, pancreatic, and 
prostate cancer due to its high Poly (ADP-ribose) 
polymerase (PARP) inhibition38 which plays an 
important function in single-strand deoxyribonucleic 
acid (DNA) break repair.39 PARP inhibition causes 
cell death in cancers with genetic proclivity to repair 
damaged DNA40 and improved outcomes in clinical 
trials for breast cancer, primarily those caused by gene 
mutations, which occur in 15% of  patients.41 Olaparib 
is available on the market as Lynparza® tablets, 300 mg 
given orally twice daily with or without food. It is a 
BCS class IV drug42 that undergoes extensive CYP3A4 
mediated hepatic metabolism43 to produce primary 
metabolites such as monohydroxy metabolite (Mw 450) 
and a ring opening product (Mw 452)44 resulting in  
poor oral bioavailability45 with a half-life of  11.9 
h46 and being linked to severe anaemia and fatigue,  

myelodysplastic syndrome, acute myeloid leukemia and 
pneumonitis.47,48 When it comes to oral medication, 
solubility, permeability, stability, and metabolism are 
all critical properties of  the molecule that should be 
considered positive anti-cancer effects.49 When the 
benefits of  drug development are unfavourable, precise 
formulation tactics can be used to achieve maximum 
therapeutic progress.49 Olaparib has been delivered 
in a different dosage forms, including lipospheres,50 
liposomes51 and hydrogels.52 In this study, we report 
a novel Olaparib bio-degradable PSA implant and 
microsphere in-vitro release comparison over a number 
of  days, which could become a treatment approach for 
patients with breast cancer.

MATERIALS AND METHODS
Materials

Sebacic acid was obtained from Sebacic India Limited 
(Gujarat, India). Olaparib was supplied by MSN 
laboratories limited (Hyderabad, India). All the solvents 
were of  analytical reagent grade and procured from SD 
Fine-Chem Ltd. (Hyderabad, India).

Methods
Polymer synthesis

Poly(Sebacic anhydride) was produced via melt 
condensation, utilizing sebacic acid as a monomer.10,53-55 
Sebacic acid (5 g recrystallized) has been combined 
with acetic anhydride (50 mL) and then agitated (40°C 
for 20 min) until a clear solution is formed. Following 
dehydration and acetylation of  the diacid groups of  
sebacic acid monomer, excess acetic anhydride was 
removed by raising the temperature to 70–120°C under 
vacuum. The sebacic anhydride precursor polymerization 
was done at 150°C with continuous stirring for 2 hr. 
The concluding PSA was diluted in chloroform and 
recrystallized by means of  an excess of  ethyl ether 
and petroleum ether. The resulting suspension was 
centrifuged, dried and vacuum-sealed at 20°C under 
vacuum (Figure 1A). The obtained polymer’s chemical 
identity was evaluated with suitable instruments to 
confirm its successful production.

Characterization of PSA

Characterization of  the synthesized copolymer was 
done using different techniques.56 The copolymers’ 
number average molecular weight (Mn), weight 
average molecular weight (Mw), and polydispersity 
index (Mw/Mn) were measured using gel permeation 
chromatography (GPC) (Shimadzu, Nexera C190-E092D) 
linked to a refractive index detector (RID-20A) using 
LabSolutionsTM software with Shim-pack GPC-805C  
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column at 30°C. The polymer was mixed in HPLC grade 
chloroform and filtered through a 0.45 µm filter of  the 
cellulose nitrate type to make standards of  polystyrene 
and samples (1 mg/2 mL). The sample was injected into 
GPC maintained at a flow rate of   1 mL/min using a 
Hamilton syringe  and calibration curves were created 
using polystyrene standards to determine the molecular 
weight parameters. The Fourier transform infrared 
spectroscopy (FTIR) (Nicolet MAGNA-IR 560,  
Bio-Rad, US) spectrum was captured by mixing the 
polymer sample with KBr to form a pellet, which was 
then tested in the IR region (4000-400 cm-1). Differential 
scanning calorimetry (DSC) (Model-204F1, Netzsch, 
Germany) thermogram values ranged from 25°C to 
200°C were recorded at 10°C/min with a second scan 
in an inert environment. Thermal history wipe was 
achieved by doing rescans after each scan. Nuclear 
magnetic resonance spectroscopy (1H NMR, Bruker 
400 UltrashiedTM)) was used to analyze the synthesized 
polymer by dissolving it in CDCl3 and the spectrum as 
chemical shift (δ) was recorded using tetramethylsilane 
as an internal standard. The polymer was analyzed in 
the range of  0 to 10 ppm and calculations for number 
average molecular weight were done based on the 
integral area under the peak.

Analytical Method development for drug

Previous publications on the development of  a 
quantitative analytical approach for Olaparib have been 
slightly modified. Stock solution (1 mg/mL) containing 

medication was produced by dissolving it in acetonitrile. A 
series of  standard solutions with concentrations ranging 
from 1 to 30 µg/mL were prepared and analyzed using 
RP-HPLC (Waters, USA) on a C18 column (Inertsil® 
ODS-3 V, 250 × 4.6 mm, 5 μm particle size) at 50°C. 
The mobile phase was made up of  ACN (100%) and 
10 mM ammonium formate in a 50:50 v/v ratio. The 
samples were evaluated using an isocratic method, at 1.2 
mL/min flow rate, and injected 10 µL at 210 nm, using 
an optical spectrum detection system.

Preparation of implants

The implants have been prepared under sterile conditions 
using a melt-molding technique.5 Briefly, PSA (85%,  
680 mg) and drug (15%, 120 mg) were thoroughly blended 
and melted at about 80°C using a hot plate (Polymix-
Px-Mst-2, Kinematica) to obtain a homogenous mixture 
of  molten polymer. This uniform mixture was then 
poured into molds with a capacity of  180 mg each. The 
molds were covered in aluminum foil and kept in the 
refrigerator for about 2 hr. After a period of  2 hr, the 
implants were removed from the molds. Similarly, the 
blank implants were prepared without the drug.

Determination of drug content in the implants

The drug content was assessed by selecting ten implants. 
Each implant was ground with the help of  a mortar 
and pestle using a phosphate buffer solution (PBS 
pH 7.4). The residue was subsequently dissolved in an 
ultrasonic water bath for 20 min. The suspension was 
then centrifuged for 10 min at 12,000 rpm. The HPLC 
was then used to analyze an aliquot of  the supernatant 
(20 μL). The actual drug content was then determined 
for each implant.

In-vitro hydrolytic degradation of implants

For degradation studies of  implants, 6 vials were taken 
with 20 mL of  buffer solution (pH 7.4) and each implant, 
previously weighed, was placed in a vial and kept in a 
shaker bath at 37°C. Implants were removed from each 
vial at specific time intervals of  0 h, 12 hr, 1 day, 2 days, 
4 days, and 6 days. The samples were dried for 24 hr at 
40°C in a vacuum oven set at 700 mm Hg. Then the 
samples are analyzed by the FTIR technique. 

Initial weight of PSA discs (Wo)
Weight of PSA discs after deg radation (W)

Erosion rate (%) 100
Initial weight of PSA discs (Wo)

−

= × � (3)

In-vitro release study of implants

For release studies of  implants, 3 vials each containing 
20 mL of  buffer at pH 7.4 with 1% Polysorbate 80 were 
taken. One implant was added to each vial and the vials 
were placed in a shaking water bath at 37°C. At pre-set 

Figure 1: A. PSA polymer synthesis from sebacic acid  
monomer B. PSA GPC chromatogram with a single symmetrical 

unimodal peak, Mn as 1211 Da, Mw as 1283 Da, and Mw/Mn 
as 1.05 C. Typical FTIR spectrum of PSA showing a) carbonyl 
group of anhydride b) C-H stretch of CH3 c) bending vibration 
of CH2 group of unconjugated anhydride d) stretching vibration 

of the C-O group of -COOR D. DSC spectra of polysebacic 
anhydride show melting range of 78.65°C to 80.68°C E. NMR 
spectra of PSA showing the molecular weight of the polymer 

Mn = 1.23 kDa
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Amount of drug encapsulated
Drug loading (DL%) 100

Total weight of microspheres
= × �  (1)

Weight of initial drug
Weight of free drug

Encapsulation efficiency (EE%) 100
Quantity of drug taken initially

−

= × � (2)

Optical microscopy of microspheres

Microspheres were observed through an upright 
compound optical microscope. At 400x, the photo 
micrographs of  microspheres were taken with an external 
camera to calculate the average size and size distribution, 
at least 100 vesicles were measured by the i-solution 
software. A particle Size distribution was plotted from 
the data obtained. Microspheres were examined for 
particle size and particle size distribution by mounting 
them on the slide with water as the mounting agent. 
Images of  microspheres are shown in Figure 2C and 2D.

In-vitro release study of microspheres

Microspheres (50 mg) were put in 3 eppendorf  tubes 
with PBS (1.5 mL, pH 7.4) added to each eppendorf  
and put in a shaking water bath (37°C at 100 rpm). 
An aliquot of  dissolving medium (0.1 mL) was taken 
at pre-set time intervals, and filtered through a 0.45 
μm millipore filter. The amount of  drug released into 
the PBS medium was determined with the developed 
HPLC method. The samples were diluted to a suitable 
concentration and their absorbance at 382 nm was 
determined. The cumulative drug release was evaluated 
with the DDSolver program.57

time intervals, aliquots of  dissolution medium (2 mL) 
were removed and filtered via a 0.45 µm millipore filter. 
By replacing the samples with a fresh medium (2 mL), the 
volume of  the dissolution medium was kept constant. 
The drug concentrations have been analyzed using 
the above developed HPLC method with appropriate 
dilution. The cumulative drug release was evaluated with 
the DDSolver program.57

Preparation of microspheres

Microspheres were fabricated using an emulsion solvent 
evaporation technique. The drug solution (15%, 35.3 mg 
in 1 mL of  DCM) was mixed with PSA solution (85%, 
200 mg in 4 mL of  DCM) to get the organic phase. 
PVA dispersion in water (1.0% w/v) was prepared by 
continuous stirring on a hot plate. For the preparation 
of  microspheres, PVA solution (80 mL) was taken in a 
beaker (100 mL) and kept on a magnetic stirrer (IKA 
Labortechnik, Germany) with a bead size of  C15 at  
600 rpm. Then, using a 5 mL syringe, the organic 
phase was slowly added to the aqueous phase, keeping 
the needle inside the liquid to avoid air entrapment. 
The emulsion thus formed was kept for 4 h in order 
to allow solidification of  microspheres by evaporation 
of  organic solvent. A tabletop centrifuge (Jouan, MR 
23i, France) was used to separate the microspheres that 
had formed and washed with water 2-3 times to remove 
unentrapped drug. In the vacuum oven, the microspheres 
were then dried to obtain dry microparticles. The blank 
microspheres used as a control were manufactured 
parallelly without any drug. The developed microspheres, 
were then characterized for drug loading, encapsulation 
efficiency and in-vitro drug release profile.

Determination of drug loading and encapsulation 
efficiency in microspheres

After preparation of  the microspheres, the supernatant 
solution was collected and used for the determination 
of  drug loading (DL%) using an indirect method. In this 
method, the amount of  drug that remained unloaded 
from the initial amount (35.3 mg) was determined 
to get amount of  the drug loaded into microspheres. 
The supernatant was diluted and the unloaded amount 
was determined using equation (1). The encapsulation 
efficiency (EE%) was evaluated by the ‘indirect method’ 
by subtracting the quantity of  drug in washings from the 
total quantity of  drug used in microsphere preparation 
and then calculating the encapsulation efficiency using 
equation (2). Although the data was obtained in triplicate, 
the average values were used to calculate the DL%  
and EE%.

Figure 2: In-vitro degradation profiles of PSA implants  
B. FTIR spectra of PSA implants from bottom to top showing 
degradation. C. Microscopic images of blank microspheres 
at a scale of 100 µm D. Microscopic images of drug loaded 

microspheres show a spherical and porous surface at a scale 
of 100 µm E. In-vitro release profiles of implants and micro-

spheres show comparatively similar release profiles following 
Higuchi kinetics. The release data was articulated as mean 

standard deviation (n=3).
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RESULTS AND DISCUSSION
Characterization of polymer

The purity of  the copolymers was verified by GPC, 
which revealed a single symmetrical unimodal peak with 
a narrow molecular weight distribution at a retention 
time of  10.0 min (Figure 1B). The synthesized polymer 
showed Mn as 1211 Da, Mw as 1283 Da and Mw/Mn 
as 1.05. 
The FTIR spectrum of  the synthesized polymer showed 
different functional groups (Figure 1C). As the given 
polymer is an anhydride, it is expected that there should 
be two bands, one at around 1812 cm-1 and another at 
around 1741 cm-1. The spectra showed, the first band 
at 1812.46 cm-1 (symmetric stretching) and the second 
band at 1741.44 cm-1 (asymmetric stretching), which 
corresponds to the carbonyl group of  anhydrides. The 
peak at 2932.23 cm-1 resembles the C-H stretch of  CH3 
and the peak at 1039.75 cm-1 resembles to bending 
vibration of  the CH2 group of  unconjugated anhydrides, 
while the peak at 1205.47 cm-1 corresponds to the 
stretching vibration of  the C-O group of  -COOR.
The DSC thermogram, showed the melting point of  
PSA is in the range of  78.65°C to 80.68°C (Figure 1D). 
The polymer, being hygroscopic, picked up moisture 
readily and hence showed an endotherm for the loss of  
moisture around 60-70°C. All the samples in the first 
heating scan were found to be crystalline and that Tm 
values of  70 to 85°C were equivalent to results reported 
previously.
The integrals of  peaks corresponding to PSA were 
visible in the 1H NMR spectrum (Figure 1E), which 
showed –CH2- groups of  the central block (8H, δ 
1.2348, intensity 8.08), –CH2- groups adjacent to the 
anhydride group (4H, δ 1.5252, intensity 0.98; 4H, δ 
2.1965, intensity 3.00) and the terminal –OCH3 (6H, δ 
2.4944, intensity 1.24) were used to calculate the Mn, 
based on the proton integral area and was found to be 
1.23 kDa.

Calibration curve of drug

The developed RP-HPLC method showed a retention 
time of  10.523 min with a tailing factor of  1.00 and 
9430 theoretical plates. The method showed linearity 
(R²=0.9995) in the range of  1 to 30 μg/mL.

Preparation of drug-loaded implants

The implants for drug loading have been formed by 
mixing and melting the drug mixture with PSA. After 
that, the implants were made into tiny discs that were 
0.5 mm in diameter with a 0.3 mm thickness on average. 
Moreover, the average weight of  the implants was found 
to be 116.8 ± 3 mg (n=10), with a mean actual drug 
content (14.05% ± 0.15%), and was within the label 
claim of  the drug (15.0%, w/w).

Weight loss studies of implants

Weight loss of  the implant on degradation of  the 
polymer at different time points was calculated and is 
shown in Figure 2A. The data exhibited that the erosion 
rate gradually increased up to 6 days.

In-vitro degradation study of implants using FTIR

The polymer degradation was studied using FT-IR based 
on the polymer quantity left at different time points, as 
shown in Figure 2B and Table 1. The FTIR data clearly 
showed the decrease and then complete disappearance 
of  the characteristic anhydride peak as time passed and 
the intensification of  the acid characteristic peaks. On 
the other hand, the strong carboxylic hydroxyl band, on 
the other hand, appears between 3300 and 2500 cm-1, 
while the strong carboxylic carbonyl band appears at 
1704 cm-1, and their intensities increase with degradation 
time. The intensities of  the anhydride bonding bands at 
1816 cm-1 and 1740 cm-1, as well as the C-O-C stretching 
bands at 1100 cm-1, obviously decrease. This reveals 
that in the degradation process of  PSA, the quantity of  
carboxylic groups in the PSA sample increases, and the 
number of  anhydride bonds in the PSA sample decreases 

Table 1: In-vitro degradation study of implants using FTIR at different time points.

S.no. Time 
(h)

Anhydride peak
1810 cm-1

Carboxylic acid
1700 cm-1

OH Stretch
2929 cm-1

Peak near 
-OH stretch

A 0 1807.0 1698.0 2929.2 3058.5

B 12 1813.6 1698.8 2929.8 3118.1

C 24 1811.9 1698.9 2929.8 & 2914.1 Not observed

D 48 1810.2 1704.4 2929.2 & 2851.3 Not Observed

E 96 Not observed 1738.1 & 1695.4 2933.7 & 2851.7 Not observed

F 144 Not observed 1738.3 & 1683.5 2934.3 & 2851.7 Not Observed
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due to hydrolysis of  the labile anhydride linkage present 
in the PSA.
Due to hydrolysis of  the labile anhydride linkage 
present in the polysebacic acid, the free carboxylic acid 
amount increases with time. That is why the anhydride 
peak in the IR disappears. The anhydride peak shows a 
very small hump (compared to others). OH stretching 
becomes broader with increasing hydrolysis due to the 
formation of  dimers.

Preparation of drug-loaded microspheres

The drug-loaded microspheres were fabricated with an 
emulsion-solvent evaporation technique and the average 
drug content determined using equation (1) was found 
to be 13.60% ± 1.05%, identical with the drug’s label 
claim (15.0% w/w) and the encapsulation efficiency 
determined using equation (2) was found to be 90.65% 
± 2.15%.

Optical microscopic study of microspheres

Microsphere morphology demonstrates spherical and 
porous surface drug loaded particles of  size 63 ± 3 µm 
(Figure 2C, 2D), which further confirms the particles’ 
integrity.

In-vitro drug release study of implants and 
microspheres

The release profile was evaluated with polyanhydride 
implants and microspheres containing drugs in PBS at 
37°C. The drug demonstrated biphasic release behavior, 
with early rapid release trailed by sustained release for 
7 days. The cumulative release data for implants and 
microspheres is calculated and compared. The release 
profile is shown in Figure 2E. About 85 ± 3.5% and 
88 ± 4.5% of  the drug were released from implants 
and microspheres respectively, in 7 days. It’s worth 
noting that there are no major variations in release rates 
between implants and microspheres. The rate of  drug 
release through bio-erodible systems is influenced by 
drug diffusion, polyanhydride degradation rate, and the 
solubility properties of  the integrated drug, all of  which 
play a role in the rate of  drug release. Furthermore, 
surface erosion of  anhydride blocks produces sebacic 
acid, which leads to the formation of  low molecular 
weight polymer chains, which in turn leads to the 
formation of  micelles, which prolongs the release. 
Different equations were used to analyze the release 
kinetics in order to calculate the drug release via polymeric 
matrices. Release profiles for implants fitted into kinetic 
models with correlation-coefficient (R2) values revealed 
zero order (R2=0.5162), first order (R2=0.6930), 
Higuchi (R2=0.7744) and Hixon-Crowell (R2=0.2962). 
and the release profiles fitted in kinetic models for the 

microspheres characterized by correlation coefficient 
(R2) values revealed zero order (R2=0.4751), first order 
(R2=0.6774), Higuchi (R2=0.7331) and Hixon-Crowell 
(R2=0.2658). The drug release profile from implants and 
microspheres was almost identical and followed Higuchi 
kinetics of  drug release.

DISCUSSION
The Melt-poly condensation method proves its simplicity 
in the preparation of  PSA polymer with a single step 
reaction of  conversion from acid to anhydride without 
the usage of  multiple reagents. The degradation process 
of  the polymer was better understood from the FTIR 
study and a good correlation was found between the 
spectra and the weight loss shown by the implants as the 
polymer was degraded into monomers and finally into 
sebacic acid. As the hydrophobic drug is entrapped and 
distributed in the polymeric matrix, the release profile 
was observed to be diffusion-like in a sustained manner. 
Microspheres prepared with the synthesized polymer 
using the emulsion solvent evaporation method have a 
particle size of  63 ± 3 µm with a spherical shape, porous 
and fractured rough surface because of  the partial 
degradation of  the polymer chains on the surface of  
the particle during the preparation process. There was a 
burst release observed in the microspheres, which may 
have been due to inhomogeneous and non-spherical 
particles distributed in the formulation. The two release 
profile curves of  the dosage forms overlap each other 
virtually because of  the similar diffusion-like release 
profile of  the drug from the polymeric matrix.

CONCLUSION
Polysebacic anhydride polymer was successfully 
prepared and characterized by GPC, DSC, 1HNMR, 
and FTIR. PSA has a lower melt temperature (Tm) and 
crystallinity, making it more suitable for use in controlled 
release systems. The model anticancer drug, olaparib 
was encapsulated in the implants and microspheres. 
Drug-loaded PSA implants were fabricated using 
the melt-molding technique and microspheres were 
fabricated using the emulsion solvent evaporation 
technique. A hydrophobic model drug was entrapped 
into a polymer with a size range of  63 ± 3 µm and an 
encapsulation efficiency of  90.55% w/w calculated 
using validated analytical methods. In-vitro release 
profiles showed 85 ± 3.5% and 88 ± 4.5% of  drug 
from implants and microspheres respectively in 7 days 
following bi-phasic release behavior, with an initial rapid 
release accompanied by a sustained release characterized 
by the low dissolution of  the drug crystals in aqueous 
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solutions with Higuchi controlled release kinetics and 
mainly controlled by diffusion of  the drug through the 
polymeric matrix. The polymer in the implants showed 
degradation with time, which is evidenced by the FT-IR 
spectra, by the decrease in the intensity of  the anhydride 
peak and the appearance of  a boarder carboxylic 
acid peak. The main advantage of  these polymers 
is their highly biocompatible degradation products. 
In conclusion, PSA has the potential to be applied in 
biomedicine as a new bio-degradable copolymer.

ACKNOWLEDGEMENT
The author is grateful for the opportunity to register at 
Jawaharlal Nehru Technological University, Anantapur 
as research scholar.

CONFLICT OF INTEREST
The authors declare that there is no conflict of  interest.

ABBREVIATIONS
HPLC: High pressure liquid chromatography; PBS: 
Phosphate buffer solution; PVA: Polyvinyl acetate; 
RPM: Rotations per minute; BCS: Biopharmaceutical 
classification system; GPC: Gel permeation 
chromatography; NMR: Nuclear magnetic resonance; 
DSC: Differential scanning calorimetry; FTIR: Fourier 
transform infrared; PSA: Polysebacic anhydride.

REFERENCES
1.	 Varde NK, Pack DW. Microspheres for controlled release drug delivery. 

Expert Opin Biol Ther. 2004;4(1):35-51. doi: 10.1517/14712598.4.1.35, PMID 
14680467.

2.	 Shahiwala A, Mehta TA, Momin MM. Parenteral drug delivery systems. In-
vitro and in-vivo tools in drug delivery research for optimum clinical outcomes. 
CRC Press; 2018. p. 36.

3.	 Göpferich A, Tessmar J. Polyanhydride degradation and erosion. Adv Drug 
Deliv Rev. 2002;54(7):911-31. doi: 10.1016/S0169-409X(02)00051-0, PMID 
12384315.

4.	 Kipper MJ, Shen E, Determan A, Narasimhan B. Design of an injectable 
system based on bioerodible polyanhydride microspheres for sustained 
drug delivery. Biomaterials. 2002;23(22):4405-12. doi: 10.1016/S0142-
9612(02)00181-3, PMID 12219831.

5.	 Peppas NA, Langer RS. Biopolymers I advances in polymer science. Drug 
Deliv Lett. 1993;107(1):272. doi: 10.1007/BFb0027549.

6.	 Hollinger JO. Biomedical applications of synthetic biodegradable polymers. 
CRC Press; 1995.

7.	 Exner AA, Saidel GM. Drug-eluting polymer implants in cancer therapy. 
Expert Opin Drug Deliv. 2008;5(7):775-88. doi: 10.1517/17425247.5.7.775, 
PMID 18590462.

8.	 Furtado S, Abramson D, Burrill R, Olivier G, Gourd C, Bubbers E, 
Mathiowitz E. Oral delivery of insulin loaded poly (fumaric-co-sebacic) 
anhydride microspheres. Int J Pharm. 2008;347(1-2):149-55. doi: 10.1016/j.
ijpharm.2007.06.039, PMID 17707601.

9.	 Jaszcz K. Synthesis and Characterization of New Functional poly(ester-
anhydride) s Based on succinic and sebacic Acids. Macromol Symp. 
2007;254(1):109-16. doi: 10.1002/masy.200750817.

10.	 Shelke NB, Aminabhavi TM. Synthesis and characterization of novel poly 
(sebacic anhydride-co-pluronic F68/F127) biopolymeric microspheres for 
the controlled release of nifedipine. Int J Pharm. 2007;345(1-2):51-8. doi: 
10.1016/j.ijpharm.2007.05.036, PMID 17616283.

11.	 Cristescu R, Cojanu C, Popescu A, Grigorescu S, Nastase C, Nastase F,  
Doraiswamy A, Narayan RJ, Stamatin I, Mihailescu IN, Chrisey DB. 
Processing of poly (1,3-bis-(p-carboxyphenoxy propane)-co-(sebacic 
anhydride)) 20: 80 (P (CPP: SA) 20:80) by matrix-assisted pulsed laser 
evaporation for drug delivery systems. Appl Surf Sci. 2007;254(4):1169-73. 
doi: 10.1016/j.apsusc.2007.09.029.

12.	 Zhang N, Guo SR. Synthesis and micellization of amphiphilic poly 
(sebacic anhydride)–poly (ethylene glycol)–poly (sebacic anhydride) block 
copolymers. J Polym Sci A Polym Chem. 2006;44(3):1271-78. doi: 10.1002/
pola.21235.

13.	 Doppalapudi S, Jain A, Domb AJ, Khan W. Biodegradable polymers  
for targeted delivery of anti-cancer drugs. Expert Opin Drug Deliv. 
2016;13(6):891-909. doi: 10.1517/17425247.2016.1156671, PMID 
26983898.

14.	 Jain JP, Modi S, Domb AJ, Kumar N. Role of polyanhydrides as localized 
drug carriers. J Control Release. 2005;103(3):541-63. doi: 10.1016/j.
jconrel.2004.12.021, PMID 15820403.

15.	 Kumar N, Langer RS, Domb AJ. Polyanhydrides: an overview. Adv Drug 
Deliv Rev. 2002;54(7):889-910. doi: 10.1016/S0169-409X(02)00050-9, PMID 
12384314.

16.	 Siepmann J, Göpferich A. Mathematical modeling of bioerodible, polymeric 
drug delivery systems. Adv Drug Deliv Rev. 2001;48(2-3):229-47. doi: 
10.1016/S0169-409X(01)00116-8, PMID 11369084.

17.	 Leong KW, Brott BC, Langer R. Bioerodible polyanhydrides as drug-carrier 
matrices. I: Characterization, degradation, and release characteristics. J 
Biomed Mater Res. 1985;19(8):941-55. doi: 10.1002/jbm.820190806, PMID 
3880353.

18.	 Huntimer L, Ramer-Tait AE, Petersen LK, Ross KA, Walz KA, Wang C, 
Hostetter J, Narasimhan B, Wannemuehler MJ. Evaluation of biocompatibility 
and administration site reactogenicity of polyanhydride-particle-based 
platform for vaccine delivery. Adv Healthc Mater. 2013;2(2):369-78. doi: 
10.1002/adhm.201200181, PMID 23184561.

19.	 Krasko MY, Shikanov A, Ezra A, Domb AJ. Poly(ester anhydride) s prepared 
by the insertion of ricinoleic acid into poly (sebacic acid). J Polym Sci A Polym 
Chem. 2003;41(8):1059-69. doi: 10.1002/pola.10651.

20.	 Fu J, Li X-y, Ng DKP, Wu C. Encapsulation of phthalocyanines in biodegradable 
poly (sebacic anhydride) nanoparticles. Langmuir. 2002;18(10):3843-47. doi: 
10.1021/la011764a.

21.	 Wu C, Fu J, Zhao Y. Novel nanoparticles formed via self-assembly of 
poly (ethylene glycol-b-sebacic anhydride) and their degradation in water. 
Macromolecules. 2000;33(24):9040-43. doi: 10.1021/ma000989+.

22.	 Şanlı O, Karaca I, Işıklan N. Preparation, characterization, and salicylic acid 
release behavior of chitosan/poly (vinyl alcohol) blend microspheres. J Appl 
Polym Sci. 2009;111(6):2731-40. doi: 10.1002/app.29319.

23.	 Freiberg S, Zhu XX. Polymer microspheres for controlled drug release. Int 
J Pharm. 2004;282(1-2):1-18. doi: 10.1016/j.ijpharm.2004.04.013, PMID 
15336378.

24.	 Peng D, Huang K, Liu Y, Liu S. Preparation of novel polymeric microspheres 
for controlled release of finasteride. Int J Pharm. 2007;342(1-2):82-6. doi: 
10.1016/j.ijpharm.2007.05.002, PMID 17580108.

25.	 McGinity JW, O’Donnell PB. Preparation of microspheres by the solvent 
evaporation technique. Adv Drug Deliv Rev. 1997;28(1):25-42. doi: 10.1016/
S0169-409X(97)00049-5, PMID 10837563.

26.	 Freitas S, Merkle HP, Gander B. Microencapsulation by solvent extraction/
evaporation: Reviewing the state of the art of microsphere preparation 
process technology. J Control Release. 2005;102(2):313-32. doi: 10.1016/j.
jconrel.2004.10.015, PMID 15653154.

27.	 Wang FJ, Wang CH. Sustained release of etanidazole from spray dried 
microspheres prepared by non-halogenated solvents. J Control Release. 
2002;81(3):263-80. doi: 10.1016/S0168-3659(02)00066-4, PMID 12044566.

28.	 Lee S, Kim MS, Kim JS, Park HJ, Woo JS, Lee BC, Hwang SJ. Controlled 
delivery of a hydrophilic drug from a biodegradable microsphere system 
by supercritical anti-solvent precipitation technique. J Microencapsul. 
2006;23(7):741-49. doi: 10.1080/09687860600945552, PMID 17123918.



Kala and Chinni.: Comparative Drug Release Kinetics of Implants and Microspheres of an Anticancer Drug

436� Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 2 | Apr-Jun, 2022

29.	 Al-Zu’bi M, Mohan A. Modelling of combination therapy using implantable 
anticancer drug delivery with thermal ablation in solid tumor. Sci Rep. 
2020;10(1):19366. doi: 10.1038/s41598-020-76123-0, PMID 33168846.

30.	 Weinberg BD, Blanco E, Gao J. Polymer implants for intratumoral drug 
delivery and cancer therapy. J Pharm Sci. 2008;97(5):1681-702. doi: 
10.1002/jps.21038, PMID 17847077.

31.	 Al-Zu’bi MM, Mohan AS. Modelling of implantable drug delivery system in 
tumor microenvironment using molecular communication paradigm. IEEE 
Access. 2019;7:141929-40. doi: 10.1109/ACCESS.2019.2944257, PMID 
141929.

32.	 Gao L, Xia L, Zhang R, Duan D, Liu X, Xu J, Luo L. Enhanced antitumor 
efficacy of poly (D, L-lactide-co-glycolide)-based methotrexate-loaded 
implants on sarcoma 180 tumor-bearing mice. Drug Des Dev Ther. 
2017;11:3065-75. doi: 10.2147/DDDT.S143942, PMID 29118572.

33.	 Hiremath JG, Kusum Devi V, Devi K, Domb AJ. Biodegradable poly(sebacic 
acid-co-ricinoleic-ester anhydride) tamoxifen citrate implants: preparation 
and in vitro characterization. J Appl Polym Sci. 2008;107(5):2745-54. doi: 
10.1002/app.27391.

34.	 Shikanov A, Vaisman B, Krasko MY, Nyska A, Domb AJ. Poly(sebacic acid-
co-ricinoleic acid) biodegradable carrier for paclitaxel: In vitro release and 
in vivo toxicity. J Biomed Mater Res A. 2004;69(1):47-54. doi: 10.1002/
jbm.a.20101. PMID 14999750.

35.	 Sreeharsha N, Hiremath JG, Al-Dhubiab BE, Meravanige G, Kumar Karnati R,  
Attimarad M, B Nair A, Venugopal KN, A Morsy M, Pottathil S, Khan S, 
Molugulu N Fabrication of Poly (sebacic acid-co-ricinoleic-ester anhydride) 
with β-cyclodextrin-loaded doxorubicin Implants and in vitro characterization. 
IJPER. 2020;54(3):826-34. doi: 10.5530/ijper.54.3.135.

36.	 Krasko MY, Golenser J, Nyska A, Nyska M, Brin YS, Domb AJ. Gentamicin 
extended release from an injectable polymeric implant. J Control Release. 
2007;117(1):90-6. doi: 10.1016/j.jconrel.2006.10.010, PMID 17150275.

37.	 Erdmann L, Macedo B, Uhrich KE. Degradable poly (anhydride ester) 
implants: Effects of localized salicylic acid release on bone. Biomaterials. 
2000;21(24):2507-12. doi: 10.1016/S0142-9612(00)00118-6.

38.	 Rolfo C, Swaisland H, Leunen K, Rutten A, Soetekouw P, Slater S, 
Verheul HM, Fielding A, So K, Bannister W, Dean E. Effect of food on the 
pharmacokinetics of olaparib after oral dosing of the capsule formulation 
in patients with advanced solid tumors. Adv Ther. 2015;32(6):510-22. doi: 
10.1007/s12325-015-0214-4, PMID 26048134.

39.	 Chen A. PARP inhibitors: its role in treatment of cancer. Chin J Cancer. 
2011;30(7):463-71. doi: 10.5732/cjc.011.10111, PMID 21718592.

40.	 Chalmers AJ, Lakshman M, Chan N, Bristow RG, editors. Poly(ADP-ribose) 
polymerase inhibition as a model for synthetic lethality in developing radiation 
oncology targets. Semin Radiat Oncol. 2010;20(4):274-81. doi: 10.1016/j.
semradonc.2010.06.001, PMID 20832020.

41.	 Burgess M, Puhalla S. BRCA 1/2-Mutation Related and Sporadic Breast and 
Ovarian Cancers: More Alike than Different. Front Oncol. 2014;4:19. doi: 
10.3389/fonc.2014.00019. PMID 24579064.

42.	 Kit A. AZD2281 (Olaparib). doi: doi. Available from: https://resources.amsbio.
com/Datasheets/27003.pdf [cited 1/2/2022].

43.	 Belz JE, Kumar R, Baldwin P, Ojo NC, Leal AS, Royce DB, Zhang D, van 
de Ven AL, Liby KT, Sridhar S. Sustained release talazoparib implants 

for localized treatment of BRCA1-deficient breast cancer. Theranostics. 
2017;7(17):4340-9. doi: 10.7150/thno.18563, PMID 29158830.

44.	 Gerson SL, Weeks LD, Chabner BA, Biotherapy. Alkylating reactions. Cancer 
chemotherapy. Immunotherapy. 2018. doi: doi.

45.	 Johannes JW, Almeida L, Daly K, Ferguson AD, Grosskurth SE, Guan H,  
Howard T, Ioannidis S, Kazmirski S, Lamb ML, Larsen NA, Lyne PD,  
Mikule K, Ogoe C, Peng B, Petteruti P, Read JA, Su N, Sylvester M,  
Throner S, Wang W, Wang X, Wu J, Ye Q, Yu Y, Zheng X, Scott DA. Discovery 
of AZ0108, an orally bioavailable phthalazinone PARP inhibitor that blocks 
centrosome clustering. Bioorg Med Chem Lett. 2015;25(24):5743-47. doi: 
10.1016/j.bmcl.2015.10.079, PMID 26546219.

46.	 Deeks ED. Olaparib: first global approval. Drugs. 2015;75(2):231-40. doi: 
10.1007/s40265-015-0345-6, PMID 25616434.

47.	 Munroe M, Kolesar J. Olaparib for the treatment of BRCA-mutated advanced 
ovarian cancer. Am J Health Syst Pharm. 2016;73(14):1037-41. doi: 10.2146/
ajhp150550, PMID 27385701.

48.	 Goulooze SC, Cohen AF, Rissmann RR. Olaparib. Br J Clin Pharmacol. 
2016;81(1):171-73. doi: 10.1111/bcp.12761, PMID 26344419.

49.	 Sharma P, Garg S. Pure drug and polymer based nanotechnologies for the 
improved solubility, stability, bioavailability and targeting of anti-HIV drugs. 
Adv Drug Deliv Rev. 2010;62(4-5):491-502. doi: 10.1016/j.addr.2009.11.019, 
PMID 19931328.

50.	 Pathade AD, Kommineni N, Bulbake U, Thummar MM, Samanthula G, 
Khan W. Preparation and comparison of oral bioavailability for different 
nano-formulations of olaparib. AAPS Pharm Sci Tech. 2019;20(7):276. doi: 
10.1208/s12249-019-1468-y, PMID 31388783.

51.	 Novohradsky V, Zajac J, Vrana O, Kasparkova J, Brabec V. Simultaneous 
delivery of olaparib and carboplatin in pegylated liposomes imparts this 
drug combination hypersensitivity and selectivity for breast tumor cells. 
Oncotarget. 2018;9(47):28456-73. doi: 10.18632/oncotarget.25466, PMID 
29983873.

52.	 McCrorie P, Mistry J, Taresco V, Lovato T, Fay M, Ward I, et al. Etoposide 
and olaparib polymer-coated nanoparticles within a bioadhesive sprayable 
hydrogel for post-surgical localised delivery to brain tumours. Eur J Pharm 
Biopharm. 2020;157:108-20. doi: 10.1016/j.ejpb.2020.10.005, PMID 33068736.

53.	 Liang Y, Xiao L, Zhai Y, Xie C, Deng L, Dong A. Preparation and 
characterization of biodegradable poly (sebacic anhydride) chain extended 
by glycol as drug carrier. J Appl Polym Sci. 2013;127(5):3948-53. doi: 
10.1002/app.37708.

54.	 Leong KW, Simonte V, Langer R. Synthesis of polyanhydrides: Melt-
polycondensation, dehydrochlorination, and dehydrative coupling. 
Macromolecules. 1987;20(4):705-12. doi: 10.1021/ma00170a001.

55.	 Domb AJ, Langer R. Polyanhydrides. I. Preparation of high molecular weight 
polyanhydrides. J Polym Sci A Polym Chem. 1987;25(12):3373-86. doi: 
10.1002/pola.1987.080251217.

56.	 Shakesheff KM, Davies MC, Domb A, Jackson DE, Roberts CJ, Tendler SJB, 
et al. In situ atomic force microscopy visualization of the degradation of melt-
crystallized poly (sebacic anhydride). Macromolecules. 1995;28(4):1108-14. 
doi: 10.1021/ma00108a044.

57.	 Zhang Y, Huo M, Zhou J, Zou A, Li W, Yao C, et al. DDSolver: An add-in 
program for modeling and comparison of drug dissolution profiles. AAPS J. 
2010;12(3):263-71. doi: 10.1208/s12248-010-9185-1, PMID 20373062.



Kala and Chinni.: Comparative Drug Release Kinetics of Implants and Microspheres of an Anticancer Drug

Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 2 | Apr-Jun, 2022� 437

Cite this article: Kala SG, Chinni S. Synthesis, Characterization and Comparison of Novel Poly (sebacic anhydride) 
Biopolymeric Implants and Microspheres for the Controlled Release of an Anticancer Drug. Indian J of Pharmaceutical 
Education and Research. 2022;56(2):429-37.

PICTORIAL ABSTRACT

Mr. Shabari Girinath Kala, Research 
scholar, Department of Pharmaceutical 
Sciences, Jawaharlal Nehru Technological 
University, Anantapuramu, Andhra 
Pradesh 515002, India.

About Authors SUMMARY

In this study polysebacic anhydride polymer was 
prepared and characterized. Implants and microspheres 
were prepared using the synthesized bio-degradable 
polymer to obtain sustained drug release. The release 
profile comparison showed similar drug release pattern 
following Higuchi kinetics.


