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Castor oil-based poly(mannitol-citric sebacate) was 
synthesized by simple, catalyst-free melt condensation 
process using monomers having potential to be meta-
bolized in vivo. The polymer was characterized using 
various techniques and the tensile and hydration 
properties of the polymers were also determined. The 
biocompatibility of the polymer was tested using  
human foreskin fibroblasts cells. The in vitro degrada-
tion studies show that the time for complete degrada-
tion of the polymer was more than 21 days. The usage 
of castor oil polyester as a drug carrier was analysed 
by doping the polymer with 5-fluorouracil model drug 
and the release rate was studied by varying the per-
centage loading of drugs and the pH of the PBS solu-
tion medium. The cumulative drug-release profiles 
exhibited a biphasic release with an initial burst  
release and cumulative 100% release within 42 h. To 
understand the role of the polymer as a drug carrier 
in the release behaviour, drug-release studies were 
conducted with another drug, isoniazid. The release 
behaviour of isoniazid drug from the same polymer 
matrix followed an nth order kinetic model and 100% 
cumulative release was achieved after 12 days. The 
variation in the release behaviour for two model drugs 
from the same polymer matrix suggests a strong  
interaction between the polymer and the drug mole-
cule. 
 
Keywords: Biodegradable, biocompatibility, castor oil 
polyesters, drug-delivery. 

Introduction 

BIODEGRADABLE polymers have proven to be a versatile 
class of biomaterials in the field of temporary implants, 
tissue engineering and drug-delivery systems with differ-
ent routes of administration. Conventional oral drug  
administration does not usually provide rate-controlled 
release as well as target specificity1. Oral and intravenous 
drug administration initially increases the drug concentra-
tion sharply at potentially toxic levels followed by main-

taining it at therapeutic level for a short period, which 
drops down to low levels until readministration. This 
problem can be overcome by shifting to local drug-
delivery by controlled release systems using polymer–
drug implants. These drug-delivery devices aid in the 
controlled release by providing therapeutic drug levels, 
restricting the drug-delivery to a specific site within the 
body and reducing the number of readministrations  
during treatment2,3. The use of biodegradable polymers in 
the drug-delivery implants has gained importance in  
recent years. The use of biodegradable polymer–drug  
implant systems for controlled release and target specific-
ity in treating cancers and tumours has been studied and 
has shown promising results4–9. 
 Among the biodegradable polymers, aliphatic poly-
esters find potential applications as drug-delivery carriers 
in local drug-delivery systems for in vivo applications 
due to their degradability and biocompatibility8–10. Drug 
delivery from polymeric implants depends on the leach-
ing ability of the drug, degradation of the polymer, and 
the crosslinks and swelling of the polymer. Aliphatic 
polyesters such as poly lactic acid (PLA), polyglycolic 
acid (PGA) and their copolymer poly(lactic-co-glycolic 
acid) (PLGA), though considered degradable hydrolyti-
cally, have biodegradation times varying in weeks to 
years, depending on the synthetic procedures11. These 
polymers on usage as drug carriers can complete their 
function for drug-delivery, but take a long time to de-
grade. 5-Fluorouracil (5-FU) is one of the most com-
monly used anticancer agents, but it is poorly absorbed 
after oral administration and thus local drug-delivery is 
the ideal way to overcome these disadvantages12,13. 
 In this present study, a soft and flexible thermoset cas-
tor oil-based poly(mannitol-citric-sebacate) (CO-p(MCS)) 
with rapid degradation property was synthesized by a 
simple, catalyst-free, inexpensive melt condensation  
polymerization process using sebacic acid (SA), citric acid 
(CA), mannitol and castor oil (CO) as monomers. The  
selection criteria chosen for the monomers were such that 
they should be: (i) nontoxic, inexpensive, readily avail-
able from renewable resources, (ii) multifunctional to form 
randomly crosslinked networks, (iii) allow forming easily 
hydrolysable ester linkages through polycondensation 
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Figure 1. a, Castor oil based polyester (CO-p(MCS)) structure; b, 1H NMR spectra of CO-p(MCS) in acetone. 
 
 
reactions and (iv) biocompatible. The reason behind the 
selection of these monomers and the various types of 
polymers obtained along with their different physical and 
degradation properties is mentioned in our previous 
work14. The molecular structure of the synthesized poly-
ester is shown in Figure 1 a. The polymer synthesized 
was characterized by various techniques, including in vitro 
degradation behaviour in physiological conditions. The 
cytotoxicity of the polymer was studied using human 
foreskin fibroblast (HFF) cells. The usage of these poly-
mers as drug carriers was studied by drug-delivery stu-
dies in physiological conditions using 5-FU and isoniazid 
(an anti-tuberculosis medication) as model drugs in PBS 
medium. 

Materials and methods 

Synthesis of castor oil-based poly(mannitol-citric- 
sebacate) 

SA, CA, d-mannitol (MA) and CO were purchased from 
S.D. Fine Chemicals Ltd (India). Castor-oil-based polyes-
ter (CO-p(MCS)) was synthesized by the melt condensa-
tion polymerization technique using the above monomers. 
Initially, molar quantities of SA and CA (1.0 : 0.75 : 0.6 : 
0.15/SA : CA : MA : CO) were taken in a three-necked 
round-bottom flask and the required quantity of CO was 
added. The mixture was allowed to react for 1 h at 
170 ± 5°C with continuous stirring and nitrogen gas purg-
ing to provide an inert atmosphere and to aid the removal 
of water formed during the reaction. After 1 h, mannitol 
was added to the reaction flask and the reaction was con-
tinued for 1 h at 160 ± 5°C. The prepolymer formed was 
post-polymerized in a vacuum oven for 2 days at 100°C 
and 560 mmHg to form crosslinked polyester for polymer 
characterization and the prepolymer was taken directly 
for polymer–drug implants. 
 The polymer formed after the melt polymerization  
reaction will have unreacted functional groups in the 

product and this is termed as a prepolymer. These pre-
polymers are not crosslinked and, therefore, soluble in 
solvents. This property of prepolymer solubility in  
solvents was utilized for NMR characterization. On sub-
sequent curing under controlled conditions, the reaction 
attains completion and forms a solid mass, which is 
highly crosslinked and will not dissolve in any solvents. 
The cured polymers were used for drug-delivery, degra-
dation and biocompatibility studies. For preparing the 
drug-loaded polymers, the prepolymer and drug were  
dissolved in ethanol and subsequently, ethanol was 
evaporated. 

Polymer characterization 

1H-NMR spectra for the polymer were recorded on a 
Bruker NMR spectrometer at 400 MHz using acetone as 
solvent and tetramethylsilane (TMS) as the internal refer-
ence. Initially, the prepolymer was purified by dissolving 
the polymers in 1,4-dioxane (20 wt%) and precipitated in 
water–propanol (3 vol%) non-solvent mixture with con-
tinuous agitation, followed by filtration and freeze-drying 
at –90°C. The cured polymer was subjected to Fourier 
transform infrared (FTIR) analysis by scanning thin films 
made out of cured polymer and KBr crystals using FTIR 
(Perkin Elmer) spectrometer over the 4000–500 cm–1 

range, at room temperature. To understand the thermal 
properties, the polymer sample was heated from –80°C to 
150°C at 5°C/min heating rate, cooled from 150°C to  
–80°C at 20°C/min cooling rate and subsequently heated 
for a second cycle up to 150°C at 5°C/min heating rate in 
a Differential Scanning Calorimeter (Mettler Toledo 
DSC822e, USA) operating in a nitrogen atmosphere. The 
surface property of the polymer was analysed by contact-
angle measurement using sessile drop method. Water 
droplets were carefully placed over the polymer surface 
and the images of the water–air–polymer interface were 
captured. These images were analysed using image analy-
sis software to evaluate the initial water-in-air contact 
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angle. The hydration property was evaluated by incubat-
ing the polymer discs (Φ 10 mm × 2 mm) in Milli-Q-
water at 37°C. The increase in weight at specified inter-
vals was measured by weighing the samples after wiping 
the surface moisture. After reaching the equilibrium per-
centage hydration, the polymer discs were dried to con-
stant weight and the sol content of the polymer was 
calculated. Mechanical properties of the polyester were 
measured in tensile mode at room temperature using Uni-
versal Testing Machine (Zwick/Roell Z005, Germany) 
equipped with data-acquisition software. Dog-bone-
shaped specimens ASTM standard D638 were prepared 
and tested at a strain rate of 10 mm/min to evaluate the 
elongation, tensile strength and Young’s modulus of the 
polymer. The density of the polymer was measured using 
Archimedes’ principle with water as the auxiliary liquid. 

In vitro degradation 

The polymer specimens (Φ 10 mm × 2 mm) were immersed 
in 10 ml of phosphate buffer saline solution (n = 4) and 
maintained at 37°C with continuous agitation. At speci-
fied intervals of time, the polymer discs were removed, 
washed with Milli-Q water and dried to constant weight 
under vacuum. The percentage degradation of the poly-
mers in buffer saline solution was calculated by compar-
ing the initial weight and the degraded weight measured 
at specified times. 

Cell culture 

The cytotoxicity test is the first in a series of tests for 
evaluating the biocompatibility of a polymer in which the 
toxicity effect on the mammalian cells due to the pres-
ence of the polymer or its degradation products is stud-
ied15. Initially, the polymer specimen (Φ 10 mm × 2 mm) 
was sterilized by rinsing with absolute ethanol and UV 
radiation for 30 min. Primary HFF cells were used in this 
study for evaluating the biocompatibility. These cells 
were grown in high-glucose Dulbecco’s minimal essential 
medium (DMEM; Sigma) supplemented with 10% (v/v) 
foetal bovine serum (Invitrogen), 100 μg/ml streptomycin 
(Invitrogen) and 100 U/ml penicillin (Invitrogen)16.  
After growth, these cells were harvested using trypsin 
(0.025%)/EDTA (0.01%), and these cells were resus-
pended by adding an equal volume of the medium. The 
suspended fibroblast cells in the medium were seeded in 
two polystyrene sterile tissue-culture dishes (Nunc) at 
very low density (15–20% confluence), and 15 ml of 
DMEM medium (supplemented with FBS, streptomycin, 
penicillin) was added. One petri dish served as the nega-
tive control and the other dish was loaded with sterilized 
polymer sample to study the cytotoxicity effect of the 
polymer. Both the disks were incubated at 37°C and 5% 
CO2, and the cells were allowed to grow to form a con-

fluent monolayer. The cells were observed for growth in 
the dish through an inverted microscope every two days 
and the medium was replaced with a fresh medium on  
alternate days. At the end of 7 days, the cells were  
imaged for accessing the morphology and confluence at 
10× magnification using a Leica DMIRM inverted micro-
scope and Leica Quis Software. 

Scaffold fabrication 

Porous scaffold from the polyester was fabricated using 
the salt-leaching technique utilizing the solubility of pre-
polymer in different solvents17. The prepolymer was dis-
solved in 1,4-dioxane separately to form 25 wt% solution. 
Sieved salt was added to this solution to form a slurry 
(25% w/v). The slurry was transferred to Teflon moulds 
and the solvent was allowed to evaporate slowly at 90°C. 
After solvent evaporation for 24 h, the moulds were trans-
ferred to a vacuum oven and the polymers were cured at 
560 mmHg vacuum and 100°C for 3 days. The cured salt-
filled polymers were demoulded and cut into square 
pieces of 2 cm × 2 cm. These samples were leached out 
of salt by incubating the polymer in Milli-Q water and 
replacing the water medium every 12 h for 4 days. The 
resulting porous polymer was freeze-dried at –90°C and 
stored in desiccators. These porous scaffolds were sputter-
coated with gold and examined under a scanning electron 
microscope (FEI, QUANTA, USA) at 5 kV. The images 
were analysed for small-sized pores using image analysis 
software. 

Drug release studies 

Preparation of drug–polymer matrix: The prepolymer 
was dissolved in absolute ethanol to form a solution 
(20 %wt/vol). 5-FU and isoniazid were taken for the 
analysis. The required quantity of drug was added to the 
polymer solution and stirred. The polymer–drug solution 
was transferred to Teflon moulds and the solvent was  
allowed to evaporate slowly for 24 h. After the solution 
became viscous, the moulds were transferred to an oven 
for vacuum curing at 660 mmHg vacuum and 100°C for 4 
days. The cured drug–polymer matrix samples were ana-
lysed for drug-loading efficiency. Small polymer–drug 
matrix discs were weighed and placed in 100 ml of basic 
solution (NaOH solution) and allowed for complete dis-
solution of the polymer and the drug18. The supernatant 
liquid was analysed for the drug quantity using the  
absorbance level at the respective λmax for different drugs 
measured with a UV–Vis spectrophotometer. 
 
Drug delivery from drug–polymer matrix: Phosphate 
buffer solutions with different pH values (7.4, 6.8 and 
5.5) were prepared using monosodium diphosphate and 
disodium phosphate. Samples (Φ 10 mm × 2 mm) were 
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punched out from polymer–drug composites and dipped 
in 100 ml of 0.1 M PBS solution maintained at 37°C with 
continuous agitation. At specified time intervals, 1 ml of 
release medium was taken out and analysed for the drug 
level in the medium using UV-Vis spectrophotometer 
(UV1700 Pharmaspec, Shimadzu). The absorbance at 
268 nm for 5-FU and 263 nm for isoniazid was measured, 
and the amount of drug released in the media was evalu-
ated from the predetermined calibration curve. The cumu-
lative drug-release percentage was calculated to establish 
the drug-release profile of the prepared drug–polymer  
matrix. 

Results and discussion 

Polymer synthesis and characterization 

CO-p(MCS) was synthesized by catalyst-free melt poly-
condensation reaction without extreme synthesis condi-
tions in a single-step process, which avoids toxicity being 
induced by most of the catalyst/initiators. CO alone was 
allowed to react with diacids for 1 h due to the lower  
reactivity of CO than d-mannitol. The schematic repre-
sentation of the reaction between all the monomers is  
explained in our previous work14. The prepolymer syn-
thesized was found to be soluble in methanol, ethanol, 
acetone 1,4 dioxane. Figure 1 a shows the structure of the 
synthesized polymer and Figure 1 b shows the spectrum 
of 1H-NMR of CO-p(MCS) in acetone, which is in accor-
dance with the structure. The presence of CO in the com-
pound was confirmed by the peaks of the protons of the 
unsaturated alkene group (CO 11, 12) and the terminal 
methyl group of ricinoleate (CO 20) at 5.35–5.55 and 
0.9 ppm respectively19. Methylene (MA 1,6) and methine 
(MA 2–5) groups of mannitol were observed at 3.75–
4.5 ppm and 4.7–5.0 ppm respectively16. The multiple 
peaks between 2.8 and 2.95 ppm were due to the methy-
lene protons (CA 2,4) in CA17. 
 The synthesis and characterization of the polymers 
have been discussed extensively in our previous work14. 
Despite the small quantity of CO, crosslinked structures 
are formed due to the trifunctionality of CO. The NMR 
spectrum for this prepolymer has peaks common for 
many of its monomers. CO can be easily identified in the 
1H-NMR spectrum by the double-bond peaks specific to 
it. However, the peaks of SA CH2 group and d-mannitol 
CH and CH2 groups are merged with similar groups 
available in CO, and hence qualitative analysis could not 
be used for determining the monomer ratios in the pre-
polymer. However, it may be presumed that all the 
monomers are incorporated in the polymer because the 
mass loss during curing is less than 2%. The NMR spec-
tra are given for the prepolymer and the polymer becomes 
crosslinked after curing. The crosslink density (n) and 
molecular weight between crosslinks of the polymer after 

curing were calculated to be 130.5 ± 16.1 and 8223.5 ± 
117.7, respectively14. 
 The cured polymer was characterized by FTIR analysis 
by identifying the peaks for the specific functional groups 
in the IR spectrum over the 4000–500 cm–1 range. Figure 
2 a shows the FTIR spectrum for the synthesized CO-
p(MCS) polymer. The peak at 1740 cm–1 corresponds to 
ester C=O group stretching, and the peaks at 1635 cm–1 
and 1380 cm–1 correspond to the double bond (C=C) and 
the C–H bending of end methyl group in CO respectively. 
Figure 2 b shows the DSC thermogram and the glass tran-
sition temperature (Tg) of the polymers was derived from 
the derivative of the thermogram. Glass transition tem-
perature for this polymer is –19.5°C, which indicates that 
the polymer is rubbery at physiological temperatures. 
Surface property measurement done on the flat polymer 
(CO-p(MCS)) surface provides a contact angle of 57°, 
which indicates that the surface is sufficiently hydrophilic 
and is advantageous for the interaction with biological 
molecules. Figure 2 c shows the rate of change of hydra-
tion level for the polymer synthesized. The equilibrium 
hydration level of the polymer in Milli-Q water is 3.09%, 
which indicates that the polymer does not easily hydro-
lyse in the presence of Milli-Q water. Figure 2 d shows 
the representative tensile mode stress versus strain plots 
for the synthesized CO-p(MCS) polymer. The average 
Young’s modulus, ultimate tensile strength (UTS), elon-
gation at break and other properties of the polymer are 
mentioned in Table 1 (ref. 14). 

In vitro degradation 

Aliphatic, biodegradable polyesters when placed in an 
aqueous medium start degrading due to hydrolysis.  
CO-p(MCS) was tested for its degradation behaviour  
under physiological conditions using PBS solution (pH 
7.4) at 37°C. The degradation behaviour of the polyester 
can be analysed by the change in molecular weight, solu-
tion viscosity as well as mass-loss measurements20. As 
the synthesized cured polymer is crosslinked, the first 
two methods cannot be used and hence mass-loss meas-
urements were carried out to determine the degradation 
 
 
 

Table 1. Physical, mechanical and thermal properties of CO-p(MCS)  
 polyester 

Property Value 
 

Young’s modulus (MPa)  0.97 ± 0.12 
Ultimate tensile strength (MPa)  0.34 ± 0.02 
Elongation at break (%)    52 ± 3 
Density (g/cc) 1.073 ± 0.002 
Contact angle (°)  57.1 ± 5.3 
Tg (°C) –19.5 
Equilibrium hydration by mass (%)  3.09 ± 0.23 
Sol content by mass (%)  5.19 ± 0.12 
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Figure 2. Cured CO-p(MCS) polymer characterization. a, FTIR spectrum; b, DSC thermogram; c, Hydration 
profile; d, Stress–strain curve. 

 

 
 

Figure 3. CO-p(MCS) degradation profile in PBS solution at pH 7.4 
and the best fit for degradation using normalized weight (M*). 
 
behaviour. The results of the degradation are shown in 
Figure 3 as the variation of the weight loss of the polymer 
with incubation time. The degradation mechanism of the 
polymer in aqueous medium involves a combination of 
diffusion, chemical reaction and dissolution process.  
Assuming that the diffusion and dissolution parameters 
combine with the reaction rate constant, the degradation 
mechanism can be represented by a rate equation 

 d ,
d

nM kM
t

− =  (1) 

where M is the weight of the sample, n the order of the 
degradation process and k the degradation rate constant. 

Figure 3 shows the best fit degradation profile also for 
CO-p(MCS) polymer by solving eq. (1) using normalized 
weight M* (M* = M/M0), and M* = 1 at t = 0, where M0 
is the initial weight of the sample. The best fit of the pro-
file gives an apparent degradation constant (k) value of 
1.30 ± 0.07 (g(n–1)⋅day)–1 and order of the degradation 
process as 2.0. 

Cell culture 

Cell-culture test was used to evaluate the cytotoxicity of 
the CO-p(MCS) polymer using HFF cells. In the cell-
culture method, the performance of cells such as growth 
pattern and morphology in the presence of any external 
material (polymer) was compared with a negative control. 
The negative control in this experiment was a cell culture 
in polystyrene dish which is compatible with cells. It was 
noticed on the second day of observation that the cells 
were attached at the bottom of both the dishes. Figure 4 
shows the optical photomicrographs of HFF cell growth 
after 7 days of incubation in the presence of polymer and 
in the negative control. The images show that the cell 
morphology was similar in both the dishes and had a 
complete confluence in the dish. The morphology of the 
cells proves that they had survived in the presence of the 
polymer, were attached to the bottom of the dish and fi-
nally grew to occupy the whole area (full confluence) 
with spindle-shaped morphology. The results indicate that 
the polymer does not release any inhibitory leachate to 
the medium that is toxic and thus the polymer was found 
to be non-cytotoxic. 
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Scaffold fabrication 

CO-p(MCS) polymer was fabricated as a porous sponge-
like scaffold by the salt leaching technique. The SEM  
image of the scaffold (Figure 5) shows interconnected 
pores between the polymer networks. The SEM image  
reveals that many micropores were seen along with 
macropores in the scaffold and the size of the micropores 
was found to be 20 ± 10 μm. These micropores will serve 
as a passage route for the nutrients, deep inside the poly-
mer scaffold, which are required for cell growth in tissue 
engineering17. The scaffold type of polymer network can 
be used for various vascular graft/tissue-engineering  
applications. For tissue-engineering applications, the  
excess hydroxyl/carboxyl groups available in the polymer 
backbone chain can be utilized as moieties for potential 
modification. Peptides or proteins can be incorporated 
into the polyester network using these functionalities to 
derive a particular cell response. 
 
 

 
 

Figure 4. Photomicrographs of human foreskin fibroblast cells cul-
ture: a, Negative control; b, In the presence of CO-p(MCS) polymer. 

 
 

 
 

Figure 5. SEM image of porous CO-p(MCS) polymer scaffold. 

Drug-delivery studies 

Controlled release is desirable in any drug release appli-
cation. The drug encapsulated in the degradable polymer 
implants allows for its controlled release, but the degra-
dation of the polymer alone is not responsible for con-
trolled release. The dissolution of the drug in the medium 
and the diffusion of the medium through the matrix, 
swelling of the polymer and crosslink density also play a 
role in manipulating the drug-release profiles20,21. The 
most desirable release profile from a polymer–drug  
implant is a constant release rate, but most of the drug 
implants have varying release rates. In many cases, the 
release profile shows biphasic expulsions, the first being 
a burst release of drug and the second is a usually con-
stant release profile controlled by degradation and diffu-
sion mechanism. The initial burst release of the drug is 
mostly due to the fast dissolution of the drug from the 
implant surface, as there is no requirement of diffusion of 
medium inside the implant. This behaviour indicates the 
dispersion of the drug molecules in the polymer matrix. 
 The initial burst will be higher if it fills the surface 
more, whereas the burst release will be lower if there is 
an even distribution of the drug inside the matrix also. 
Thus the interaction of the polymer with the drug mole-
cule plays a role in evenly distributing the drug molecule 
throughout the matrix. For crosslinked polymers, the ini-
tial hydrolysis changes the crosslink density of the poly-
mer matrix, which does not necessarily involve weight 
loss. This results in an increasing diffusion of the  
medium inside the matrix and increased permeation rate 
of the drug caused by the gradually decreasing crosslink 
density13. Incorporation of the drug molecules in the 
polymer matrix increases the degradation of the polymer 
after the initial expulsion of the drug molecules from the 
matrix20. The expulsion of the drug relaxes the polymer 
network due to the increased free space, which allows for 
easy diffusion of the medium into the matrix. The avail-
ability of the medium inside the matrix increases the  
hydrolysis reaction, which causes faster degradation. 
 In the present work, the synthesized CO-p(MCS) rapid 
degrading polyester was used as a drug carrier and the drug 
release behaviour from these polymers in PBS medium was 
studied using two model drugs, namely 5-FU and isoniazid. 
Loading efficiency of the drugs in the polymer was found 
to be between 87% and 92% for various loadings. 

Effect of drug loading 

Figure 6 shows the cumulative 5-FU drug release profile 
from CO-p(MCS)–5-FU implants for different drug load-
ings in the polymer. Drug release from the polymer  
implant shows that the release profile has burst release in 
the initial phase and thereafter a constant release for 5-FU 
drug. The 100% cumulative drug release of the drug from 
the implants happens within 48 h. As noted, the initial 
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burst release could be due to rapid dissolution of drug 
molecules from the exposed surface. Similar type of ini-
tial burst behaviour was observed with 5-FU drug from 
other polymer matrices and this characteristic of in vitro 
drug burst release is a common phenomenon in many 
drug-delivery systems10,22. The pCCP : SA matrix with 
BCNU drug is a commercially available drug-delivery sys-
tem known as ‘Gliadel’ and its drug-release profile also 
shows a similar initial burst behaviour23. For higher drug 
loadings, the initial release rate of the drug is smaller, 
which eventually increases in due course of time and this 
has been also observed in other polymer systems with  
5-FU drug10. This may be due to the comparatively higher 
distribution of the drug inside the matrix as the drug con-
tent increases and, therefore, the initial diffusion of water 
inside the matrix controls the initial rate for higher load-
ing matrices. As the matrix releases the drug, more void 
pathways form inside the matrix, which increases the dif-
fusion of medium inside and the drug solution outside  
resulting in increased release profile20. 

Effect of different pH values 

Similar drug-release studies were conducted using CO-
p(MCS) polymer–drug implants (5% 5-FU loading) in 
PBS medium with three different pH values at 37°C. The 
reason for this is that though the pH of the body fluid 
(blood) is 7.4, the fluid around any inflammation due to 
ailments in the body will have a slightly acidic value, and 
these studies were conducted in release medium of pH 
6.8 and 5.5 to understand the variation of release profiles 
for varying pH conditions. Figure 7 shows the variation 
of 5-FU release profile for different pH values of the  
medium. The release profiles indicate that as the pH of 
the medium decreases (being acidic), the initial drug- 
release rate also comparatively decreases. The reason for 
this behaviour is that in acidic medium the polymer is 
hydrolytically stable and the initial rate of hydrolytic 
 
 

 
 

Figure 6. Drug-release profiles from CO-p(MCS)–5-FU drug implants 
in PBS medium at pH of 7.4 for different drug loadings. 

chain cleavage will be smaller, which decreases drug  
release from the matrix. This type of behaviour having lesser 
drug-release rate from the polymer matrix in acidic medium 
was also observed in other polymer–drug matrices18. 

Drug release with isoniazid 

Drug-release studies in PBS medium of pH 7.4 were con-
ducted with the second model drug, isoniazid, at 5 wt% 
loading to understand the role of the polymer in the  
release behaviour due to its interaction with the drug. 
Figure 8 shows the release profile of isoniazid from the 
same polymer compared with the 5-FU drug release pat-
tern. The 100% cumulative release for this drug from the 
implant occurs at the 16th day. The drug-delivery from 
CO-p(MCS)–isoniazid matrix indicates a release profile 
without any burst release, which shows that the drug is 
evenly distributed deep inside the matrix. This may be 
possible due to the different kind of polymer–drug inter-
action during the preparation of implants. It was observed 
that swelling of the polymer during the analysis period 
was small and since the release profile does not show 
burst release, the profile was fitted by a kinetic model 
 

 
 

Figure 7. Drug-release profiles from CO-p(MCS)–5-FU drug implants 
(5% drug loading) in PBS medium with pH, 7.4, 6.8 and 5.5. 

 

 
 

Figure 8. Comparison of drug-release profiles from CO-p(MCS)–5-
FU drug implants for two different drugs (5-FU and isoniazid) in PBS 
medium of 7.4 and drug loading of 5%. 
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proposed for solute release from swellable devices24. This 
model, as given as eq. (2), provides information about the 
mechanism behind the release behaviour. The model  
explains that the prevailing mechanism for drug release is 
a coupling of diffusion and macromolecular relaxation. 
 The drug diffuses outward with a kinetic behaviour, 
which is dependent on the relative ratio of diffusion and 
relaxation. 

 t valid for 0.6.n tM M
kt

M M∞ ∞
= ≤  (2) 

A value of 0.5 for n denotes the Fickian diffusion as the 
drug-release mechanism, whereas a value of 1.0 for n  
denotes macromolecular relaxation mechanism. A value  
between 0.5 and 1.0 shows that the drug release is influ-
enced by both the phenomena. It was shown that the 
drug-release profile for isoniazid follows eq. (2) with n 
value of 0.60 and k value of 6.84 ± 0.15 s–n, as seen from 
Figure 8, which indicates that both diffusion and relaxa-
tion mechanisms are responsible for the drug-release pro-
file. 
 The distribution of 5-FU drug in the sample was not uni-
form throughout, with most of the drug available on the sur-
face. On exposure to the PBS medium, the immediate 
dissolution of the drug in the medium also can be a reason 
for the rapid release. However, in the case of isoniazid, 
the drug penetrated deep inside the matrix and, therefore, 
rapid dissolution and release were not observed. 

Conclusion 
We have synthesized CO-p(MCS) polymers that can be 
used as drug implants. A mass loss of 80% was observed 
in 25 days for this polymer. The study with polymer–5-
FU implants shows that the drug release has a biphasic 
nature, whereas the implant with isoniazid shows a con-
trolled release profile for a period of 16 days. The CO-
p(MCS) polymer has good biocompatibility for HFF cells 
and can be used as drug implants for local delivery. 
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