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Abstract The kinetics of degradation and sustained cancer
drugs (paclitaxel (PT) and prodigiosin (PG)) release are
presented for minirods (each with diameter of ~5 and
~6 mm thick). Drug release and degradation mechanisms
were studied from solvent-casted cancer drug-based mini-
rods under in vitro conditions in phosphate buffer solution
(PBS) at a pH of 7.4. The immersed minirods were
mechanically agitated at 60 revolutions per minute (rpm)
under incubation at 37 °C throughout the period of the
study. The kinetics of drug release was studied using

ultraviolet visible spectrometry (UV-Vis). This was used to
determine the amount of drug released at 535 nm for poly
(lactic-co-glycolic acid) loaded with prodigiosin (PLGA-
PG) samples, and at 210 nm, for paclitaxel-loaded samples
(PLGA-PT). The degradation characteristics of PLGA-PG
and PLGA-PT are elucidated using optical microscope as
well as scanning electron microscope (SEM). Statistical
analysis of drug release and degradation mechanisms of
PLGA-based minirods were performed. The implications of
the results are discussed for potential applications in
implantable/degradable structures for multi-pulse cancer
drug delivery.

1 Introduction

In recent years, the increasing incidence of cancer has been
associated with high cancer mortality rates across the globe
[1]. In 2008, the World Health Organization (WHO) esti-
mated all global deaths arising from cancer to be ~84 mil-
lion [2]. The different types of cancers give rise to more
deaths than those due to HIV/AIDS, tuberculosis and
malaria [3]. Early detection and improved treatment are
crucial for the successful management of cancer [4–7].
However, it is difficult to detect breast cancer at the early
stages [8]. This often results in late detection, and a much
lower probability of effective treatments especially when
metastatic conditions are reached before detection.

The current cancer treatment methods, such as bulk
systemic chemotherapy [9–12] and radiotherapy [13, 14],
have severe side effects. Such side effects can be reduced by
a sustained and controlled release of cancer drugs into
regions containing cancer cells [15, 16]. There is, therefore,
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a strong interest in localized cancer delivery from an
implantable drug delivery systems [12, 15–19]. Prior work
focused on the development of implantable non-resorbable
systems for cancer drug delivery [12, 18]. However, such
systems remain in the body, or require surgical removal,
after drug release. There is, therefore, a need for bior-
esorbable structures for the localized and controlled release
of cancer drugs [19–22].

Biodegradable microparticles have been formulated from
poly(lactic-acid) (PLA) or poly(lactic-co-glycolic-acid)
(PLGA) for controlled drug release [23, 24]. PLA or PLGA
have also been shown to be biocompatible and biodegrad-
able [25, 26]. By altering their molecular weights, sample
sizes and surface morphologies [27], well-defined degra-
dation rates can be achieved for control release of encap-
sulated therapeutic agents. There has been an increasing
interest to study the release of drugs from minirods [28].
The current work explored the formation of paclitaxelTM

(PT) and prodigiosin (PG) encapsulated bioresorbable
PLGA minirods. Different compositions/ratios of PLGA
were used in the formation of the drug-based PLGA
minirods.

2 Materials and methods

2.1 Materials

PLGA with different ratios of lactide to glycolide; 50:50
(Mw= 30,000–60,000), 65:35 (Mw= 40,000–75,000),
75:25 (Mw= 66,000–107,000) and 85:15 (Mw=
75,000–120,000) were procured from Sigma Aldrich (St
Louis, MO,USA). Anti-cancer drug, paclitaxelTM(PT) was
procured from LC Laboratories (Woburn, MA, USA), while
prodigiosin (PG) (a locally synthesized anti-cancer drug)
was previously synthesized [29]. Dimethyl sulfoxide
(DMSO), dichloromethane (DCM) and poly-
vinylpyrrolidone (PVP) were procured from BDH Chemi-
cals (Poole Dorset, England).

2.2 Formation of PLGA-based minirods

The working concentrations of drugs (PG and PT) were
obtained at 2.5 mg/ml as earlier presented [29]. In the for-
mation of the minirods, two samples were prepared from 1 g
of PLGA (50:50), dissolved with 1 ml DCM each in an
airtight plastic container for 15 min. The samples were then
stirred gently with a spatula until a homogeneous polymer-
blend was formed. This procedure was then repeated for
PLGA (65:35, 75:25 and 85:15). In forming the degradable
minirods, 1 ml of drug solutions (2.5 mg/ml of PG or PT)
were separately transferred to the PLGA polymer-blends to
form PLGA-PG and PLGA-PT formulations. The polymer-

drug mixtures were uniformly mixed. Subsequently, 1 ml of
PVP stock solution (0.2 g/ml of PVP:DCM) was added to
PLGA-PG/PLGA-PT as a cross-linker. The resulting mix-
tures were then mixed vigorously to form PLGA-PG-PVP
or PLGA-PT-PVP. The blended samples were casted into
molds. The casted samples were then compressed at ~250
N/m2 on the surfaces of the molds to form devices with
diameters of ~5 mm and thicknesses of ~6 mm. The samples
were air dried at room temperature (29 °C) for 12 h before
they were remolded. Molded samples were then subse-
quently dried at 40 °C under vacuum for 2 h (GALVAC
vacuum oven, LTE Scientific Ltd., Greenfield State, USA).

2.3 Characterization of samples

Prior to optical imaging, the samples were washed thor-
oughly with distilled water to remove soluble products, salts
or other impurities. They were then dried under vacuum
conditions until a constant weight was achieved. Proscope
HR 640 microscope (Bodelin Technologies, Oswego, NY,
USA) and a scanning electron microscope (SEM) (ASPEX
3020, ASPEX Corperation, OR, USA) were used to observe
and monitor structural changes during degradation process.

Ultraviolet visible spectroscopy (UV-Vis) system
(CECIL 7500 Series, Buck Scientific Inc., East Norwalk,
CT, USA) was carried out at different stages during the drug
release and degradation experiment to characteriz the drugs
released. This was done at a wavelength of 535 nm for
PLGA-PG samples, and at 210 nm for PLGA-PT samples.

The thermal properties were measured using a Differ-
ential Scanning Calorimeter (DSC) (500A Series, Sno.
20130626094, Japan). The glass transition temperatures
(Tg), crystallization temperatures (Tc), as well as the melting
temperatures (Tm) were determine for all the prepared drug-
polymer samples. Five milligrams of each sample were
heated at 10 °C/min, from room temperature to 200 °C, with
nitrogen supplied at a flow rate of 50 ml/min. The flow of
nitrogen was maintained to establish an oxygen-free atmo-
sphere. Thermal properties were then obtained after com-
plete DSC scans.

2.4 Degradation and drug release

2.4.1 Polymer degradation

The initial masses of the samples were determined before
incubation in glass test tubes containing 5 ml of PBS (pH
7.4). Drug release and hydrolytic degradation were carried
out simultaneously in a digital incubator shaker (Innova
4300, New Brunswick Company Inc., NJ, USA) at 60
revolutions per min (rpm) at 37 °C. This environment was
used to apply physiological conditions during localized
drug delivery. Polymer degradation was also characterized
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by weight loss (under in vitro conditions in PBS). The
weight changes were determined from:

Mt

Mi
¼ k

ffiffi

t
p

; ð1Þ

where Mt is the mass of the sample at time t, Mi is the initial
mass of the sample, t is the degradation time, and k is the
degradation rate. The rate of polymer erosion was also
determined from the absorption of PBS over duration of
2–6 months. These were given by:

dM
dt

¼ �k ð2Þ

where dM is the change in mass at time, t and k is the kinetic
rate constant of erosion.

2.4.2 Determination of drug release

The release of incorporated therapeutic agents were char-
acterized using UV-Vis measurements over regular time
intervals. Five milliliter PBS were changed regularly at 7
day-interval until the samples were fully degraded. The
amount of drug released was determined with the UV-Vis at
7 days interval. Also, the rate of drug release was estimated
from the reaction kinetics [30]. This gives;

dC
dt

¼ �kCn; ð3Þ

where k is the reaction rate constant, n is the order of drug
release and C is the concentration of drug released at time t.
Drug loading content (DL %) and the drug encapsulation
efficiency (DEE %) are given, respectively, by [31]:

DL% ¼ Wd= Wd þWp
� �� 100 ð4aÞ

and

DEE% ¼ Wd=Wið Þ � 100; ð4bÞ
where Wd is the amount of drug loaded, Wi is the initial
mass of drug and Wp is the mass of the polymer
incorporated. The effect of the average molecular weight
change (due to the presence of PBS/moisture) causes
hydrolytic degradation. This is given by [32]:

M ′
n ¼

Mn

1þ x Mn=1800ð Þ½ � ; ð5Þ

where Mn is the initial average molecular weight of the
sample, M ′

n is the average molecular weight after reaction
with PBS, and x is the moisture content (weight %).

2.4.3 Fluid diffusion in PLGA

The time-dependent power law equation for systems in
which diffusion occurs within the polymeric networks was

given by Peppas et al. [33] to be:

mt

mi
¼ 4

D

πδ2

� �

tn ¼ ktn; ð6Þ

where mt/mi is the fraction of drug release, k is the geo-
metric constant of the release system, n is the drug release
exponent, depicting the release mechanism, δ is the thick-
ness of the sample and D is the coefficient of diffusion. The
constants k and n were obtained from the linear form of
Eq. 6 as previously described [34].

3 Results

3.1 Statistical analysis

Statistical analysis for data were carried out for at least at
three independent times and the average values± standard
errors (SE) were reported [35]. The present data were ana-
lyzed with Minitab software package (Minitab16, Minitab
Inc., State College, PA, USA). Significance of the result
were determined from the difference in the means. Paired t-
test of variance (ANOVA) was used to analyze the effect of
polymer ratio on the cumulative cancer drug release as well
as the drug loading content. The pair t-test determine
whether the differences between the paired samples differs
from zero/target value [36]. The data were correlated with
each other. Moreover, one sample z-test was employed to
determine the effect of degradation on the pore dominants
in PLGA-based minirods with respect to polymer ratio and
incubation time. Z-test was found to be appropriate since the
sampling method was a simple random sampling and the
samples were independent from a defined population. In
addition, one-sample t-test was used to determine the rate of
mass loss in PLGA-based minirods. The one-sample t-test
usually estimates the mean of a population and compare it
to a target or reference value especially when the standard
deviation of the population is unknown. Samples were
evaluated with a one-tailed probability distribution (normal)
plots. P-values ≥ 0.05 were found to be statistically sig-
nificant unless otherwise affirmed.

3.2 Characterization and morphological changes

Optical micrographs of drug loaded PLGA-based minirods
are presented for PT and PG loaded. A systematic differ-
ences between both agents (PT and PG) loaded in these
structures are presented (Fig. 1a–c). Generally, the optical
images of the samples revealed micro and macro voids on
the surfaces and within the matrices with increasing
degradation time (Fig. 1b (PG, PT) and 1c (PG)). The
samples loaded with PT were hard and brittle and therefore
cracked easily with increasing incubation time in PBS.

J Mater Sci: Mater Med  (2017) 28:61 Page 3 of 10  61 



(a)

(b)

(c)

Fig. 1 a–c Optical microscopy images of PLGA-based minirods dur-
ing degradation and drug release at 37 °C, pH 7.4, 60 rpm; a Control
sample with no drug loaded, b PLGA 65:35 minirods loaded with PT
and PG, respectively and c PLGA 75:25 minirods loaded with PT and

PG, respectively. d PLGA (65:35) e PLGA (85:15). d–e SEM images
of PLGA-based minirods during degradation and drug release at 37 °C,
pH 7.4, 60 rpm
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(d)

(e)

Fig. 1 Continued
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Multiple cracks were formed on PLGA-75:25-PT with
increasing hydrolysis (Fig.1c (PT)). SEM images of sam-
ples (PLGA 65:35 PG/PT, and 85:15 PG/PT) are also
compared (Fig. 1d–e).

The porosities of the samples were characterized using
the Gwyddion software package (version 2.40). Prior to
incubation, the sample loaded with PG (Figs. 1b-65:35 PG)
had a rough surface with no evidence of porosity. However,
it had pore sizes between 1.2 to50 μm (with a mean pore
size of ~10 μm) when incubated for 45 days) as compared
with samples loaded with PT (Fig. 1b-65:35 PT), which
initially had pore sizes ranging from 0.1 to 1.2 (with a mean
pore ~1 μm) and pore sizes between 0.1 to ~20 μm were
recorded on day 45 (Fig. 1b-65:35 PT). PLGA 75:25 PT
(Fig. 1c) had pore sizes between 0.4 to14.8 μm (mean pore
size ~2.54 μm).

The interior of the scaffolds were dominated with macro
and micro pores than at the surfaces. The porosities of the
PLGA-based minirods are in connection with interfacial
diffusion due to the removal of volatile solvents such as
DCM, ethanol and DMSO, which were initially used to
dissolve the polymers or drugs. The evaporation of the
volatile solvents in the formed minirods involves oxygen
bubbling through the polymer matrix. This creates micro/
macro pores, and the diffusion of the volatile solvents could
serve as pore initiators. Pore dominance was found to
increase with increasing hydrolysis. This was found to be
statistically significant with P-values ≥ 0.05 (Fig. 1d–f).
Although the samples loaded with PG and PT were both
porous, the samples loaded with PT(1c-75:25PT) showed
evidence of micro/macro cracks.

There was a clear relation between the type of drug
loaded and porosity. This can be observed in the optical
microscopy images (Fig. 1b, c) and the SEM images
(Fig. 1d, e). Pore density was high in PLGA-based minirod
with PT-loaded (Fig. 1d, e) as compared with PG-loaded
minirods. Moreover, there was a clear difference between
the observed effects of polymer ratio and porosity. Samples
containing high ratios of lactic acid (LA) revealed larger
pore areas than those containing lower amounts of LA. By
ratio, PLGA 65:35PG (Fig. 1d) had less pore area as
compared to PLGA 85:15 PG (Fig. 1d). Similar results were
observed in PLGA 65:35PT (Fig. 1d) and PLGA 85:15 PT
(Fig. 1e). Hence, the increase in the pore areas within
minirods contributes to ~75% of the mean porosity, while
pore density contributes about 15–25% to the mean
porosity.

3.3 PBS absorption and mass loss

Figure 2a–d presents drug release and mass loss against
time. The rates at which PBS diffused (absorption time) into
the interior part of PLGA-based minirods were very slow

for PT-loaded samples. It took 1–10 days for PG-loaded
samples (Fig. 2a–c) to be saturated with PBS (at the peak of
the mass loss), whiles for PT-loaded samples; it took
1–50 days (Fig. 2a) and1–90 days (Fig. 2b, c). The uptake
of PBS was found to increase with degradation time
(hydrolysis) due to an increase in the permeability of the
polymer matrix. Porous structures were obtained with por-
osity becoming more pronounced as a result of degradation
products removed over time (Fig. 1a–e). An increase in the
content of lactide in PLGA-based minirods also decreased
PBS absorption capacity. It, therefore, required longer time
in aqueous environment to break the covalent bonds to
improve upon the maximum release of drugs. Degradation
rates and half-lives of drug release are presented (Table 1).
Multipulse drug release showed initial exponential decayed
with incubation time (Fig 2a–d). The rates of mass loss in
PLGA-PG-based minirods (Figs. 2b–d) were statistically
significant. The p-values for PLGA-PG 65:35, 75:25 and
85:15 were 0.082, 0.698 and 0.655, respectively, except for
PLGA-50:50 (with p= 0.046) (Fig. 3a). A comparison with
samples loaded with PT, PLGA 65:35-PT and 75:25-PT,
and was also found to be statistically significant (with p=
0.837), while the result for PLGA 85:15-PT showed no
difference.

3.4 Drug diffusion and reaction rates

The optimum drug release were observed to be:1–30 days
for PLGA 65:35-PG and 1–80 days for PLGA 65:35-PT
(Fig. 2a); 1–60 days for PLGA 75:25-PG and 1–80 days for
PLGA 75:25-PT (Fig. 2b), 1–105 days for PLGA 85:15-PG
with 1–110 days for PLGA 85:15-PT (Fig. 2c). There is a
clear relation between polymer ratio and the duration of
drug release. Moreover, the result (Fig. 3a, b) also indicated
an extended drug release from PLGA 85:15-PT as com-
pared to PLGA 65:35-PT and 75:25-PT.

The molecular diffusion of PBS (a biofluid) into the
minirods is a function of both the polymer and the biofluid.
The overall diffusion in the matrix of the minirods was
affected by the morphology of the minirods, the solubility
of the minirods in the biofluid, the surface or interfacial
energies of the polymer, the molecular size of the drug
molecules as well as the molecular weight of the polymer
ratio.

Cumulative drug released for PLGA-based minirods are
presented (Fig. 3a, b) for samples loaded with PG and PT,
respectively. There was initial burst release from the poly-
mer matrices by diffusion. However, the release rates were
much slower for PLGA 85:15 PT (Fig. 3a) than the other
polymer ratios due to differences in molecular weights.

Drug encapsulation efficiency (DEE) and drug loading
content (DL) are presented in Table 2 for PLGA-based
minirods. The DEE was between 43 to 92% for
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PG-encapsulated minirods, whiles 50 to 89% was the case
when PT was encapsulated. The DL for PLGA-PG minirods
varied from 2.53–5.43%, while 3.77–4.82% was reported
when PT was encapsulated. However, DEE and DL for
PLGA-based minirods showed no statistical significance,
irrespective of the different polymer ratios or the type of
drug encapsulated (Fig. 3a, b and Table 2). The initial
diffusion rates for samples encapsulated with PG were
between 14.77–25.11× 10−6 m2/s, while the diffusion rates
for samples encapsulated with PT were between
2.00–22.70× 10−6 m2/s.

4 Discussion

The optical microscopy images of the PLGA-based mini-
rods (Fig. 1a–c) indicates that, unlike polymer melting

methods [19], the dissolution method of casting has a much
better chance of incorporating polymers and drugs into
degradable structures. The method also avoids heating
effects on the incorporated drugs, while ensuring that the
shapes of the structures can be obtained by molding fol-
lowing slight compression. The images obtained on the 36th
and 45th days (during in vitro degradation) showed evi-
dence of surface erosion, as well as bulk degradation.
Changes in colors were observed due to the removal of
drugs and degradable products. This was more pronounced
in PLGA 65:35-PG minirods (Fig. 1b). In general, the
amorphous regions absorbed PBS quicker, and degraded
faster than the crystalline regimes.

Pore areas of the PLGA-based minirods are associated
with pore sizes. Increase in the pore size leads to an increase
in pore area, hence an increase in the diffusion of solutes.
Samples with high mean pore size ranges implies large pore

(a)

0 10 20 30 40 50 60 70 80
0

2

4

6

8

10

12

D
ru

g 
R

el
ea

se
 (

µg
/m

l) Mass Loss
Drug Release01x(

sso
L

ssa
M

-2
) 

g
Time (days)

0.0

0.4

0.8

1.2

1.6

2.0

2.4PLGA (65:35) PG

(b)

 Mass Loss
 Drug Release

0 20 40 60 80 100 120
0

2

4

6

8

10

12

D
ru

g 
R

el
ea

se
 (

µg
/m

l)

01
x

sso
L

ssa
M

-2
 g

Time (days)

PLGA (75:25)-PG

0

2

4

6

8

10

12

 Mass Loss
 Drug Release

PLGA (75:25)-PG

0 20 40 60 80 100 120 140 160 180
0

2

4

6

8

10

12

-2 01x(
sso

L
ssa

M
) 

g

Time (days)

 Mass Loss
 Drug Release

0

2

4

6

8

10

12
PLGA (75:25) PT

D
ru

g 
R

el
ea

se
 (

µg
/m

l)

(c)

0 20 40 60 80 100 120 140 160
0

2

4

6

8

10

12
D

ru
g 

R
el

ea
se

 (
µg

/m
l)Mass Loss

Drug Release

01x
sso

L
ssa

M
-2

)g(

Time (hr)

0

2

4

6

8

10

12
PLGA (85:15)-PG

0 20 40 60 80 100 120 140 160
0

2

4

6

8

10

12
01x(

sso
L

ssa
M

-2
) 

g

Time (days)

 Mass Loss
 Drug Release

0

2

4

6

8

10

12
PLGA (85:15) PT

D
ru

g 
R

el
ea

se
 (

µg
/m

l)

0 20 40 60 80 100 120 140 160
0

2

4

6

8

10

12

01x(
sso

L
ssa

M
-2

) 
g

Time (days)

 Mass Loss
 Drug Release

D
ru

g 
R

el
ea

se
 (

µg
/m

l)

0

2

4

6

8

10

12
PLGA (65:35) PT

Fig. 2 a–c Multi-pulse drug
release versus degradation of
PLGA-based minirods at 37 °C,
pH “7.4”, 60 rpm: a Comparison
of PT and PG minirods (65:35
ratio), b Comparison of PT and
PG minirods (75:25 ratio) and c
Comparison of PT and PG
minirods (85:15 ratio)
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areas are available in the polymer matrix for the diffusion of
drug molecules (out of the polymer) /PBS (into and out of
the polymer network) with ease. Moreover, porosity of the
minirods is enhanced with an increase in the pore areas and
pore densities (the number of pores per unit area) or the
combination of the two [37]. Pore areas in the minirods
contributed to ~75% of the mean porosity, whiles pore
density contributed to 15–20% of the mean porosity. When
there are no pores in the body of the minirods, they consist
of micro-voids. The voids (micro pores) consist of the gaps
between molecular chains. Generally, the optical micro-
graphs of PLGA-PG samples (Fig. 1a, c) were more porous
than those loaded with PT, except for the case of Fig. 1e.
The result therefore is in agreement with recent study on the
synthesis and physico-chemical characterization of biode-
gradable PLGA-based microparticles loaded with PG and
PT [38], which reported porous PG-loaded microspheres as
compared to PLGA microspheres loaded with PT formed at
similar conditions. For a one dimensional (1-D) drug dif-
fusion equation Lx ¼ ffiffiffiffiffiffiffiffi

2Dt
p

� �

, a linear relationship exist
between Lx and

ffiffi

t
p

[34]. This indicates the significant
contributions of pore sizes (especially macropores) to
enhance the mass flow rate of drugs from the minirods. In
otherwise, drugs could be trapped by the polymer matrix,

even with high pore density containing micro pores. This
result is in agreement with recent work on hydrogels [39].

In terms of polymer ratios, the pore density and sizes
were high in polymers with high ratio of lactide units. The
higher the content of lactide units to a lesser glycolide ratio,
the higher the porosity. Meanwhile, higher content of lac-
tide increases the molecular weight of the polymer. The
result shows PLGA with higher molecular weight produces
appreciable porous structures (Fig. 1d, e). This result thus
agreed with recent work [40]. Despite the high porosity of
the minirods for drug to diffuse out of the polymer matrix
(Fig. 1e), the degradation rates plays a role in determining
drug release kinetics. The higher the content of lactide units,
the longer the time required for degradation as compared to
samples with large glycolide contents.

Profiles of multi-pulses drug release were observed over
time (Fig. 2a–c). This is sometimes preferable to continuous
release of drug, which may lead to down-regulation of
receptors, or even prevent the development of drug resis-
tance [19]. Hence, a device can be fabricated with pro-
grammed delivery to achieve pulsatile drug delivery over an
extended time to ensure a programmed off period, followed
by a prompt and transient drug release in a cycle until the
device is completely degraded [19].

Diffusion and degradation represents the mechanisms of
drug release from PLGA-based minirods. Degradation was
associated with higher water potential in PBS and the
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Fig. 3 a–b Cumulative drug
release from PLGA-based
Minirods Incubated at 37 °C, pH
“7.4” and under a mechanical
agitation of 60 rpm: a (PG
loaded) and b (PT loaded)

Table 1 Polymer degradation and drug half-lives at 37 °C in PBS
pH “7.4” and 60 rpm

Polymer ratio
(PLA:PGA)

Half-lives of
polymer (days)

Degradation rate, k
(mg/day)

Half-lives of
drugs
release

Control (50:50) 50 0.832 –

65:35 in PG 70 0.208 6.1

75:25 in PG 130 0.174 4.4

85:15 in PG 170 0.116 3.8

65:35 in PT 85 0.057 4.2

75:25 in PT 152 0.048 4.5

85:15 in PT 180 0.016 2.3

Table 2 Encapsulation efficiencies and drug loading content for
PLGA-based minirods

Polymer ratio
(PLA:PGA)

Drug encapsulation
efficiency (DEE%)

Drug loading
content (DL%)

65:35 in PG 82.10 2.53

75:25 in PG 56.20 3.60

85:15 in PG 43.00 5.43

65:35 in PT 89.10 4.82

75:25 in PT 62.10 3.83

85:15 in PT 50.00 3.77
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penetration of water molecules into the samples (with low
water potential). This was followed by hydrolysis of the
functional groups and the absorption of water molecules.
Further hydrolysis then led to the cleavage of covalent
bonds, which causes both surface and bulk erosion.

The degradation of PLGA minirods was dominated by
autocatalyzed bulk degradation within the first half of incu-
bation, while surface erosion subsequently sets in via the
hydrolysis of ester linkages. Specifically, the degradation of
PLGA-PG minirods was largely associated with surface
erosion from the surfaces of the samples (Fig.1a–e). The rates
of mass loss were also faster than the ingress of PBS/water
into the bulk samples (Fig. 2a–c, graphs on left). On the other
hand, PLGA-PT exhibited a dominance of bulk degradation,
which occured throughout the whole samples (Fig.1a–e),
whereby the ingress of water molecules was faster than the
rate of polymer degradation (Fig. 2a–c, graphs on right). This
is consistent with the increase in the absorption of PBS, for
PLGA-PT-loaded samples, especially PLGA 65:35 PT and
75:25 PT (Fig. 2a–b, graphs on right). The degradation
kinetics of PLGA-based microparticles (loaded with PG and
PT) in previous study [38] indicates heterogeneous networks
on the matrices of the microparticles. The PLGA-based
minirods (loaded with PG and PT) as well also reveals het-
erogeneous networks during degradation in PBS. The het-
erogeneous features from the optical micrographs coupled
with the SEM images can then be attributed to an auto-
catalyzed bulk degradation process [38].

The crystallinity, presence of chain defects, molecular
weight, intake of PBS, increase in glycolide content, type of
drug loaded, including other intrinsic properties, affects the
rates of the in vitro degradation of the minirods. However,
earlier reports indicate the physico-chemical properties of
the drugs loaded as well as the interaction between drugs,
and polymer matrix stands to be a critical factor that can
hinder polymer degradation and drug release [41]. These
studies revealed a long range release of drugs from PLGA-
PT samples as compared to those from PLGA-PG. This is in
agreement with previous studies, [42] which indicate
hydrophilic drugs facilitate water penetration in the polymer,
and subsequently lead to the creation of a porous polymer
networks during drug escape which accelerates polymer
degradation. Thus, hydrophobic drug such as PT hindered
water diffusion into the polymer matrix, and therefore retard
its degradation. Factors influencing polymer-drug degrada-
tion have been extensively reviewed [43].

The release of PG from PLGA-based composites can be
tuned with multi-pulsed delivery to deliver PG over an
extended period of time. The tuning can be engineered by
relating erosion and the mechanism of drug release to the
drug release kinetics. In vivo experiments are therefore
needed to ascertain the in vitro results. This is clearly, a
challenge for future work.

4.1 Summary and concluding remarks

Drug release kinetics and polymer degradation mechanisms
were studied to provide insights for the design of implan-
table biodegradable devices for localized cancer treatment.
The first stages of hydrolysis started with water molecules
from PBS penetrating deeply into the polymers. The water
molecules caused the functional groups in the polymer
chains to hydrolyze and absorb the PBS by natural diffusion
, resulting in the cleavage of chemical bonds. The resulting
release of degradable products led to mass loss, which is a
characteristic of polymer erosion.

The studies revealed a long range release of drugs from
PLGA-PT compared to those from PLGA-PG. However,
the samples containing PT were hard and brittle. They also
fractured easily resulting in loss of the geometry or shape.
In contrast, drug release and degradation were faster in
PLGA loaded with PG. The PLGA samples loaded with PG
were also soft and flexible. PLGA-PG are potential scaf-
folds for implantable cancer drug delivery devices than
PLGA-PT samples. The drug release characteristics were
associated with polymer degradation and erosion mechan-
isms that were revealed by microscopic observations at
different stages of drug release.
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