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Background: The aim of the present study was to evaluate a non‑destructive fabrication method in for 
the development of sustained‑release poly (L, D‑lactic acid)‑based biodegradable clindamycin phosphate 
implants for the treatment of ocular toxoplasmosis.
Materials and Methods: The rod‑shaped intravitreal implants with an average length of 5 mm and a diameter 
of 0.4 mm were evaluated for their physicochemical parameters. Scanning electron microscopy (SEM), 
differential scanning calorimetry (DSC), Fourier‑transform infrared (FTIR), and nuclear magnetic resonance (1H 
NMR) studies were employed in order to study the characteristics of these formulations.
Results: Drug content uniformity  test confirmed the uniformity in different implant batches. Furthermore, 
the DSC, FTIR, and 1H NMR studies proved that the fabrication process did not have any destructive effects 
either on the drug or on the polymer structures.
Conclusion: These studies showed that the developed sustained‑release implants could be of interest for 
long‑term sustained intraocular delivery of clindamycin, which can provide better patient compliance and 
also have good potential in terms of industrial feasibility.
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systems.[1] Implantable sustained‑release intraocular 
device technology has being given much impetus due 
to the perceptible benefits afforded over the use of 
topical drop, systemic administration, and repeated 
intravitreal injections as modes of drug delivery to 
the posterior segment of the eye. Solid biocompatible 
implants for sustained or controlled intravitreal drug 
delivery to the ocular posterior segment have been 
developed using different kinds of materials.[1,2]

Among the wide ranges of materials which are applied 
for this purpose, biodegradable polymers may offer 
some advantages over the non‑biodegradable ones. 

INTRODUCTION

A wide range of posterior segment ophthalmic diseases 
may benefit from the development of novel drug delivery 
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The biodegradable implants which can be formed into 
various shapes are implanted by a very simple procedure 
or even injected as an office procedure. These devices are 
converted to a soluble form through either enzymatic 
or nonenzymatic reactions in the body. Therefore, they 
do not need to be removed once the drug is delivered.[1‑5]

Although a number of different polymers have 
been investigated for formulation of biodegradable 
products, polymers of poly (L, D‑lactic acid) (PLA) 
and their copolymers with glycolic acid (PLGA) are 
found to be more promising. These polymers are 
attractive, especially in the fabrication of ocular 
dosage forms, due to the favorable biocompatibility 
and bioresorability characteristics. These aliphatic 
polymers of poly (α‑hydroxy) acids are hydrolyzed 
into natural metabolites (lactic and glycolic acids), 
which are removed from the body through the citric 
acid cycle. These polymers provide wide ranges of 
degradation rates depending on the molecular weights 
and composition of the monomers.[6‑8]

For a long t ime,  intraocular injections of 
clindamycin (CLP) have been used for the treatment 
of ocular infections of the posterior segment.[9‑11] In 
the case of  toxoplasmosis retinochoroiditis, this kind 
of administration is very effective in the patients who 
show resistance to common oral therapy and in those 
who develop adverse effects of the systemic drug. In 
addition, during pregnancy, especially in the first 
semester, local administration can avoid toxic and 
teratogenic effects of the drug.[9‑11]

In spite of its promising effects, repeated injections 
are needed to maintain the drug concentration at an 
effective therapeutic level over a certain period of time 
due to clindamycin’s short half‑life in the vitreous.[9‑11] 
On the other hand, usually repeated intravitreal 
injections result in extreme patient discomfort and 
may lead to serious complications. Since toxoplasmosis 
is the leading cause of posterior uveitis, especially in 
the developing countries, the need to find alternative 
treatments is felt.[9‑11]

Controlled‑release intraocular implants of clindamycin 
can be a good substitute for repeated intravitreal 
injections. Due to miniaturized size, this system can 
be easily injected inside the eye (just one time in the 
treatment period) and maintains the therapeutic 
level of the drug for a long time. Since this system is 
fabricated with biodegradable polymers, there is no 
need for additional surgery for removing it after the 
drug release is performed.

Hot melt extrusion (HME) has been developed 
as a new preparation technique in recent years. 

In this method, applying appropriate heat and 
pressure, the raw materials are passed through a 
die and converted into products. HME is mainly 
used to process controlled‑release formulations, 
and producing a homogeneous mixture. Some 
advantages, including simple fabrication process, 
lack of residual solvents, decreased environmental 
hazards, low cost, and also continuous and efficient 
process, make this method as an interesting method 
in pharmaceutical industries.[12‑14] PLA and PLGA, 
due to their thermoplastic properties, can be softened 
and melted on heating and shaped in a variety 
of implants using several methods such as melt 
extrusion.[15‑17]

In spite of all the advantages, since the dosage forms 
are fabricated at high temperatures (usually between 
80°C and 170°C) and under high shearing forces in 
HME, there are some concerns about stability. Under 
these conditions, either the polymer or drug may be 
degraded or may lose its crystallinity. This condition 
can also affect the degradation rate and the subsequent 
drug release. So, in the case of using such preparation 
techniques, selection of appropriate methods of 
characterization such as quality control is an important 
step to assure a reproducible and effective product.[16]

A number of experimental techniques [i.e. differential 
scanning calorimetry (DSC), Fourier transform 
infrared (FTIR), nuclear magnetic resonance (1H 
NMR), scanning electron microscopy (SEM), etc.] 
have been used to investigate the stability of final 
dosage forms and the interaction between drug and 
polymer.[18,19] Most of these methods are used directly 
on pharmaceutical preparations. So, by applying them, 
valuable information on physicochemical properties 
of final dosage formulations can be obtained. This 
information can facilitate development of new dosage 
forms.[20]

The goal of this study was to apply some analytical 
experiments for evaluating the biodegradable implants 
for the prolonged release of CLP in the treatment of 
toxoplasmosis retinochoroiditis. The physicochemical 
characterizations of the implants were evaluated 
by SEM for morphological evaluations; DSC was 
employed for studying the crystallinity changes of 
PLA and CLP; and FTIR and 1 H NMR were used for 
studying the polymer and drug chemical structures 
and the possible interactions.

MATERIALS AND METHODS

Materials
The polymer studied was PLA R203 (molecular weight 
18 kDa) (Sigma Aldrich Inc., Munich, Germany). The 
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organic solvent used was methylene chloride (Labsynth 
Ltd, Diadema, Brazil). Clindamycin phosphate was 
the model drug used (Behdaroo Co., Tehran, Iran). 
High‑performance liquid chromatography (HPLC) 
grade acetonitrile was supplied by Merck (Darmstadt, 
Germany). All other chemicals were of analytical grade 
and obtained from Merck.

Implant fabrication
Clindamycin phosphate‑loaded PLA implants were 
prepared in a two‑step process by melt extrusion method. 
In the first step, the drug was co‑lyophilized with PLA to 
obtain a homogenous mixture. Briefly, clindamycin and 
PLA (20:80) were dissolved in a mixture of acetonitrile 
and distilled water (1:1). The obtained solution was 
placed in the freezer (−70°C). Afterward, the frozen 
solution was lyophilized (Chemical‑free Freeze Dryer; 
Operon, Gyenggi, Korea) for 48 h. Then, the powder 
was removed from the tube and ground using an agate 
mortar. Evaluation of the content uniformity of the 
final implants was done to find if the mixing process 
was successful.

In the second step, for compressing the mixture, 
approximately 50 mg of the lyophilized powder was 
introduced into the barrel of extruder, represents 
the image of the lab‑scale extruder. The cylinder 
of extruder was heated to 85°C by using digital 
temperature controlled heater. This temperature 
is appropriate for obtaining a plastic, semi‑solid 
mass which could be extruded through a die plate 
with 0.4 mm diameter. Once the polymer started 
plasticizing, on applying appropriate pressure (set at 
139 bars), rod‑shaped solid extrudates were formed, 
and after cooling to the room temperature, they 
were  cut into 5 mm length.

Content uniformity test
Content uniformity test of clindamycin‑containing 
implants was done according to the procedure stated 
in the general chapter “Uniformity of Dosage Units” 
in the United States Pharmacopeia 35 (USP 35).[21]

As described in the guideline, ten implants were 
selected and weighed. Each implant was dissolved 
in the mobile phase (mixture of acetonitrile and 
distilled water). After filtration and suitable dilution, 
the drug content was determined by HPLC. HPLC 
was performed under the following conditions: 
Column, CN‑RP column (250 × 4.6 mm, 5 µm particle 
size) (Macherey‑Nagel, Duren, Germany); mobile 
phase, mixture of acetonitrile and water (40:60) 
containing 100 mM tetramethyl ammonium 
chloride (pH 4.2); flow rate, 1 ml/min; and detection, 
ultraviolet at 204 nm.

In vitro release test
In vitro release studies were performed under sink 
conditions over 40 days. Briefly, three implants were 
placed inside three different vials containing 1 ml of 
phosphate buffer as the dissolution medium (pH 7.4). The 
tubes were placed inside a batch shaker (37°C ± 0.5°C 
and 50 rpm). At desirable time intervals, the whole 
volume of the medium (1 ml) was collected and replaced 
with 1.0 ml of fresh buffer. After filtration and dilution, 
the amount of drug release was measured by HPLC 
method (described in the previous section).

Scanning electron microscopy
Clindamycin phosphate implant degradation was 
studied by SEM (model AIS‑2300; Seron  Technology, 
Gyeonggi‑do, Korea). The implant’s surface changes 
were compared before and 4 and 10 weeks after 
immersing in the dissolution medium. The samples were 
coated by gold and observed at magnification of ×1000.

Differential scanning calorimetry
The physical state of clindamycin phosphate 
loaded in the implants was characterized by DSC 
thermogram analysis (Mettler ToleDo; Star system, 
Columbus,  USA). The samples measuring up to 10 mg 
were weighed and sealed in  aluminum pans using the 
press in DSC instrument. An empty pan was used as 
the reference. They were heated from 20°C to 250°C at 
a heating rate of 5°C/min. DSC curves covering a range 
of 20°C‑250°C were recorded in order to evaluate CLP 
and polymer stability and CLP‑polymer interaction.

As control, the pure polymer as well as the physical 
and lyophilized mixtures of CLP and the polymer were 
analyzed. All DSC data analysis was performed using 
STAR SW version 9.10.

Fourier transform infrared studies
FTIR spectra were recorded on the apparatus (WFQ‑510, 
Rayleigh, Beijing, China) for pure PLA, pure CLP, 
physical and lyophilized mixture of the polymer and 
drug, and clindamycin‑loaded implants. The samples 
were mixed with KBr and the obtained disks were 
analyzed in the range of 4000 cm−1 to 400 cm−1 at a 
resolution of 4 cm−1. The spectra were the mean of five 
consecutive scans of the same sample.

Nuclear magnetic resonance
1H NMR spectra were recorded at room temperature 
on a spectrometer instrument (AC300; Brucker, 
Karlsruhe, Germany) equipped with a Broadband 
inverse  BBI probe. All samples were dissolved in 
deuterated dimethyl sulfoxide (DMSO‑d6) as the 
solvent, which contained teramethylsilane (TMS) 
as the internal standard. The 1H NMR spectra were 
obtained at 300 MHz. The chemical shifts of the 
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Figure 1: Macroscopic view of the fabricated implants

Figure 3: The in vitro release diagram of clindamycin from PLA 
implants (the values are shown as mean ± SD). Each data point 
represents the average of three samples
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implant containing clindamycin, as well as of the pure 
polymer and drug were analyzed using this method.

RESULTS

Implants’ morphology
Figure 1 shows the clindamycin phosphate implants. 
Smooth and uniform color of the implants (due to 
clindamycin phosphate which has a white color) 
is clearly seen in the image. Macroscopically, 
the implants exhibited a rigid structure with 
0.41 ± 0.04 mm diameter. The mean weight of the 
developed rods was 2.4 mg ± 0.20 mg. The extrudates 
were cut in 5 mm length and used for more studies.

The surfaces changes of implants with time were 
evaluated by SEM. As shown in Figure 2a, before 
immersing in the release medium, the implants 
exhibited smooth and dense surfaces. Figure 2b shows 
the well‑maintained structure of PLA implants after 
4 weeks. In this image, some pores appearing on the 
surface as a result of drug depletion from the system 
is observed [Figure 2b]. After 10 weeks of incubation, 
the implants were more eroded and significant cracks 
appearing in them are noticeable [Figure 2c].

Content uniformity test
The content uniformity test results showed a uniform 
distribution of clindamycin phosphate in the implants. 
None of them were outside the acceptance range 
of USP 35 (85.0‑115.0%)[21] for the pre‑indicated 
amount of clindamycin (20% w/w, corresponding 
to approximately 517 µg ± 1.6 µg of the drug per 
implant).

In vitro release studies of clindamycin from the implants
Figure 3 presents the in vitro cumulative release of 
clindamycin from the implants during the period of 
study (about 2 months).

During the first day, fast release of clindamycin in 
the burst stage was observed. In this phase, 23% 
of the drug, which is equal to 125 µg, was released. 
After this phase, the more controlled release phase 
was observed. During the first week, about 30% of 
the drug was released. This process continued for the 
following several weeks, but in different rates. During 
the second and third weeks, the release happened in 
approximately the same rate (about 60 µg in each 
week). During this period, the largest quantity of the 
total clindamycin was released. Between the fourth 
and fifth weeks, the release of clindamycin phosphate 
was decreased, and the same trend continued during 
the following weeks. Although the release continued 
over 2 months, 50% inhibitory concentration of 
clindamycin against Toxoplasma gondii (the parasite 

responsible for ocular toxoplasmosis) was achieved by 
our implant during the first 5 weeks.[9,10]

Differential scanning calorimetry
In Figure 4, the DSC curves of clindamycin phosphate, 
PLA, clindamycin mixed with PLA, and the final 
implant are shown.

Figure 2: Microscopic images of implants: (a) before immersing in the 
release medium (b) 4 weeks and (c) 10 weeks after incubation

c

ba
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DSC curves indicate the expected peaks reported in 
the literature and by the suppliers.[22,23] In Figure 4a 
and b, the endothermic event related to the melting 
of pure crystalline clindamycin phosphate (Tm) at 
170.5°C and glass transition temperature (Tg) of PLA 
as an endothermic peak at 52.1°C are demonstrated, 
respectively.[22,23]

For the drug and polymer physical and lyophilized 
mixture, there are the two peaks which show the 
drug melting at about 172.4°C and the polymer glass 
transition at 55.3°C. These two peaks can be a simple 
superposition of the peaks of the pure polymer and 
drug alone, although in the case of the mixture, a peak 
related to melting point of the drug appears a little 
smaller than that of the drug alone. This decrease can 
be the result of dilution of the drug in the presence of 
higher portion of the polymer in the mixture that can 
affect the thermogram curves of the drug.

In addition, the glass transition temperature can 
have a significant role in defining the propensity 
of amorphous material to crystallize at determined 
temperatures ranges.[24] According to our results, 
it is obvious that no changes were observed in the 
amorphous state of PLA during the freeze‑drying 
process. Moreover, the presence of clindamycin 
phosphate could not make significant alteration in 
the Tg value of the polymer.

The parameters determined by DSC for the final 
clindamycin‑loaded PLA implants showed thermal 
transition of the polymer at 51.3°C. The glass 
transition temperature of PLA in the final implants 
did not show any significant changes in compared to 
the unprocessed polymer. This indicates that presence 
of the drug and also the fabrication process did not 
affect thermal characteristic of the polymer. In the 
case of the drug, we could  not see the melting point 
of the drug. This disappearance of the drug peak in 
the thermogram can be the result of transformation of 
the drug from the unstable crystalline form to the its 

Figure 4: DSC thermograms of samples: (a) pure CLP, (b) pure 
PLA, (c) physical mixture of CLP/PLA, (d) lyophilized mixture of CLP/
PLA, and (e) clindamycin‑containing implants

stable amorphous form. This can also be as a result of 
homogenous drug mixing and dissolving throughout 
the polymer matrix.[25] In addition, this phenomenon 
can be the result of the interaction between the drug 
and polymer, which can be confirmed with additional 
information obtained from the FITR and 1H NMR 
analytical methods.

Fourier transform infrared studies
In the present work, pure PLA and clindamycin 
alone, physical mixture of CLP/PLA, and also the 
prepared implants were subjected to FTIR studies. 
Figure 5a and b shows the chemical structures of PLA 
and clindamycin, respectively.

The spectra obtained are shown in Figure 6. The 
pure clindamycin sample [Figure 6a] shows the 
main peaks, indicated by the appearance of skeletal 
vibrations in the fingerprint region, between 1600 cm−1 
and 600 cm−1. These skeletal vibrations originate 
from the vibrations of pyrrole and saccharide rings, 
which are the main components of the structure of 
clindamycin molecules.The group of bands that are 
indicated in this region are mainly attributed to the 
stretching vibrations of the C double bond; length as 
C–C of aromatic groups at 1570 cm−1 as well as the 
stretching vibrations of the amide group in the plane 
of the ring, which are observed in the interval between 
750 cm−1 and 680 cm−1. Within the intervals between 
1480 cm−1 and 1370 cm−1, both the spectra consist of 
bands at 1466 cm−1 and 1381 cm−1, which correspond 
to the C–H deformation vibrations in combination 
with the vibrations of the aromatic saccharide ring. 
The stretching vibration of the C–O groups bonded 
to the saccharide ring is observed at 1157 cm−1, while 
the bands at 1319 cm−1 and 526 cm−1 correspond to 
the in‑plane and out‑of‑plane vibrations of the O–H 
groups attached to the aromatic ring, respectively. In 

Figure 5: General chemical structures of (a) PLA and (b) clindamycin 
phosphate. Reprinted with permission from references[26,27]
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the region of higher wavenumbers, which corresponds 
to the region of vibrations of double bonds, the 
stretching vibrations of the carbonyl group bonded to 
the amide (NH–CO) can be observed (at 1685 cm−1). 
We can also see the broad band with a maximum at 
3346 cm−1, which corresponds to the vibrations of the 
O–H groups of aromatic alcohols .[28,29]

In the bulk PLA sample [Figure 6b], we can see the main 
peaks such as –CH, –CH2, –CH3 stretching (2850‑3000 
cm−1), carbonyl –C = O stretching (1700‑1800 cm−1), C–O 
stretching (1050‑1250 cm−1), and –OH stretching (3200–
3500 cm−1), which were broad. These absorbance peaks 
almost matched those in previous reports.[30‑32]

FTIR spectra of the physical mixture of clindamycin 
and PLA and also clindamycin‑containing PLA 
implants are shown in Figure 6b, c. The spectra are 

Figure 6: Infrared spectra of (a) pure CLP, (b) pure PLA, (c) physical 
mixture PLA/CLP, and (d) CLP‑containing implant

Figure 7:  1H NMR of (a) pure clindamycin, (b) pure PLA, (c) and drug‑loaded PLA implant
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the result of summation of the PLA and clindamycin 
individual spectra, suggesting that no interactions 
occur between the drug and the polymer in their 
physical mixtures. This analysis indicated that the 
specific functional groups of polymeric material in 
the implant surface have almost the same chemical 
characteristics as those of the pure polymer and 
the drug entrapped. The study suggested that no 
molecular interactions have occurred that could alter 
the chemical structure of the drug at the time of 
study. For example, we can find a sharp peak band 
at 1757 cm−1 for PLA and CLP. This value lies within 
the range of 1700‑1800 cm−1, so this peak is attributed 
to the C = O group. At 3200‑3500 cm−1, we can see the 
peak of –OH stretching of clindamycin and PLA. In 
2999, 2951, and 2787 cm−1, we can see the low‑intensity 
peaks of clindamycin and PLA of sp3 hybridized CH 
stretch.

Nuclear magnetic resonance studies
Figure 7 demonstrates 1H NMR spectroscopy of the 
samples. According to the literature reports, in 1H 
NMR spectra of the pure PLA, the peaks around 
5.25 ppm are due to the methine protons in the 
lactic acid repeat units and the peaks at 4.35 ppm 
are related to the same protons in the end groups of 
the polymer. In addition, the sharp peaks at 1.6 ppm 
are a characteristic signal of the methyl protons in 
the  repeated units in the main chain.[33,34]

The 1H NMR spectrum of clindamycin displays cluster 
of methine resonances between 3.5 and 5.3 ppm which 
are expected for a sugar moiety. Resonance of the 
amide group is observed at 8.64 ppm. Chemical shifts 
of the protons of the pyrrole group are seen in 0.9 ppm 
until 2.6 ppm.[35,36]
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For the drug‑containing implant, we can see the 
main peaks of the CLP and PLA alone with the 
same intensity and without significant shift (which 
can occur due to some kind of chemical interaction) 
or appearance of additional peaks (as a result 
of degradation of either polymer or drug), which 
suggest occurrence of no drug‑polymer interaction or 
degradation of either of them.[33]

DISCUSSION

Development of implantable drug delivery systems 
is perhaps the most interesting application of 
biodegradable polymers. Owing to their transient 
nature, such kinds of polymers do not require 
additional surgical procedures for removing the devices 
after their intended application period. Therefore, they 
can overcome some problems related to the long‑term 
safety of non‑degradable counterparts.[1,2,37,38]

To our knowledge, this is the first report of fabricating of 
clindamycin‑sustained release device for implantation 
into the ocular posterior segment. Different formulation 
parameters such as polymer grades and drug/polymer 
ratio were investigated in our previous studies. 
Eventually, according to the in vitro release data, the 
best formulation for more characterization and for the 
in vivo studies was selected.[39]

PLA and PLGA polymers have generated immense 
popularity due to their well‑established biodegradability 
and biocompatibility. These characteristics 
make them as one of the few US Food and Drug 
Administration (FDA)‑approved polymers for drug 
delivery. In addition, their unique physicochemical 
properties make them as easy materials to be 
formulated into various drug carrier devices. In recent 
years, PLA has attracted much interest as a base 
biomaterial. Since PLA is characterized by a slower 
degradation rate, it is used more than PLGA, for the 
delivery of drugs for which more prolonged release 
profile is desirable. In addition to favorable degradation 
rates and drug release characteristics, PLA seems to 
be better tolerated than the other kind of polymers in 
intraocular applications.[15,37,38]

In this study, PLA (with average molecular weight 
of 18 kDa) was used as a matrix former in the 
fabrication of the implants. These implants could 
achieve the desirable clindamycin release rate. The 
release diagrams show that the drug concentrations 
are maintained at an effective therapeutic level for 
about 5 weeks. Since the therapeutic duration with 
intravitreal injections of clindamycin is reported to 
be between 4 and 6 weeks,[40‑44] using this system, 
any concerns related to repeated intravitreal 

injections (due to short half‑life of clindamycin in 
the vitreous) can be eliminated. On the other hand, 
the miniature size allows for easy injection of these 
implants through a needle inside the vitreous cavity 
and without any serious injuries.

In the present study, HME was used for the 
development of the implants. In this process, by 
applying heat and pressure, the drug was embedded 
in the polymer carrier.

Evaluation of formulations produced via HME is done 
using several methods. Along with the good quality 
control tools, these evaluating methods can provide 
useful information about the physical and chemical 
characteristics of the dosage form.

DSC examines the system as a function of temperature 
and is used for the evaluation of the raw materials, 
their possible drug‑polymer incompatibility, and 
possible alterations of the components that are 
induced by the fabrication process.[22,43,45] It can also 
differentiate between solid solutions (molecularly 
dispersed drug), solid dispersions in which drug 
is only partly molecularly dispersed, and physical 
mixtures of drug and carrier. This information is 
useful for determining the state of the drug in the 
carrier. In the current study, thermal behavior 
of PLA was unchanged during lyophilization and 
extrusion. In the case of clindamycin, the only 
difference in comparison to the pure drug was seen in 
the final product. In the clindamycin‑loaded implant, 
the disappearance of the drug peak which can be 
attributed to changes in the molecular state of the 
drug in the carrier, possible polymer‑drug interactions, 
or any degradation of clindamycin during fabrication. 
So, using complementary methods such as FTIR and 
1H NMR can provide more clear information about 
the changes in the physicochemical characteristics of 
clindamycin and PLA.

Infrared analysis is a powerful tool to characterize 
the organic and inorganic materials. Since in this 
spectroscopic method there is selective and unique light 
absorption corresponding to the vibration mode of specific 
chemical bonds, IR spectrum was used as a fingerprint 
pattern for each substance. So, infrared spectroscopy can 
be utilized to qualitatively identify different compounds. 
In the development and characterization of drug 
delivery systems, FTIR is also used as a valuable tool for 
investigation of the possible interactions that can occur 
between the drug and excipients or any degradation 
that occurs in the formulation, with consideration of the 
alterations in the intensity and frequency of the involved 
atoms in such interactions.[46‑48] In the present study, 
the main characteristic peaks of both drug and polymer 
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were seen in the lyophilized mixture and implant. So, 
any hypothesis related to degradation can be rejected 
with FTIR.

1H NMR is another accurate method that is used 
frequently in studies for determining any instability 
or interactions in the formulations.[48,49] In the current 
study, in 1H NMR peaks, no proton deshielding or 
additional peaks due to drug‑polymer interactions or 
degradation were observed.

CONCLUSIONS

In the present study, a sustained release implant system 
was fabricated to avoid the clinical inconvenience and 
the dangerous side effects of repeated intravitreal 
injections of clindamycin phosphate used as an effective 
anti‑toxoplasmosis drug. The thermoanalytical studies 
of clindamycin‑containing implants suggest that 
CLP is in an amorphous state or in a disordered 
crystalline phase of molecular dispersion in the PLA 
polymeric matrix. The thermal stability evaluations 
show that since all materials analyzed did not suffer 
from appreciable decomposition below 200°C in the 
analytical conditions, this thermal treatment can be 
suggested as a safe production process. The infrared 
results and the results obtained from 1H NMR showed 
that in the length of time studied, strong chemical 
interaction between PLA and CLP did not occur. This  
suggests that the implant fabrication process did not 
interfere with the chemical structure of the polymer 
and preserved the structural drug integrity. Thus, the 
methods employed to produce the dosage form and the 
analytical method to characterize samples are proven 
to be appropriate.
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