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ABSTRACT
Osteomyelitis is one of the most serious complications of the orthopedic open fracture treatment. Prolonged
release local antibiotic therapy has been taken into consideration due to side effects encountered in long
term high‐dose antibiotic use and the duration of hospitalization of the patients. This study was aimed to
develop a biodegradable orthopedic implant that is able to release the drug for atleast six weeks at a
concentration above the Minimum Inhibitory Concentration. Polylactide‐co‐glycolide (PLGA) and
polycaprolactone(PCL) were used as the biodegradable carrier systems, whereas gatifloxacin as the
antibiotic. Gatifloxacin is an effective new broad‐spectrum floroquinolone with antibacterial activity.
Gatifloxacin is indicated for the treatment of most of the tissue infections like osteomyelitis. The implants
were prepared by injection molding method. The polymers were dissolved in a solvent and the drug was
added with continuous stirring. This drug mixed polymer solution was then filled in syringe and forced into a
mould cavity by applying pressure to the syringe. The implants were evaluated for dimensional analysis,
hardness, drug content, content uniformity, sterility, in‐vitro drug release and surface characteristics of
formulated beads before and after release. The implants showed hardness of 8.47 kg/cm2, drug content of
97.4%, and content uniformity. The implants released 91% of drug over a time period of 55 days. Thus
promising results were shown by the implants and can be used in treatment of osteomyelitis.
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INTRODUCTION
Osteomyelitis is infection of the bones
characterized by pain, nausea, pus
formation, edema and warmth over the
affected bone and rigid overlying muscles.
It is often caused by bacteria usually
staphylococcus aureus. The bacteria may
reach the bone from outside the body
(through open fractures, penetrating
wounds or orthopedic surgical procedure);
from other sites of infection in the body
(abscessed teeth, burn infection, urinary
tract infections or upper respiratory tract
infections) via the blood: from adjacent
soft tissue infections (as occur in diabetes
mellitus).1, 16
The treatment of chronic osteomyelitis
includes debridement of the dead infected
tissue, obliteration of dead space, osseous
repair, adequate soft tissue coverage, and
systemic antibiotics. The delivery of
antibiotics to bone varies considerably.
Oral antibiotics are unpredictable with

relatively low bone levels and are
infrequently
used.
Intravenous
antibiotics are used commonly in the
treatment of chronic osteomyelitis. 2, 15
Six weeks of intravenous antibiotic
therapy is necessary for adequate
treatment. To supplement systemic
antibiotics, local antibiotic delivery has
been tried for many years.
The primary benefit achieved with local
antibiotic delivery vehicle is the ability to
obtain extremely high levels of antibiotics
at the site of infection.3 This avoids some of
the toxicity associated with systemic
antibiotics. Several antibiotic implantable
drug delivery systems have been
developed for treatment of bone infection.
The advantage of this approach is that an
effective drug concentration is attained at
the site of infection, while the systemic
drug concentration remains very low. 1 The
main disadvantage is that the implants
should be removed at the end of the
treatment
period.
Implantable
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biodegradable polymer systems have a
unique advantage in that the dosage form
need not be removed from the body and
thus saves cost and risk for the patient.
Implants are one of the various options for
local drug delivery systems. Polymeric
materials having slow degradation rates
are preferred as implant material.
Composite materials are preferred over a
single polymer, as implant material has the
possibility of variation in physical
properties. Various materials other than
metal like organic biomaterials, inorganic
biomaterials and their composites have
been used as artificial bone materials to fill
bone defects or to replace bony
structures.4 Composite materials often
show an excellent balance between
strength and toughness and usually show
improved characteristics compared to
their separate components. 5, 6 The
composite
materials
such
as
ceramics/ceramics
composites;
hydroxyapatite/ Plaster of Paris7,8 calcium
phosphate/
calcium
carbonate9,
ceramics/polymer
composites;
HA‐
10,11
12
13
PLA,
HA‐collagen, and HA‐chitin etc,
have been tried.
Gatifloxacin is an effective, new, broad‐
spectrum
fluoroquinolone
with
antibacterial activity. Gatifloxacin is
indicated for the treatment of tissue
infections like osteomyelitis. Gatifloxacin
inhibits DNA gyrase and topoisomerase IV.
DNA gyrase is an essential enzyme that is
involved in the replication, transcription
and
repair
of
bacterial
DNA.
Topoisomerase IV is an enzyme known to
play a key role in the partitioning of the
chromosomal DNA during bacterial cell.
Gatifloxacin is highly active against
oxacillin‐susceptible strains of both
Staphylococcus aureus and coagulase‐
negative staphylococci isolated from
bloodstream infections. Gatifloxacin is
more
active
against
Streptococcus
pneumoniae isolates than ciprofloxacin
and levofloxacin.14

The present work involves the formulation
and
evaluation
of
biodegradable
gatifloxacin impregnated implant for
treatment of osteomyelitis. Both PLGA and
PCL were used in formulation to impart
biodegradability and strength.
MATERIALS AND METHODS
Materials
The selected biodegradable polymers
Polycaprolactone (PCL) and Polylactide‐co‐
glycolide (PLGA) were purchased from
Sigma Chemical (USA) and the antibiotic
gatifloxacin was obtained as a gift sample
from Shree Pharma (India).
DrugPolymer Interaction Studies
The samples of PLGA, PCL, and gatifloxacin
were analyzed by IR. No new speaks in the
IR spectra of combinations were observed
when compared with those of PLGA, PCL
and gatifloxacin which indicate the
compatibility between the ingredients.
Preparation of beads
Injection Molding Method
The implants were fabricated by injection
molding method. The polymers were
melted on a water bath at 60° C with
continuous
stirring
and
10
ml
dichloromethane was added in melted
polymer to impart fluidity. The drug was
then mixed with continuous stirring for
homogenous distribution. This drug‐
polymer mixture was then filled in syringe
and forced into a cold mould cavity by
applying pressure to the syringe. This was
kept at room temperature for 2 hour. The
mould was pressed from one end so that
the formulated implant could eject out. All
the prepared implants were sterilized by
gaseous (ethylene oxide) sterilization.
(Table‐1, Figure‐1)
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Table 1 : Formula of implant for 250 mg bead
Formulation code

Gatifloxacin
(mg)
50
35.7
50
50

F1 (G)
F2 (G)
F3 (G)
F4 (G)

Fig. 1: Photograph of cylindricalbead
shaped
implants
formulated
by
injection molding method

Polycaprolactone
(mg)
200
214.28
133
150

Polylactideco
glycolide (mg)
‐
‐
66.5
50

Hardness
Hardness of the pellets was calculated by
Monsanto Hardness tester (n=6).
Drug Content
Drug content was determined by crushing
the pellets (n=3).These were then put
into100 ml of SBF and stirred for hour at
37°C.
Sterility Test

Physicochemical characterization
Dimensional analysis
Twenty pellets were randomly selected
and subjected for dimensional analysis.
The diameter and thickness of the pellets
was determined by vernier caliper.

Sterility tests were performed to
assure sterility. Three samples of
gatifloxacin implants sterilized by
ethylene oxide were each placed in 20
ml vials of tryptic soy broth and
incubated at 37°C for 3 weeks.
Subcultures were made ont nutrient
agar after 3 weeks for detection of any
growth.

Table 2: Physicochemical characterization of formulations
Parameter
Dimensions
(mm)

F1
Length

11.27+ 0.479

Diameter 6.51+ 0.047

F2

F3

F4

11.21+0.359 11.27+0.362 11.48+0265
6.451+0.064 6.49+ 0.038

6.47+ 0.098
8.24+0.527

Hardness
(Kg/cm2)

7.22+0.583

11.18+0.509 8.47+0.595

Wt. variation
(%)

255.0+2.087

257.8+2.923 254.01+1.97 254.15+4.029

Content
uniformity

%Drug
content

103.674+3.564 95.172+4.94 96.893+3.67 99.014+7.118
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CaCl2.2H2O 0.368g, MgCl2.6H2O 0.305g,
NaCl 7.996g, 1N HCl 40 ml and water q.s
1000 ml. The immersion fluid was
withdrawn at different time intervals and
equal volumes of fresh media were added
to replace the withdrawn samples.
Withdrawn samples were filtered, diluted
appropriately, and estimated for the drug
content. Cumulative percent drug
released was calculated. (Table‐3, Fig‐2,
3)

In Vitro Release Study of Implants
In vitro drug release from each of the
implant (n=3) was determined in
simulated body fluid. (pH 7.4) .Pellets
were kept in sterile identical concave
bottom container, containing 5 ml
artificial simulated body fluid (SBF), pH
7.3 at 37°C. The composition of artificial
simulated body fluid used was tris base
6.051g, NaHCO3 0.35g, K2HPO4 0.171g,
Na2SO4.10H2O 0.16g, KCl 0.224g,

Table 3: In vitro release profile of formulation in SBF at 37ºC
Days

Cumulative % Release (Mean+SD)

F. Code

F1

F2

F3

F4

1

7.266+1.048

3.381+0.222

5.36+0.674

6.564+1.484

2

11.124+1.276

6.060+0.304

10.224+0.945

10.028+1.676

3

13.348+1.503

8.383+0.485

15.14+1.007

12.812+1.708

4

15.304+1.289

10.614+0.599

19.9+1.256

14.774+1.713

5

16.96+1.370

12.806+0.740

23.58+1.289

16.646+1.682

10

23.245+1.502

18.915+1.110

31.99+1.834

23.194+1.563

15

26.585+1.787

22.283+1.310

37.026+2.234

27.124+1.553

20

28.713+1.932

24.536+1.507

41.046+2.892

30.06+1.475

25

29.867+1.888

26.041+1.623

44.208+3.346

32.252+1.547

30

30.403+1.815

26.707+1.696

45.648+3.376

33.368+1.538

35

30.749+1.786

27.098+1.739

46.484+4.192

34.168+1.497

40

31.041+1.775

27.498+1.795

48.228+4.563

34.898+1.486

Fig. 2: Comparative release studies of Implants in SBF
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Surface Morphology by SEM
The formulation F3 was selected on the
basis of physicochemical characterization
and in‐vitro release. Surface morphology
of implants was performed by SEM

(Philip Scanning Electron Microscope).
The objective of the surface morphology
test was to determine the surface
characteristics of implants before and
after release in SBF.

Fig. 3: Surface morphology before release

Fig. 4: Surface morphology after release

RESULT AND DISCUSSION
The interaction studies were carried out to
determine any possible incompatibility
among the formulation ingredients. IR peaks
of the combinations were compared with the
corresponding pure samples. There were no
new peaks in the IR spectra of combinations
indicating compatibility between the
ingredients.

All pellets formed were of uniform shape
and size. Pellets formed were found to be
of nearly uniform diameter and length. The
hardness of the pellets increased as the
percentage of PCL increased in the
formulation. All the pellets displayed
content uniformity. (Table‐2)
Sterilization of the packaged product was
done by gaseous sterilization using
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ethylene oxide and test for sterility was
performed on the sterilized package. No
microbial growth/microbial contamination
was observed up to 3 weeks after
incubation.
In‐vitro release behavior of formulations
was determined in artificial simulated
body fluid. The release profile was
characterized by an initial burst followed
by a second stage of gradual release over
40 days (Figure2). Burst release is a
phenomenon frequently associated with
polymeric controlled drug delivery
systems. Maintaining a high antibiotic
concentration at the site of infection is
highly
appropriate
for
treating
multibacterial infection and consequently
increases the effectiveness of treatment.
The release profile of developed
gatifloxacin composite implants revealed
that F3 formulation released 48.22% of
drug in 40 days. F1, F2 and F4 formulations
showed 31%, 48% and 35% release in just
40 days. In‐vitro release profile indicated
that the increment in the PCL increased the
overall release duration. The only
formulation that was releasing nearly
optimum quantity of drug for the entire six
week duration was F3. (Table‐3)
On the basis of physicochemical
characterization and in‐vitro release F3
was selected as the optimum formulation
and examined for surface morphology.
Gatifloxacin loaded pellets were examined
before and after the in‐vitro release. It was
observed that before release, the antibiotic
crystals on the surface of the rods were
partially exposed (Figure3) and surface
was smooth. When the drug‐loaded pellets
were placed in the aqueous environment,
pores were created on the exposed part
due to removal of drug particles through
dissolution. These pores led to water
penetration into the pellet and caused
further drug dissolution.(Figure 4). Voids
generated
revealed
uniform
drug
distribution and release due to diffusion
from pellets.

CONCLUSION
Till date various materials have been
tested for the treatment of osteomyelitis
either as a single or as a composite
material, which can release drug over a
period of one month. The developed PLGA‐
PCL composite prolonged the drug release
upto two months while maintaining
therapeutic levels above the MIC of
gatifloxacin against S. aureus and after
complete release of drug and PLGA
degradation, the porous polycaprolactone
scaffold support the growth of bone cells.
Moreover these composite materials have
significant mechanical strength and are
suitable for load bearing application. These
pellets were found suitable for treatment
of osteomyelitis.
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