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ABSTRACT: This study focuses on developing clindamycin phosphate-
loaded calcium carbonate nanoparticles to treat osteomyelitis, utilizing the
chemical precipitation method. These nanoparticles were optimized for
particle size, zeta potential, drug content, and encapsulation efficiency,
resulting in seven different formulations (F1-F7), with formulation F5 was
identified as the most effective. Particle size ranged from 275.9 nm to 846.5
nm, and a high homogenization speed of 15,000 rpm was crucial in
achieving smaller particle sizes conducive to better bone cell attachment. The
zeta potential of -18.8 mV suggested good stability and potential for
enhanced interaction with osteoblasts. The optimized formulation F5
exhibited high drug loading (87.56 %) and entrapment efficiency (85.36 %),
with FESEM analysis confirming their favorable characteristics for drug
delivery. The drug release profile followed a sustained pattern, with 69.60 %
of the drug released over 8 hours, adhering to the Higuchi model of quasi-
Fickian diffusion. The antimicrobial efficiency tests showed that these
nanoparticles could maintain similar inhibitory concentrations against S.
aureus as the standard clindamycin phosphate solution, indicating effective
drug incorporation and sustained release. Overall, clindamycin phosphate-
loaded calcium carbonate nanoparticles represent a significant advancement
in systemic drug delivery systems for bone infections. The use of
biodegradable calcium carbonate not only enhances biocompatibility but also
holds promise in reducing healthcare costs and treatment duration. This
novel approach of prepared nanoparticles releases the clindamycin phosphate
in sustained manner and targeted delivery capabilities to improve treatment
outcomes for patients suffering from bone infections.

INTRODUCTION: Prolonged inflammation and
infection within the bone are the hallmarks of
osteomyelitis, a bone infection that can result from
direct trauma, contiguous spread, or hematogenous
dissemination 2 3.

QUICK RESPONSE CODE

DOI:
10.13040/1JPSR.0975-8232.16(3).700-711

This article can be accessed online on
WWW.ijpsr.com

-DT.;"-: - _ﬂiﬂ:;;_ I-F
DOI link: https://doi.org/10.13040/IJPSR.0975-8232.16(3).700-711

International Journal of Pharmaceutical Sciences and Research

Post-traumatic osteomyelitis is a common bone
infection disorder that arises from open fractures
caused by a traffic accident, a machine injury, or
both. It is also the main sign of an open fracture's
postoperative infection.

Bacteria that enter the bone tissue after damage and
grow rapidly to enormous numbers are easily the
cause of osteomyelitis . S. aureus is the most
frequent pathogenic bacterium among many others
that causes chronic osteomyelitis " 8. Particulate
matter with at least one dimension smaller than 100
nm is referred to as a nanoparticle.
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They may consist of organic materials, metal, metal
oxides, or carbon '°. Among different inorganic
materials, calcium carbonate (CaCO0s)
nanoparticles (NPs) have attracted a lot of interest
due to their superior biocompatibility and
biodegradability, as well as their ease of
preparation and pH sensitivity '*. The known forms
of CaCO; are two hydrated metastable phases
(calcium carbonate hexahydrate and
monohydrocalcite) and three anhydrous crystalline
polymorphs (calcite, aragonite, and vaterite) *2. The
amorphous calcium carbonate phase is the most
soluble of all of them, and it is also the ancestor of
anhydrous crystalline polymorphs, which easily
crystallize in solutions to form polymorphs *°
Clindamycin ~ demonstrates  excellent  bone
penetration and oral bioavailability. In a rabbit
osteomyelitis model, it has shown comparable
efficacy to PB-lactam monotherapy. Furthermore,
clindamycin has been successfully utilized in the
treatment of Staphylococcus aureus osteomyelitis
in both pediatric and adult populations. The present
study aims to formulate and evaluate clindamycin
phosphate-loaded  calcium  carbonate  (CP-
CaCO3NPs) nanoparticles as a novel approach for
treating osteomyelitis.

TABLE 1:
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MATERIALS AND METHODS: A free gift
sample of clindamycin phosphate was obtained
from Best Care Pharmaceuticals Pvt. Ltd.
Uttarakhand. Calcium carbonate, calcium chloride,
sodium carbonate was purchased from Finar
chemicals, Hyderabad.

Preparation of Clindamycin Phosphate Loaded
Calcium  Carbonate  Nanoparticles (CP-
CaCO3NPs) by Chemical Precipitation Method:
50 ml of distilled water was used to dissolve
calcium chloride, and an aqueous solution of
Clindamycin phosphate was magnetically stirred
for 15 min at 800 rpm.

After homogenizing the mixture, 50 ml of distilled
water were used to dissolve sodium carbonate,
which was then added to the mixture drop wise.
Until  the nanoparticles  precipitated, the
homogenization process persisted.

5 ml of distilled water were then added to the
resulting suspension. To separate the nanoparticles,
the suspension was centrifuged for 30 min at 5,000
rom. A hot air oven was used to dry the
nanoparticles ** %,

COMPOSITION OF CLINDAMYCIN PHOSPHATE LOADED CALCIUM CARBONATE

NANOPARTICLES (CP-CACO;3;NPS) BY CHEMICAL PRECIPITATION METHOD

Formulation Clindamycin Phosphate  CaCl,: Na,CO;  Homogenization speed Time of
number (mg) (9) (rpm) Homogenization (min)
F1 100 2:1 4000 10
F2 100 1:1 8500 20
F3 100 31 4000 15
F4 100 2:2 4000 15
F5 100 1:1 15000 25
F6 100 2:1 8500 15
F7 100 1:1 4000 20

Evaluation of Prepared Clindamycin Loaded
Calcium Carbonate Nanoparticles:
Preformulation Studies: Preformulation studies
were conducted on the clindamycin phosphate,
which included solubility, melting point,
calibration curve, and FTIR analysis.

Solubility: Clindamycin phosphate solubility was
tested using appropriate solvents in accordance
with  Indian  Pharmacopoeia.  Clindamycin
phosphate's solubility is ascertained by dissolving it
in a range of appropriate solvents, including water,
ethanol, methanol, and  dichloromethane.
Clindamycin phosphate is precisely weighed before
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being added to the solvent and mixed until it
dissolves completely to create the samples *°.

Melting Point: Clindamycin phosphate was filled
into one end sealed capillary tube. The filled
capillary tube was placed into the melting point
apparatus, ensuring it was securely held in place.
The sample was gradually heated using the heat
source. The rate of heating was slow and steady to
allow for accurate observation of the melting point.
The temperature displayed on the thermometer was
noted when the substance began to melt. It was the
melting point of substance *'.
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Calibration Curve of Clindamycin Phosphate:
Preparation of Stock Solution: 100 mg of
clindamycin phosphate was transferred into a 100
mL volumetric flask to create the standard stock
solution. It was dissolved in 100 mL of phosphate
buffer (pH 7.4) to produce a stock solution with a 1
mg/ mL concentration.

Determination of Anax of  Clindamycin
Phosphate:  After identified the analytical
wavelength from the standard stock solution,
further dilutions were made using phosphate buffer
pH 7.4 and the spectrum was overlaid. The
phosphate buffer pH 7.4 was used as a blank and
the range of 200-400 nm was scanned using a UV-
visible  spectrophotometer [Shimadzu  1800].
Clindamycin phosphate's lambda max was found to
be 210 nm, and this was chosen as the ideal
wavelength for detection 2.

Calibration Curve for Clindamycin Phosphate:
The stock solution containing 10 mL of
clindamycin phosphate was further diluted to yield
a standard solution with a concentration of 100 mg
per mL. Utilizing phosphate buffer (pH 7.4), the
standard solution was diluted in steps to yield
working standard solutions with concentrations of
I, 2, 3, and 5 pg/mL. Utilizing a UV visible
spectrophotometer and phosphate buffer (pH 7.4)
as a blank, the absorbance of the solutions was
measured at 210 nm. With concentration (pg/ml)
on the X-axis and absorbance (nm) on the Y-axis,
the calibration curve was plotted.

Compatibility Studies using FT-IR
Spectroscopy: Using the attenuated total
reflectance technique, the FT-IR spectra of the pure
drug with excipients (1:1 ratio), and CP-CaCO3;NPs
were recorded and interpreted for potential
chemical interactions between 4000-400 cm™. For
the study, the spectra were scrutinized and
evaluated.

Drug Content: A predetermined amount of CP-
CaCO3NPs was dissolved in phosphate buffer (pH
7.4). A 10 pg/mL stock solution was made. Using a
UV spectrophotometer (UV-1800, Shimadzu UV
Spectrophotometer) set to the wavelength
corresponding to the drug's maximum absorbance
(210 nm); the absorbance of the resultant solution
was measured.
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In the same solvent as the CP-CaCO3NPs, a
calibration curve for the drug standard was created.
Lastly, calculate the drug content using the formula
below.

Drug content = Analysed clindamycin phosphate
concentration / Total amount of obtained nanoparticles x 100

Drug Entrapment Efficiency: After dissolving
100 mg of the prepared CP-CaCO3NPs in EDTA
and stirring the mixture magnetically for 30 min, 1
mL of water phase was taken, and the absorbance
at 210 nm was measured using a UV-visible
spectrophotometer to determine the entrapment
efficiency. To compute the entrapment efficiency,
the provided formula was utilized ** %,

EE (%) = wt of initial drug - wt of free drug / wt of initial
drug x 100

Particle size Analysis: Using Horiba nanoPartica
SZ- 100V2 series, the average particle size (z-
average) of various CP-CaCO3NPs formulations
was determined. Using dynamic light scattering
(DLS), the SZ-100V2 series analyses particle size
and particle distribution width. The CP-CaCO3NPs
were scattered in water prior to measurement to
obtain the appropriate scattering intensity. Particle
size distribution, a crucial parameter for
comprehending the physicochemical characteristics
and stability of the CP-CaCO3NPs formulations,

was precisely determined thanks to this
methodology.
Polydispersity Index: Using the Horiba

nanoPartica SZ- 100V2 series, the Polydispersity
Index (PDI) of various CP-CaCO3NP formulations
was determined. Using dynamic light scattering
(DLS), the SZ-100V2 Series analyses particle size
and particle distribution width. The CP-CaCO3;NPs
were scattered in water prior to measurement to
obtain the appropriate scattering intensity. Particle
size distribution is uniform when the PDI is less
than 0.5.

Zeta Potential: Using the Horiba nanoPartica SZ-
100V2 series, the zeta potential of various CP-
CaCO3NP formulations was determined. The SZ-
100V2 employs a technique called laser Doppler
electrophoresis. Surface charge is measured by
dynamic light scattering (DLS) in the SZ-100V2
Series.
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After being made freshly, the CP-CaCO3NPs were
diluted with distilled water and injected into the
zeta-sizer's capillary cell.

FESEM Analysis: FESEM is a crucial instrument
for the processes of formulation and development.
High-resolution ~ imaging  of  nanoparticles,
displaying their size, shape, and surface
morphology, is made possible by FESEM. For
FESEM, the optimized formulation (F5) was used.
Prior to analysis, gold was sputter-coated onto the
prepared CP-CaCOsNPs dry powder 2,

In-vitro Drug Release Study: Using USP
apparatus Il (paddle type) and 900 mL of phosphate
buffer pH 7.4 as dissolution medium, in-vitro drug
release of CP-CaCO3NPs was carried out at 37 °C
with orbital mixing (50 rpm). For eight hours, 3 ml
of the medium was removed at predetermined
intervals, filtered through a Whatman cellulose
acetate membrane with a pore diameter of 20 nm,
and replaced with 3 mL of brand-new phosphate
buffer  (pH 7.4). Using a UV-visible
spectrophotometer set at 210 nm, the amount of
liberated clindamycin phosphate from calcium
carbonate nanoparticles was quantified. Cumulative
percent drug release was computed using the data
that was obtained 2,

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Kinetic Modeling of the Drug Release: The
resultant release data were fitted into four
mathematical models including zero-order model,
first-order model, Higuchi model, Korsmeyer —
2Pzeppas to determine the mechanism of drug release

Determination  of  Minimum  Inhibitory
Concentrations for Anti-microbial Activity
(MICs): MICs were calculated using the MIC
method of serial dilution. The accepted technique
for figuring out an antibiotic's level of resistance is
the tube dilution test. An antibiotic is serially
diluted in a liquid medium that has been inoculated
with a fixed number of organisms and left to
incubate for a predetermined amount of time. The
minimal inhibitory concentration (MIC) of an
antibiotic is the lowest concentration (highest
dilution) that prevents the appearance of turbidity.
The antibiotic is bacteriostatic at this dilution.

RESULTS:
Solubility: Solubility tests were carried out with a
variety of solvents, including ethanol, water, and
dichloromethane. To evaluate  Clindamycin
Phosphate's solubility, visual inspections were
conducted.

TABLE 2: SOLUBILITY STUDY OF CLINDAMYCIN PHOSPHATE

Solvent Parts of solvent required to Observation Result
dissolve one part of solute

Water 1 to 10 parts Freely soluble Complies with Indian

Ethanol 1000 to 10000 parts Very slightly soluble pharmacopoeia 2022

Dichloromethane More than 10000 parts

Practically insoluble Volume |

Melting Point: The capillary method and the
instrument melting point apparatus were used to
determine the melting point of pure drug.

Clindamycin phosphate's melting point, which was
determined to be 142°C, is within the 141-143 °C
range that Merck's index mentions.

FIG. 1: MELTING POINT OF CLINDAMYCIN PHOSPHATE

International Journal of Pharmaceutical Sciences and Research
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Calibration Curve of Clindamycin Phosphate:
Determination of Absorption Maximum: With a
blank, the sample containing 10 pg/mL of
clindamycin hosphate was scanned in the 200—400
nm range using a UV-VIS Spectrophotometer. The
wavelength that corresponded to the maximum
absorbance (Amax) Was then recorded. The sample's
absorbance peaked at 210 nm in wavelength.

FIG. 2: ABSORPTION MAXIMA SPECTRA OF
CLINDAMYCIN PHOSPHATE

Construction of Calibration Curve:

TABLE 3: ABSORBANCE OF CLINDAMYCIN
PHOSPHATE AT 210 NM
Concentration (pug/ml)

Absorbance at 210 nm
0
0.071
0.12
0.18
0.234
0.3

abhowNDPEFE O

0.35 ¥ = 0.0585X + 0.0045

R*=(,9981

Absorbance ()
=1 (= S =1
= = R
o h o (] (4] L

-

(=)
=2

3 4 5
Cloncentration ( pg/ml)
—8— Absorbance

FIG. 3: CALIBRATION CURVE OF CLINDAMYCIN
PHOSPHATE

With an R? value of 0.9981, the standard
concentration of clindamycin phosphate at 210 nm
demonstrated good linearity, indicating that Beer-
Lambert's law is followed.

Drug Excipient Compatibility Studies using FT-
IR Spectroscopy:

International Journal of Pharmaceutical Sciences and Research
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N

FIG. 4: FT-IR SPECTRUM OF CLINDAMYCIN
PHOSPHATE

TABLE 4: FT-IR CHARACTERISTIC SPECTRAL
DETAILS OF CLINDAMYCIN PHOSPHATE
Wave Number (cm™) Functional Group

1047 C-O stretching vibration
1321 P=0 stretching vibration
1442 C-H bending vibration
1446 O-H bending vibration
1663 C=0 stretching vibration
3786,3460,3696 O-H stretching vibrations

FIG. 5: FT-IR SPECTRUM OF CALCIUM CHLORIDE

TABLE 5: FT-IR CHARACTERISTIC SPECTRAL
DETAILS OF CALCIUM CHLORIDE

Wave Number (cm™) Functional Group

843 Ca-Cl stretching vibration
1172 C-N stretching vibration
1446 O-H bending vibration
1675 C=0 stretching vibration
3460 O-H stretching vibrations

FIG. 6: FT-IR SPECTRUM OF SODIUM CARBONATE
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TABLE 6: FT-IR CHARACTERISTIC SPECTRAL DETAILS OF SODIUM CARBONATE

Wave Number (cm™)

Functional Group

978
1182
1446
1778
3002

C-0O bending vibration
C-O stretching vibration
O-H bending vibration
C=0 stretching vibration
O-H stretching vibrations

FIG. 7:
NANOPARTICLES

FT-IR SPECTRUM OF CLINDAMYCIN PHOSPHATE LOADED CALCIUM CARBONATE

TABLE 7: FT-IR PEAKS OF DRUG, EXCIPIENTS, AND FORMULATIONS

Functional groups

Wave Number (cm™?)

DRUG CaCl, Na,CO; NPs
C-O stretching vibration 1047 1221 1182 1321
P=0 stretching vibration 1321
C-H bending vibration 1442 869 1442
N-H bending vibration 1584
C=0 stretching vibration 1663 1675 1709
O-H stretching vibrations 3786,3460,3696 3002
Ca-Cl stretching vibration 843
C-N stretching vibration 1172
O-H bending vibration 1446 1446 1402
C-0 bending vibration 978
The drug and the nanoparticles infrared spectra  Moreover, a crucial factor governing the

were compared. The functional peaks in the drug,
calcium chloride, and sodium carbonate spectra did
not significantly differ from one another, according
to the study. The lack of new peaks produced by
nanoparticles suggests that the drug and excipient
are compatible. We concluded that the drug and its
excipients get interacted with each other.

Drug Content: All prepared CP-CaCO3NPs
formulations (F1 through F7) had varying drug
contents, ranging from 79.35 % to 84.64 %.
Comparing formulation F5 to formulations with
lower concentrations, the former showed a
noticeably higher drug content. The values are
typically regarded as appropriate for a hydrophilic
medication like CP. The range of the prepared CP-
CaCO; NPs formulations was 72.5-87.56 %.

effectiveness of drug loading is the particle surface
charge.

TABLE 8: PERCENTAGE DRUG CONTENT OF F1-F7
FORMULATIONS

Formulation Drug content (%)

F1 79.35

F2 84.64

F3 72.5

F4 75.23

F5 87.56

F6 75.98

F7 76.2
Entrapment  Efficiency:  The  entrapment
efficiency of all prepared CP-CaCO3NPs

formulations (F1 to F7) varied between 68.32 % |,
77.28 %, 70.10 % , 72.10 %, 85.36 %, 69.98 %,
71.04 % as shown in the Table 9. Formulation F5

International Journal of Pharmaceutical Sciences and Research 705
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exhibited significantly higher entrapment efficiency
compared to other formulations with lower
entrapment efficiency. The entrapment efficiency
of prepared nanoparticles were in the range of
68.32 to 85.36 %.

TABLE 9: PERCENTAGE ENTRAPMENT
EFFICIENCY OF F1-F7 FORMULATIONS

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Particle size Analysis: From the results obtained,
all the CP-CaCO3NPs formulations were within the
nanometer size range. The particle size of all the
formulated nanoparticles was found to be in the
range of 275.9 nm — 846.5 nm. Formulation F5
significantly exhibited particle size (275.9 nm)
compared to other formulations with higher particle
size. The effect of Homogenization revealed that

Formulation Drug entrapment efficiency (%) . L
F1 68.32 the high homogenization speed (15,000 rpm)
F2 77.28 increased both mechanical and hydraulic shear,
F3 70.10 which in turn could effectively reduce the particle
F4 72.10 size
F5 85.36 '
F6 69.98 TABLE 10: PARTICLE SIZE OF F1-F7
F7 71.04 FORMULATIONS
. . . Formulation Particle size (hm
Due to the drug's quick diffusion into the aqueous =] 673 ()
phase, conventional techniques for creating F2 4115
hydrophilic drug nanoparticles have low drug F3 846.5
entrapment during the preparation phase. This E4 g§5-g
study employed a chemical precipitation method to Fg 6;
increase loading efficiency. High encapsulation F7 432
efficiencies for hydrophilic medications are offered
by this technique.
HORlBA MRISA 52100 for Wirvws 11 Type! Ver2 ®
SZ-100
Measurement Results
Mohanra)_0316.nsz
gi'zaiunmom Results va ~
c _>|AL.:AuI:|t"4-nv R(:.'..n l". e
100
‘0 00
35 * 80
_ 30 ’ 70
: = w0 2
§ 20- ‘ -50 2
LI 1 =
10 i\ 3
5 ! E 10
o; SRR ELILI S e a1 MBRIL 0 41 \ " it
0.1 1 10 100 1000 10000
Diameter (nm)
FIG. 8: PARTICLE SIZE OF FORMULATION F5
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Polydispersity Index: PDI reflected the uniformity
of particle size distribution within a sample. Lower
PDI values indicated a more uniform distribution,
which was desirable for consistent drug delivery.
The polydispersity index of all CP-CaCO3NPs
formulations was found to be in the range of 0.356
— 0.498. Formulation F5 significantly exhibited
polydispersity index (0.356) compared to other
formulations with higher polydispersity index. PDI

below 0.5 indicates uniform particle size
distribution.
TABLE 11: POLYDISPERSITY INDEX OF F1-F7

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Zeta Potential: Zeta potential reflected the surface
charge of nanoparticles and played a role in their
stability and interactions with  biological
membranes. Zeta potential can also be used to
determine whether an active material (such as drug)
Is incorporated within or absorbed on the surface of
the nanoparticle.

Zeta potential range of approximately £ 30 mV or
higher was often considered desirable for ensuring
colloidal  stability and preventing particle
aggregation. The average zeta potential of
Clindamycin phosphate -loaded Calcium carbonate
nanoparticles of Formulation F2 and F5 was found
to be -21.0 mV& -18.8 mV. It has been proposed
that negative values of the zeta potential have an
important favorable effect on the attachment and
proliferation of the bone cells. Formulation F5
shows the favorable zeta potential of -18.8 mV
compared to other formulations.

FORMULATIONS
Formulation Polydispersity index
F1 0.412
F2 0.379
F3 0.475
F4 0.409
F5 0.356
F6 0.463
F7 0.401
HORIBA
SZ-100

Mohanraj_0320.nzt

Measurement Resulits
Date
Measurement Type

Sample Name : Mohanraj

Calculation Results

Poak No. | Zeta Polentia
i I ¥ ]

2 1 - mV
3 ™V
Zeta Potential (Mean)
Electrophoretic Mobility Mean

cm - 1
. 188 mV

1.0~ ’
0.9j \
o8-
0.7~
06

0.5~ |

Intensity (a.u.)

0.4~
0.3~ i
0.2- | \

0.1~ f \

L npdcon s Abow

Measurement Results

. 24 February 2024 15:26:37
Zeta Potential

Temperature of the Holder : 25.0°C
Dispersion Medium Viscosity : 0.895 mPa's
Conductivity : 0.267 mS/icm
Electrode Volitage 34V

-0.000145 cm“/Vs

0.0y rivevinmrperssanrenprrensenvefeerereenigedve

Zeta Potential (mV)

2024.03.28 14:59.20

FORIBA SZ-100 for Windows [Z Type) Ver2 60

FIG. 9: ZETAPOTENTIAL OF FORMULATION F5
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Optimized Formulation: After careful evaluation
of drug content, and entrapment efficiency, particle
size, zeta potential, Formulation F5 emerged as the
optimized choice. F5 displayed the most desirable
characteristics among all tested formulations. Its
particle size (275.9 nm) was within the desired
range for oral drug delivery. Additionally, F5
exhibited a favorable zeta potential (-18.8),
ensuring stability and dispersion uniformity.
Furthermore, its high drug content (87.56 %) and
entrapment efficiency (85.36 %) indicated efficient
encapsulation of the therapeutic agent, making F5
the ideal candidate for further evaluation.

FESEM Analysis: Particle size and morphology of
CP-CaCO3NPs were studied by scanning electron
microscopy (SEM). The SEM image of the
optimized Formulation F5 was shown in Figure
exhibit the typical morphological aspects of
nanoparticles. Particles were found to be crystal
structure and CP-CaCO3NPs were mainly well-
dispersed, uniformly sized & cluster of regularly
shaped crystals.

FIG. 10: SCANNING ELECTRON MICROSCOPY
IMAGE OF F5 - CP-CACO3NPS

T MY = 2000w 12 Mar 2024

WO = 66 mem

Bagrel A = ink ene Date
Magr B1IEX

In-vitro Drug Release Study: USP apparatus I, a
paddle-type device, was used to conduct a drug
release study of the optimized formulation Fb5.
Following an 8 h study, the percentage of
clindamycin phosphate released from calcium
carbonate nanoparticles was found to be 69.50 %
for formulation F5, the optimized formulation. The
prolonged release of clindamycin phosphate from
CP-CaCO3NP suggests that improved

E-ISSN: 0975-8232; P-ISSN: 2320-5148

microenvironment created by entrapment efficiency
of clindamycin phosphate into nanoparticles causes
a slower release of clindamycin phosphate over an
extended period of time.

TABLE 12: PERCENTAGE CUMULATIVE DRUG
RELEASE OF CP-CACO3NPS

Time (min) Percent cumulative drug release
30 9.39
60 18.15
90 24.44
120 29.77
150 34.52
180 37.50
210 40.26
240 43.68
270 47.40
300 52.12
360 57.56
420 63.39
480 69.60
In-vitro Drug release
B0
70
&0
= 50
% 40
© 30 —e—F5
20
10
0
0 200 400 800
Time in minutes

FIG. 11: IN-VITRO DRUG RELEASE STUDY OF CP-
CACO;3;NPS

Kinetic Modeling of the Drug Release: In order
to investigate the drug release pattern and
mechanism, the optimized formulation F5 of
clindamycin Phosphate-loaded calcium carbonate
nanoparticles (CP-CaCO3NPs), was performed.

The percentage drug release data was analyzed
with the mathematical models Zero order, first
order, Higuchi and koresmeyer peppas plot. The
preference of a certain mechanism was based on
the coefficient of determination (r?) for the
parameters studied, where the highest coefficient of
determination is preferred for the selection of the
order of release.

TABLE 13: MATHEMATICAL MODELS OF IN-VITRO RELEASE DATA OF CLINDAMYCIN PHOSPHATE-
LOADED CALCIUM CARBONATE (CP-CACO;NPS) NANOPARTICLES

Sample Zero order R2 First order 2 Higuchi model R2 Korsmeyer-Peppas model
R? n’ value
F5 0.9751 0.9501 0.9927 0.8699 0.2121
International Journal of Pharmaceutical Sciences and Research 708
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FIG. 12: MATHEMATICAL MODELS OF IN-VITRO RELEASE DATA CLINDAMYCIN PHOSPHATE-LOADED

CALCIUM CARBONATE (CP-CACO3;NPS) NANOPARTICLES (ZERO ORDER)

FIRST ORDER - F5
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FIG. 13: MATHEMATICAL MODELS OF IN-VITRO RELEASE DATA CLINDAMYCIN PHOSPHATE-LOADED
CALCIUM CARBONATE (CP-CACO;3;NPS) NANOPARTICLES (FIRST ORDER)

HIGUCHI - F5

¥ = -0.0001x? + 0.189x + 6.94
a0 R* = 0.9927

60
50

40

% CDR

—®— Series1
30

esencees Poly (Series1)
20

o 100 200 300 400 500 600

Time (hours)

FIG. 14: MATHEMATICAL MODELS OF IN-VITRO RELEASE DATA CLINDAMYCIN PHOSPHATE-LOADED
CALCIUM CARBONATE (CP-CACO3NPS) NANOPARTICLES (HIGUCHI)
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FIG. 15: MATHEMATICAL MODELS OF IN-VITRO RELEASE DATA CLINDAMYCIN PHOSPHATE-LOADED

CALCIUM CARBONATE (CP-CACO3NPS) NANOPARTICLES (KORSMEYER PEPPAS)
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Specifically, for the optimized formulation (F5),
the Higuchi model demonstrated the highest
correlation coefficient (R2=0.9927), indicating its
superior fit. The Higuchi model explains the release
of drugs from insoluble matrix as a square root of
time-dependent process based on Fickian diffusion
equation. Additionally, the determination of the
release exponent "n" value as 0.2121 through the
Korsmeyer-Peppas model further supported the
conclusion of a diffusion-controlled release
mechanism, commonly known as quasi- Fickian
diffusion. The determined n-value, being less than
0.5, indicated a drug release mechanism leaning
towards quasi-Fickian diffusion.

Antimicrobial Efficiency: For the tested S. aureus
species, the MIC value of the CP solution was
found to be 6 pg/mL; based on the CLSI protocol,
this strain could be classified as sensitive. To
determine if the optimized formulation (F5) of the
prepared CP-CaCO3NPs was active against S.
aureus, tests were conducted. After two days of
culture incubation, a reduction in the growth extent
of S. aureus was observed for the CaCOgs
nanoparticles loaded with CP. Presumably, the
long-term  released characteristics of CP-
CaCO3NPs adsorbed to the microorganisms cell
surface can function as a drug depot to slow down
the bacteria's rate of growth. The promising
properties of CaCO3 nanoparticles as a drug carrier
can therefore be used to deliver clindamycin
phosphate with advantage.

. —
FIG. 16: ANTIMICROBIAL EFFICIENCY OF

CLINDAMYCIN PHOSPHATE-LOADED CALCIUM
CARBONATE (CP-CACO;3;NPS) NANOPARTICLES-
OPTIMIZED FORMULATION (F5) AGAINST S.
AUREUS

Thus, our prepared nano-formulations with
antimicrobial efficiency can be a potential systemic
drug delivery system for bone infection disease.
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Designing  sustained release = CP  loaded
nanoparticles using a biodegradable and
osteoconductive material such as CaCO;z; a

promising expectation for bone infection therapy.

CONCLUSION: In conclusion, the development
of  clindamycin  phosphate-loaded  calcium
carbonate nanoparticles shows promise for treating
osteomyelitis and other bone infections. Optimizing
particle size, zeta potential, drug content, and
encapsulation efficiency enhances their
effectiveness as drug carriers. The wuse of
biodegradable materials like calcium carbonate
improves biocompatibility and may reduce
treatment costs and duration. In-vitro studies
demonstrated sustained drug release over an
extended period. This technology represents a
significant advancement in drug delivery, offering
potential benefits for improving treatment
outcomes and patient care in managing bone
infections. In summary, clindamycin phosphate-
loaded calcium carbonate nanoparticles offer a
novel and effective approach for treating bone
infections with more bioavailability.
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