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ABSTRACT

This study's aim is to characterize aerosolization properties of ciprofloxacin loaded kappa-carrageenan microspheres
for pulmonary delivery. Ciprofloxacin-carrageenan microspheres by ionotropic gelation were prepared and
characterized for moisture content, yield, drug loading, efficiency, aerosolization properties, activity and stability.
Characteristics showed spherical microspheres, smooth and size below 2um, moisture content of <4%, yield of 46-
58%, encapsulation efficiency of 40-94% and loadings of 25-37%. Optimum microspheres containing 1%w/v
carrageenan and 0.6% w/v KCI, showed 58% yield, 38% loading 94.5% efficiency with slowest release. The fine
particle fraction was 30%. The increased concentration of polymers from 0.5% to 1% and crosslinker from 0.2% to
0.6% significantly increased moisture content, yield, drug loading, efficiency, and aerosolization. Ciprofloxacin-
carrageenan microspheres were found to be stable up to 30 days storage and have high activity against
Staphylococcus aureus and Pseudomonas aeruginosa at a low dose. Inhaled ciprofloxacin-carrageenan microspheres
may be useful against respiratory tract infection.

Keywords: Ciprofloxacin HCIl, Kappa Carrageenan, Inhalable Microspheres, Release, Stability, Respiratory
Infectious Diseases.
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INTRODUCTION

Ciprofloxacin HCI is a broad-spectrum fluoroquinolone antibiotic that inhibits the DNA-girase and
topoisomerase IV present in bacterial cells that are responsible for the reproduction of bacterial DNA.!
The inhaled liposomal ciprofloxacin showed a dual release of the drug with potent antipseudomonal
efficacy in adults with non-cystic fibrosis (CF) bronchiectasis.> When compared to the systemic route of
antibiotics, the inhaled antibiotic was found to be optimized on the target site and
pharmacokinetic/pharmacodynamics aspects to reduce toxicity.>* Around 70% of the Ciprofloxacin HCI
is absorbed after oral administration.’ Around 15% of the drug is metabolized by the liver enzyme and 40-
50% is excreted through urine.® Ciprofloxacin as an inhalation dosage form has advantages such as the
faster onset of action and smaller doses compared to those of intravenous and oral preparations.” Lung
drug delivery avoids first-pass metabolism and ensures limited systemic side-effects compared with oral
dosages forms.
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Carrageenan, a sulfated polygalactan, is biodegradable and widely used for drug encapsulation®®, has
been used to produce ciprofloxacin encapsulation cross-linked with potassium chloride (KCl). KCI can
form transparent and stable gel besides has elasticity and cohesivity.® Stability studies were carried out to
ensure product quality, safety, and efficacy during the shelf life of the product. Exposure to temperature,
humidity and light are highly influenced stability. The purpose of this research is to study the
characteristics, activity and stability of Ciprofloxacin-loaded carragenan microspheres for dry powder
inhaler formulation. The stability study was based on the International Council on Harmonization
guidelines. Using an Andersen Cascade Impactor (ACI), the in-vitro dispersibility of the prepared
powders was carried out. Optimum microspheres define as microspheres that have a particle size less than
Sum, high encapsulation efficiency, yield, drug loading and slower release to fulfill pulmonary delivery
system.
EXPERIMENTAL

Materials

Ciprofloxacin HCIl pharmaceutical grade (Zhejiang Ltd., China), Kappa-Carrageenan Nusantara
pharmaceutical grade (KCN, Pasuruan, Indonesia), KCl pharmaceutical grade (New Jersey, USA),
Maltodextrin pharmaceutical grade (Zhucheng Ltd., Shandong, China), Aqua destilata (Bratachem,
Indonesia).

Microspheres Formulation

Solutions of Ciprofloxacin HCI, Kappa Carrageenan and KCl were separately prepared. A mixture of
ciprofloxacin and KCIl were prepared and sprayed into the Carrageenan solution. The sprayed distance is
8 cm and the spray nozzle diameter is 35 um. Solutions were aerosolized (40 psi). The solution was
stirred at 1000 rpm for 2 hours and separated using a centrifuge at 1000rpm for 10 minutes (Eppendorf
centrifuge, Germany) and filtered to separate the particles. The obtained wet particles were freeze-dried
for 48 hours at -50°C.'*!! Wet microspheres were added by maltodextrin (5% w/v of microspheres) as
lyoprotectant during the freeze-drying process. Maltodextrin can stabilize the microspheres from the
pressure during the process. Schematic of microspheres formulation and formulas of microspheres are

shown in Fig.-1 and Table-1.

Pump (air pressure 40 psi)

Polymer and drug sohution

Magnetic stirrer
(1000 rpm)

Fig.-1: Schematic of Microspheres Formulation

Table-1: Ciprofloxacin-Carragenan Microspheres Formula

Formula | Ciprofloxacin | Carrageenan KCl1 Maltodextrin
(%w/v) (%w/v) (Yow/v) (Yow/v)
F1 1 0.5 0.2 5
F2 1 0.5 0.4 5
F3 1 0.5 0.6 5
F4 1 1 0.2 5
F5 1 1 0.4 5
F6 1 1 0.6 5
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FTIR Spectra Analysis

The FTIR spectra of all formulations were obtained using FT-IR (Perkin Elmer Instrument)
spectrophotometer. The FTIR band spectra were examined to investigate the structural integrity in
different formulations. The spectra were collected after scan for 4000-500 cm™' wavenumber to
investigate the observed fingerprint of ciprofloxacin (O-H, C=0, COOH, C=C and C-F) and carragenan
bands (S=0, C-H, C—O-C, O-H, and galactose sulphate) relating to the region of ciprofloxacin (3200-
3400 cm!, 1600-1700 cm™, 1700 cm™, 1250-1300 cm™, 1300 cm™) and carrageenan’s region (1100-1200
cm’!, 3400 cm™!, 800-1200 cm™, 2800-2900 cm™ and 840-850 cm™) that has often been investigated by
the researchers.!>!> The carragenan have wide and strong absorption bands in 1100-1000 cm™ region,
which are typical of polysaccharides with the sulphate stretching bands occurring at around region 850
cm’ mainly for carrageenan.

Differential Scanning Calorimetry (DSC)

Using a DSC TGA (Mettler Toledo FP 85, Switzerland), the thermal properties of all formulations were
determined. Samples about Smg of all formulas were scanned (from 30°C to 250°C) with a heating rate of
10°C/min. The characteristic of prominent DSC peak, which represents endothermic peak showed by
temperature, was determined.

Scanning Electron Microscopy (SEM)

Morphology was evaluated by SEM. The sample was mounted, coated for 120 seconds and was then
examined with an SEM microscope (HITACHI FLEXSEM 100, Japan) at a working distance of 10 mm,
with 20 kV beam energy.

Particle Size by Optical Microscope

Microspheres of 300 particles were determined using optical microscope Optilab and Image Raster
Software. The average diameter was calculated using the equation:

Diameter average = “Znd” /”Zn” €))

n = number of microspheres observed

d = size of the microspheres

Yield
The yield was calculated according to the total recoverable final weight of microparticles to evaluate
efficiency in producing microspheres. The yield was calculated using equation'®:

% Yield = (Weight of dry microspheres)/ (Total weight material (polymer and drug)) x 100% 2)

Drug Loading

The ciprofloxacin loading in carrageenan was determined using a UV-Vis spectrophotometer. A 50 mg
microsphere was added to Phosphate Buffer Saline, which has pH of 7.4, and was stirred for 24 hours at
1000rpm. The solution was filtered, and the absorbance was measured at a wavelength of 268 nm (taken
from in-house validation). The amount of the drug was determined using a validated in-house standard
calibrated plot. The drug loading was calculated using equation the equation below:

Drug loading = (Weight of drug)/ (Weight of microspheres) x 100% 3)

Entrapment Efficiency
Entrapment efficiency was calculated using equation below'”:
Entrapment efficiency = (Drug content in microspehers)/(Theoritical drug content in formula) x 100%

(4)
Drug Release
Ciprofloxacin release from the microspheres was tested in phosphate-buffered saline (PBS) at a pH level
of 7.4. The released test was carried out using a Thermo shaker at 37°C with 100 rpm. 400 mg of
microspheres were added to 100 ml PBS solution (pH 7.4) on a Thermo shaker at 37 £ 0.5 °C and stirred
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at 100 rpm. Samples (5 ml) were taken for drug analysis. Samples were taken after 15, 30, 60, 90, 120,
180, 240, 300, 360, 420, 480, 540, 600, 660, 720, 780 and 840 minutes. During each sampling time, the
media was replaced. Samples were filtered using Millipore filter paper 0.45 um. Using a UV-Vis
spectrophotometer, the amount of ciprofloxacin HCI was determined at a wavelength of 276 nm.

Stability Test

The accelerated stability testing was carried out on the ciprofloxacin-carragenan microspheres. The
microspheres were poured into a vial and stored in a room 25 + 2°C and 40 + 2°C, RH 75 + 5% for 30
days. The stability of the prepared formulations was tested by organoleptic property, morphology, drug
loading, and particle size. These parameters were according to Li and Gong’s method (2016).'®

Bulk Density

Bulk density was determined by the ratio of powder weight compared to initial volume (100 mL cup full
of powder) of the untapped powder (powder without compaction) as below equation:

Bulk density = (powder weight (gram))/( Initial volume of powder(ml)) ®))

Tapped Density
Tapped density was determined by filling the material into a 100 mL volume measuring cup, after tapping
500 times using a motorized tapping device, and the final volume of powder was measured:

Tapped density= (powder weight (gram))/ (volume after tapping (ml)) (6)
Hausner Ratio and Carr’s Index '

Carr’s Index= (tapped density - bulk density)/ (tapped density) (7
Hausner Ratio = (tapped density)/ (bulk density) ()

In-vitro Aerosolization Study

Using an Andersen Cascade Impactor (ACI), the aerosolization efficiency of the microspheres was carried
out. A total of eight Mylar filters were stored for 24 hours in a desiccator and then weighed. ACI consists
of stages (levels) 0, 1, 2, 3, 4, 5, 6, 7, and F. Cascade impactor connected with a flow meter and suction
pump (generated by electricity), where the flow meter is set at 28.3 L/min.2° A 50 mg of microspheres
poured into the capsule shell (number 2) and filled into a DPI device (Handihaler®), then vacuumed by
pulling air for 10 seconds at a flow rate of 28.3 L/min. The eight stages and filter container plates of the
cascade impactor were washed, sonicated for 20 minutes, and then dried at 100°C using an oven for 60
minutes. The dispersibility of the formulation was named as aerodynamic criteria, including fine particle
fraction (FPF), recovered dose (RD) and emitted dose (ED)*!. The fine particle dose (FPD) as the dose of
the aerosolized drug particles with an aerodynamic diameter < Sum was determined. Fine particle fraction
(FPF) was the ratio of FPD to the total recovered dose (RD). The RD was the amount of drug transferred
from the Handihaler® and the compartments. The ED is the total amount of drug emitted from the inhaler
device.

Antibacterial Activity

Antibacterial activity against Staphylococcus aureus and Pseudomonas aeruginosa was carried out using
a good diffusion technique. The bacterial inoculum was prepared using bacterial culture stock that was
suspended in 0.9% NaCl. The inoculum was then measured for transmittance at the wavelength of 580 nm
by a UV-Vis spectrophotometer. Transmission suspension was set to reach 25%. A 50 grams of each
microspheres were suspended into 100 ml phosphate-buffered saline at pH 7.4 = 0.05 for the
antimicrobial test. Standard solution of Ciprofloxacin HCI (0.02%) as the positive control, PBS solution
as negative control and blank microspheres were also prepared.

For media preparation, the base layer (30mL) and the seat layer media (20mL) were filled with nutrient
agar (NA) solution. The medium was then sterilized for 30 minutes at 121°C. The base layer media of 30
mL was poured into a petri dish and was allowed to cool and solidify. The seat layer media was added
onto the solidified media with 8uL inoculum bacterial suspension. The seat layer media consisting of
inoculum was added into the solid base layer media, and again it was allowed to cool and solidify.

135
CIPROFLOXACIN-CARRAGEENAN INHALABLE MICROSPHERES D.M Hariyadi et al.



RASAYAN J. Chem.
Vol. 15 | No. 1 |132-142| January - March | 2022

After it had cooled and solidified, the wells on the agar plate were made and were sterilized. The same
distance between the measured holes was maintained. Positive and negative controls, blank microspheres
and all formula microspheres suspensions (20uL) were poured into each well. All Petri dishes were
incubated for 24 hours at 32.5°C. The diameter of zone inhibition was observed and measured.

Data Analysis
All data are presented in mean + SD. One-way analysis of variance and post hoc Tukey’s were used for
antibacterial activity analyses. p<0.05 was considered to be statistically significant. Data are triplicated n
=3.
RESULTS AND DISCUSSION

Characterization of Microspheres
This study investigated the effect of the concentrations of k-carrageenan polymer and KCI on the
formation and physical characterization of microspheres produced by ionotropic gelation. Maltodextrin in
the freeze-drying process replaced water molecules by forming hydrogen bonds between maltodextrin and
polar groups on the surface of the microspheres during the drying process. Therefore, the smooth
microspheres were protected and prevented from aggregation.”” Results of characterization by FTIR
spectra and analysis of F1 to F6 were presented in Table-2. The functional groups of ciprofloxacin HCI,
kappa-carragenan, microspheres and the possibility of presence or shifting of the wavenumbers were
studied. Referring to the ciprofloxacin compound, the wavenumber of the characteristic peak of amide
band vibration N-H, COOH stretching, C-H stretching, C = C aromatic and C-F stretching was present in
all formulas of microspheres indicated the stability of ciprofloxacin in the microspheres. For formulations
F1 to F6, the shift of wavenumber of the amide band of ciprofloxacin HCl was from 1624.15 cm™ to
between 1625.56 cm™ and 1630.44 cm™!. The wave shift in k-carrageenan occurred in the ester sulphate
group (S = O) from 1160.9 cm™ to between 1155.42 and 1192.70 cm™!; the methyl group (C-H) from
wavenumber 3435.7 cm™! to between 3405.55 and 3429.60 cm™! and the loss of the C-O-C group. These
indicated that there were interactions between the x-carrageenan polymers and crosslinker to form
microspheres. FTIR of KCL and maltodextrin cryoprotectant were not shown in this paper. Importantly,
the functional group of galactose sulphate, which was specific for kappa carrageenan, also shifted from
wavenumber 848.68 cm™ to between 845.67 and 845.80 cm!. Interactions between the polymer and the
crosslinker and the existence of the ciprofloxacin drug indicated that new microspheres were formed and
showed that the structural integrity of the materials was stable and maintained; this was also confirmed by
other researchers.?**

Table-2: FTIR of All Microspheres Formulas

Functional Wave Number (cm-1)
groups Ciprofloxacin k- F1 F2 F3 F4 F5 F6
HCI Carrageenan
O-H 3205.47 2924.61 2926.70 | 2926.68 | 2926.68 | 2924.65 | 2927.51 | 2924.61
stretching
COOH 1707.14 1717.65 1713.74 | 1710.74 | 1709.68 | 1708.59 | 1712.52 | 1717.65
stretching
N-H 1624.15 1630.61 1630.69 | 1630.68 | 1627.65 | 1625.56 | 1630.44 | 1630.61
vibration
C-H 1494.18 1493.64 1494.72 | 1492.71 | 1494.67 | 1495.59 | 1494.47 | 1493.64
stretching
Aromatic 1272.17 1384.64 1384.72 | 1384.70 | 1384.69 | 1384.65 | 1384.49 | 1384.64
C=C
C-F 1384.34 1274.63 1274.69 | 1273.68 | 1273.65 | 1273.58 | 1273.43 | 1274.63
stretching
C-0-C 1263.70 1028.58 1077.64 | 1079.61 | 1192.70 | 1025.62 | 1077.38 | 1263.70
S=0 1160.90 1189.65 1155.67 | 1155.64 | 1155.67 | 1192.70 | 1155.42 | 1160.90
C-H 3435.70 3423.52 3429.60 | 3422.56 | 3428.59 | 3405.55 | 3418.36 | 3435.70
O-H 2963.30 2924.61 2926.70 | 2926.68 | 2926.68 | 2924.65 | 2927.51 | 2963.30
Galactose 845.68 845.80 845.75 845.67 | 845.71 845.72 | 845.67 | 845.68
sulphate
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Fig.-2: DSC of all Formulas and Compounds of Ciprofloxacin and Carragenan

DSC results of all formulas are shown in Fig.-2. From DSC results, the endothermic peak of
Ciprofloxacin HCI was at 180.2 °C and a second peak at 298.7 °C. Kappa-Carrageenan showed a
prominent characteristic endothermic peak at 186.5 °C and 243.2 °C. All of these DSC peaks of
ciprofloxacin HCI of 180.2 °C and 298.7 °C were disappeared in the microspheres formulation, which
indicated an interaction between the drug, lyoprotectant maltodextrin, crosslinker, and polymer. DSC
thermogram of lyoprotectant was not shown in this paper. All the microspheres (F1 to F6) were found to
demonstrate the presence of endothermic peaks in the range between 186.5 °C and 298.7°C. This
indicated an interaction occurred and can confirm that the stable microspheres were completely formed by
crosslinking. In addition, Kappa-Carrageenan showed an endothermic transition above 100 °C. This may
indicate a hydrophilic nature of Carrageenan polymer, which was similar to the findings by other
researchers.” %

Results of physical characteristics of the microspheres in this study were discussed as follows. Figure-3
shows the scanning electron microscopy of all six formulas. The moisture content test showed the lowest
moisture content in F1 (1.90%), and the highest was F6 (3.79%) (Table-3). This was in agreement with
the specification of kappa-carrageenan according to the Certificate of Analyze (CoA) (less than 12%).
Morphology of the ciprofloxacin-kappa carrageenan microspheres of all formulas, F1 to F6, was a smooth
spherical shape (Fig.-3). The particle size of F1 to F6 had a size less than 2um; therefore, these particles
are of an inhalable size and can be deposited in alveoli.?®

In terms of yield (Table-4), F1 had the lowest yield (46.88%), and the highest was F6 (58.40%). These
results indicated that the ionotropic gelation method was a potential method in producing ciprofloxacin-
kappa carrageenan microspheres. The lowest drug loading was F1 (25.36%), and the highest was F6
(37.40%). The lowest entrapment efficiency was F1 (40.42%), and the highest was F6 (94.49%). These
results indicated that an increased polymer and KCL concentration affected EE and DL. This was because
an increased concentration of polymer affected the capabilities of the polymer chain to crosslink stronger
to increase the number of binding networks between each polymer. Therefore the system can bind the
drug, increasing the entrapment efficiency and drug loading efficiency.?’-8

Drug Release

The cumulative drug release profile showed the highest release of the drug (96.08% + 15.93) from the
formulation F1, which demonstrated a faster release profile.The slowest drug release of 75.46% + 12.95
(Fig.-4) was obtained from the formulation F6. The higher the concentration of the polymer, the slower
the release of the drug because a higher polymer concentration increased the thickness layer around the
drug particles and caused a slower drug diffusion from the matrix because the surface of the microspheres
was coated with a polymer.”®? The release kinetics showed the ciprofloxacin-kappa carragenan
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microspheres followed the Higuchi model. These results were similar to the outcome of other researchers
who demonstrated the matrix models of drug release from microspheres following the Higuchi model
(Table-5)." The drug release mechanism from this polymer matrix system involves the swelling of
microspheres followed by diffusion and release of the drug by dissolution and subsequent diffusion.?%-!

.

Viater|

Fig.-3: SEM Images of Microspheres F1, F2, F3, F4, F5 and F6 (at 10000x)

Table-3: Moisture Content and Particle Size of Ciprofloxacin-kappa Carrageenan Microspheres

Formula Moisture Content (Y%ow/w) Particle Size (um)

F1 1.91 +0.58 1.508 £0.191

F2 1.92+0.72 1.531 £0.130

F3 1.99 +0.53 1.498 £0.112

F4 3.15+0.37 1.347 £0.129

F5 3.50+0.19 1.438 £0.219

F6 3.79+0.10 1.504 £ 0.191

Table-4: DL, Yield and EE of Ciprofloxacin-kappa Carrageenan Microspheres
Formula Yield Drug Loading Entrapment
(Yow/w) (Yow/w) Efficiency (Yow/w)
Fl1 46.88 £2.76 25.36 £4.09 40.42 £ 11.82
F2 48.90 £2.23 26.55+4.92 48.26 = 15.74
F3 50.79 £ 0.51 27.15+4.68 58.26 £ 15.27
F4 5344242 28.41 £4.48 78.94 £ 5.96
F5 55.62£2.52 29.66 + 3.84 83.83 +6.99
F6 58.40 £ 1.56 37.40 £ 1.68 94.49 + 1.54
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Fig.-4: Cumulative release of Ciprofloxacin from Kappa Carrageenan Microspheres

Table-5: Regression Coefficients of release Data by Curve fitting Method on Zero Order, First-order, Higuchi and
Korsmeyer-Peppas

Formula Order 0 Order 1 Higuchi Korsmeyer-Peppas
F1 0.9740 0.7707 0.9940 0.9846
F2 0.9718 0.7617 0.9929 0.9839
F3 0.9522 0.7190 0.9937 0.9802
F4 0.9580 0.7244 0.9960 0.9857
F5 0.9471 0.9649 0.9961 0.9163
F6 0.9663 0.7393 0.9969 0.9937

Stability Studies

Results of the stability test at 25°C and 40°C after storage in 30 days in terms of particle size are
presented in Table 6 and drug loading in figure 5. Organoleptic observations of all formulas did not show
any changes, the color was still yellowish and did not aggregate. The microspheres’ morphology was
spherical with a smooth surface. Particle sizes of all formulations showed a small size of below 2 um in
all testing conditions (day 0 and after 30 days at 25 °C and 40 °C). No significant differences between the
effect of temperature and time on drug loading and particle size were observed, which indicated that the
ciprofloxacin-kappa carrageenan microspheres remained stable. To determine the possibility of the
instability of microspheres, it takes a longer time and higher temperature to observe a significant
difference in the physical stability of the ciprofloxacin-kappa carrageenan microspheres.

The most important parameter of dry powder inhalation is its flow properties and in vitro aerosolization.
The result of powder flow properties is presented in Table-7. Flow properties which were indicated by the
parameter of the Carr's index were <15%, and the Hausner ratio was <1.18. The result of F1 to F4
microspheres formulas had a Carr's index of 11-15% and a Hausner ratio of 1.12-1.18, including in the
flow category "Good". In comparison, F5 and F6 had a Carr’s Index <10% and a Hausner ratio of 1.00 -
1.11 as the category "Excellent". The final volume of F5 and F6 was reduced more than of F1-F4 after
tapping. This phenomenon was because F5 and F6 had a greater density than F1 to F4 in accordance with
other research that increases of polymers and crosslinker resulted in higher density!'!. From the results, it
can be seen that ciprofloxacin - kappa carrageenan microspheres can produce sufficient flow property to
be used for inhalation purposes.?

Table-6: The particle Size of Ciprofloxacin-Kappa Carrageenan Microspheres after 30 Days

Formula Particle Size (um)

0 Days 30 Days (25°C) 30 Days (40°C)
F1 1.615+£0.191 1.648 £ 0.126 1.721 £ 0.102
F2 1.564 £ 0.130 1.639 £ 0.113 1.673 £ 0.065
F3 1.495+0.112 1.671 £ 0.093 1.793 £ 0.054
F4 1.347 £0.129 1.528 £ 0.069 1.633 +0.058
F5 1.437+0.219 1.651 £0.213 1.663 +0.079
F6 1.504 £ 0.191 1.612 £0.187 1.501 + 0.068
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Fig.-5: Drug Loading of Ciprofloxacin-Kappa Carrageenan Microspheres after Storage for 30 Days at 40°C.

Table-7: Flow Properties Ciprofloxacin-Kappa carrageenan

Formula | Bulk Density | Tapped Density | Carr’s Index (%) Haustner Ratio
F1 0.021 +0.02 0.024 +0.02 12.62+1.92 1.144 £ 0.025
F2 0.022 +0.02 0.025 £ 0.02 12.85+1.30 1.147 +£0.017
F3 0.021 +0.03 0.025 +0.04 11.18 £3.54 1.111 + 0.068
F4 0.024 + 0.03 0.027 +£0.04 11.54 £2.14 1.131+0.027
F5 0.026 + 0.03 0.028 + 0.04 9.10+0.41 1.096 + 0.012
F6 0.024 + 0.03 0.027 £ 0.03 7.29 +£2.94 1.096 + 0.014

Aerosolization Study

Results of the in vitro aerosolization study to understand lung deposition using ACI are presented in
Table-8. The percentage of the mass of the drug is at the stage of 0 to stage 3, which described the upper
respiratory tract area showed all particles were found within the ideal DPI formulation range of less than
5 um. As can be seen, the formulation F4 showed the highest FPF (33.6%), which has higher
encapsulation efficiency. The formulation F6 showed the second highest FPF (28.2%). Therefore,
considering its potential for efficiently inhalable particles, F4 and F6 could be selected as the optimized
formula for inhalation.

Table-8: RD, ED and FPD of Ciprofloxacin-Kappa Carrageenan Microspheres

Formula | Recovered Dose Emitted Dose Fine Particle Fraction Fine Particle Dose

(%) (%) (FPF) (%) (FPD) (mg)
F1 392+29 45+0.6 24.1+54 0.24+ 0.05
F2 332+1.0 59+03 29.6 £ 4.8 0.29+0.02
F3 62.8+2.1 29+04 14.0 £ 8.5 0.14+0.08
F4 26.1+£1.6 7.1+04 33.6+4.4 0.34+0.04
F5 46.7+1.4 3.1+0.2 12.1+8.3 0.12+0.08
F6 335+ 1.4 8.1+ 1.1 282+42 0.28 +£0.02

The low RD might be because of the increased moisture content of powder and produced aggregates, which did not
reach the desired stage 3-7. DPI needs the energy to move powder to follow breathing airflow and break down the
powder agglomerates into small isolated particles. The inhalation flow rate used in this study is 28.3L/min. The flow
of inhalation is within the range of clinically effective flow rates for inhalers being tested and in accordance with

industry standards for quality control of inhaled drugs®’. Therefore, this study concluded that the optimized
microsphere formula was F4 and F6.

Antibacterial Tests

The antibacterial activities of the prepared formulations against Staphylococcus aureus and Pseudomonas
aeruginosa are presented in Table-9. F6 microspheres resulted in the highest activity against
Staphylococcus aureus with equal activity compared to the positive control, whereas the F4 microsphere
was the most active against Pseudomona-s aeruginosa. This might be due to the two highest FPD (F4 and
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F6 of 0.34mg and 0.28mg, respectively) from where most particles were deposited in the target site
producing higher antibacterial activity.

Table-9: In-vitro Antibacterial Activity of Microspheres against Staphylococcus aureus and Pseudomonas

aeruginosa
Sample Zone Inhibition Diameter (mm) Zone Inhibition Diameter (mm)
against Staphylococcus aureus against Pseudomonas aeruginosa
F1 12.70 £2.10 21.33+1.53
F2 14.87 £ 1.54 17.33 £0.58
F3 14.93 £0.72 16.33 +£0.58
F4 16.67 = 0.50 24.67+1.15
F5 18.45+0.51 20.33 £0.58
F6 19.25 £ 0.15 15.20 £ 0.20
Positive Control (+) 22.00 £ 0.53 11.67 +0.58
Negative Control (-) 6.50+0.50 6.00+0.30

Data are presented as mean + SD, n = 3. *The mean difference between formulas was significant at p< 0.05.

Moreover, based on the results of the antibacterial study, the concentration of ciprofloxacin HCI, which
produce antibacterial activity in the F1 to F6 microspheres formula, the obtained data for fine particle
dose (FPD) of F1, F2, F3, F4, F5 and F6 was of 0.24mg; 0.29mg; 0.14mg; 0.34mg; 0.12mg; and 0.28mg
respectively. This FPD of microspheres produced antibacterial activity as high as ciprofloxacin HCl
control. For the highest FPD of the formula, F4 and F6 were found to be almost 10 times lower compared
to the oral pharmacokinetic dose for ciprofloxacin tablet as anti-infective, which is about 2.7mg*. It can
be seen that the dose required for this current inhalable microsphere was smaller than the oral dose of
ciprofloxacin per day. Thus, it can be recommended for the use of ciprofloxacin inhalable microspheres
powder and further in vivo study was also highly recommended.

CONCLUSION
This study demonstrated the potential of Ciprofloxacin HCI-Kappa Carrageenan microspheres using 0.55
to 1.0% w/v carrageenan polymers and 0.2% to 0.6% w/v of potassium chloride for inhaled DPI
formulation. Increasing the concentration of carrageenan polymers and KCl crosslinker increased the size,
yield, EE and DL. The outcomes of Ciprofloxacin-carrageenan microspheres revealed the efficient
dispersibility of the DPI formulations. The developed formulations produced good physical
characteristics, good stability and high activities against Staphylococcus aureus and Pseudomonas
aeruginosa, which are the causative microbes for respiratory tract infections. Further study of in vivo
activity is recommended to observe clinical applications of microspheres to measure the effectivity of the
prepared formulations for lung delivery.
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