German ] Pharm Biomaterials 2023; 2(1): 18-25 GJPB
https://doi.org/10.5530/gjpb.2023.1.2

Research Article

Preliminary investigation of Ciprofloxacin-loaded microparticles for
the treatment of bone diseases using coconut oil and shea butter
Olufunke Dorothy Akin-Ajani*, Tomisin Awe, Kehinde Ademola Adediran

Department of Pharmaceutics & Industrial Pharmacy, University of Ibadan, Ibadan, Nigeria.

*Correspondence: oakinajani@yahoo.com; od.akin-ajani@ui.edu.ng

Received: 24 August 2022; Revised: 01 November 2022; Accepted: 15 November 2022

Abstract

Conventional drug delivery systems have several limitations, including poor bioavailability and an
inability to effectively transport antibiotics to the needed site of infection in the bone. A formulation
of ciprofloxacin-loaded microparticles derived from coconut oil and shea butter was developed to
enable a selective and targeted distribution of the broad-spectrum antibiotic. Solid microparticles
(SM), a mixture of solid and liquid lipid (coconut oil), solid-liquid microparticles (SLM), or coconut
oil alone; liquid microparticles (LM), loaded with ciprofloxacin using the hot homogenization
technique, were formulated. Evaluation of the microparticulate formulations included testing for
particle size, the efficacy of entrapment, antibacterial activity, and in vitro drug release. The size of
the microparticles that were loaded with ciprofloxacin ranked SM (5.25 +2.50 - 5.56 + 2.01 um) < SLM
(7.94 £3.89 - 7.98 + 2.00 pm) < LM (15.5 + 1.50 - 20.29 + 10.75 pm). The microparticulate formulations
had an entrapment efficiency of 43.26% and 63.34% for the antibiotic ciprofloxacin. When tested
against Staphylococcus aureus, all formulations exhibited good antibacterial activity; however, the
microparticles generated from coconut oil and shea butter exhibited more significant antibacterial
activity (zone of inhibition 24.0 £ 0.8 - 39.5 + 9.2 mm), in comparison to the other formulations. LM
had the fastest ciprofloxacin release (tso = 5.5 min), but the microparticles formed from shea butter
had a higher cumulative release (tso = 12.7 min) compared to that from the mixture (p>0.05). These
findings were obtained from in vitro drug release studies. The Korsmeyer-Peppas model could
account for every formulation using the Fickian Case I transport mechanism. Because of their
increased antibacterial activity, size, ability to entrap drugs, and in vitro drug release, the
ciprofloxacin-loaded microparticles made from cold-pressed coconut oil combined with shea
butter have the potential to provide a more effective treatment for bone diseases.
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Introduction

Diseases of the bone, particularly infections such as periprosthetic joint infection, osteomyelitis, and
acute management of open fractures, are challenging to treat [1,2]. Periprosthetic joint infection is a
severe consequence that can be life-threatening and necessitates high-dose antibiotics [3,4]. Meanwhile,
osteomyelitis is a disorder in which the bone cells or marrow get infected, destroying bone tissue unless
antibiotics are administered [5]. The degree of infection is influenced by various variables, including the
patient's health, the state of the surrounding soft tissues, and how long the infection has been present
in the joint [6]. Staphylococcus aureus, methicillin-resistant Staphylococcus aureus (S. aureus)
and Staphylococcus epidermidis are the bacteria that cause these illnesses. The fact that these bacteria
reside packed together in a highly moist extracellular matrix ("slime") connected to a surface
complicates matters [7]. As a result, bacteria in biofilms are far more resistant to antimicrobial drugs
acting in their development phase than free microorganisms [7,8].

In order to ensure efficient drug delivery at the point of action, numerous innovative cell-specific
targeting methods have been created in recent years. They include the utilisation of drug ligands,
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boosting drug stability, enhancing drug solubility, and limiting degradation to enable pharmaceuticals
to reach their targets before being removed from circulation [9].

Currently, antibiotic-loaded PMMA (polymethyl methacrylate) beads or calcium sulphate-loaded
beads are used to treat periprosthetic joint infection, osteomyelitis, and the acute management of open
fractures. The antibiotic is released by surface bleaching rather than desorption in the former, resulting
in relatively low local drug concentrations and swiftly being released within 2 days. In certain situations,
preventing the antibiotic from being entirely released [10]. A second surgery is also required to remove
the cement beads in single-stage operations. Furthermore, only antibiotics that are heat stable can be
used with PMMA. Calcium sulphate, on the other hand, is biodegradable and so preferred, although it
has the potential to produce inflammation, wound drainage, and heterotopic ossification when exposed
to synovial fluid. Microparticles (MPs) are formulated to protect the drug core from the environment,
eliminate incompatibilities, mask unpleasant taste, modify drug release, improve bioavailability and
minimize the side effects [11].

On the other hand, drug-loaded microparticles act as reservoirs that release the active ingredient
over an extended period and maintain effective drug concentrations. This reduces the frequency of
administration of the formulation and improves patient acceptance and compliance with medication.
Side effects are also reduced. The size and shape of the microparticles also improve the delivery of the
incorporated drug to the specific target site (reduced dosage quantities since the medicine would be
delivered at the same site). If designed as a bioadhesive, it ensures that the drug remains localized at
the application site long enough to be absorbed without being quickly eliminated; thus, bioavailability
is improved [12]. Such delivery systems may also increase drug stability and permeability through
biological layers.

Bone cement that is loaded with antibiotics is incredibly expensive, making it out of reach for many
people. In addition, the proportion of gentamycin-resistant microorganisms (mixed flora) among those
responsible for chronic osteomyelitis in our healthcare facilities is extremely low. The vast majority of
these microbes are susceptible to commonly used antibiotics [13]. Hence, it is essential to develop
systems of drug administration that are tailored specifically to bones.

Ciprofloxacin, a fluoroquinolone antibiotic with a pH of 3.7, is highly stable to heat and has a half-
life of 4-6 h, with a narrow absorption window [14]. Ciprofloxacin has a wide range of therapeutic
effects, including urinary tract infections, pneumonia, skin and soft tissue infection, and bone and joint
infections, to mention a few [15]. It inhibits the bacterial DNA-separating enzymes DNA gyrase, type 11
topoisomerase, and topoisomerase IV [16]. This prevents DNA replication and bacterial cell division. It
is an excellent option for controlled delivery because it works equally well against Gram-positive and
Gram-negative bacteria and mycoplasma [17,18]. The fact that ciprofloxacin has activity against
mycoplasma, which is usually resistant to most antibiotics, shows it to be a promising candidate for this
microparticulate formulation.

Coconut oil is an edible o0il derived from the mature, harvested Cocos nucifera plant in the Arecaceae
family. There are many reasons coconut oil is eaten worldwide, and some of its health advantages have
been scientifically proven [19]. Shea butter is also edible and obtained from the tree's seeds, Vitellaria
paradoxa, family Sapotaceae. It has been used in the food, cosmetic, paint and pharmaceutical industries
[20]. In order to synthesize ciprofloxacin-loaded microparticles using coconut oil and shea butter, the
purpose of the study was to carry out a preliminary evaluation of the microparticles generated, with
the goal of delivering the antibiotic to the bone site at a rate that can be controlled.

Materials and method
Materials

Ciprofloxacin was a gift from Bond Chemicals Nig. Ltd., Soy lecithin (Merck, GmbH), Coconut oil
(cold-pressed and hot-pressed, Healthwise Food & Farm Resources, Ibadan, Nigeria), Shea butter
(obtained from a local market in Ibadan, Nigeria), Tween 80 (BDH Chemical Ltd Poole, England).

Pre-formulation studies
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In order to prepare the microparticulate formulations, a slight modification was made to the hot
homogenization method described by Soutoa [21] and Narala and Veerabrama [22]. This modification
involved the use of varying concentrations of the surfactants in order to achieve a stable formulation
while simultaneously maintaining the concentration of oils and medication. Stable microparticles were
eventually formed with the formulations prepared with cold-pressed coconut oil by using the
surfactants soy lecithin (0.6%) and Tween 80 (2.0%). On the other hand, stable microparticles were
formed with the formulations prepared with hot-pressed coconut oil by using egg lecithin (1.2%) and
Tween 80 (4.5%).

Preparation of ciprofloxacin-loaded microparticles

Microparticles loaded with ciprofloxacin were produced using a hot homogenization method. At a
temperature above the lipid's melting point, microparticles were generated. Microparticles were
produced utilizing solid lipid (shea butter), SM, a blend of solid and liquid lipid (coconut oil), SLM, or
coconut oil by itself, LM. Shea butter, ciprofloxacin (Table 1), and a lipophilic surfactant were mixed at
70°C in a water bath. The hydrophilic surfactant was heated with distilled water in a separate beaker.
After bringing the aqueous and lipid phases to the same temperature, the aqueous phase was injected
gently into the lipid phase and magnetically stirred at 700 rpm for 10 min. The hot dispersion was then
homogenized for 5 min at 7200 rpm using an Ultra-Turax T18 homogenizer (Janke and Kunkel, Staufen,
Germany). The SLM was made similarly to the SM, with the exception that 50% of the solid lipid was
substituted with cold- or hot-pressed coconut oil. The LM was also produced in an identical fashion,
utilizing simply cold- or hot-pressed coconut oil.

Table 1. The formula for the ciprofloxacin-loaded SM, SLM and LM using cold and hot-pressed coconut oil.

Ingredient Concentration (% w/w)

Cold pressed Hot pressed

SM. SLM: LM-. SMhn SLMn LMn
Shea Butter 7.250 3.625 - 7.250 3.625 -
Coconut Oil - 3.625 7.250 - 3.625 7.250
Soy Lecithin 0.600 0.600 0.600 - - -
Egg Lecithin - - - - 1.200 1.200
Tween 80 2.000 2.000 2.000 4.500 4.500 4.500
Ciprofloxacin 0.100 0.100 0.100 0.100 0.100 0.100
Water to 100.0 100.0 100.0 100.0 100.0 100.0

SM = Solid microparticle; SLM = Solid liquid microparticle; LM = Liquid microparticle; ¢ = cold pressed coconut oil; h = hot pressed coconut oil

Determination of particle size of microparticles

The microparticles' size and shape were determined using a scanning electron microscope (VEGA3
TESCAN, Germany) and an accelerating voltage of 15 kV.

Determination of the drug entrapment efficiency of the microparticles

After centrifuging a set amount of the microparticles at 4200 rpm for 15 min at 20°C and filtering the
supernatant through a micro millipore (45 um) filter, the amount of ciprofloxacin incorporated into the
microparticles was measured by spectrophotometrically at 276 nm using a UV spectrophotometer
(Spectrum lab 752s UV-VIS spectrophotometer, China). The amount of medication that was found to be
encapsulated in the microparticles was calculated by using the following equation:

analyzed weight of the drug in microparticles

%d t t effici = x 100
% drug entrapment efficiency Theoretical weight of drug — loaded microparticles

Determination of in vitro drug release of the microparticles and release kinetics

Drug release studies were carried out in vitro using the dialysis bag method [22]. Before the release
investigations, a 5 cm dialysis membrane (Edu-lab 008 MWCO 12000 - 14000 g/mol) was soaked in
distilled water for 30 min. The release media was 0.01N hydrochloric acid. The temperature was
maintained at 37°C while the dialysis membrane was suspended in the release medium. Samples (10
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ml) were taken out of the release medium and replaced with new ones at intervals of 15 min. The
samples were collected, appropriately diluted, and examined with a UV-visible spectrophotometer at
276 nm. Drug release kinetics was investigated by putting the release data into different equations, such
as zero order, first order, Higuchi, Hixson-Crowell, and Korsmeyer-Peppas. The ideal model was
chosen using values for the correlation coefficients. The drug release kinetic parameters were calculated
using the DD Solver software programme (Microsoft Excel add-in, Excel, 2016).

In vitro antibacterial studies of the microparticulate formulations

The antibacterial activity of ciprofloxacin-loaded microparticles was determined using the cup plate
method. Using a sterile swab, the Staphylococcus aureus isolate suspension was streaked onto a sterile
petri dish containing nutrient agar. A sterile cork borer was employed to bore wells in the nutrient agar
plate. The control solution (gentamicin 1mg/ml), SM, SLM, and LM were all poured into the wells
separately. The inhibition zones around the wells were measured after 24 h at 37°C [23].

Results and Discussion
Particle size of the microparticles

Particle size is one of the physicochemical features of particulate systems that is critical to the stability
and bioavailability of any integrated medication [24,25]. Particulate systems' physical stability, surface
area, and drug dissolving rate are determined by particle size. The particle sizes of the ciprofloxacin-
loaded microparticles are shown in Table 2, and the SEM image is presented in Figure 1. The rank order
for particle sizes of the microparticles produced was SM < SLM < LM. The SEM showed the SMs as the
smallest while the LMs had the largest sizes. The microparticles produced from the cold-pressed
coconut oil had a more comprehensive range of sizes and larger particle sizes than those produced from
the hot-pressed oil. It has been demonstrated that various parameters, including the physicochemical
qualities of the drug [26], influence the size distribution.

Table 2. Particle size, entrapment efficiency, and zones of inhibition of ciprofloxacin-loaded microparticles.

Oil Type Formulation Code  Particle Size (um)  Entrapment Efficiency (%)  Zone of Inhibition (mm)
SMe 5.56 +2.01 52.00+0.10 38.0£9.90
Cold-pressed SLMe 7.94 +3.89 48.95+0.05 39.5+9.20
LMc 20.29 +10.75 55.40+0.10 20.0 £0.00
SMh 525+25 56.67 +0.04 38.0+0.80
Hot-pressed SLMn 7.98 £2.00 63.3 £0.04 24.0+0.80
LMn 15.58 +1.50 43.3+0.04 -
Control 22.0+0.00

(mean + sd, n=3)
SM = Solid microparticle; SLM = Solid liquid microparticle; LM = Liquid microparticle; ¢ = cold pressed coconut oil; h = hot pressed coconut oil

According to the results of the SEM analysis, not a single one of the microparticles had a spherical shape.
This is most likely due to the fact that they all incorporated drugs. Nnamani et al. [25] conducted a study
in which they found that the drug's incorporation changed the microparticles’ morphology from
spherical to somewhat spherical and irregularly shaped.

Drug entrapment efficiency of the microparticles

Drug entrapment efficiency measures how well a drug is ingrained in a particulate system and is an
essential factor in determining the drug loading of microparticles [27]. The drug entrapment efficiency
of the microparticulate preparations is presented in Table 2. The SM had a good entrapment of the drug;
however, the SLM produced using hot-pressed coconut oil had the highest entrapment of ciprofloxacin,
while the LM prepared from hot-pressed coconut oil exhibited the least entrapment, thus showing no
clear trend. Microparticles with high drug content allow for the administration of fewer microparticles
[28].

In vitro drug release of the microparticles and release kinetics
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The percentage of medications released significantly depends on the microparticulate system's
makeup [29]. Release from the particle surface, diffusion through the polymer, and release due to
polymeric erosion are the three mechanisms that mediate drug release from particulate systems. These
three mechanisms often occur in different ways. In cases of surface release, ingested medicines
disintegrate instantly upon contact with the release media, resulting in a burst effect [27,30].

Cold-pressed
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Figure 1. Scanning electron micrograph of ciprofloxacin-loaded microparticles (cold and hot pressed) (magnification: x500).

The plots of % ciprofloxacin released per time are shown in Figure 2. The microparticulate
preparations made from cold-pressed coconut oil had a higher and faster release of ciprofloxacin, with
the LM even exhibiting burst release. This burst release could have been caused by free medication
adhering to the surface of the microparticles following the initial rapid hydration and swelling. As the
temperature of the water phase dropped, the drug's solubility in the water phase may have
continuously decreased as it partitioned between the liquid oil phase and the aqueous phase during
particle production using the hot homogenization method. As a result, the drug concentrates on the
microparticles' outer crust in a vicious cycle of re-partitioning and recrystallization. This amount of drug
would be discharged in a burst from the particle's surface and outer wall [25,31]. The preparations made
from hot-pressed coconut oil gave a lower and slower release of ciprofloxacin (tso = 12-54 min). Thus,
showing potential for prolonged release and suggesting effective entrapment [32]. On fitting the data
into various release kinetic models, the highest correlation coefficient values were found for the
Korsmeyer-Peppas model (Table 3). Drug release from all microparticle formulations fit the same model
with similar regression coefficients, r2 2 0.996 and diffusion constant, n<0.45 (0.155-0.270), indicating a
Fickian (Case I) diffusion release mechanism [25,33]. This implies that the drug release mechanism is
diffusion controlled.

Antibacterial properties of the microparticulate formulations

The antibacterial activity of the microparticulate formulations was evaluated against Staphylococcus
aureus, the prevalent microorganism responsible for bone infections. All the formulations had activity
against S. aureus, as shown by their inhibition zones in Table 2. This showed that ciprofloxacin retained
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its activity even in the formulation. Only LM prepared from hot-pressed coconut oil had no detectable
activity against S. aureus. The ranking of the antibacterial activity of the microparticulate formulations
was of the order SLMc > SM > SLMh > LMc. The ciprofloxacin-loaded microparticulate formulation
prepared from the shea butter and cold-pressed coconut oil had the highest activity against S.
aureus. This may have resulted from the cold-pressed oil having undamaged lauric and capric acid,
which confer antimicrobial properties on the oil [34-36] alternatively because the phospholipid profile
and fatty acid composition of soy and egg lecithin vary [37]. Antimicrobial lipids have been
acknowledged to have antibacterial properties ever since Dr Robert Koch et al. demonstrated in the late
1880s that fatty acids, a significant class of antimicrobial lipids, prevented the proliferation of the
bacterium Bacillus anthracis, which causes anthrax [38]. Soy lecithin contains much more unsaturated
fatty acids than egg lecithin [37]. As a result, this could have a synergistic antibacterial impact with
coconut oil. Additionally, Parsons et al. looked at how pervious S. aureus was after being exposed to
palmitoleate. This ideal toxic fatty acid causes the cytoplasmic membrane to rupture and causes solutes
and low-molecular-weight proteins to leak into the medium [39].
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Figure 2. In-vitro drug release profile for the different Microparticulate formulations.

Table 3. Correlation coefficients of the release kinetic mathematical models for the microparticles.

Formulation code Zero order First order Higuchi Hixson- Korsmeyer-Peppas
Crowell » n
SMe 0.604 0.870 0.937 0.807 0.996 0.249
SLM. 0.536 0.849 0913 0.774 0.998 0.205
LM 0.167 - 0.722 - - -
SMh 0.453 0.643 0.878 0.586 0.999 0.155
SLMh 0.544 0.704 0916 0.656 0.998 0.209
LMn 0.632 0.727 0.948 0.697 0.997 0.270

SM = Solid microparticle; SLM = Solid liquid microparticle; LM = Liquid microparticle; ¢ = cold pressed coconut oil; h = hot pressed coconut oil

Since numerous host-derived lipid groups found on mucosal surfaces, in saliva, and on the skin have
recently been identified as antimicrobial molecules that function in both specific and selective inborn
immune activities, with evidence that the bacterial membrane is the target, local delivery of
ciprofloxacin using lipid-based microparticles can be an effective method to reduce antibacterial
resistance in bone infections and to target the biofilm bacteria [40].

Conclusion

Ciprofloxacin-loaded microparticles prepared from hot-pressed coconut oil showed prolonged
release and higher drug entrapment efficiency. In contrast, those prepared from cold-pressed coconut
oil showed more excellent zone of inhibition and thus higher antibacterial activity, particularly in
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combination with shea butter. Drug release from all the microparticulate formulations fitted the
Korsmeyer-Peppas model with a Fickian (Case I) diffusion release mechanism. Thus, based on size,
drug entrapment effectiveness, in vitro drug release, and antibacterial activity, the ciprofloxacin-loaded
microparticles made from cold-pressed coconut oil could provide better therapy for bone diseases.

Acknowledgements

The authors acknowledge the Faculty of Technology, University of Ibadan, Nigeria, for using their
scanning electron microscope and the assistance of technologists at the Department of Pharmaceutical
Microbiology.

Authors contribution

All the authors have contributed equally.

Declaration of interest

The authors declare no conflict of interest.

Financial support

The Tertiary Education Trust Fund - Institution Based Research (TETFund-IBR) provided financial
support for this study.

References

1.Lew DP, Waldvogel FA. Osteomyelitis. Lancet. 2004;364(9431):369-79.

2. Zimmerli W, Sendi P. Orthopaedic biofilm infections. APMIS. 2017;125(4):353-64.

3. Kurtz SM, Lau E, Schmier J, Ong KL, Zhao K, Parvizi ]. Infection burden for hip and knee arthroplasty in the
United States. ] Arthroplasty 2008;23(7):984-91.

4. Kurtz SM, Ong KL, Lau E, Bozic K], Berry D, Parvizi J. Prosthetic joint infection risk after TKA in the Medicare
population. Clin Orthop Relat Res. 2010;468(1):52-6.

5. McPherson EJ, V. Dipane M, Sherif SM. Dissolvable antibiotic beads in treatment of periprosthetic joint infection
and revision arthroplasty-the use of synthetic pure calcium sulfate (Stimulan®) impregnated with vancomycin &
tobramycin. Reconstructive Review. 2013;3(1). doi: 10.15438/rr.v3i1.27.

6. Stewart PS, Costerton JW. Antibiotic resistance of bacteria in biofilms. Lancet. 2001;358(9276):135-8.

7. Donlan RM. Biofilms: microbial life on surfaces. Emerging infectious diseases. 2002;8(9):881-90.

8. Trampuz A, Zimmerli W. Prosthetic joint infections: update in diagnosis and treatment. Swiss Med Wkly.
2005;135(17-18):243-51.

9. Stapleton M, Sawamoto K, Alméciga-Diaz CJ, Mackenzie WG, Mason RW, Orii T, et al. Development of bone
targeting drugs. Int ] Mol Sci. 2017;18(7):1345.

10. Maale G, Eager ], editors. Local elution profiles of a highly purified calcium sulfate pellet at physiologic PH,
loaded with Vancomycin and Tobramycin, in the treatment of infected total joints. Western Orthopaedic
Association Annual Meeting Proceedings of the 75th Annual Meeting of the Western Orthopaedic Association;
2011.

11. Wang Y, Xuan ], Zhao G, Wang D, Ying N, Zhuang ]J. Improving stability and oral bioavailability of
hydroxycamptothecin via nanocrystals in microparticles (NCs/MPs) technology. Int ] Pharm. 2021;604:120729.
12. Plamen K, Bissera P, Margarita K. Preparation techniques of microparticles for drug delivery. Hayurm Tpyaose

Ha CpI03a Ha yuennrte-I1a0Baus Cepust I': Meauiiuna, papmans u AeHtaaHa MeAnnyaa. 2015;18:285-9.

13. Alonge TO, Ifesanya AO, Okoje VN, Nottidge TE, Fashina NA. An evaluation of the shelf life of ceftriaxone—
polymethylmethacrylate antibiotic beads. Eur ] Orthop Surg Traumatol. 2009;19(8):571-5.

14. Tadros MI. Controlled-release effervescent floating matrix tablets of ciprofloxacin hydrochloride: Development,
optimization and in vitro — in vivo evaluation in healthy human volunteers. Eur J Pharm Biopharm.
2010;74(2):332-9.

15. Deborah C, John P, Allan P, Paul B, Peter A, Alen W. Ciprofloxacin. A review of its antimicrobial activity,
pharmacokinetic properties and therapeutic use. Drugs. 1988;35:373-447.

16. Alhassani A, Alnakshbandi AA, Al-Nimer MS. The effect of Ultraviolet-B irradiation on the photodegradation
of ciprofloxacin and norfloxacin as inhibitors of bacterial DNA replication and cell division in urea medium.
Cellular and molecular biology (Noisy-le-Grand, France). 2020;66(7):51-5.

17. Drlica K, Zhao X. DNA gyrase, topoisomerase IV, and the 4-quinolones. Microbiol Mol Biol Rev. 1997;61(3):377-
92.

24



Akin-Ajani et. al

18. Pommier Y, Leo E, Zhang H, Marchand C, biology. DNA topoisomerases and their poisoning by anticancer and
antibacterial drugs. Chemistry & Biology. 2010;17(5):421-33.

19. Kappally S, Shirwaikar A, Shirwaikar A. Coconut oil-a review of potential applications. Hygeia JD Med.
2015;7(2):34-41.

20. Akin-Ajani O, Odeku O, Babalola Y. Formulation of paediatric paracetamol suppositories using shea butter and
dika fat as suppository bases. TINPR. 2019;3(2):31-6.

21. Souto E, Wissing S, Barbosa C, Miiller R. Development of a controlled release formulation based on SLN and
NLC for topical clotrimazole delivery. Int ] Pharm. 2004;278(1):71-7.

22. Narala A, Veerabrahma K. Preparation, characterization and evaluation of quetiapine fumarate solid lipid
nanoparticles to improve the oral bioavailability. Journal of pharmaceutics. 2013, Article ID 265741, 7 pages.

23. Shazly GA. Ciprofloxacin controlled-solid lipid nanoparticles: characterization, in vitro release, and
antibacterial activity assessment. Biomed Res Int. 2017;2017:2120734. doi: 10.1155/2017/2120734.

24. Kim JT, Barua S, Kim H, Hong S-C, Yoo S-Y, Jeon H, et al. Absorption study of genistein using solid lipid
microparticles and nanoparticles: control of oral bioavailability by particle sizes. Biomol Ther (Seoul).
2017;25(4):452-9.

25. Nnamani PO, Kenechukwu FC, Nwagwu CS, Okoye O, Attama AA. Physicochemical Characterization of
Artemether-Entrapped Solid Lipid Microparticles Prepared from Templated-Compritol and Capra hircus (Goat
Fat) Homolipid. Dhaka Univ ] Pharm Sci. 2021;20(1):67-80.

26. Harde H, Das M, Jain S. Solid lipid nanoparticles: an oral bioavailability enhancer vehicle. Expert Opin Drug
Deliv. 2011;8(11):1407-24.

27. Akin-Ajani O, Ikehin M, Ajala T. Date mucilage as co-polymer in metformin-loaded microbeads for controlled
release. JEFC. 2019;10(1):3-12.

28. Nnamani PO, Ibezim EC, Adikwu MU, Attama AA. Sustained-Release Glibenclamide-Loaded Solid Lipid
Microparticles from Micellar Solutions of Homolipids. ] Pharm Innov. 2022;17:701-11.

29. Kenechukwu F, Umeyor C, Momoh M, Ogbonna J, Chime S, Nnamani P, et al. Evaluation of gentamicin-
entrapped solid lipid microparticles formulated with a biodegradable homolipid from Capra hircus. Trop ] Pharm
Res. 2014;13(8):1999-205.

30. Mankala SK, Korla AC, Gade S. Development and evaluation of aceclofenac-loaded mucoadhesive
microcapsules. ] Adv Pharm Technol Res. 2011;2(4):245-54.

31. Nnamani P, Kenechukwu F, Dibua E, Ogbonna C, Monemeh U, Attama A. Transdermal microgels of
gentamicin. Eur ] Pharm Biopharm. 2013;84(2):345-54.

32. Alderman D. A review of cellulose ethers in hydrophilic matrices for oral controlled-release dosage forms. Int J
Pharm Tech Prod Mfr. 1984;5(3):1-9.

33. Majeed A, Ranjha NM. Ivabradine HCL-loaded polymeric microspheres consisting of ethyl cellulose and
eudragit FS 30D for controlled drug release. Adv Polym Technol. 2018;37(3):732-9.

34. Abbas AA, Assikong EB, Akeh M, Upla P, Tuluma T. Antimicrobial activity of coconut oil and its derivative
(lauric acid) on some selected clinical isolates. Int ] Med Sci Clin Invent. 2017;4(8):3173-7.

35. MacDonald I, Oghale O-U, Sheena OE, Mabel O. Physicochemical properties, antioxidant activity and phyto-
nutritional composition of cold and hot-pressed coconut oils. GSC Biological and Pharmaceutical Sciences.
2018;5(1):56-66.

36. Widianingrum DC, Noviandi CT, Salasia SIO. Antibacterial and immunomodulator activities of virgin coconut
oil (VCO) against Staphylococcus aureus. Heliyon. 2019;5(10):02612.

37. Zhang S, Wang T, Beitz DC. Soy lecithin but not egg lecithin decreased the plasma cholesterol concentration in
golden Syrian hamsters. Iowa State University Animal Industry Report. 2006;3(1). doi:
https://doi.org/10.31274/ans_air-180814-128.

38. Yoon BK, Jackman JA, Valle-Gonzalez ER, Cho N-J. Antibacterial free fatty acids and monoglycerides: biological
activities, experimental testing, and therapeutic applications. Int ] Mol Sci. 2018;19(4):1114.

39. Parsons JB, Yao J, Frank MW, Jackson P, Rock CO. Membrane disruption by antimicrobial fatty acids releases
low-molecular-weight proteins from Staphylococcus aureus. Journal of bacteriology. 2012;194(19):5294-304.

40. Fischer CL. Antimicrobial activity of host-derived lipids. Antibiotics. 2020;9(2):75.

How to cite this article:
Akin-Ajani OD, Awe T, Adediran KA. Preliminary investigation of Ciprofloxacin-loaded microparticles for the treatment of
bone diseases using coconut oil and shea butter. German ] Pharm Biomaterials. 2023;2(1):18-25.

25




