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ABSTRACT
Objectives: The objective of this study was to prepare carboplatin loaded cubosomes using 
high sheer homogenization technique. Materials and Methods: The cubosomes were prepared 
using Glyceryl Monooleate (GMO) as a lipophilic carrier along with pluronic F-127 (PF-127) 
and tween 80 as additive of the formulation. All the ingredients were subjected to chemical 
compatibility studies by Fourier Transform Infra-Red (FTIR) spectroscopy, thermal analysis using 
Differential Scanning Calorimetry (DSC), whereas X-ray Diffraction (XRD) studies were performed 
to evaluate the nature of drug in pure form as well as in formulation. The prepared cubosomes 
were characterized for their size and surface charge, surface morphology, drug release studies 
and drug permeation studies. Results: FTIR has confirmed the chemical compatibilities of the 
ingredients, while DSC has exhibited the thermal stabilities of the drug in alone as well as in 
cubosomes. The XRD has reviled that drug was crystalline, but upon incorporation in cubosmes, 
the crystallinity has reduced remarkably. The prepared cubosomes were of nanosized (diameter 
of 227 nm) and cubical in shape. The in vitro drug release and drug permeation studies have 
showed that concentration of both GMO and PF-127 has effected the release as well as 
permeation of the drug. However, in 3 hr studies the maximum amount of drug release was 
~84% and that of permeation was ~74%. Conclusion: Conclusively, the selected composition 
of the formulation was suitable enough to prepare the nanosized cubosomes showing suitable 
entrapment efficiency of the drug.
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INTRODUCTION

The anticancer drug carboplatin, also known as cis-diammine 
[1,1 cyclobutane dicarboxylato(2-)-0,0'], belongs to the 
second-generation and contains platinum.1 Other cancers treated 
with carboplatin include head and neck, endometrial, esophageal, 
bladder, and cervical cancers, as well as tumors of the central 
nervous system and osteogenic sarcoma. It may be employed as 
well in high-dose therapy together with stem cell transplantation 
or transplanted bone marrow because it has no non-hematological 
effects.2,3 It is helpful in numerous children's cancer treatment 
regimens due to the absence of long-term effects.4

In the presence of too much water, Glycerol Monooleate (GMO) 
has been shown to spontaneously transform into fluid crystalline 
cubic phases made up of bi-continuous bilayers of lipids that 
extend in three dimensions and divide into two sets of water 
channels.5 Cubic phases can include and regulate the release of 

medicines with different molecular weights and polarity because 
of the special structure of GMOs.6 There are three common 
macroscopic types of cubic phase: precursor, bulk, and particle 
(also known as cubosomes). Typically liquid, precursor materials 
only enter the cubic phase in reaction to external stimuli like 
dilution.7 Bulk forms of the cubic phases are fluid-like crystalline 
substances that are often composed of hydrated monoolein 
and frequently contain a medication.8 The bulk cubic gel is a 
superb option for use as a drug delivery matrix due to its high 
viscosity, biodegradability, capacity to integrate and distribute 
pharmaceuticals of various sizes and water solubilities, and 
capacity to improve the biochemical and/or physical properties of 
the included drugs. However, the cubic gel's substantial viscosity 
and stiffness restrict its ability to be used as a delivery system 
on its own.9 Cubosomes are produced as a result of the cubic 
lipid phases being emulsified in water. These nanoparticulate 
dispersal systems have great bioadhesion and biocompatibility.10 
It has been established that the internal structure and properties 
of the bulk phase are retained by the dispersed particles. These 
adaptable systems of delivering drugs can be used for a variety of 
administration methods, including parenteral, intravenous, and 
percutaneous.11 Cubosomal dispersions have some advantages 
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over bulk gel, such as a higher surface area and great fluidity (low 
viscosity).12 However, cubosomes are not anticipated to provide 
the same chances to control the release of drugs as compared to 
the bulk cubic phase because of their extremely small dimensions 
(and consequently short diffusion paths).13 Additionally, the 
integration of water-soluble medicines is challenging due to 
the substantial quantity of liquid present during cubosome 
formation.14

This study aims at creating a cubic phasic gel matrix containing 
the hydrophilic medication (carboplatin), which may be 
dispersed in water to create a cubosomal nanoparticle dispersion. 
To investigate the cubosomes' capability as a specialized system 
for drug delivery that could safely deliver the highest possible 
concentration of carboplatin, the in vitro properties were assessed.

MATERIALS AND METHODS

Materials

Glycerol monooleate (GMO), Pluronic F-127, carboplatin, and 
tween 80 were purchased from Sigma-Aldrich (Milwaukee, 
USA). D. All the chemicals used were of analytical grade.

Method of Preparation

Cubosomes are prepared using a similar methodology as used 
in the previous study, following the composition of formulation 
depicted in Table 1.15 Both Pluronic F-127 and GMO were melted 
at 70°C to create blank cubic gel. To produce a homogeneous 
state, the resultant molten solution was vortexed at high speed 
at room temperature while being added dropwise to distilled 
water (70°C). During this stage, the drug was introduced and 
thoroughly mixed to create a homogeneous solution. To create 
the cubosomes, the mixture was allowed to equilibrate at room 
temperature for 48 hr (Figure 1).

A ratio between the Pluronic F-127, GMO and Tween 80 has 
been used.

Characterization tests
Spectrophotometric analysis

The spectrophotometric assay adopted for carboplatin analysis 
by screening of carboplatin in the distilled water using UV 
spectrophotometer (Shimadzu, 2401/PC, Japan) through a scan 
range of 200–400 nm. Stock solution of 1 mg/mL was prepared, 
and then further dilutions were prepared, and their absorbance 
were recorded.

Fourier Transform Infrared Spectrophotometer 
(FTIR)

For FTIR analysis, a small quantity of all samples as well as of 
all the formulations were used. Data of infrared transmittance 
was screened over a wave number between 600 to 3800 cm-1. 
Spectrums were recorded in FTIR instrument (Perkin Elmer 

Spectrum Two, USA), by means of PC based software-controlled 
instrument operation and processing of the data.

pH

Without dilution beforehand, the pH of the samples was measured 
at 25°C with a certified pH meter.

Viscosity

Utilizing the Brookfield DV III Ultra V6.0 (Brookfield Engineering 
Laboratories, Inc., Middleboro, MA) at 25°C, the viscosity of the 
formulations was assessed without dilution.

Zeta potential and Particle size analysis

By employing Zeta Sizer Nano-series (Nano ZS, Malvern, 
Worcestershire, UK) dynamic light scattering, particle size 
distribution (Z-average) and zeta analysis were carried out. 
Samples have been diluted (100-fold) in distilled water before 
being tested in triplicate at 2570.5 1C.15

Scanning Electron Microscopy (SEM)

The morphology and structure of the cubosomes were examined 
using the scanning electron microscopy technique (ZEISS EVO 
LS10 Germany) with direct point-resolution. To conduct the 
SEM observations, a drop of the produced formulation was 
immediately placed to the grid of the holey film, and the images 
were taken after drying.

X-ray Diffraction (XRD)

Using an X-ray diffractometer (JDX-3523, JEOL, Tokyo, Japan), 
an X-ray Diffraction investigation of pure drug and carboplatin 
loaded cubosomes were performed. The pure drug and cubosome 
formulation were packed securely into an aluminum cell and then 
were subjected to Cuka monochromatic radiation of wavelength 
1.54056 A°. Samples were examined between 5° and 60° using 2θ 
at a rate of 3°/min.16

Drug entrapment efficiency (%)

Entrapment Efficiency (EE) is an important parameter to 
check the suitability of material used in formulation as well as 
the employed method. The prepared cubosomal dispersion 
was centrifuged at 10,000 rpm in centrifuge machine and the 
supernatant was taken from the mixture after centrifugation 
and analyzed spectrophotometrically to find the un-entrapped 
drug. The quantification was performed by using double beam 
UV-visible spectrophotometer at the wavelength of 254nm, and 
%EE was calculated by following mathematical expression.17

​%EE=(Total   drug   added − Free   drug   ÷Total   drug   added)×100​

In vitro drug release studies

Based on the USP XXIV technique, an in vitro release test was 
carried out in 500 mL of distilled water (Dissolution apparatus # 
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2, at 50 rpm and 37.5 degrees C).18 The dialysis bag was filled with 
one milliliter of the formulation. At regular times (0, 0.5, 1, 1.5, 
2, 4, 6, 8, 10, 12, 20, 24 hr), samples (1 mL) were taken out and 
a small amount of distilled water was added in their place. After 
that, the samples were examined with a UV spectrophotometer 
at 254 nm.19

In vitro permeation studies

The Franz diffusion cell was used for in vitro permeation 
experiments. The donor compartment and recipient compartment 
each received 1 mL of sample and 7 mL of buffer. The drug might 
flow through because the membrane of cellophane was left 
exposed. To ascertain how much of the drug had permeated, the 
samples, each 1 mL in volume, were gathered at various periods 
and adequately diluted before being examined with UV light.

Stability studies
Centrifugation

The synthesized formulations were subjected to stability 
investigations, which involved centrifuging them for 30 min at 
5000 rpm using a Refrigerated microcentrifuge, INNO MC 16R. 
After that, the generated cubosomes were evaluated.20

Freeze thaw method

The chemical compositions were transferred to NMR tubes for 
the freeze-thaw cycling after they had undergone centrifugation 
as part of the freeze-thaw technique investigations. The samples 
were then frozen for 2 hr each day in a -20°C freezer, melted at 
40°C for 1 hr, and then kept at 25°C for analysis.20

Thermal stability analysis (DSC)

The optimized formulation was thermally analyzed using a 
Differential Scanning Calorimeter (DSC) and thermogravimetric 
analyzer (TG analyzer; PerkinElmer STA 6000, USA). For DSC 
analysis, the formulation sample was put in closed aluminum 

pans and heated at a flow rate of 10°C/min from 25 to 40°C. 
The samples' DSC thermogram were used to record the peak 
transition temperature.21

RESULTS AND DISCUSSION

The studies were designed to formulate the cubosomal  
formulation of carboplatin and its carious characterization. 
High share homogenization technique was turned fruitful, 
as the nanosized cubosomes had been prepared successfully. 
Various combinations and compositions have been tried but the 
combination of PF-127 and tween 80 with GMO was found useful. 
The formulations were evaluated for a variety of characteristics 
and the outcomes have reviled that the trials were successful.

Spectrophotometric analysis

At a wavelength of 254 nm, a calibration curve for carboplatin 
was built with concentration along the horizontal x-axis and 
absorption along the vertical y-axis.

Fourier Transform Infrared Spectrophotometer 
(FTIR)

The FTIR spectrum of formulation showed similar peaks to that 
of reported spectrum of pure drug and other excipients used.

PF-127 exhibited a stretching region of C-H in the ranges of 
2810-2889 cm-1. Prominent peaks of alcohols, carboxylic acids 
and ethers have also been observed at 1075 cm-1, 1100 cm-1 and 
1120 cm-1 respectively.22 Similarly, the FTIR scan of GMO showed 
sharp and intense peek corresponding to C=O at about 1700 
cm-1 and a broad band appeared at 3320-3400 cm-1, showing the 
presence of –OH group. On the other hand, the FTIR spectrum 
of carboplatin has shown characteristic peaks, corresponding 
to the ester groups (C=O) at 1640 cm-1 and C-O at 1345 cm-1. 
The peeks associated with the NH group was appeared at 3270 
cm-1, whereas, the bands appeared at 2955 and 2861 cm-1 were 
due to the presence of asymmetric and symmetric CH stretching 

Figure 1: Illustration of method used for the preparation of cubosomes.
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vibrations, respectively.23 However, in the FTIR scan of prepared 
formulation, it has been noticed that all the characteristic peeks of 
drug and other excipients were present, confirming the chemical 
compatibilities of the ingredients (Figure 2).

pH of the formulation

The pH and viscosity of the formulations were studied, and it has 
been observed that both the parameters were quite satisfactory. 
The pH was neither strongly acidic nor the strong basic (Table 2).

Viscosity of the formulation

Viscosity was found effecting different parameters including 
drug release and drug permeation. The formulations with lesser 
viscosity have released greater amount of the drug and vice versa. 
The prepared formulation's viscosity spans from 16.09 to 41.44 
cP. Faster release of drugs from the formulation is ensured by 
reduced viscosity, which encourages quick absorption and, as 
consequently, a speedy start of action.

Zeta potential and Particle size analysis

Figure 4 shows that the average zeta potential of cubosomes 
carrying carboplatin was 0.1 mV. The carboplatin-loaded 
cubosomes' mean particle size was calculated to be 227.7 
nm, as illustrated in Figure 3. In comparison high  poloxamer 
concentrations are advantageous for the development of smaller 
particles and also favor vesicular particle formation over the 
intended cubic structure particle formation.24

Scanning Electron Microscopy (SEM)

The cubosomes' surface morphology has been studied using 
scanning electron microscopy. The findings revealed that 
nanosized, somewhat cubic-shaped particles had been found. 
Additionally, it has been shown that the particles are well 
disseminated and segregated, which indicates an even formulation 
(Figure 4).

X-ray Diffraction (XRD)

XRD studies have described that pure drug is crystalline in 
nature, exhibiting sharp and intense peeks at different angles. 
However, the drug in formulation has lost the crystallinity, as 
diffuse and undistinguishable peeks have been observed. This is 
the indication that the drug has been completely immersed and 
entrapped in the cubososmal structure (Figure 5).

Drug entrapment efficiency

The entrapped drug was ranging from 82-94%. F1 has entrapped 
82%, F2, 85%, F3 89% and F4 entrapped maximum amount of 
the drug, i.e., 94%. It might be due to the fact that PF-127 along 
with tween 80 has great ability to improve the drug entrapment in 
cubosomes. Hence, it could be considered that there was gradual 
increase in the concentration of the PF-127, that lead to increase 
in the entrapped amount of the drug in prepared formulations.

In vitro drug release studies

The results of  drug release in vitro experiments at 254 nm  are 
depicted in Figure 2. In comparison to the other formulations, 
F4 had demonstrated a higher drug release. As the proportions 
of Pluronic F-127 and GMO were raised, a discernible increase 

Formulations pH Viscosity (cP)
F1 6.8 ± 0.2 16.09 ± 0.89
F2 6.7 ± 0.3 22.98 ± 0.45
F3 6.4± 0.1 35.12 ± 0.95
F4 6.6 ± 0.2 41.44 ± 0.12

Table 2: Describing the pH and viscosity outcomes of prepared 
formulations.

Formulations Pluronic F-127 GMO Tween 80
F1 0.3 1 0.5
F2 0.35 1 0.3
F3 0.4 1 0.25
F4 0.5 1 0.2

Table 1: Composition of Formulations, describing different ratios of the used ingredients. 

Figure 2: FTIR Spectrum of (A) Tween 80, (B) Pluronic F-127, (C) GMO, (D) 
Carboplatin, (E) Formulation.
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in drug release was noted. It has been observed that formulation 

with greater concentration of Pluronic F-127 had shown greater 

released concentration of the drug. it has been an established fact 

that the poloxamers have the ability to increase the release and 

dissolution profile of various drugs. Similar outcomes have been 

noticed in current studies.25,26

In vitro permeation studies

After being removed from the procedure at various intervals 
of time, samples were measured for absorbance at 254 nm 
wavelengths. The relationship between concentration and 
absorbance was shown as a graph. In Figure 6, the percentage of 
drug formulations that pass through the membrane is represented 
graphically. With the largest amounts of Pluronic F-127 and 
GMO compared to the other formulations, F4 had the highest 
drug permeability of all the formulations. The trend in outcomes 
is similar to that of release of the drug. The poloxamers have also 
been considered in the class of surfactants, and surfactants are 
considered to increase the drug permeability of the drugs as well. 
Hence, the combination of a lipid with surfactant turned useful in 
not only increasing the release of the drug as well as permeability 
from the prepared cubosomes.

Stability Studies
Centrifugation

The formulations were subjected to study using the freeze-thaw 
method after centrifugation because there were no indications 
of phase separation or of any kind of instability. Recent studies 
have revealed that the method of centrifugation involves utilizing 

Figure 3: Representation of zeta potential and particle size analysis of prepared cubosomes.

Figure 4: Scanning Electron Microscopy, indicating nano-sized particles with suitably cubic shaped structures.

Figure 5: XRD patterns of carboplatin and cubosomes.
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a device known as a centrifuge that utilizes the centrifugal force 
as a tool to separate heterogeneous materials in both commercial 
and scientific environments. However, no layer or particle 
sedimentation has been seen following the test, suggesting a 
stable formulation.

Freeze Thaw Method

The formulations were highly stable because there was no 
evidence of particle sedimentation. The thawing process is more 
delicate and improves the dewatering outcomes. Temperature 
around 20°C in a water bath or in ambient air provide the ideal 
thawing conditions.27,28

Thermal stability analysis (DSC)

Figure 7 displays the DSC thermal imaging of cubosomes made 
from the carboplatin formulation. It is apparent that the DSC 
thermogram of carboplatin has a single distinct, an endothermic 
melt peak, which is consistent with earlier data.29 The individual 
ingredients have shown their characteristics endotherms, 
representing their corresponding melting points, such as 
carboplatin showed a strong endotherm at 280-285°C, Pluronic 
F-127 and GMO at 55-60°C and 30-35°C respectively. Several 

studies have reported the similar behavior of these ingredients.30-32 
However, in the formulation these endotherms were broader with 
considerably less intense peaks. The drug, that has shown a very 
sharp endotherm alone, has exhibited a broader and less intense 
peak, confirming its entrapment in cubosomes.

CONCLUSION

The objectives of nanosized cubosomes of carboplatin have been 
achieved successfully. The application of homogenization in the 
formulation preparation was found to be useful. The use of GMO 
has once again proved to facilitate the preparation of cube like 
structure. The use of PF-127 and tween 80 was good additives and 
found supportive in preparing the particles with suitable amount 
of entrapped drug and capable of releasing and permeating 
more than 70% of the drug. In short, the selected method and 
composition of the formulation is suitable for the preparation of 
anticancer cubosomes that is hydrophilic in nature.
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SUMMARY

This study aimed to create carboplatin-loaded cubosomes using 
high sheer homogenization technique. The cubosomes were 
prepared using Glyceryl Monooleate (GMO), Pluronic F-127 
(PF-127), and tween 80 as additives. Chemical compatibility 
studies were conducted using FTIR spectroscopy, DSC, and XRD. 
The cubosomes were characterized for size, surface charge, drug 

Figure 6: Describing the drug release and drug permeation studies of carboplatin from cubosmes.

Figure 7: DSC analysis of Carboplatin, GMO, Pluronic F-127, and Carboplatin 
loaded Cubosomes.
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release, and permeation. Results showed that the concentration 
of GMO and PF-127 affected drug release and permeation, with a 
maximum of 84% and 74% in 3 hr studies.

REFERENCES
1.  Gaver RC, Colombo N, Green MD, George AM, Deeb G, Morris AD, et al. The 

disposition of carboplatin in ovarian cancer patients. Cancer Chemother Pharmacol. 
1988;22(3):263-70. DOIdoi: 10.1007/BF00273422, PMID https://www.ncbi.nlm.nih.go 
v/pubmed/30446343044634.

2.  Doz F, Pinkerton RJEJoC. What is the place of carboplatin in paediatric oncology?. What 
is the place of carboplatin in paediatric oncology? Eur J Cancer. 1994;30(2):194-201. 
doi.org/10.1016/0959-8049(94)90086-8doi: https://doi.org/10.1016/0959-8049(94) 
90086-810.1016/0959-8049(94)90086-8.

3.  Muggia FM, editor. Overview of carboplatin: replacing, complementing, and 
extending the therapeutic horizons of cisplatin. Semin Oncol;. 1989; 16(2);Suppl 5. 
:7-13. PMID: 2655099.

4.  Calvert HJICA. The clinical development of carboplatin–a personal perspective. Inorg 
Chim Acta. 2019;498:118987. DOIdoi: 10.1016/j.ica.2019.118987.

5.  Pal N, Kumar S, Bera A, Mandal AJF. Phase behaviour and characterization of 
microemulsion stabilized by a novel synthesized surfactant: Iimplications for 
enhanced oil recovery. Fuel. 2019;235:995-1009. doi.org/10.1016/j.fuel.2018.08.100d 
oi: https://doi.org/10.1016/j.fuel.2018.08.10010.1016/j.fuel.2018.08.100.

6.  Moshikur RM, Ali MK, Moniruzzaman M, Goto MJC. OiC, Science I. Recent advances 
in surface-active ionic liquid-assisted self-assembly systems for drug delivery. Curr 
Opin Colloid In. Current Opinion in Colloid and Interface Science. 2021;56:101515. 
doi.org/10.1016/j.cocis.2021.101515doi: https://doi.org/10.1016/j.cocis.2021.10151 
510.1016/j.cocis.2021.101515.

7.  Davis DA, Martins PP, Zamloot MS, Kucera SA, Williams RO, Smyth HDC, et al. Complex 
drug delivery systems: controlling transdermal permeation rates with multiple active 
pharmaceutical ingredients. AAPS PharmSciTech. 2020;21(5)-165. doi: https://doi.o 
rg/10.1208/s12249-020-01682-410.1208/s12249-020-01682-4, PMID https://www.nc 
bi.nlm.nih.gov/pubmed/3250042032500420.

8.  Said S, Mikhail S, Riad MJM. SfET. Recent processes for the production of alumina 
nano-particles. Materials Science for Energy Technologies. 2020;3:344-63. https://d 
oi.org/10.1016/j.mset.2020.02.001doi: https://doi.org/10.1016/j.mset.2020.02.00110 
.1016/j.mset.2020.02.001.

9.  Dhadwal A, Sharma DR, Pandit V, Ashawat MS, . Kumar PJJodd, therapeutics. 
Cubosomes: A novel carrier for transdermal drug delivery. Biomedicines. 
2020;10(1):123-30. doi: 10.3390/biomedicines11041114.

10.  Naidjonoka P, Fornasier M, Pålsson D, Rudolph G, Al-Rudainy B, Murgia S, et al. 
Bicontinuous cubic liquid crystalline phase nanoparticles stabilized by softwood 
hemicellulose. Colloids Surf B Biointerfaces. 2021;203:111753. DOIdoi: 10.1016/j.
colsurfb.2021.111753, PMID https://www.ncbi.nlm.nih.gov/pubmed/33845421338 
45421.

11.  Fornasier M, Pireddu R, Del Giudice A, Sinico C, Nylander T, Schillén K, et al. Tuning 
lipid structure by bile salts: Hhexosomes for topical administration of catechin. 
Colloids Surface B Biointerfaces. 2021;199:111564. https://doi.org/10.1016/j.colsurf 
b.2021.111564doi: https://doi.org/10.1016/j.colsurfb.2021.11156410.1016/j.colsurf 
b.2021.111564, PMID https://www.ncbi.nlm.nih.gov/pubmed/3344507633445076.

12.  Anand B, Thomas I, . Abraham EJPs. Formulation and Eevaluation of Cubosomal 
Ggel of an Aanti-Iinflammatory Aagent. Int Pharm Sci. 2020;10:103. doi: 10.31531/ 
2231-5896.100010.

13.  Singhal K, Kaushik N, Kumar AJCDD. Cubosomes: Vversatile Nnanosized Fformulation 
for Eefficient Ddelivery of Ttherapeutics. Curr Drug Deliv. 2022;19(6):644-57. DOIdoi: 
10.2174/1567201818666210708123855, PMID https://www.ncbi.nlm.nih.gov/pubm 
ed/3423818734238187.

14.  Zakaria F, Ashari SE, Azmi IDM, Rahman MBAJZakaria F, Ashari SE, Mat Azmi ID, 
Abdul Rahman MB. JoDDS, Technology. Recent advances in encapsulation of drug 
delivery (active substance) in cubosomes for skin diseases. J Drug Deliv Sci Tec .hnol. 
2022;68:103097. https://doi.org/10.1016/j.jddst.2022.103097doi: https://doi.org/10. 
1016/j.jddst.2022.10309710.1016/j.jddst.2022.103097.

15.  Nasr M, Ghorab MK, Abdelazem A, . Abdelazem AJApsB. In vitro and in vivo evaluation 
of cubosomes containing 5-fluorouracil for liver targeting. Acta Pharm Sin B. 
2015;5(1):79-88. doi: 10.1016/j.apsb.2014.12.001, PMID https://www.ncbi.nlm.nih.g 
ov/pubmed/2657942926579429.

16.  Farooq M, Usman F, Naseem M, Aati HY, Ahmad H, Manee S, et al. Voriconazole 
Cyclodextrin based polymeric nanobeads for enhanced solubility and activity: in 
vitro/in vivo and molecular simulation approach. Pharmaceutics. 2023;15(2):389. 
https://doi.org/10.3390/pharmaceutics15020389doi: https://doi.org/10.3390/

pharmaceutics1502038910.3390/pharmaceutics15020389, PMID https://w 
ww.ncbi.nlm.nih.gov/pubmed/3683971136839711.

17.  zur Mühlen A, Schwarz C, Mehnert W. Solid lipid nanoparticles (SLN) for controlled 
drug delivery–drug release and release mechanism. Eur J Pharm Biopharm. 
1998;45(2):149-55. Ddoi: 10.1016/s0939-6411(97)00150-1, PMID https://www.ncbi.n 
lm.nih.gov/pubmed/97049119704911.

18.  Nandgude TD, Jadhavrao JN, Jawlekar AR, Poddar SS. Development Oof 
Sself-Mmicroemulsifying Ddrug Ddelivery Ssystem Bbased Ssolid Ddosage Fform 
Ccontaining Ssimvastatin. Int J Pharm. 2004;274(1-2):65-73. DOIdoi: 10.1016/j.ijph 
arm.2003.12.028.

19.  Rajagopal P, Sundararajan RJI. Method Ddevelopment Aand Vvalidation Oof 
Ccarboplatin Bby Uv Sspectrophotometric Mmethod Iin Bbulk Aand Ppharmaceutical 
Ddosage Fform. International Journal of Research and Analytical Reviews. 2019; 
6(2):5139: 2349.

20.  Shafiq S, Shakeel F, Talegaonkar S, Ahmad FJ, Khar RK, Ali M. Development and 
bioavailability assessment of ramipril nanoemulsion formulation. Eur J Pharm 
Biopharm. 2007;66(2):227-43. DOIdoi: 10.1016/j.ejpb.2006.10.014, PMID https://ww 
w.ncbi.nlm.nih.gov/pubmed/1712704517127045.

21.  Khan S, Madni A, Rahim MA, Shah H, Jabar A, Khan MM, et al. Enhanced in vitro release 
and permeability of glibenclamide by proliposomes: Ddevelopment, characterization 
and histopathological evaluation. J Drug Deliv Sci Tec.hnol. 2021;63:102450. https:/ 
/doi.org/10.1016/j.jddst.2021.102450doi: https://doi.org/10.1016/j.jddst.2021.10245 
010.1016/j.jddst.2021.102450.

22.  Zaman M, Iqbal A, Sarwar HS, Butt MH, Iqbal MO, Nissar N, et al. Application of 
Nnanoprecipitation Ttechnique to Ddevelop Poloxamer-407 Ffacilitated Ssolid Llipid 
Nnanoparticles for the Ccontrolled Ddelivery of Ttacrolimus. Int J Polym Sci. 2023; 
2023:1-8. https://doi.org/10.1155/2023/7356899doi: https://doi.org/10.1155/2023/7 
35689910.1155/2023/7356899.

23.  Iliescu RI, Andronescu E, Ghitulica CD, Berger D, Ficai AJUSB, . Series B: Cchem 
Mmat Ssci. Montmorillonite-alginate nanocomposite beads as drug carrier for 
oral administration of carboplatin-preparation and characterization. [Sscientific 
Bbulletin],. Series B. 2011; 73:;73: 3-16.

24.  Wörle G, Drechsler M, Koch MH, Siekmann B, Westesen K, Bunjes H, . Bunjes HJIjop. 
Influence of composition and preparation parameters on the properties of aqueous 
mono olein dispersions. Int J Pharm. 2007;329(1-2):150-7. DOIdoi: 10.1016/j.
ijpharm.2006.08.023, PMID https://www.ncbi.nlm.nih.gov/pubmed/169876231698 
7623.

25.  Setyaningsih D, Hartini YS, Patramurti C, Putri S, Murti YBJPEYB. Dissolution profile of 
Ccurcumin from solid dispersion prepared at a high drug load of Ccurcumin using 
Ppoloxamer 407 as the carrier. Pharm Educ. 2021;21(2):77-80. DOIdoi: https://doi.org 
/10.46542/pe.2021.212.7780https://doi.org/10.46542/pe.2021.212.7780.

26.  Dewan M, Sarkar G, Bhowmik M, Das B, Chattoapadhyay AK, Rana D, et al. Effect of 
gellan gum on the thermogelation property and drug release profile of Ppoloxamer 
407 based ophthalmic formulation. Int J Biol Macromol. 2017;102:258-65. DOIdoi 
: 10.1016/j.ijbiomac.2017.03.194, PMID https://www.ncbi.nlm.nih.gov/pubmed/283 
9082828390828.

27.  Cekic ND, Savic SM, Savic SD. Dynamic-mechanical thermoanalysis test: a rapid 
alternative for accelerated freeze-–thaw stability evaluation of W/O emulsions. Drug 
development and industrial pharmacy. Drug Dev Ind Pharm. 2019;45(12):1896-906. 
Epub /10/08. doi.org/10.1080/03639045.2020.1730399doi: https://doi.org/10.1080/ 
03639045.2019.167271810.1080/03639045.2019.1672718, PMID https://www.ncbi. 
nlm.nih.gov/pubmed/3158907731589077.

28.  Al Haj Sleiman S, Izoret L, Alam SY, Grondin F, Loukili A. Freeze–thaw field exposure 
and testing the reliability of performance test temperature cycle for concrete scaling 
in presence of de-icing salts. Materials and Structures. 2022;55(1):2. https://doi.org/ 
10.1617/s11527-021-01831-6doi: https://doi.org/10.1617/s11527-021-01831-610.16 
17/s11527-021-01831-6.

29.  Lee JS, Chae GS, An TK, Khang G, Cho SH, Lee HBJMr. Preparation of 5-fluorouracil-
loaded poly (L-lactide-co-glycolide) wafer and evaluation of in vitro release behavior. 
Macromolecular Research. 2003;11(3):183-8. https://doi.org/10.1007/BF03218350do 
i: https://doi.org/10.1007/bf0321835010.1007/BF03218350.

30.  Pironi AM, Eloy JdO, Rodero CF, Antonio SG, Alonso JD, Chorilli MJB. JoPS. PVP 
solid dispersions containing Ppoloxamer 407 or TPGS for the improvement 
of ursolic acid release. Braz J Pharm Sci. 2023;59:e21217. doi.org/10.1590/ 
s2175-97902023e21217doi: https://doi.org/10.1590/s2175-97902023e2121710.159 
0/s2175-97902023e21217.

31.  El-Badry M, Hassan MA, Ibrahim MA, Elsaghir HJF. Performance of poloxamer 
407 as hydrophilic carrier on the binary mixtures with nimesulide. Farmacia. 
2013;61(6):1137-50.

32.  Lian R, Lu Y, Qi J, Tan Y, Niu M, Guan P, et al. Silymarin glyceryl monooleate/poloxamer 
407 liquid crystalline matrices: physical characterization and enhanced oral 
bioavailability. AAPS PharmSciTech. 2011;12(4):1234-40. doi: 10.1208/s12249-011- 
9666-2, PMID https://www.ncbi.nlm.nih.gov/pubmed/2194830621948306.

Cite this article: Alamoudi JA, Almoshari Y, Alotaibi HF. Formulation and Evaluation of Pluronic F-127 assisted Carboplatin Cubosomes. Indian J of 
Pharmaceutical Education and Research. 2023;57(4):937-50.


