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ABSTRACT

Objectives: This study aims to prepare a topical cubosomal formulation that contains
5-Fluorouracil (5-FU), a hydrophilic anti-cancer drug, that belongs to the Biopharmaceutics
Classification System (BCS-Ill) i.e., high solubility and low permeability. Materials and Methods:
The 5-FU loaded cubosomes were prepared using Glyceryl Monooleate (GMO) as a lipid polymer,
in the presence of Poloxamer 407 (Polox-407) and Tween 80 (T80) as stabilizers. Four formulations
of cubosomes were formulated by varying concentrations of Polox-407 and GMO while keeping
the concentration of T80 constant. A melting, followed by homogenization technique has been
used for the preparation of 5-FU cubosomes. Several In vitro characterization experiments,
chemical compatibility studies, pH, viscosity, Scanning Electron Microscopy (SEM), particle size
analysis, zeta potential, in vitro drug release studies, in vitro permeation study, and stability studies
were performed. Results: The compatibility studies have confirmed the chemical compatibility
of the drug and ingredients, while stability analysis has assured that the prepared formulations
were stable. Particle size analysis and surface morphology showed that particles were nano-sized
with suitable cubical shapes, well segregated from each other. The zeta potential was -0.6 mV and
viscosity has been recorded as 18 cP. The drug release and permeation studies revealed that the
cumulative amount of the drug was 95% and 94% respectively. Conclusion: Altogether, these
findings suggested that upon further optimization, this formulation may have the potential to be
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translated as an effective therapy for the clinical management of superficial cancers.
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INTRODUCTION

5-Fluorouracil (5-FU), has been considered as a fluorinated
pyrimidine analogue. It is an anti-neoplastic molecule that
has been extensively used alone as well as in combination with
chemotherapy regimens for treating the cancer of GIT."! However,
5-FU is restricted due to its GIT toxicity, severe bone marrow
disturbances, and hematologic side effects.? Furthermore, due
to the low plasma half-life (10-20 min) as well as the elevated
metabolism rate of this drug in the body, the care of a therapeutic
concentration of serum levels needs some constant high-dose
administration.>* Raised 5-FU levels in plasma could affect
hazardous side effects as well as antitumor properties of this drug
contingent on the exposure time rather than the concentration
of plasma.’ Prior reports have specified that the 5-FU sustained
release formulations®® as well as selective transport towards the
site of tumor®'® not only recover antitumor activity nonetheless it
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correspondingly decrease the side effects of 5-FU when associated
with the clinically available 5-Fluorouracil formulation.

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 3 dimensions as well as divided into 2 sets of water channels."!
Cubic phases can include and regulate the release of medicines
with different molecular weights and polarity because of the
special structure of GMOs."? There are 3 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.” Bulk
forms of the cubic phases are fluid-like crystalline substances
that are often composed of hydrated monoolein and frequently
contain a medication." The bulk cubic gel is a superb option for
use as a drug delivery matrix due to its biodegradability, high
viscosity, capacity to integrate and distribute pharmaceuticals
of various sizes, and solubility in water as well as capacity to
improve the biochemical and physical properties of included
drugs. However, cubic gel's substantial viscosity and stiffness
restrict its ability to be used as a delivery system on its own."”
Cubosomes are produced as a result of the cubic lipid phases being
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emulsified in water. These nanoparticulate dispersal systems have
great bioadhesion and biocompatibility.'® 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."”
Cubosomal dispersions have some advantages over bulk gel, for
example, a higher surface area and great fluidity (less viscosity).'®
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).'” Additionally, the integration
of water-soluble medicines is challenging due to the substantial
quantity of liquid present during cubosome formation.”

This study describes the formulation of cubosomes of hydrophilic
drug 5-Fluorouracil (5-FU). The prepared four formulations of
5-Fluorouracil cubosomes have been extensively characterized
and evaluated in vitro as a potential topical drug delivery approach
that can deliver a high concentration of 5-Fluorouracil.

MATERIALS AND METHODS

Materials

5-Fluorouracil, Glycerol Monooleate (GMO), poloxamer 407,
and tween-80 were purchased from Sigma-Aldrich (Milwaukee,
USA). All the chemicals used were of analytical grade.

Preparation of 5-FU cubosomes

Different combination of the ingredients was tried to formulate
the cubosome. Stearic acid, glyceryl monostearate, poloxamer
188, and beta-cyclodextrin have been used in various ratios, but
the trials were unsuccessful. However, the use of poloxamer-407
in combination with glyceryl monooleate was found useful
in preparing the cubosomes. Cubosomes were prepared as
discussed in a recent study.”' Poloxamer 407 and GMO have been
melted at 70°C in a water bath for blank cubic gel. Dropwise, the
formulated molten solution was then added to distilled water
(70°C) then vortexed at a very high speed at room temperature
to attain a homogenous state. The drug was added in this phase
and was mixed until a homogenous solution was formed. The
prepared formulations were stored at room temperature for about
48 hr to obtain the cubosomes (Figure 1). The composition of all
the ingredients is mentioned in Table 1.

CHARACTERIZATION

Chemical compatibility studies

The FTIR analysis was performed as one of the important and
common techniques for conducting compatibility studies.?*
All the ingredients, individually as well as the formulation were
subjected to FTIR scan in the range of 600 to 3800 cm™.**

pH

Compatibility of pH with physiological pH is very critical for
stability and patient compliance. 1 mL of the formulation was
taken and the probe of bench top digital pH meter was dipped
in the formulation until a constant value was achieved.”® The
measurements were taken at 25+0.5°C.

Viscosity

The viscosity of all formulations was measured using Brookfield
Viscometer (Brookfield Laboratories, Inc., Middleboro, MA). A
Low Viscosity (LV) spindle was utilized and operated at 60 rpm.
All the measurements were done at 25+0.5°C.

Determination of linearity curve

The linearity curve of 5-FU was plotted by screening
5-Fluorouracil in distilled water using a double-beam UV-visible
spectrophotometer (Shimadzu, 2401/PC, Japan) at 266 nm. A
stock solution of 1 mg/mL was prepared, followed by preparation
of serial dilution in the range of 1-12 pug/mL, which was evaluated
spectrophotometrically. A linearity curve taking absorbance at
the Y-axis and concentration at the X-axis has been drawn.

Zeta potential and Particle size analysis

Zeta analysis and particle size distribution have been performed
through dynamic light scattering by the use of Zeta Sizer (Nano
ZS, Malvern, Worcestershire, UK). All the samples have been
diluted (100-fold) by distilled water and then were measured at
2570.5 1C in triplicate.”

Scanning electron microscopy (SEM)

The morphology and structure of cubosomes were observed by
using scanning electron microscopy (ZEISS EVO LS10 Germany)
with a point-to-point resolution. On the grid of the holey film,
a single drop of prepared formulation was instantly applied for
the SEM interpretations, as well as then the images were obtained
after drying.

X-ray Diffraction (XRD)

By the use of an X-ray diffractometer (JDX-3523, Tokyo, Japan),
an X-ray Diffraction investigation of 5-FU loaded cubosomes
and pure drug was performed. The pure drug and cubosome
formulation were stored securely by using an aluminum cell and
then were exposed to Cuka monochromatic radiations of the
wavelength 1.54056 A°. Samples have been observed between 5°
and 60° using 26° at a rate of 3/min.*

Entrapment Efficiency (EE) %

The Entrapment Efficiency (EE) is an essential parameter to
assure that a suitable amount of drug has been entrapped and
the particles would be able to provide a suitable amount of drug
for therapeutic effect. For the determination of EE, 1 mL of the
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formulation was taken in an Eppendorf and centrifuged at 10,000
rpmina centrifuge machine, followed by separation of supernatant
to check unbound drug in the sample. The spectrophotometric
analysis was performed for the quantification of the drug, using
a double-beam UV-visible spectrophotometer at the wavelength
of 266 nm. Finally, the following mathematical equation has been
used to calculate the %EE.”

%EE = Total drugadded — Free drug + Total drugadded) x 100

In vitro drug release studies

In vitro release of the drug was performed in 500 mL distilled
water, which had been performed via the USP XXIV method
(Dissolution apparatus II, at 50 rpm and 3740.5°C).? In a dialysis
bag, 1 mL of the prepared formulation was placed. Then, samples
of about 1 mL were taken out at very even time intervals and an
aliquot quantity of distilled water was substituted. The samples
were then investigated by the use of a UV-spectrophotometer at
266 nm.

Stability studies

Centrifugation

The prepared formulations were subjected to stability studies. The
formulation was centrifuged at high speed to check the stability
by observing any separation or formation of distinct layers. One
mL sample of cubosomes was taken in Eppendorf and placed in a
centrifuge machine (Refrigerated microcentrifuge, INNO MC 16
R) and spun at 5000 rpm for 30 min and then the formulations
were observed.”

GMO &
Poloxamer

mixture

Molten salution of

Freeze-thaw method

The formulations after passing through the centrifugation were
subjected to the Freeze-thaw technique, in that, the formulations
were shifted to the NMR tubes for the freeze-thaw cycle. After
that, on a daily basis, the samples were frozen in a -20°C freezer
for about 17+2 hr, and at last, they were thawed at about 40°C for
1 hr, and then the analysis was performed.”

Thermal stability analysis (DSC)

DSC was performed for the thermal analysis of the optimized
formulation via TG and DSC analyzer (PerkinElmer STA 6000,
USA). A sample of the formulation was retained in a closed
aluminum pan and then was scanned from 25 to 400°C at 10°C/
min flow rate heat. From the DSC thermograms of the samples,
the peak transition temperature was observed.*

RESULTS AND DISCUSSION

Chemical compatibility of the ingredients

PF-127 exhibited a stretching region of C-H in the range of
2810-2889 cm™. Prominent peaks of alcohols, carboxylic acids,
and ethers have also been observed at 1075cm™, 1100 cm™ and
1120cm™ respectively.® Similarly, the FTIR scan of GMO showed
a sharp and intense peak corresponding to C=0 at about 1700
cm and a broad band appeared at 3320-3400 cm™', showing the
presence of the -OH group. The Tween 80 FTIR spectra revealed
the presence of both asymmetric as well as symmetric stretching
bands of -CH, between 2850-2900 cm™, respectively. The strong
band at 1730 cm™ has exhibited the presence of the ester of C=0.
The spectra of 5-FU confirm the presence of CH bend, CF and
CN stretch, NH bend, and NH stretch at 775, 1280, 1416, 1555,
1655, and 3183 cm’!, respectively.’* The FTIR spectra of GMO

Drug

Cubosomes

3
.

Figure 1: Pictorial illustration of cubosomes preparation.

Table 1: Composition of Formulations used for cubosomes preparation.

Formulations Poloxamer 407 (g)
F1 0.1
F2 0.2
F3 0.3
F4 0.4

All the formulations contained equal volume (1 mL) of Tween 80.

GMO (mL)
1

1.5

2

2.5
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revealed a sharp and characteristic band, that corresponds to C=0
at about 1700 cm™!, whereas in the region of 3320-3400 cm™, the
existence of a broad band has confirmed the presence of the -OH
group. After scanning for the FTIR spectrum, it was observed
that all the characteristic peaks of the drug were preserved in
the formulation, confirming the chemical compatibility of the
excipients with the drug (Figure 2).

pH

The prepared formulations exhibited a pH range from 6.5-6.9
shown in Table 2, supporting the non-irritant nature of the
formulation. The typical pH of the poloxamer ranges between 5
and 7.4, while that of GMO is between 4.5 and 4.8. Hence; the
pH of the formulation due to both of these along with drug and
tween 80, ranged from 6.5 to 6.9.

Viscosity

The manufactured formulation's viscosity ranges from 12.67
to 33.32 cP. Reduced viscosity guarantees quicker drug release
from the formulation, which promotes rapid absorption and, as
a result, rapid beginning of action. The formulation with greater
concentration of GMO and lesser concentration of Tween 80, has
shown greater viscosity and vice versa.

Determination of linearity curve

The linearity curve of 5-Fluorouracil was constructed at
wavelength 266 nm having concentration at the horizontal x-axis
and absorbance at the vertical y-axis. The linearity curve was
further used for the quantification of drugs in various analyses,
including drug release and drug permeation studies.

Zeta potential and Particle size analysis

The mean zeta potential of 5-FU-loaded cubosomes was -0.6 mV
(Figure 3). The mean size of particles of 5-Fluorouracil cubosomes
has been measured as 291.3 nm. For the formation of relatively
smaller particles, relatively greater poloxamer 407 concentrations
have been useful in that they also enhance the development of
vesicular particles over the formation of the cubic structure of
particles.”

Scanning Electron Microscopy (SEM)

To examine the surface morphology of the cubosomes, scanning
electron microscopy was performed. The outcomes have revealed
that nanosized, a bit cubic-shaped particles have been observed.
Moreover, well-segregated and dispersed particles were detected
which indicates the stability of the formulation (Figure 4).

Sl

Transmittance %

Wave number [em™)

Figure 2: FTIR Spectrum of (A) tween 80, (B) poloxamer 407, (C) GMO, (D) 5-FU, (E) Formulation.
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X-ray Diffraction (XRD)

XRD analysis was employed to analyze the pure form of 5-FU
drug and 5-FU loaded cubosomes. As shown in Figure 5, peaks
were found to be at 16.5, 19.28, 20.7, 28.28 and 31° (0). Thus,
confirming the crystalline nature of the drug.* The intense peaks

Rel. frequency [%)

were greatly diffused and their intensity has been reduced to a

T LA great extent, hence indicating the encapsulation of the drug in
-2000 -1000 00 1000 2000

o cubosomes. Few less intense peaks could be due to the presence
Zeta potential distribution [mV]

of some un-entrapped drug molecules that might be present on
the surface (Figure 6).

Drug entrapment efficiency

IS
o
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The entrapped drug ranged from 89-96% in the prepared
formulations. 5-FU belongs to BCS-III, having hydrophilic

Distribution (%)
L
o
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nature. Both poloxamer-407 and tween 80 can improve drug

entrapment efficiency. The poloxamer is a block co-polymer,

00
0.10 1.00 1000 100.00 100000 1000000  having both hydrophilic and hydrophobic characteristics,

Particle diameter [nm] which can increase the entrapment of hydrophilic drugs into a

. _ o hydrophobic carrier like GMO. This might be the reason that
Figure 3: Representation of surface charge and particle size of the

cubosomes. formulation with increased concentration of poloxamer has

shown better entrapment efficiency and vice versa (Figure 6).
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Figure 4: Scanning Electron Microscopy, indicating nano-sized particles with suitably cubic-shaped structures.
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Table 2: pH and Viscosity of prepared formulations.

Formulations pH
F1 6.5
F2 6.8
F3 6.7
F4 6.9
800
700
600 5-FU
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5 400
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Figure 5: XRD patterns of 5-FU and cubosomes formulation.
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Figure 6: Illustrating the %EE of the drug in cubosomes.

In vitro drug release studies

In vitro release of drug was performed at 266 nm and the results
are shown in Figure 7. F4 had shown a higher drug release as

compared to the other formulations. There was a significant
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Figure 7: lllustration of in vitro drug release and in vitro permeation studies.

enhancement in the release of the drug that was observed as the
ratios of poloxamer 407 as well as GMO were increased. The
dissolution studies have suggested that the addition of poloxamer
407 has a considerable impact on the release of the drug.* Being
a member of the block copolymers and release modifiers, the
poloxamer has the ability to improve the dissolution as well as
release profile of the drugs. The same effect has been observed in
current studies, as the formulation with its greater concentration
has released more drugs and vice versa.*

In vitro permeation studies

Samples were taken out at different time intervals and the
absorbance was recorded at 266nm wavelengths. The graph
between the concentration and the absorbance was plotted
(Figure 7), showing the graphical representation of the percentage
drug permeation of the formulations through the membrane. F4
was shown to have the highest drug permeation among all other
formulations majorly due to the highest quantities of Polox-407
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Cubosomes

Poloxamer-407

Heat Flow

0 100 200

Temperature °C

300 400

Figure 8: DSC analysis of individual ingredients and prepared of 5-FU
cubosomes.
and GMO. The increase in permeation might be due to the fact
that the ratio between the Polox-407 and GMO was the highest.
The greater concentration of Polox-407 assisted the drug to
dissolve and permeate across the membrane.

Stability Studies

Centrifugation

After the centrifugation the formulations were observed, there
were no signs of phase separation nor any kind of instability,
thus they were subjected to study under the freeze-thaw method.
Recent investigations have advised that from scientific and
industrial perspectives, the method of centrifugation involves the
centrifugal force for the separation of heterogeneous mixtures.
Nevertheless, after this test, no layers or particle sedimentation
was detected indicating a stable formulation.

Freeze-Thaw Method

No particle sedimentation or separation of layers was observed in
the formulations indicating the high stability of the formulations.
The better the dewatering results, the gentler will be the thawing
process. The finest thawing conditions are either in a water bath
or in ambient air at a temperature below 20°C.>"*

Thermal stability analysis (DSC)

Figure 8 shows the DSC thermogram of 5-Fluorouracil
formulation cubosomes. It is clear that the DSC thermogram
of 5-Fluorouracil shows a single sharp endothermic peak at
280-285°C, which is related to a study reported previously.****!
GMO and poloxamer have shown endotherms at around 30-35
and 55-60°C. Furthermore, the thermogram of 5-Fluorouracil
loaded cubosomes has shown a border peak between 30-60°C,
that night has shown the presence of both GMO and poloxamer,
however, the sharp characteristic endotherm 5-FU has been

converted into a broader peak, confirming that drug now, has
been captured by the cubosomes of GMO, assisted by poloxamer
407.

CONCLUSION

In the present study, we have developed and evaluated cubosomal
formulations for potential topical anti-cancer therapy. The
characterization studies have shown the cubic-shaped structures
and a good stability behavior. Also, drug release and permeation
studies have indicated a suitable release and permeation profile
of the drug. As evidenced in these results, we envision that upon
further optimization, this drug carrier system may have the
potential to be translated as an effective therapy for the clinical
management of superficial tumors.
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SUMMARY

This
5-Fluorouracil (5-FU), a hydrophilic anti-cancer drug, using a

study aimed to prepare cubosomes containing

Glyceryl Monooleate (GMO)-based lipophilic structure. Four
formulations were formulated with varying concentrations of
Polox-407 and GMO, while maintaining T80 concentration.
In vitro characterization, chemical compatibility studies, pH,
viscosity, SEM, particle size analysis, zeta potential, drug release,
and permeation studies were performed. Results confirmed the
drug and ingredients' chemical compatibility and stability.
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