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Abstract

Background Today brain tumors are the most life-threatening diseases which universally have a high death rate

and reported as a second leading cause of death in not only adults but also children. Several medicinal approaches
have been utilized to treat tumors, but the recommended methods had some limitations. Numerous phytoconstitu-
ents isolated from various medicinal plants have been reported to have anticancer property, but there are some major
reasons for the clinical failure of these compounds such as its poor solubility, bioavailability and tissue distribution

and poor absorptivity in the body. Thus, there is a strong need to design the best treatment to cancer cells with great
efficiency, less side effects and with promising approach for the delivery strategies. Nanotechnology is proved to be

a bridge to overcome the limitation of conventional therapies of drug administration and distribution in the cancer
treatment. In the present study, curcumin- and 6-gingerol-based nanoemulsion (CGNE) has been successfully develop
and characterized.

Result The FTIR spectroscopy of CGNE exhibits typical spectra of both curcumin and 6-gingerol. The pH of CGNE
was found to be acidic, and the refractive index value of formulated CGNE was found to be 1.38, indicating the iso-
tropic nature of drugs. Percentage transmittance of nanoemulsion was close to 100%. Zeta potential of optimized
nanoemulsion was found to be —29 mV. During ex-vivo drug diffusion studies, 48.4% and 78% diffusion of curcumin
and 6-gingerol, respectively, were observed from CGNE at the end of 6 h, and followed the anomalous release
mechanism.

Conclusion The drug release mechanism of the formulated CGNE was calculated by using the Korsmeyer—Peppas
equation, and the diffusion exponent’'n’for curcumin and 6-gingerol indicated the anomalous release mechanism.
In vitro cytotoxicity against the human glioblastoma cell line U373-MG, study demonstrated that the combination

of curcumin- and 6-gingerol-based nanoemulsion showed the synergistic result of cell growth inhibition.
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Introduction

Among the various human diseases, today worldwide
cancer is one of the most leading causes of death. As
per the recent report of cancer research, UK, 9.6 million
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most life-threatening diseases which universally have a
high death rate and reported as a second leading cause of
death in not only adults but also children. Several medici-
nal approaches have been utilized to treat tumors such
as surgical elimination, chemotherapy and radiotherapy
and combination treatment of any one of the recom-
mended methods. The recommended methods had some
limitations such as nonselectivity, multitrack resistance
(chemotherapy), general toxicity to normal cells and
nonselective drug delivery. Treatment of brain tumors is
the most difficult challenge as the major obstacle in the
treatment is antitumor drugs not able to cross the blood—
brain barrier (BBB) in therapeutic quantities. In addition
to these, some conventional drugs also possess numerous
disadvantages like lack of specificity to tumor, lethal side
effects in healthy tissues, etc.

Numerous phytoconstituents isolated from various
medicinal plants have been reported to have antican-
cer property and induce apoptosis, arresting the cancer
cell cycle by inhibiting the cell proliferation, by delayed
metastasis and angiogenesis. Additionally, these phyto-
constituents are advantageous over synthetic drugs such
as low toxicity to normal cells, biocompatibility, low side
effects and easy availability at reasonable price. Besides
these advantages, there are some major reasons for the
clinical failure of these compounds such as its poor sol-
ubility, bioavailability, and tissue distribution and poor
absorptivity in the body. Thus, there is a strong need to
design the best treatment to cancer cells with great effi-
ciency, less side effects and with promising approach
for the delivery strategies. Nanotechnology is proved to
be a bridge to overcome the limitation of conventional
therapies of drug administration and distribution in the
cancer treatment. Nano-based drug delivery systems are
particularly used for delivering natural phytoconstituents
due to its several advantages such as enhanced bioavail-
ability and drug stability, sustained release of the drug,
and improved drug distribution, and it also helps for the
delivery of two or more drugs for combinational therapy
as compared with the nonencapsulated or single drugs
[2-4].

Curcumin is a polyphenolic phytoconstituent obtained
from the roots and rhizomes of Curcuma longa Linn.,
and 6-gingerol is another phenolic phytoconstituent
obtained from the roots and rhizomes of Zingiber offici-
nale. Both belong to the family Zingiberaceae. Many
researchers reported both in vitro and in vivo studies
for these phytoconstituents individually and showed to
be potent antioxidant, anti-inflammatory and as an anti-
cancer agent. Previously various studies reported that the
combinational effects of many phytoconstituents showed
the synergistic action. Curcumin is often address as
wonder molecule due to its numerous potential benefits
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[5]. However, its therapeutic efficacy can be hindered
by several challenges including poor aqueous solubil-
ity, weakness to chemical instability in alkaline environ-
ment, rapid metabolism and limited absorption from the
gastrointestinal tract. Nanoparticulate systems, such as
nanocarriers or liposomes, can serve as effective vehicles
to deliver curcumin, optimizing its therapeutic potential
and addressing challenges related to its absorption and
targeting in the body. It is an innovative and well-suited
solution to enhance the efficacy of curcumin in various
application. The most bioactive compound present in
fresh ginger is 6-gingerol [6]. The potential side effects
associated with higher doses, such as heartburn, abdomi-
nal discomfort or diarrhea, highlight the importance of
moderation in consumption. Additionally, the observa-
tion that ginger may have antiplatelet effects potentially
increases risk of bleeding in some individual. 6-Gingerol
has an optimal lipophilicity and possesses good blood—
brain barrier permeation. The present study aims to
develop a nanoemulsion of curcumin and 6-gingerol syn-
ergistic combination to deliver through nose as a nonin-
vasive way for the brain tumor treatment.

Materials and methods

Materials

Curcumin and 6-gingerol were obtained as a gift from
Sunpure extracts, Private Ltd., Delhi, India (Batch No.
CE/801349). Tween® 80 was purchased from Loba Chem.
Pvt. Ltd. (Mumbai, India), whereas acetonitrile, methanol
and all other solvents and reagents used were of analyti-
cal grade.

Methods

Selection of oil, surfactant and co-surfactants

For the formulation of curcumin- and 6-gingerol-based
nanoemulsion (CGNE), suitable liquid was selected by
testing of a series of natural fixed and volatile oils such
as castor oil, sesame oil, peanuts oil, clove oil and euca-
lyptus oil for both the polyphenols curcumin and 6-gin-
gerol individually. Solubility in each oil sample was tested
by visual observation by keeping the test tubes at ambi-
ent temperature 37 °C+0.5 °C after 24 h. Pluronic F68,
Tween 80 and lecithin, glycerol, phosphatidylcholine
and sodium taurocholate were tested, and Tween 80 and
glycerol were selected as surfactant and co-surfactants,
respectively [7, 8].

Formulation of Curcumin- and 6-gingerol-based
nanoemulsion

The o/w type of curcumin- and 6-gingerol-based nanoe-
mulsion was formulated with the surfactant (Tween 80)
and co-surfactant (glycerol). The surfactant Tween 80
was mixed with both the drugs curcumin and 6-gingerol
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(200 mg each) and stirs it for 15 min. with clove oil and
prepared oil phase then sonicated for 15 min for proper
solubility of drug with Tween 80. Aqueous phase was
prepared by mixing glycerol into the water. The prepared
oil phase was added drop wise into the aqueous phase by
using syringe needle to avoid instability. The prepared
nanoemulsion is further transferred for size reduction
and uniformity in a high-speed homogenizer (10,000
RPM for 1 h.) (Remi Instruments Ltd., India). After the
stability study of prepared nanoemulsion, polymeric
solution (2%) was prepared in water, and it was added
in to the prepared nanoemulsion drop wise and result-
ant was ultrasonicated for 15 min [9-11]. Finally CGNE-
based prepared nanoemulsion sealed in suitable glass
vials with rubber caps.

Physicochemical characterization of curcumin

and 6-gingerol

Both the obtained curcumin and 6-gingerol individually
and curcumin- and 6-gingerol-based nanoemulsion were
characterized by performing FTIR study to identify the
functional groups present in it [12, 13].

Fourier transform infrared spectroscopy (FTIR)

Curcumin, 6-gingerol and curcumin- and 6-gingerol-
based nanoemulsion were analyzed by KBR pellet
method in the wave number range of 4000-400 cm™! to
identify the functional groups. For the measurements,
prepared pellet was loaded on holder of Fourier trans-
form infrared (FTIR-4800, Shimadzu, Japan).

Physicochemical characterization of curcumin-

and 6-gingerol-based nanoemulsion

General appearance, pH, conductivity and refractive index
The formulated CGNE where analyzed by different phys-
icochemical parameters like general appearance, pH,
conductivity and refractive index as per the procedures
reported in official compendia. All the determinations
were done in triplicate [14, 15].

Percentage transmittance and viscosity

Percentage transmittance of nanoemulsion was deter-
mined according to the method reported previously by
using UV-visible spectrophotometer to determine the
clarity of formulated nanoemulsion. The viscosity of the
CGNE was measured by using Brookfield Rheometer
(Brookfield RST Rheometer). Appropriate quantity of
CGNE was transferred to the beaker and adjust sample
to the required measurement temperature. Spindle was
inserted into the beaker Start the viscometer and meas-
ured the reading [16].
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Mean patrticle size, polydispersity index and zeta potential
Physicochemical characterization of the curcumin- and
6-gingerol-based nanoemulsion (CGNE) in terms of
mean particle size and polydispersity index was deter-
mined by photon correlation spectroscopy, and zeta
potential was determined by using Zetasizer Nano ZS
90 (Malvern, Malvern ltd., UK). To avoid multiscatter-
ing phenomena and to produce an appropriate scat-
tering intensity before measurement, all samples were
diluted hundred times with double-distilled water. All
measurements for each sample were taken in triplicate
at 25 °C [17].

Differential scanning calorimetry (DSC)

Thermal behavior of curcumin, 6-gingerol and CGNE
were analyzed by using a DSC (Mettler-Toledo, Swit-
zerland). Approximately 2 mg sample was sealed in
aluminum pan and was heated at temperature range of
40 °C to 400 °C with a heating rate of 10 °C/min in DSC.

Cryo-SEM (cryo-scanning electron microscopy)

The surface microstructure of the prepared CGNE
nanoemulsion was analyzed by using Cryo-SEM (JSM-
7600F). For Cryo-SEM study, the CGNE nanoemulsion
sample was placed on the carbon conductive adhe-
sive tape and the mounted sample was frozen (—180
to —190 °C) in liquid nitrogen. The frozen sample was
then covered with platinum particles by sputtering and
allowing the surface visualization with 5 kV accelerat-
ing voltage [18, 19]

Ex vivo diffusion study

Ex vivo permeation study for the formulated CGNE
was carried out on the fresh nasal tissues of goat nasal
cavity obtained from the local slaughterhouse (Insti-
tutional Animal Ethical Committee Registration No.
651/PO/ReBi/S/02/CPCSEA, India). The adhered fat
and mucus-free nasal tissues were mounted between
the donor and receptor compartments of Franz diffu-
sion cells having the diameter of 1cm?® The tissue was
stabilized in phosphate-buffered saline (pH 6.4). After
20 min, the prepared CGNE nanoemulsion (50 ml)
was added into the donor compartment. Simulated
nasal fluid of pH 6.4 with 1% sodium lauryl sulfate was
added to the receptor compartment, and the tempera-
ture of 37 °C was maintained for the whole study. At
predetermined time points, 3 ml of the samples was
withdrawn from the receptor compartment by replac-
ing the sampled volume with SNF of pH 6.4 after each
sampling, filtered and analyzed for drug release using a
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UV-visible spectrophotometer at 282 nm and 423 nm
(Shimadzu, UV-1700, Japan) [20-22].

Histopathological study

Histopathological studies were carried out by using iso-
lated sheep nasal mucosa. Freshly isolated sheep nasal
mucosa was sectioned in four pieces. The first piece was
treated with PBS (6.4) solution which is termed as nega-
tive control mucosa, the second piece was treated with
isopropyl alcohol which is termed as positive control






























