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Abstract: Nanocarriers are used globally in diverse fields to encapsulate the drug that can over-
come various problems associated with different drug delivery systems like stability, solubility,
improvement in functional activities, homogeneity, and protection from physical and chemical
hazards destructions.Following up this approach in the field of biomedicine is considered to be of
particular importance as it can easily overcome the issues related to biocompatibility, bioavailabil-
ity, toxicity profile and therapeutic side effects. Lipid-based delivery systems have evolved as a
newer approach in drug delivery. Advancement, development, and design modification of the li-
pid-based drug delivery systems have given rise to hybrid structures containing both inorganic
and organic parts called cerasomes. Cerasomes are the modified form of liposomes that overcome
limitations related to lipid nanoparticles. However, these cerasomes are also effective in treating
diabetes mellitus, which is considered a metabolic disorder affecting a vast population worldwide
for the last few decades. The development of cerasomes for the treatment of diabetes has provided
a new window to the researchers to overcome different problems connected to the current thera-
pies. This article provides a thorough assessment of hybrid liposomal cerasome literature and how
it can be effectively employed in the treatment of diabetes.

Keywords: Diabetes mellitus; nanocarriers; phospholipid membrane; biocompatibility; nanoparti-
cles; cerasomes etc

1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by hypergly-
cemia or high blood glucose levels with abnormal metabolism of carbohydrates, fats and
proteins due to absolute or relative lack of insulin secretion or insulin resistance by pe-
ripheral tissues likeadipose tissues, liver and skeletal muscle[1]. It is also associated
with hyperaminoacidemia and hyperlipidemia. The long-term suffering from diabetes
mellitus may result in the development of the critical complications of retinopathy with
potential blindness, nephropathy that may lead to renal failure and neuropathy which
may cause autonomic dysfunction, including sexual dysfunction. People suffering from
diabetes mellitus are also at risk of cardiovascular, vascular,peripheral and cerebrovas-
cular diseases[2]. The global prevalence rate of diabetes mellitus is expected to increase
up to 9.9%(522 million) by the year 2030 from 8.3% (366 million) in 2011, estimated from
recent studies and surveys. The highest increase will take place in the regions in devel-
oping economies such as India andChina. United States of America also has many pa-
tients suffering from diabetes mellitus. It was estimated that about four million more
men than women were suffering from diabetes mellitus (185 million men and 181 million
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women) in 2011[3,4]. Traditional treatments for diabetes mellitus, such as insulin sensi-
tization and secretion, have undesirable side effects, resulting in patient noncompliance
and treatment discontinuation. Nanotechnology has facilitated the development of novel
glucose monitoring and insulin delivery systems that can improve diabetics' quality of
life [5]. Other therapies, such as (3-cell regeneration and gene therapy, are presently em-
ployed to control diabetes in addition to insulin and oral hypoglycemic medications.Due
to the limitations of pharmacological treatment and the superiority of NPs in drug ad-
ministration and imaging, researchers are greatly interested in nanocarriers in treating
and managing diabetes mellitus [6,7]. Liposomes, polymer-based nanoparticles, and in-
organic nanoparticles are the most frequently used nanoparticle-based drug delivery
technologies in diabetes control. A liposome is a flexible supramolecular assembly with
applications in biophysics, chemistry, colloid science, biochemistry, and biology [7,8].
These include drug delivery vehicles in medicine, adjuvants in vaccination, signal en-
hancers and carriers in medical diagnosis and analytical biochemistry, solubilizers and
support matrix for diverse compounds in cosmetics. Due to their unique features, lipo-
somes have gained substantial attention for controlled or targeted medication and diag-
nostic release [8]. Despite all the effort, liposomes lack morphological stability. Liposome
compositions may have short shelf life due to chemical and physical instability. Cera-
somes are a type of organic-inorganic forming lipids (CFLs) whose vesicular size can be
controlled using traditional monodispersed liposome preparation methods [9]. The ad-
vantages of cerasomes as a new drug delivery system due to a liposomal bilayer structure
reduce the overall rigidity and density of centrosomes compared to silica NPs, which is
expected to enhance their stability. Cerasomes have various applications, including gene
carriers, medication delivery systems, various biomedical applications, and biological
energy transfer [10]. A cerasome is a nanohybrid structure composed of organic and in-
organic molecules.The nanohybrid was formulated by combining sol-gel processes with
self-assembly of molecularly tailored lipidic organoalkoxysilanes in aqueous conditions
to construct a liposomal bilayer structure coated with a lipid bilayer structureon its sur-
face, an atomic layer of inorganic polyorganosiloxane networks. This silicon technique
solves general difficulties connected with current liposome technology in a straightfor-
ward and widely applicable manner. The thickness of both the organic and inorganic
layers of a cerasome is determined by the cerasome's molecular structure. Cerasomes
have witnessed a significant increase in a wide variety of biological applications, in-
cluding medication administration, diagnostics, and treatment of diabetes, cancer, and
associated disorders.Due to their low toxicity, adjustable size and form, biocompatibility,
and good stability in physiological conditions, these silica nanohybrids are of enormous
interest[11,12].Additionally, the extensive siloxane network on the surface of the kera-
tome enables convenient and facile loading of a wide variety of medicinal compounds,
imaging moieties, and/or surface functionalization via targeted ligands[10,12]. However,
these cerasomes are beneficial in treating diabetes mellitus, a metabolic condition that has
been afflicting a large proportion of the world's population for several decades.The de-
velopment of cerasomes for the treatment of diabetes has opened up new avenues for
researchers to address various issues associated with current medications.Encapsulating
insulin into cerasomes in one step for a repeatable and injectable cerasomal insulin for-
mulation.Adding DPPC to cerasomes produced a wide range of insulin release profiles,
and mixed cerasomes had excellent storage stability when
DPPC(dipalmitoylphosphatidylcholine) level was less than 50%.Subcutaneous delivery
of insulin-loaded cerasomes reduced blood glucose levels in a rat model of type I diabetes,
and the impact was composition-dependent.Cerasomes increased glucose tolerance from
6 hours (free insulin) to over 16 hours (insulin-loaded cerasomes).Moreover, compared to
insulin-loaded liposomes, insulin-loaded cerasomes had a more extended and more
consistent glucose-lowering profile.These findings show that cerasomes can deliver in-
sulin and other proteins with short half-lives[13].This article reviews the literature on
hybrid liposomal cerasomes and discusses how they can effectively treat diabetes. Addi-
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tionally, the advantages of nanohybrid carriers and the impediments to their develop-
ment for diabetes control revealed in this paper may assist the broader scientific com-
munity by inspiring additional research in this field.

2. Physicochemical properties of cerasomes

A cerasome is a nanohybrid structure composed of organic and inorganic mole-
cules.The thickness of a cerasome's organic and inorganic layers is determined by its
molecular structure.Due to their low toxicity, adaptability in size and shape, biocompat-
ibility, and stability under physiological conditions.Additionally, the cerasome's broad
siloxane network permits the loading of a wide variety of medicinal chemicals, imaging
moieties, and/or surface functionalization via specific ligands.Cerasomes' morphological
structure can be analyzed using several microscopic techniques, including transmission
electron microscopy (TEM), scanning electron microscopy (SEM), and atomic microscopy
(AFM).The interior structure of multilamellar vesicles (MLVs) with a bilayer thickness of
approximately 5 nm was revealed.Fourier transform infrared (FT-IR) spectroscopy was
used to detect the siloxane linkages on cerasome surface.Stretching bands associated
with the SiOSi and SiOH groups were found at approximately 1100 and 920 cm™.In
cerasomes in the dry state, the former peak intensity was significantly more prominent
than the later. As a result, it is hypothesized that cerasomes are composed of an inorganic
silicate framework with a high degree of polymerization.

The lipid oligomers in cerasome were determined using MALDI-TOF-MS spectra.With
increasing incubation time, the degree of polymerization of the siloxane network
increases.Cerasome and silica nanoparticles (NPs) had zeta potentials of 24.2 1.0 mV and
26.3 2.1 mV in water, respectively, showing that cerasomes had similar surface
characteristics to silica NPs.Under neutral and basic circumstances, the cerasome
exhibited a significant negative charge, indicating deprotonation of the silanol groups on
the cerasome surface.In a pH range less than 12.0, the cerasome's zeta-potential grew
linearly with pH, reaching +70 mV at pH 6.Cerasomes freshly prepared were stable in an
alkaline environment but susceptible to acid.As the inorganic siloxane network on the
surface of freshly prepared cerasomes was not well developed, the cerasomes' resistance
to an acidic solution was insufficient soon after preparation.Notably, the cerasomes
prepared after 24 hours demonstrated extraordinary morphological resilience to both
acidic and alkaline conditions.Even after 24 hours in acidic solution, the cerasome
particle size remained nearly unchanged.However, the same acidic or alkaline treatment

may destroy traditional liposomes[14,15,16].

3. Cerasomes in the drug delivery system
3.1. Design and formulation of cerasomes

Cerasomes are vesicles having a spherical structure and a lipid bilayer of around
4nm.The technique of fabricating cerasomes is analogous to liposomes and there are two
methods involved in the preparation of cerasomes. The first method involves the disper-
sion of cerasome forming lipids (CFLs) into an aqueous solution followed by subjecting
the mixture to vortex shaker resulting in the formation of a liposome using a sol-gel
process(Fig 1). Further, the liposomal surface is subjected to a polyorganosilxane re-
sulting in the formation of cerasomes. Hence, cerasomes are obtained by direct disper-
sion method. However, the ethanol sol injection method can also be used to prepare
cerasome. In this method, an ethanolic solution of lipidic is incubated for a specific time
period, allowing CFLs to hydrolysis. The resulting sol mixture is then injected into water
followed by its incubation for an additional period of 24h.Finally, the cerasomes are ob-
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tained, and this method is mainly taken up for those CFLs with poor solubility in water 1
[14]. 2
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Figure 1: Formation of cerasomes by sol-gel reaction(direct dispersion method) 4

3.2. Characterization of cerasomes concerning their morphology

a. Morphology of the aggregate

tron microscopy (TEM), atomic force microscopy (AFM) and scanning electron micros-

5
6
Various microscopic measurements such as optical microscopy, transmission elec- 7
8
copy (SEM) are carried out to determine the aggregated structures of the cerasomes. As 9

cerasomes exhibit a higher stability in terms of their morphology, hence they can be eas-
ily visualized by SEM. This property of cerasomes also allows precise TEM and AFM
imaging. However, optical microscopy can visualize micrometer-ranged bigger cera-

somes[14,15].

b. Surface siloxane network

Cerasomes differ from liposomes because of an inorganic siloxane network at their
surface. This inorganic unit provides a more excellent morphological stability to cera-
somes. However, the presence of this unit can be analyzed using Fourier transform in-
frared spectroscopy. FTIR results indicate stretching bands around wavenumber
950cmand 1100cm ! because of Si-OH and Si-O-Si groups respectively [16].

c. Phase separation and phase transition behavior

Differential scanning calorimetry (DSC) is used to evaluate the phase transition pa-
rameters of the cerasomes. The presence of inorganic siloxane unit enhances the mor-
phological stability of cerasomes because of which they do not change their integrity
upon sonication conditions. Thus, the maximum temperature at the peak point(Tm) and
the change in enthalpy (AH) are specific and indicative in case of cerasomes unlike the

liposomes [15,17].

3.3. Cerasomes in drug delivery system
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a. Cerasomes as potent drug carriers

Cerasomes exhibit the property of encapsulating hydrophilic, amphiphilic and hy-
drophobic molecules. Researchers designed studies whereby a cationic cerasome was
developed as a gene carrier. Further, a complex of cerasome and plasmid DNA exhibiting
a viral size range of 70 nm was found to have a marked transfection performance like
serum compatibility high activity and less toxicity towards hepatic HepG2 and uterine
HeLa cells. The complex was even efficient and strong at a stoichiometric nucleo-
tide/lipid ratio. Thus, it was concluded that cerasomes can be utilized as a
size-modulated carrier for diversified functional nucleic acids like siRNAs and aptamers
[18,19,20].

b. Molecular devices for processing of information

Studies were designed incorporating a cerasome and a lipid. The efficiency of the
signal transduction was measured that was found to be more efficient than the lipid
peptide vesicle. Because of an elevated degree of the steroidal receptor phase separation,
cerasomes possess a better signal transduction than the peptide lipid vesicle. As a result,
a ternary complex of the receptor is formed, rendering cerasomes as molecular devices
that can be used for processing information [21,22].

3.4. Cerasomes towards the treatment of diabetes

In the past few decades, it has been observed that a vast population across the globe
has suffered from diabetes lowering the quality of human life. Insulin has evolved as an
essential and principle therapy towards treating different forms of diabetes mellitus. Due
to its short half-life, high molecular weight, poor permeability and lack of lipophilicity,
there were difficulties associated with insulin delivery. However, research into the field
were carried out and a hybrid form of liposome known as cerasome was devel-
oped.Methods like sol-gel and self-assembly strategy were incorporated for their for-
mulation. The inorganic polyorganosiloxane surface of cerasomes are responsible for
imparting a greater density and rigidity to these hybrid liposomes compared to silica
nanoparticles. Thereby,it has holded the attention as a novel delivery system for the re-
lease of drug at the target site. Studies and experiments were performed by loading in-
sulin into the cerasomes.The release rate to insulin was modulated by including dipal-
mitoylphosphatidylcholine (DPPC) into the cerasomes. A wide range of release profile
alterations was observed upon varying phospholipids' molar ratios and the CFLs. The
results of in vivo experiments suggested that cerasomes can be used as a potent nanocar-
rier that can enhance the rate of absorption of drugs post subcutaneous administration.
Further, the in vitro study results indicated that insulin loaded cerasomes exhibited
marked stability upon a long-term storage, more significant and sustained drug release,
and minimal drug leakage compared to conventional liposomes. However, studies into
the field were also carried out to determine the anti-diabetic potential of the formulations
incorporating resveratrol that has high anti-oxidant properties. In vivo results performed
on STZ induced rat models indicated that the cerasomal formulation lowered the blood
glucose level in diabetic rats with elevated glucose levels.Further, a prolonged antioxi-
dant property for some time of 24h was produced against oxidative stress. Hence, it was
noted that cerasomes incorporating resveratrol can be effective against type 2 diabetes
mellitus and oxidative stress associated with diabetes mellitus. Therefore, cerasomes can
be used as effective and promising nanocarriers for the peptide and protein drug delivery
[23,24,25].

4. Upcoming challenges and future prospects of cerasomes in diabetes therapy

Due to their numerous excellent properties, liposomal hybrid cerasomes have made
tremendous development as innovative drug delivery nanocarriers in biomedical medi-
cine, particularly in diabetes diagnostics and treatment.Nonetheless, there are several
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References

limitations to the ongoing evolution of cerasomes.While drug carriers must be stable, the
slow drug release rates from such stable cerasomes make it challenging to maintain an
optimal concentration at the desired spot, limiting cancer treatment efficacy [3,5].External
stimuli (e.g., pH, temperature, and light) may be used to induce fast drug release from
cerasomes to increase drug accumulation in tumor tissues and cells.Additionally, it is not
easy to manage the size distribution of cerasomes using standard procedures, which
substantially affects their pharmacokinetics in vivo.After preparing multilamellar cera-
somes, the extrusion method may be utilized to formulate cerasomes with a uniform size
distribution[6].Furthermore, cerasomes facilitate targeting of specific sick cells within the
disease location.Cerasomes, in particular, have the potential to function as intracellular
delivery vehicles for proteins/peptides, antisense compounds, ribozymes, and
DNA.Considering several advantages of cerasomes, numerous prospective applications
are possible.These applications include using cerasomes as diagnostic and therapeutic
tools, sensors, information storage and processing systems, "smart" materials with regu-
lated hydrophilicity/hydrophobicity, nanoscale robots, valves, and pistons, and oth-
ers.Integrating chemically produced nanostructures with biomolecules to produce hy-
brid nanostructures with multifunctional properties is an exciting new direction for
nanobiotechnology.Additionally, the majority of current research on cerasomes is con-
ducted in vitro, whereas in vivo investigations are far more challenging.Cerasomes'
long-term biocompatibility and pharmacokinetics in vivo should be thoroughly investi-
gated[12,26].To address the issues raised above, collaborative efforts and collaborations
of researchers are required to accelerate the development of clinical applications of
cerasomes as drug delivery vehicles.

5. Conclusion

Cerasomes are more stable than ordinary liposomes and have a lower stiffness and
density than silica nanoparticle competitors.Cerasomes, on the other hand, are more bi-
ocompatible than silica nanoparticles.They typically have a high surface area, allowing
for covalent and non-covalent surface functionalization with hydrophilic polymers,
therapeutic moieties, and targeted ligands.Cerasomal medicines have fewer side effects
and they have improved efficacy compared to their free counterparts.Cerasomes enable
more effective drug delivery to disease locations due to their extended circulation resi-
dence time.Regardless of the advancements in the pharmaceutical industry, interesting
future breakthroughs await us. Researchers predict that cerasomes will soon establish
their full potential as a class of therapeutic agents, enabling considerable breakthroughs
in treating diabetes.The development of cerasomes for the treatment of diabetes has
provided a new window to the researchers to overcome different problems connected to
the current therapies.
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