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Abstract

The localization of pharmacological molecules to stick locations is made possible by target-specific drug delivery
systems with its bi-layer structure made of non-ionic surfactants, the noisome vesicular system can temporarily
increase a drug’s bioavailability in a specific location. Scientists who study drug delivery systems have been highly
concerned with the creation of vesicles as a means of enhancing medication delivery in recent years. Niosomes’
amphiphilic character enhances their ability to effectively encapsulate hydrophilic or lipophilic medications. It
is common practice to add additional ingredients, like cholesterol, to preserve the niosomes’ structural stiffness.
When comparing the great chemical stability and effectiveness of the replacement with niosomes, liposomes use
vesicles for medicinal and therapeutic applications, which have several advantages. They boost the therapeutic
efficiency of drug molecules by keeping the medicine from exiting circulation too quickly, shielding it from its
genetic environment, and lessening its effect on target cells. This research concentrated on current advancements
in the distribution of niosomal medications, potential advantages over other delivery systems, building techniques,
characterization techniques, and recent research that is noisy. The use of niosomes in nanotechnology has the
potential to yield highly targeted, non- infective, and non-cancer agents. Proniosomes and aspasomes are a few
examples of novel concepts that have been used to enhance niosomes’ drug delivery capabilities. Niosomes
are also beneficial as a living component of vaccines and for diagnostic tests. Therefore, further research and
development are required in these areas to produce the niosomal preparations that are now on the market.
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Graphical Abstract lamellae around the drug in its capsule. The niosomes
are small and inconsequential in size. They vary in size
on a nanoscale, and lipid vesicles are different from
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ionic surfactants that entrap drugs
in particles. These vesicles have bilayer
structures made of non-ionic surfactants and
lipids, or cholesterol.l') They therefore form
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The capacity to route a therapeutic substance to a desired,
precise spot to demonstrate the activity on targeted tissue
may be elucidated as medication targeting. Niosomes are
a cutting-edge drug delivery technology that encapsulates
the medication inside tiny vesicles comprised of a matrix of
polymers. The term “niosomes” alludes to the two layers of
a non-ionic surfactant that are fundamentally present inside
these vesicles. Amphiphilic vesicles are frequently stabilized
by the addition of cholesterol, a suitable quantity of non-ionic
surfactants such as span-60, and an anionic surfactant such as
diacetyl phosphate.

Cholesterol vesicles and non-ionic surfactant, or whatis known
as a kind of drug delivery system known as a niosome form a
closed bilayer by self-assembling in aqueous conditions and
structure that satisfies biological requirements.l! Due to this
delivery system’s solubility, biocompatibility, and versatility
in working with both hydrophilic and lipophilic components,
researchers are beginning to employ it extensively in the
formulation of pharmaceuticals.” Due to their capacity to
ensnare hydrophilic and lipophilic elements inside their
vesicular matrix, these materials are shielded from the body’s
biological milieu. They can regulate a drug’s release and
extend its duration of action. Furthermore, niosomes are
preferred over liposomes due to their reduced production
costs and increased stability.®

By raising the medication’s concentration in the intended
tissues and lowering its relative concentration in non-target
tissues, targeted medication delivery aims to accomplish
these objectives. Consequently, the drug concentrates in
the intended area. Consequently, the medication does not
affect the surrounding tissues.l”” Consequently, localization
ensures that the medication is administered as effectively
as possible and keeps drug loss from happening. Numerous
carriers, including erythrocytes, niosomes, liposomes as
microspheres, serum proteins, and immunoglobulin, have
been used to target drugs.!'”

The same as liposomes, the kind of layer and the production
process define the characteristics of niosomes. Cholesterol
intercalation reduces the quantity of cholesterol entrapped
during formulation and, thus, the efficiency of the entrapment.
Niosomes have been employed to investigate the characteristics
of the immune response that antigens elicit.['-14!

Niosomes are stiffer than the alternative niosome forms and
may be created without the need for complex procedures.
Similarly, because they have numerous bilayer membranes,
they are appropriate for encapsulating lipophilic medicines.!

ADVANTAGES!"®

e Niosomes increase pharmacological penetration through
the epidermis, thereby enhancing the oral bioavailability
of less well-absorbed drugs
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e Niosomes are biocompatible, biodegradable, and non-
immunogenic surfactants are available

e Niosomes can store a variety of medicinal agents
thanks to its structure, which combines hydrophilic and
lipophilic elements

e By prolonging clearance from the blood, shielding the
medication from its natural surroundings, and enhancing
the drug’s actions on the targeted cells, they enhance the
therapeutic efficacy of drug molecules

e  You can administer them topically, parenterally, or orally
to deliver them to the area of action

e The vesicles could serve as a storage mechanism that
releases the medication gradually over time

e Niosomes increase the quantity of drug entrapped and
are osmotically sensitive and stable.

DISADVANTAGES!"

e  While niosomal administration has several benefits,
stability in the aqueous solution of niosomes may be
a problem due to the possibility of drug hydrolysis.
Drug diffusion through the trapping site and niosomes
aggregation development are potential issues

e Niosomes’ dispersion shape increases the possibility that
the medicine it contains will settle, collect, fuse, or leak
while being stored

e  (Certain formulation methods take a long time and call
for specialized tools

e Niosomes a potential that surfactant won’t hydrate
completely during the procedure

e  There may be vesicle fusion and aggregation.

STRUCTURE OF NIOSOMES

Niosomes are bi-layered structures that are used by non-
ionic surface-active chemicals. Only when cholesterol
and surfactants are properly combined and the resulting
temperature exceeds the gel-to-liquid changeover threshold
can such thermodynamically resistant bilayered structures
form. Cholesterol with enough quantity of an anionic
surfactant, such as diacetyl phosphate, stabilizes the non-
ionic surface-acting agent-containing amphiphilic vesicles
of the niosomes. The structure of niosomes is depicted in
Figure 1.11819]

COMPOSITION OF NIOSOMES

Niosomes are a novel kind of vesicular drug delivery method
whereby the drug is encapsulated within a vesicle and is
generated from non-ionic surfactants. These vesicles are
non-ionic bilayered structures, surface-active compounds,
and lipid or cholesterol. As a result, they cluster around
the medication within the lamellae. For the production of
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Figure 1: Structure of niosomes

niosomes, many ingredients are employed. They are as
follows.

e Non-ionic surfactants

e  Cholesterol.

Non-ionic surfactant

A family of surfactants known as non-ionic surfactants
lacks charged molecules within their hydrophilic heads.
Their nature makes them less toxic, more stable, and more
biodegradable than their anionic, amphoteric, or cationic
counterparts. They are therefore preferred for the in vivo
and in vitro synthesis of stable niosomes. Amphiphilic
molecules are non-ionic surfactants that are divided into
two separate sections: A hydrophilic component that is
soluble in water and a hydrophobic portion that is soluble
in organic matter. Fatty acids, alkyl ethers, alkyl esters, and
alkyl amides are the main non-ionic surfactant classes used
in the synthesis of ribosomes. Nonionic surfactants self-
orient within a two-layer structure, featuring the hydrophilic
head or hydrocarbons section constructed thus and a polar or
hydrophilic surface positioned on the water body (between).
There won’t be much interaction in the aquatic environment.
Each bilayer folds into itself as a membrane, for example,
producing a vesicle, to preserve thermal stability by
keeping the hydrocarbon/water interface hidden. To create
vesicles, the following categories of nonionic surfactants are
often utilized. The hydrophilic head and hydrophobic tail
make up the non-ionic surfactant. The types of non-ionic
surfactants that are used to prepare niosomes are as follows
in Table 1:120-24]

Cholesterol

It is an ingredient of steroids that are utilized to give the
body the flexibility, stability, and proper form. It is a waxy
steroid-based metabolite substance called cholesterol which
is essential for the production of vesicular systems, which
alter the permeability and fluidity of bilayer structures. To
give the bilayer structure of the vesicle systems with the
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fluidity, stiffness, permeability, and orientational order, it is

often added to the non-ionic surfactants

e Thebilayeritself cannot be formed by cholesterol. In most
vesicular formulations, it can be added at a higher molar
ratio, such as 1:1, to avoid vesicle aggregation. Utilizing
repulsive steric/electrostatic forces, such molecules
stabilize the vesicular structures and prevent aggregation
formation. This leads to the niosomal systems changing
from the gel state to the liquid phase. Niosomal systems
consequently become less porous in nature. Moreover,
cholesterol is an amphiphilic molecule, that adapts its
hydroxyl group toward its aqueous state and aliphatic
chain as well as toward the chain of hydrocarbons of
the surfactants used to form vesicular structures, such as
niosomes.?>3!

TYPES OF NIOSOMES

Niosomes are categorized according to the quantity of
bilayers they contain (multilamellar vesicle [MLV], small
unilamellar vesicle [SUV]), their size (Large unilamellar
vesicle [LUV], SUV), or their preparation technique (REV,
dried reconstituted vesicle). The niosomes types discussed
above are as follows:

e SUV - Using the French press extrusion electrostatic
stabilization technique in conjunction with the sonication
method, little LUVs are produced from big ULVs tiny
unilamellar vesicle, ranging in size from 25 to 50 nm or
0.025 to 0.05 um

e MLV — Multiple bilayers encircling the aqueous lipid
compartment individually are present in MLV. MLVs
range in diameter from 0.5 to 10 um on average. Most
often, 90 MLV niosomes are utilized to include drugs.
The MLV is easier to prepare and more stable over an
extended length of time. This vesicle is more suited for
medicinal compounds with lipids. Thin film hydration is
the primary method used to prepare this sort of niosomes

e LUV -The LUVs have enormous diameters and a single
bilayer membrane within their uni-lamellar vesicles.
This vesicle has a higher aqueous and lipidic content,
which accounts for its larger size.16 Compared to
other varieties, this vesicle has a higher amount of drug
entrapment. The LUV has an average size of 100 nm.
These vesicles are typically made using the reverse
phase evaporation and ether injection methods. LUVs
have several advantages over MLVs, including a higher
rate of drug encapsulation for water- soluble substances,
consistent drug release rates, and lipid economy.??33!

Drug release from niosomes

Targeted release can be achieved by developing niosomes
with ligands or surface modifications that specifically
interact with the target cells in the superficial layers of the
skin. It is important to note that the preparation of niosomal
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Table 1: Non-ionic surfactants

S. No. Non-ionic Chemical IUPAC Name HLB Value Appearance States
surfactants Designation
1. Atlas G- 1096 Sorbitan trioleate Polyoxyethylene (50) 16.5 White color Liquid
sorbitol hexaoleate
2. Atlas G- 2133 Dodecyl alcohol Dodecyl alcohol Ethoxylate 16 White Liquid
Ethoxylate
3. Brij 30 Polyoxyethylene 2(do decyloxy) ethan -1- ol 9.6 White Solid
(4) lauryl ether
4 Brij 35 Polyoxyethylene Dodecyl-poly 16.9 Clear colorless  Solid
lauryl ether -ethylene-oxide -ether
5. Brij 52 Polyoxyethylene Polyoxyethylenecetyl (2) 5 White color Waxy solid
cetyl ether ether
6. Brij 58 Polyethylene glycol  Oxyethylene 15.7 White to faint Waxy
hexadecyl ether yellow flakes
7. Brij 72 Polyoxiethylene Polyoxyethylene (2) steryl 8.0 Light yellow Waxy solid
sorbitan ether color
8. Emcol PO50 1,2-propanediol 4-hydroxy 3.4 Yellow Solid
monolete 3-methoxy-benzaldehyde
9. Myrj 45 Polyoxyethylene 2-hydroxyethyl 7.5 White color Powder to
sterate octadecanoate lump
10. Myrj 52
11. Span 20 Sorbitan (2E)-2-[(2R, 3R, 48)]-3 8.6 Amber color Amber
monolaurate ,4-Dihydroxyoxolan viscous
-2-yl]-2-hydroxyethyl liquid
dodecanoate
12. Span 60 Sorbitan (3S)-2-(1,2-dihydroxyethyl) 4.7 Light creamto  Colorless
momostearate trtrahydrofuran-3,4- diol tan color hard solid
formulations for superficial action involves a balance a) Niosome
between factprs to achieve optimal d'rug rele.ase, s'tabilit'y, &> 0/(;:.\"(?,& &
and penetration. Drug release from niosome is depicted in - —) N
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NIOSOMES

Noisome preparation techniques should be selected based on
the utilization of tiny particles since the amount of bilayers
as well their shape, distribution of size, or entrapment are all
factors to take into account. Permeability of the membrane as
well as effectiveness in the aqueous phase. The vesicles are
made up of various vesicles.

Ether injection method

In this type of method after making a surfactant combination
solution, warm water kept at 60°C is gradually added to
it. Using a 14-gauge needle, the surfactant combination in
ether is injected into the material’s aqueous solution. The
vaporization of ether results in the formation of single-
layered vesicles. Vesicles with dimensions that vary between
50 and 1000 nm are created, depending on the situation.
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Figure 2: Drug release from niosomes

The biggest disadvantage of such an approach consists of
the minimal quantity of ether that usually remains within
the vesicle solution and is often difficult to remove. Ether
injection method is as shown in Figure 3a.B+3¢

Reverse phase evaporation method

This method entails mixing a combination of ether and
chloroform with cholesterol and surfactant (1:1).B” This
is blended with a medication-containing aqueous phase,
and the two phases are sonicated together at 4-5°C. The
transparent gel that has developed above is next subjected to
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sonication following a little addition of saline buffered with ~ Sonication

phosphate. At 40°C and low pressure, the organic component
is destroyed. After mixing phosphate buffer with saltwater to
thin the resulting viscous niosome solution, it is heated in a
water bath at 60°C for 10 min to generate niosomes. Reverse
phase evaporation method is as shown in Figure 3b.5%3!

Handshaking method

The method known as the thin-film hydration technique is
another name for this process. In another round-bottom
flask, vesicles that mix with ingredients such as cholesterol
and surfactants disintegrate when exposed to a strongly
organic solvent. A revolving evaporator running at a constant
temperature (20°C) is used to extract the organic solvent,
leaving behind an outer layer of solid mixture that builds
up on the flask rim. Between 0 and 60°C and with moderate
shaking, the dehydrated surfactant layer can be hydrated
again to the phase of water. This process results in typical
multilamellar niosomes. Hand shaking method is depicted in
Figure 3c¢.140-44

Micro fluidization method

The idea of immersed jets is the basis for the micro-fluidization
process. In this technique, the hydrated stream of drug and
surfactant interact at extremely high speeds in a narrowly
defined microchannel inside the interaction chamber.
Niosomes typically form as a consequence of high-energy
collision. Smaller, unilamellar, more homogeneous, and
highly repeatable niosomes are created by this technique.! >4
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The approach states that sonicating a solution is a common
step in the veiling process. Using this procedure, a buffered
aliquot of medication solution from a 10-mL glass vial is added
to the surfactant/cholesterol mixture. To get niosomes, the mix
is probe-sonicated for 3 s at 60°C using a titanium probe.*”!

Multiple membrane extrusion method

A thin layer of diacetyl phosphate, cholesterol, and surfactants
is produced in chloroform using a Rotary Evaporator. Through
water polycarbonate membranes, the film is hydrated, the
film is hydrated. The suspension so formed is extruded via
a polycarbonate membrane and into a network of up to eight
tunnels. The final product is obtained in the form of niosomes
with nearly uniform size. It is a smart move a process for
controlling the size of niosomes.>"

The bubble method

In this type of technique, the surfactants, chemicals, and
buffers are all kept in a clear flask with three necks. The
niosome component components are dispersed at 75°C.
The dispersion was blended in a homogenizer. The flask is
then instantly submerged in a water bath while bubbling the
nitrogen gas at a temp of 70°C. Nitrogen gas is employed
through the system to power it. As a consequence, you get an
amount of homogeneous surfactants. The massive unilamellar
vesicle production is shown in Figure 3d.5"
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EVALUATION OF NIOSOMES

For clinical uses, niosome characterization is crucial.
Niosome stability is directly influenced by characterization
factors, which also have a major effect on the niosomes’
in vivo performance. Thus, it is necessary to assess these
characteristics, which include size, shape, polydispersity
index, the number of lamellae and zeta potential, encapsulation
effectiveness, and stability.

Zeta potential

The charge that exists on the surface of a niosomes is known as
the zeta potential. This charge is frequently present on the surface
of a niosomes and is caused by an ingredient or component that
was employed during the manufacturing process.

Every niosome in the formulation has to have some charge
on its surface to prevent particle coagulation and all niosome
particles from repelling to one another. The niosomes zeta
potential was measured using a Zetasizer device with Malvern
software. Sample analysis was performed at 25°C and a 90°
angle of detection. It is necessary to have a zeta potential
value that falls between +30 and —30 mV. This range inhibits
niosomal particle agglomeration range of zeta potential, as
shown in Table 2,523

Size

Niosomal vesicles are thought to have a spherical shape. Their
mean diameter can be measured using a variety of methods,
including electron microscopy, laser light scattering, freeze-
fracture electron microscopy, photonic correlations microscopy,
optical microscopy, molecular sieve chromatography, and
ultracentrifugation. For scanning electron microscopy (SEM)
to examine niosomes, the SEM was employed. They had
been set up with double-sided tape applied directly to the
SEM sample, stub adhesion tape, and an excellent film with
a thickness of 200 nm at a pressure of 0.001 mmHg. Adequate
magnification was used for taking the pictures.[5+56

Entrapment efficiency

As previously mentioned, following the preparation of
the niosomal dispersion, the drug that is not entrapped is

Table 2: Range of zeta potential

S. No. Zeta potential Stability behavior
(mV) of the colloid

1. 0+5 Flocculation

2. +10—+30 Incipient instability

3. +30—+40 Moderate stability

4. +40-+60 Good stability

5. +60 Excellent stability
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separated using centrifugation, gel filtration, dialysis, and/
or finished vesicles impairment utilizing 50% n-propanol or
0.1% Triton X-100. The amount of drug that is still entrapped
in the niosomes is then estimated, and the reaction solution is
analyzed using the proper assay technique to detect the drug.

Whereby the definition of entrapment efficiency (EF) is

Entrapment Efficiency = (Amount of encapsulated drug/
Total drug added) x 100557

Stability studies

A standard practice for ensuring the preservation of
pharmaceutical product safety, effectiveness, and quality
throughout the course of the shelf life is stability studies.
The regulations set out by regulatory organizations such
as the WHO, ICH, and other regulatory authorities are
adhered to in the case of pharmaceutical formulations.
For 3 months, niosomal formulations are kept in a
thermostatic oven at 4, 25, and 37°C as part of stability
tests. After a month, the drug content of each formulation
is examined. Using appropriate analytical techniques, such
as ultraviolet (UV) spectroscopy and high-performance
liquid chromatography (HPLC) procedures, the efficiency
parameter is measured.

The long-term stability of niosomes under various storage
circumstances was investigated. As per the ICH stability
criteria, stability was assessed in two distinct situations.
The niosomal preparations were kept in clear containers
at 4-8°C in a refrigerator and 24 + 2°C in a climate room.
Samples were collected for up to three months at the proper
intervals. The stability profile was assessed by evaluating the
vesicle size, entrapment, and zeta potential. To assess any
variations in formulation color, a visual inspection was also
conducted.[©061

In vitro drug release

The cholesterol and surfactant together can reduce
permeability and improve membrane stiffness, particularly
cholesterol, which might affect the fluidity of the bilayer
chain, thereby lowering permeability. To forecast the
mechanism of drug release from niosomes, the in vitro release
data were fitted to several release kinetics models. The rate of
release in vitro was investigated.!®?!

Dialysis tubing

The dialysis sac is cleaned with distilled water. A dialysis
tubing bag is pipetted with the vesicle suspension tube
consisting of dialysis tubing. The bag closes safely. After that,
the vesicles are put in a 250 mL beaker with 200 mL of buffer
solution and continuously shaken at 25°C. An examination of
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Table 3: Application of niosomes!”!-74

S. No. Surfactant Drug (API) Method of Application Route of
Used preparation administration
1. Span 40 Docetaxel Thin layer DTX niosomes provide an approach Oral administration
evaporation for the solubility enhancement,
technique toxicity reduction, and stability
enhancement of the anticancer drug
DTX.
2. Span 60 Lecidipine Ultrasonic method It provided an alternative to existing  Transdermal
delivery systems for this drug administration
3. Span 80 Cetirizine Thin film Treatment of androgenic alopecia Topical route of
hydration method administration
4. Span 60 Nintedanib Thin film Lung cancer Nasal route
hydration method
5. Span 60, Dexamethasone Thin film Topical delivery Transdermal route of
tween 80 hydration method Administration
6. Span 40 Luliconazole Thin film Used in the treatment of fungal Transdermal route
hydration method infection
7. Span 80 Doxycycline Thin film Its concludes that niosomal- Topical route of
hydration method containing drug have potential administration
application
8. Span 60 Azithromycin Ether injection Used as an alternative route of Transdermal route of
method administration for ex- transdermal administration
routes.
9. Span 40,60  Propranolol Conventional film  The application of a new topical Topical route of
hydration method dosage form of drug shows results ~ administration
for the treatment of infantile
hemangioma
10. Span 20, Glutathione Thin film Investigate the pharmacokinetic Oral route of

tween 40

hydration method

barrier

administration

the medication throughout different periods is provided by
the Buffer creation of an appropriate test methodology.!**!

Reverse dialysis

A multitude of small dialysis units, each holding 1 mL
of dissolving media, are packed into pseudososmes.
Subsequently, the periosomes are transferred into the medium
to dissolve the water dilution directly. Proniosomes may be
manufactured fast using this method. It is not possible to
quantify using the reverse dialysis method.!*!

Franz diffusion cell

The Franz diffusion cell is used for in vitro diffusion
investigations. Franz donor chambers are used to inject
niosomes. There was a diffusion of cells surrounded by a
cellophane membrane. Next, the lysosomes are dialyzed
against a desired protein. The materials were dissolved in
a dissolving solvent at room temperature at 25°C. They
are removed from the medium at regular intervals, and
an appropriate method is employed to screen for drug
content. Sinks are kept in excellent operating condition by
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the use of methods such as UV spectrometry, HPLC, and
others.[65-¢7]

APPLICATIONS

e Niosomes are used for delivering anti-cancer drugs like
methotrexate and doxorubicin to tumors, improving both
drug delivery and tumoricidal efficacy

e  Multiple dosages of niosomes loaded with sodium
Streptogluconate were found to be effective against
infections in the spleen, bone marrow, and liver contrasted
their results with an ordinary sodium Stibogluconate
solution

e Investigated the absorption of norfloxacin and
ciprofloxacin when they were given as noisy encapsulated
inclusion complexes

e Established a significant liver level in mice after
injecting the carrier forms of the antimony dispersion
intravenously. Drugs called antibiotics are used for the
treatment of bacterial infections

e In peptide drug delivery for a long time, oral peptide
medication administration has struggled to avoid
enzymes that would break down the peptide. Research
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is being done on the effective use of niosomes to shield
peptides from gastrointestinal peptide degradation.
The long-term stability of the peptides was shown to
be greatly enhanced by the trapping of a vasopressin
derivative in niosomes, as demonstrated by an oral
administration method used in an in vitro investigation

e Noisome have been used for investigating the nature of
the immune response triggered by antigens due to their
immunological selectivity, low toxicity, and increased
stability. The capacity of non- ionic surfactant vesicles
to act as an adjuvant after parenteral delivery of various
antigens and peptides has been well shown, as shown in
Table 3.16870

CONCLUSIONS

One of the most notable instances of the rapid advancement
in drug delivery technology is the niosomal drug delivery
system. Scholars and researchers generally agree that drugs
may be incorporated into niosomes and that niosomes can be
directed to a certain location. They are substitute vesicular
systems for liposomes, and they have several benefits over
liposomes, including affordability and stability.

To fully realize the promise of this innovative drug delivery
system, considerable study needs to be done on niosomes,
an exciting new drug delivery technique. Niosomes are
more cost-effective and safe than liposomes as a medication
delivery mechanism. Niosomes can potentially be used in
drug development to deliver non-infectious, non-cancer
drugs with great precision. These days, proniosomes, pain,
and aspasome are among the newest methods used to
improve niosomal medication delivery. Niosomes function
as an adjuvant to the vaccination and as a more significant
therapeutic assistance. Therefore, further study and
investigation are required in these areas to provide widely
accessible niosomal preparation.

FUTURE PROSPECTIVE

A potential molecule for medication delivery is niosomes.
Niosomes offer a great deal of potential as drug carriers
because they can encapsulate toxic anti-cancer, anti-
infective, anti-AIDS, anti-inflammatory, antiviral, and other
medications. This will improve the drugs’ bioavailability and
targeting while also lowering their toxicity and side effects.
Niosomal drug carriers are safer than ionic ones, which are
more hazardous and inappropriate. Niosome handling and
storage do not call for any unique circumstances.

This fact stems from the fact that, as revealed from the
examined data, niosomes technology is necessary for the
manufacture of cosmeceutical products to provide a superior
effect on the skin and hair due to their tiny size and high
penetration rate. Improved cosmeceutical outcomes lead
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to higher-quality products, which increase sales of these
products and produce a more successful marketing strategy.
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