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ABSTRACT

Ubiquinone-10 is a cellular endogenous antioxidant that resides in the epidermal layer. Ubiquinone-10 can increase the
production of basal membrane components, fibroblast proliferation and protect cells from oxidative damage, so with
increasing age, the amount of Ubiquinone-10 body will decrease. Bioavailability and permeability of Ubiquinone-10 are
very low, thus affecting the potential efficacy and absorption in Ubiquinone-10. The preparation of Ubiquinone-10
formulation needs to be done to obtain products that have good bioavailability. Nanostructured Lipid Carrier (NLCs) is a
modification of the SLN system, consisting of a certain amount of lipid matrix and liquid lipids. Mixtures of solid lipids
and liquid lipids can provide space for drug trapping. The system will remain in solid form by controlling the concentration
of the liquid lipids to be added into the formula so that the drug release process can be controlled.
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INTRODUCTION

Ubiquinone-10 is an antioxidant that protects the body
from damage caused by harmful molecules known as free
radicals. Ubiquinone-10 can neutralize free radicals and
help prevent damage caused by free radicals, such as cell
membrane damage, DNA damage, and cell death. The
antioxidant properties of Ubiquinone-10 come from the
carrier function of energy. As an energy carrier, the
molecules of Ubiquinone-10 will continuously pass
through the redox cycle. When receiving electrons, it will
be reduced and when giving electrons, it becomes
oxidized. In reduced form, the Ubiquinone-10 molecule
holds a somewhat loose electron, so that this Ubiquinone-
10 molecule will be quite easy to take one or both of the
electrons, therefore acting as an antioxidant. Ubiquinone-
10 inhibits lipid peroxidation by preventing the production
of peroxyl lipid radicals’™!".

Ubiquinone-10 is a derivative of a lipid-soluble quinone
with an isoprenoid side chain. The homolog of Ubiquinone
contains 1-12 isoprene units. The dominant form of
ubiquinone in humans is ubiquinone-10 (contains 10
isoprene units). In liver cells, 40-50% of the total cellular
ubiquinone is located in the mitochondria, 25-30% in the
core, 15-20% in the endoplasmatic reticulum, and only 5-
10% in the cytosol. In vitro tests, ubiquinol (reduced form
of ubiquinone) has antioxidant activity 2-3 times more
potent. Ubiquinol/ubiquinone acts as a redox carrier in the
respiratory chain, participating in the transfer of protons
across the inner mitochondrial membrane. Ubiquinol can
react with ROS and prevent direct damage to biomolecules
and initiation of lipid peroxidation. Ubiquinone cannot
prevent autocatalytic free radical reactions by donating a

phenolic hydrogen atom, ubiquinone binding singlet
oxygen and inhibiting lipid peroxidation in the membrane
model®.

Nanostructured Lipid Carrvier (Nle)

NLC is the development of SLN (Solid Lipid
Nanoparticle) aimed at overcoming the shortcomings of
SLN. SLN is identical to an oil-in-water emulsion, but the
oil phase used is a solid lipid. The use of solid lipid causes
the drug loading on this system is not good. as well as the
oceurrence of leaks or discharge of medicines from the
system. In storage, the solid lipid will form a crystal
structure so that the space occupied by the drug material
becomes reduced. This i1s what causes the release of drugs
from the SLN system. NL.C formed from a mixture of solid
and liquid lipids capable of reducing the formation of
crystals in lipid and can increase drug absorption, NLC has
a particle size distribution up to 500um. NLC is the latest
generation of SLN. NLC consists of a certain amount of
lipid matrix and liquid lipids. The NLC remains in solid
form by controlling the liquid lipid content added to the
formulation, so that the controlled release of the drug to
NLC can be achieved'”.

Another component added to the NLC system is the
surfactant. The addition of surfactants in the NLC serves
to stabilize the nanoparticles formed on the system and
prevent the incorporation of particles during storage'®. The
components used in NLC formulations are included in
GRAS (Generally Regarded as Safe)!*. Solid lipids that
can be used on NLC systems include: stearic acid, glyceryl
stearate. cetyl palmitate. and tristearin'>'*!?. While liquid
lipids that can be used include oleic acid. ethyl oleate, and
miglyol (medium-chain triglycerides)'™'"”. With the
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increase of liquid lipid, it will decrease the measurement
an particle. Due to the increase of solid lipids, the tendency
of particles to aggregate also increases. An increase in the
number of liquid lipids can result in better drug trapping.
This may have an effect on the formation of crystals, so the
regularity of the cerystal lattice is disrupted and increases
the space for drug molecules which ultimately increases
the efficiency of trapping. The amount of addition of the
surfactant used also affects the particle size and stability of
the formula. Increased surfactant concentration can
decrease particle size. The number and type of surfactant
optimum are able to envelop the surface of the particles".
Type Of NLC

NLC Type 1

NLC type | can be called imperfect imperfect model
(Imperfect type), because the structural difference between
the solid and liquid lipids leads to imperfections of the
formation of crystals to form a larger space for drug
molecules to occupy. This model was obtained at the time
of solid lipid mixing with small amounts of lipid liquid
NLC Type II

NLC type II was defined as an amorphous model as it was
created when mixing certain lipids that could not
crystallize after mixing. The lipid used is a solid lipid with
an amorphous form. In the absence of crystallization, the
tendency of the drug to get out of the system can be
reduced.

NLC Type 111

NLC type III referred to as multiple models. This model
has been developed to increase drug charge capacity.
Multiple types is a type of NLC capable of loading drugs
in solid lipids, while the increased solubility of drug
substances is done by adding the number of liquid lipids.
In general, the drug will be more soluble in liquid lipids
than in solid lipids. So in the process of making the amount
of liquid lipid will be higher. During the production
process, there will be a cooling process at room
temperature which causes the lipid matrix particles to
change from liquid to solid. The difference in mixing
between the two lipids leads to a separation that will form
the oil nano-compartments inside the solid lipid particles.
Advantages of NLC

NLC has the advantage of being used for controlled drug
release and targeted drugs. improving pharmaceutical
stability, increasing drug loading?’. Some of the
advantages of NLC are:

Occlusive effects

Occlusive effects are influenced by particle size, lipid
concentration, and the type of lipid used. Very small
particles of lipid particles form high crystals and melting
points of lipids are low resulting in increased occlusivity
properties’. The surface area ofThe particles in NLCs in
contact with the stratum corneum can be increased and the
lipids used can make the NLC become adhesive to the skin
thereby increasing the penetration of the active ingredient
through the stratum corneum and providing an occlusive
effect on the skin'.

Controlled drug release

The use of solid lipids in the NLC system causes the
mobility of the drug substances in the lipids to be lower
resulting in the release of drug substances gradually.
Improve drug stability

Increase in chemical stability due to the small contact of
the drug with oxygen, light, moisture, ambient temperature
and contamination due to drug ingredients trapped in the
NLC system® NLC is able to prevent the expulsion of
medicinal materials from the system because it inhibits the
formation of the lipid erystals so that the stability during
storage can be increased.

Have low toxicity

The composite material of the NLC system consists of
solid lipids and liquid lipids that have non-irritating
properties, biodegradable and safe / Generally Recognized
As Safe (GRAS) so that preparations with NLC systems
have low toxicity'.

Increase drug trapping

High carrier capacity so that many drug molecules can be
incorporated into matrix particles’.

Having a low viscosity

NLC system has a low viscosity so that the molecular
mobility of the active ingredient is increased so that there
is no inhibitory barrier®.

Transport System Of Drug

The drug transport 1s a mass transport process with one
random movement occurs by the influence of
concentration  differences. Movement of molecules
through a barrier with a particular mechanism is a diffusion
process. The process of transport occurs through a variety
of mechanisms, including molecular permeation through
various mechanisms. including molecular permeation
through a non porous barrier where the molecule of the
compound must be dissolved beforehand into the barrier
before it can penetrate, whereas in the transport through
the pore, the transport speed is determined by the measured
molecular size and pore diameter. The drug transport
mechanism of the dosage forms occurs in two stages. The
first stage. drug release from the carrier, stage second a
penetrate through the barrier. The main transport process
occurs in passive diffusion, ie the transport process that
occurs due to the difference in concentration gradient®.
Penetration Work

On percutaneous penetration occurs the transfer of active
ingredients through the skin from the external environment
to the blood circulation. Percutaneous absorption can be
defined as a combination of molecular penetration through
the skin, followed by resorption of the blood or lymphatic
system of the papillary dermis and underlying layer. The
penetration stage is a passive diffusion through each
structure of the stratum corneum, dermis, aneksa’. The
skin has several layers, among others, stratum corneum is
a percutaneous absorption rate inhibitor. Large and
hydrophilic molecular transport will be difficult to
penetrate the lipid layer of the stratum corneum because it
contains 40% lipid. 40% protein. and only 20% water. The
transport of lipophilic drug molecules is facilitated by
dissolution to the intercellular liquid present in the stratum
corneum. The absorption of a hydrophilic drug may oceur
through the pore or opening of the follicle and sebaceous
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glands. but this occurs only about 1% of the total surface
of the skin so that only a small amount of the drug is
absorbed'!. Percutaneous absorption of the drug is
important in transdermal drug delivery because the drug
should be sufficiently dabbed to prolong the duration of
action and increase the rate of the drug and to maintain
systemic uniformity and therapeutic effects during the
period of use. In general, drug molecules penetrate the
stratum corneum to the deepest layer of the dermal layer to
the systemic that occurs in a relatively short and easy
time!!. The rate of drug penetration passes through the
stratum comeum following the Fick Law diffusion. The
drug transport rate is not only influenced by its solubility
but also the oil and water partition coefficient, the
concentration in the dosage and the exposed surface area
ofthe skin'!.

Drug Penetration Route

Commonly used methods for the drug to penetrate the
stratum corneum via transepidermal and route through the
pores. Transepidermal routes can be divided into
transcellular and intercellular routes. On the transcellular
route, a drug that penetrates into the skin directly passes
through the lipid structure of the stratum corneum and
cytoplasm of keratin. This route is the shortest route but
the medicinal material undergoes a hydrophilic and
lipophilic structure. The most [requent route of medication
to penetrate the skin is the intercellular route so that the
material that will penetrate the stratum corneum by passing
through the corneocytes. Appendix of skin (glands and hair
follicles) is only 0.1% of the total surface of the skin, the
role of the route through the pore is considered not too
large™.

Factors Affecting Skin Penetration

Factors that influence percutaneous penetration are
physiology, physical chemistry ingredients, medicines.
and factors of carrier substances.

Skin physiology

Skin aged Increasingly aging,

skin permeability will decrease as blood flow decreases so
that drug delivery at target sites decreases and water loss
from the epidermis®.

Skin condition Difficult skin due to irritation,

dryness, allergic reaction, abrasion, inflammation can
injure protective cells so penetration through the skin will
increase®.

Anatomy of skin

The Scientology resides like skin thickness, the skin wall
cause a difference in penetration. This is because the
penetration depends on the anatomy and thickness of the
membrane layer®.

Hydration of skin

Hydration can affect the skin tissue physically and will
change the diffusion coefficient of the material

Blood flow

While the flow of blood increases then the drug ingredient
to the systemic will increase. If there is a narrowing of
blood vessels that lead to the dermis then the skin
penetration rate will decrease®.

Skin Temperatures

The speed of drug penetration through the skin can change
when the body has increased temperature. The temperature
will increase in the occlusive state. In the occlusive state,
water on the skin cannot evaporate and cause hydration so
that the flow of blood in the dermal layer will increase®.
Physical properties of the active ingredients.

Partition coefficient

The partition coefficient is the ratio between the drug
concentration in the stratum corneum and the drug levels
in the carrier, If the partition coefficient is large, then the
drug will be more soluble in the carrier. If the partition
coefficient is small, the drug will be more soluble in the
stratum corneum than in the drug carrier so that the drug
content in the large stratum corneum. The partition
coefficient affects the transport speed’.

The drug's cooling

The solution of the drug in the water determines the
absorbed concentration. The more drug substances in the
dissolved state the greater the drug's ability to penetrate the
membrane’.

The diffusion coefficient

The diffusion coefficients show the ability of the drug
penetrate into the stratum corneum. Usually, the drug
diffusion coefficients in the stratum comeum are very low
due to the very slow movement of drug molecules'). If the
skin condition in sickness or drug diffusion in the carrier is
very slow, the percutaneous penetration rate is determined
by drug release from the carrier!, Part shape and size The
small particle size and spherical shape will cause the inter-
particle structure to become tightly causing an increase in
the occlusivity of retained water in the stratum corneum
which causes hydration and swelling so that the drug
substances easily enter'.

The carrier effect

Carrier may also affect the penetration of the drug into the
skin as most of the material in one formulation is a carrier.
The interaction between drug and carrier material can
affect penetration because the strong affinity between the
drug and the carrier causes the drug substance to be
removed from the base so that the amount of medicinal
ingredient in the stratum corneum decreases. There are
several factors that come from the carriers that come out
have an effect on the penetration:

The nature of lipophilicity

Carrier can affect the physical condition and permeability
of the skin against the drug. The carrier composition is
expected to improve the speed and amount of the drug
diffusion. The lipophilic carrier will block the water so that
water can not get out and retained in the stratum corneum
causing skin hydration. Hydration of the stratum corneum
can increase penetration of the drug into the. The drug
mixed with the carrier must be able to blend with the skin
surface in sufficient concentration so that penetration can
be maximized.

Viscosity

Absorption of the drug will increase if the carrier can easily
spread to the skin surface so that penetration will increase.
This can happen because when used the drug can spread to
a wider surface resulting in increased absorption of the
skin.
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Enhancer

Increased penetration of topical medication can be
achieved by the addition of several compounds capable of
increasing the absorption in the skin. One of the enhancer
mechanisms 1s by making the interaction of enhancers with
polar head groups from lipids. Interaction of lipid-lipid
head groups and sequences of lipids will be disrupted thus
facilitating the diffusion of hydrophilic drugs. The
increased flow of free water molecules between bilayers,
leading to enlargement of the cross section for polar drug
diffusion. Simple hydration can be used in structural
modifications that result in drug penetration changes.
Water is one of the most effective and safest penetration
enhancers. By hydration of the stratum corneum,
penetration of most drugs can be increased. Usually in the
stratum corneum moisture content of 5-10%. Water
content may increase by up to 50% in occlusion conditions
(eg by using impermeable foil or by occlusive vehicle
applications). The lipid head group disorder by polar
enhancer substances may also affect the hydrophobic parts
of the lipids and cause rearrangements in the bilayer
region. It also explains the increased penetration of
lipophilic drugs by using a lipid head group affects the
penetration of hydrophilic enhancer substances. Another
possibility is the lipophilic penetration enhancement
interaction with the hydrocarbon chains of the lipid
bilayer. Penetration of lipophilic drugs is facilitated in this
way with a skeletal disorder resulting from increased
fluidization by hydrocarbon chains. This change also
affects the order of the polar head groups, which explains
the increased penetration of hydrophilic drugs by using
lipophilic enhancer substances®?.

CONCLUSIONS

NLCs are expected to be an alternative treatment aimed at
treatment for a long time and have targeted targets, then
the drug can be used for the treatment of transdermal that
takes a long time. It 1s hoped that the NLC can become a
new, periodically transdermal treatment of transdermal
treatment. So the treatment will be more efficient with
good effectiveness, but the side effects will be less.
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