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ABSTRACT
In the present era most of the drugs available are either poorly soluble and hence have bioavailability issues.
Numerous techniques have been tried and evaluated to overcome these issues, but none has cover the entire
problems encountered in delivering the drug. During the last couple of years Lipid based drug delivery has been
in demand and lot of work has been exploited in this area due to its promising target delivery to the tissue. The
present article is written with the objective to explore the potential of new drug delivery in the area of Arthritis.
This arthritis is a very common disorder and it affects mainly elderly people beyond certain age. In the recent
years lot of work has been done in this area, although lot of dosage forms are available for this but all has its
own limitations. Mostly drugs are administered orally or topically. Due to the poor solubility and permeability
issues penetration and complete absorption has been a continuous problem. In order to overcome this issue
various techniques has been explored and out of which Lipid base delivery system has shown potential and it
has not been explored to the full extent.
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INTRODUCTION
The primary advantage of lipid based delivery
system is its ability to deliver the drug onto the
target site along with the better penetration hence
higher bioavailability due to the drugs partition
coefficient into different tissues. In most cases,
arthritis is progressive, resulting in muscular
stiffness. Arthritis left untreated can lead to joint
immobility, muscle atrophy and contractures. In
the early stages, the small joints of the hands and
feet are usually affected.
TYPES OF ARTHRITIS
There are over 100 different types of arthritis. But
majorly we can classify arthritis into two categories
[1].
Inflammatory: The joints in the body are lined by
a thin layer of tissue called synovium. It consists of
small amounts of fluid to keep the normal joint
lubricated called synovial fluid. In inflammatory
arthritis, for some reason the body’s immune
system becomes confused and begins to attack the
synovium. Chemicals released by the body’s

immune system cause swelling, pain, and stiffness
of the joints and can eventually damage or destroy
the cartilage and bone
Degenerative: When a degeneration of the joint
happens, the cartilage will be rough, begins to wear
away, and the bone underneath thickens. With this
degeneration, the joint, may in fact, become
inflamed with pain, warmth, and swelling.
Although we see signs of inflammation in
degenerating joints they are not considered to be
“inflammatory” because the cause of the
inflammation is the degeneration itself.[2]
SIGNS AND SYMPTOMS OF ARTHRITIS
• Inflammation and redness of a joint
• Joints will be sensitive to touch
• Deformation of limbs and extreme pain and
warmth
• Stiffness of limbs during morning session
• Recurrent back pain
• Ankylosed joints (immobile joints due to the
union of bones because cartilage has been
destroyed)
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LDDS Formulations:
Drugs
Diclofenac

Delivery approach
Nanocomposites, Liposome pellets,
Pharmacosomes[3,5]

Benefit
Enhanced penetration , High drug
loading, Target Efficacy[6]

Ibuprofen

Nano suspensions, Microspheres

Indomethacin
Ketoprofen

Liposomes, Microballoons, nano
emulsion
Microsponges[4]

Methotrexate

Microspheres, Injections

Enhanced stability, Minimum side
effects
Rapid onset of action, enhanced
efficacy
High drug loading, Can be used
topically
Better target approach, Good
efficacy.[6]

LIPID BASED DRUG DELIVERY [7]

Due to its unique properties of lipids including
their physiochemical diversity, biocompatibility
which reduces local irritancy, make them ideal
carriers for topical usage. Increasing interest in
lipid-based delivery systems are due to following
reasons like: Versatility of lipidic excipients
Formulation versatility and the choice of different
drug delivery systems Low risk profile Improved
oral bioavailability and reduced plasma profile
variability Increased permeation of these systems
when used topically Formation of vesicular system

which is passive, non-invasive and is available for
immediate
commercialization.
Better
characterization of lipidic excipients. Improved
ability to address the key issues of technology
transfer and manufacture scale-up. Novel Lipid
drug delivery systems can be broadly classified as
emulsions, vesicular systems and lipid particulate
systems Emulsion [8].
Novel Lipid drug delivery systems can be broadly
classified as emulsions, vesicular systems and lipid
particulate system.[9] Emulsion, Microemulsions,
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SMDDS[10], Nanoemulsions and Pickering
emulsions are novel emulsion systems with many
advanced applications.

capacity to protect drugs from degradation in the
GI environment.
Nanoemulsions: Nanoemulsions are primarily
made of oil and water phase and are stabilized by
surfactants and alcohol. As compared to the
microemulsions, nanoemulsions are metastable and
are friendlier to dilution with water without
compromising the droplet size distribution.
Nanoemulsion stability is influenced by various
parameters such as temperature and pH which
changes while delivery to patients. Advanced form
is self-nanoemulsifying drug delivery systems
(SNEDDS) which are anhydrous uniform liquid
preparations containing oil, surfactant, API and
solubiliser. This will give oil-in-water type of
nanoemulsion of size ranging from 200 nm or less
in size upon dilution with aqueous media under
gentle stirring. SNEDDS can improve oral
bioavailability of hydrophobic drugs. Solid
SNEDDS can offer better patient compliance and
minimize problems associated with capsules filled
with liquid SNEDDS. Nanoemulsion formulations
have distinct applications over macroemulsion
systems when delivered parenterally because of the
fine particle size nanoemulsion are absorbed slowly
as compared to the coarse particle emulsion, hence
reside for much longer time in the body. Upon
given orally these preparations have increased
absorption, improved clinical potency, while
minimizing thedrug toxicity. Because of its
properties like transparency, fluid like consistency,
they are also used for cosmetic preparations. The
nanoemulsion of CoQ 10(Coenzyme 10) and
tocopherol was proven to be a promising cosmetic
ingredient to prevent premature skin aging by
protecting against UV-induced mutations.

Microemulsions: Microemulsions are transparent,
thermodynamically stable, optically isotropic
system of oil and water with a fluid like
consistency, stabilized by an interfacial film of
hydrophilic and lipophilic compounds such as
surfactant and cosurfactant. As compared to
ordinary emulsions, these microemulsions form by
simple mixing of the ingredients and care should be
taken to avoid high shear enviornmentas it may
cause a phase separation. Microemulsions have
smaller size ranging from (10 – 200 nm) than those
of conventional emulsions in few microns (1 – 20
μm). Also emulsions consist of usually spherical
droplets whereas microemulsions normally has
structures like micelles or bicontinuous structures.
It enhances the solubility and bioavailability of
drugs when given peroral, also improves
penetration when given topically. It was found that
absolute bioavailability of cyclosporine loaded in
the microemulsion system was increased multifold.
Topical Fluconazoles bioavailability enhances by
more than 80 percent. Newer microemulsion
formulation of propofol helps to decrease many
issues like invasive administration, a potential
bacterial growth because of the presence of the
soya bean oil carrier, the limitations of using egg
based preparations in some patients. From the
study it was observed that Piroxicam
microemulsions in HPMC gel showed higher
degree of swelling inhibition after one hr resulting
in best analgesic and anti-inflammatory effects.
Self-emulsifying drug delivery systems mainly
used to increase solubility, absorption and hence
bioavailability of poorly water-soluble compounds.
Certain advantages of these systems include
enhanced oral bioavailability enabling reduction in
dose, relatively high drug can be loaded, targeting
of drug(s) toward specific absorption window in
GIT, control over drug release profiles and
protection of drug(s) from the GI enviornment.
Ketoprofen when presented in SEDDS formulation
showed enhanced bioavailability due to increase
the solubility of drug and minimizes the gastric
irritation. Also incorporation of gelling agent in
SEDDS modified the release of Ketoprofen.
Acetyl salicylic acid, a drug that degrades in the
GI tract, when formulated in a Oral Lipid Matrix
System (SEDDS formulation) showed an increased
oral bioavailability of the same by more than 70%
when tested to the reference formulation hence
proves that the SEDDS formulation has a better

Vesicular Drug Delivery Systems: Newer
vesicular systems are evolved every day. Lipid
vesicular system include:
Liposomes
Liposomes are artificial vesicles with lipid bilayer
which are made of phospholipids and cholesterol.
Liposomes have certain limitations like tendency to
be taken up by the RES system, in the body. When
given orally they increases the absorption, clinical
potency, and decreases the toxicity of the drug. As
they also resembles
nanoemulsions in
transparency, fluid like consistency, they are also
good for cosmetic preparations [11]. Every new
approach in the targeted therapy of rheumatoid
arthritis could contribute to the effectiveness in
treating the chronic disease. [12]
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Advantages of Lipids: Lipids are a class of
materials which includes fatty acids, glycerides,
phospholipids, sphingolipids, waxes and sterols etc.
They may be poorly soluble in water, but have
other characteristic properties like hydrophilic and
hydrophobic portions which can be identified by
their fatty acid composition, melting point, HLB
value, and their solubility in solvents like Glycerine
and other organic solvents. Vegetable oils and
primarily used in the preparation of different types
of formulations. A adult’s digestive system is
capable to breakdown around 100 -140g of lipid
per day. Due to their resemblance to biological
components, lipids used in Lipid based drug
delivery systems are well tolerated in the organism,
without being worried about its cytotoxicity. Their
presence in the gastrointestinal (GI) tract resembles
the fed state, which stimulates the secretion of bile.
Through the oral drug delivery parameters like the
solubilisation of the drug in GI tract and the
absorption through the GI mucosa followed by
circulatory uptake of the drug to allow its
therapeutic action. The poor water solubility of a
drug leads to variable bioavailability and poor
IVIVC correlation. Lipids and lipophilic excipients
can have a synergetic effect on the absorption of
drugs with a poor solubility after oral
administration. The lipophilic excipients can
improve the bioavailability after oral administration
by various mechanisms like: -

the development of sustained release dosage forms
like beads, tablets, suspensions, implants. Their
hydrophobic properties can also be used for
masking the unpalatable taste of certain drugs by
hot melt coating. Lipids also offer advantages for
preparation of drugs with low melting point or poor
compression properties. Developments of Lipidbased drug delivery system have been developed
over the years, mostly for oral delivery.
Formulations can be classified as: lipid-based
formulations eg. Emulsions or microemulsions
(oil/water; water/oil, bicontinuous structures)
An emulsion is a blend of two immiscible phases
wherein a surfactant is added to stabilize the
dispersed droplets. The proper choice of surfactants
and manufacturing conditions is critical to stabilize
the preparation. A microemulsion is a
thermodynamically stable system made up of
water, oil and surfactant/co-surfactant giving a
transparent and thermodynamically stable system
whose droplet size ranges from 10-140 nm. They
are usually given by oral and other mucosal routes
like ocular, nasal etc. Their dispersions have a
turbid appearance because lipid droplet size ranges
from 200nm to 5µm. The choice between a SEDDS
or a SMEDDS often depends on the intrinsic
properties of the drug, and its solubility and
dissolution profile during in vitro screening with
excipients. SMEDDS have demonstrated to have a
improved solubilisation capacity, and excellent
stability. They can provide improved oral
bioavailability as they enhance the permeation
across the intestinal membrane and eliminate food
effects. Solid-in-oil (S/O) suspension is an
alternative LBDDS. Diclofenac sodium, a nonsteroid anti-inflammatory drug (NSAID), can be
orally and successfully delivered in S/O suspension
with minimum GI side effects.

(a) Changing the composition and GI environment.
(b) Stimulation of bile salts secretion causes
emulsification of the poorly soluble drug in the GI
fluid and thus increases its solubility.
(c) Interaction with enterocyte-based transport and
influence on drug uptake and bypassing hepatic
first pass biotransformation.
Due to their stability at varying pH and moisture
levels, lipids provide adequate protection from
gastric or environmental conditions for various
drugs. They also provide a favourable hydrophobic
environment to delay the drug release. This
characteristic property has been extensively used in

• Solid lipid-based formulations
Recently, lot of work has been done in this area. In
order to obtain. a solid state microemulsion of
cyclosporine was prepared by coating a
microemulsion with enteric coating polymer . Solid
64
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SEDDS can be used for several dosage forms like
dry emulsions, self-emulsifying capsules, implants,
sustained/controlled release tablets or pellets,
beads, microspheres, nanoparticles, suppositories
and can provide alternate solutions for oral and
parenteral drug administration.

vaccine delivery system.
Because of these
characteristics squalene a potential excipient for
pharmaceutical applications, especially for the
delivery of vaccines, drugs and other biological
substances. One of the challenges faced by lipids
is their prone to oxidation, especially for
unsaturated triglycerides and fatty acids. It can
occur while storage or processing, and compromise
the product quality. When lipids are exposed to
environmental factors such as light, air or
temperature, autoxidation can occur, and can
produce change of color, rancid flavor or,
generally, loss of quality and even the generation of
toxic compounds makes them not fit for use. They
can also be degraded by certain enzymes like
lipoxygenases enzymes. Trace of metals (eg iron,
copper, cobalt) can have a negative impact in
accelerating oxidation. Autoxidation is a point of
concern in lipid oxidation. It mainly generates
hydroperoxides and volatile compounds, generally
through a three-phase process (initiation,
propagation and termination). The initiation phase
involves homolytic breakdown of hydrogen in αposition relative to the LH fatty acid chain double
bond. The reaction can, however, be initiated via
other factors such as heat, ionizing radiation or a
photonic impact in the ultraviolet spectrum, and
also by chemical agents such as metal ions, free
radicals. This results in the formation of free
radicals, i.e. chemical species with an unpaired
electron. These are highly unstable, short-lived
intermediates that stabilize by abstracting a
hydrogen from another chemical species. The
oxidation process remains slow during this phase.
Propagation: In aerobic environments, the radical
centered on the carbon molecule and formed during
the initiation phase reacts very quickly with triplet
oxygen to generate different radical species,
including peroxyradicals. The peroxyradical then
abstracts a hydrogen atom from another
unsaturated lipid molecule to form hydroperoxide
(primary oxidation compound) and another radical,
thus replenishing reaction. This is a rapidly peaking
irreversible reaction. Hydroperoxide formation
from unsaturated fatty acids is generally
accompanied by stabilization of the radical state via
doublebond
rearrangement
(electron
delocalization), which gives rise to conjugated
dienes and trienes o Termination: The oxidation
process then continues with the transformation of
hydroperoxides
into
secondary
nonradical
oxidation compounds. The main hydroperoxide
decomposition mechanism involves scission of the
double bond adjacent to the hydroperoxyl group,
leading to the formation of hydrocarbons,
aldehydes, alcohols and volatile ketones. Other
nonvolatile secondary compounds are also formed,
including
nonvolatile
aldehydes,
oxidized
triacylglycerols and their polymers.

Liposomes: [13] are vesicles consist of mainly a
phospholipid bilayer surrounding an aqueous
compartment. In the lipid phase of the bilayer
membrane, lipophilic drug can be included.
Although vesicles have stability issues in the local
GI environment, still the potential of liposomes
offers a opportunity for enhancing the oral
bioavailability of poorly soluble drugs and peptides
and proteins, like insulin. They can be suitable for
oral vaccination systems. The therapeutic index of
vincristine can be significantly improved by the use
of liposomal delivery system in the treatment of
human carcinoma. Liposomal formulations are
generally safe due as they are GRAS listed. They
are mostly used for injectable dosage forms (e.g.
Doxil®).
Solid Lipid Nanoparticles (SLNs)
SLNs are particulate systems with particle size
ranging 50-1000nm. They are derived from oil-inwater emulsions, by replacing the liquid oil by a
solid lipid. They pose several merits: the lipid
matrix is usually made from lipid components,
which decreases the toxicity; they combine
physical integrity of particle shape and physical
protection capacities of sensitive compounds. They
have a stability of around 3 years and can easily be
manufactured at large scale. SLNs increases the
bioavailability of drugs after oral administration,
such as cyclosporine A and vinpocetin. Solid lipid
particulate systems such as SLNs, lipid micro
particles and lipospheres have been usedas
alternative approach for delivering therapeutic
peptides and proteins. Formulation as SLNs
improves stability of the proteins by avoiding
proteolysis, as well as providing modified release
of the incorporated molecules. Peptides such as
cyclosporine A, insulin, calcitonin and somatostatin
have been incorporated into solid lipid particles and
are currently under investigation. Squalene being a
natural lipid from the terpenoid family, and also a
precursor of cholesterol biosynthesis and as it has
excellent dietary benefits, biocompatibility,
inertness, squalene is commonly used as an
excipient in pharmaceutical formulations. In
addition, squalene acts as a protective agent, has
been shown to exhibits chemopreventive activity.
Although it is a weak inhibitor of tumor cell
proliferation, it acts directly or indirectly to the
treatment of cancer due to its potentiating effect.
Also squalene increases the immune response to
various antigens, and it is therefore being tested for
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Nitrogen flushing can be used to prevent oxidation
in closed systems such as capsules. To avoid
metal-based catalysis, the use of chelating agents
like (EDTA or citric acid) can be explored. The
antioxidants can also be used to prevent oxidation
reaction. As an example, alpha-tocopherol is a
good antioxidant which can be used in terminating
free radical chain reactions by donating hydrogen
or electrons to free radicals, and converting them to
more stable products. The pathways mainly used to
inhibit oxidation with antioxidants are singlet
oxygen deactivation (ascorbic acid), free radical
scavenging (ascorbyl palmitate) and chain-breaking
reactions (β-Carotene). Blends of antioxidants can
be used to combine the effects. Cyclic voltammetry
is a rapid method used to identify excipients in
which the drug is more sensitive to oxidation, and
as a tool to screen antioxidants.

identification of key performance criteria, and the
validation and eventual publication of universal
standard tests and operating procedures. In order to
establish approved guidelines, appropriate dialogue
with pharmaceutical regulatory bodies (FDA,
EMEA) is also foreseen.
Allied conditions of arthritis
 Following are the most commonly found
allied conditions
 Osteoarthritis, Gout Septic arthritis Juvenile
idiopathic
arthritis
Still’s
disease
Fibromyalgia
A) Rheumatoid Arthritis [15-17]
It is a disease condition in which body’s immune
system attacks its own tissues. It mainly damages
the joints and underlying bone. It mainly affects the
fingers, thumbs, elbows, shoulders, knees and feets.
It damages the cartilage, bone, and tendons by
swelling of the synovium tissue. Cartilage bone
becomes thinner and rougher. If it is not treated
perfectly it leads to painful, stiff joints.
Symptoms
The symptoms of RA include:
 Fatigue.
 Fever.
 Weight loss.
 Eye inflammation.
 Lung inflammation.
 Difficulty in movement of legs.
 Weak bones.
 Low red blood cell counts.
It can be treated by using various forms of drugs
like steroidal and non-steroidal anti-inflammatory
drug and disease modifying anti-rheumatic drugs
(DMARDs). DMARDs suppress the immune
system. DMARDs pills like Leflunomide,
Methotrexate, Sulfasazine etc.
Intravenous
administration of Abatacept, Infliximab, and
Rituximab are used in the research studies of
rheumatic arthritis. DMARDs reduce the swelling
and helps in the prevention of joint damage [19].
In Japan and USA, DMARDs are approved for
treating RA using various drugs. Like oral gold,
inject gold, sulfasalazine, D-penicillamine,
methotrexate, actarit, abatacept are approved in
japan and drugs like hydroxy-chloroquine,
azathiopurine, minocycline and cyclosporine are
approved by USA government [20, 21].
B) Osteoarthritis
Osteoarthritis (OS) also called as degenerative
arthritis or degenerative joint disease; in which it
breakdowns joint cartilage and led to joint stiffness.
Symptoms of the disease include joint swelling,
decreased
range of motion, and
when the back is affected weakness or numbness of
the arms and legs. The
most commonly involved
joints are those near the ends of the fingers, at the

Regulatory aspects [14]
From a regulatory point of view, quality and safety
issues related to preclinical and clinical studies are
the main difficulties likely to be encountered in
launching a lipid-based dosage form on the market,
and above all the demonstration of the therapeutic
efficacy. The overall drug stability and absence of
immunological reactions to the oils or lipid
excipients has to be demonstrated. Sufficient
details explaining the use of lipid excipients and
the types of dosage form, the drug release
mechanism and their manufacture should be
provided to convince the regulatory authorities of
their acceptability Safety assessment and the
potential influence of biopharmaceutical factors on
the drug or lipid excipients need to be explored. It
may be difficult to predict in vivo performances of
a lipid dosage form based on in vitro results
obtained with conventional dissolution methods in
view of the convoluted GI processing of lipid
formulations. More mechanistic studies should be
conducted to facilitate a better understanding of the
pharmaceutical characteristics of lipid formulations
and interactions between lipid excipients, drug and
physiological
environment.
The
lack
of
predictability for product quality and performance
may be due to the nature of empirical and iterative
processes traditionally employed. With the aim of
rationalizing the design of lipid formulation, and to
better understand the fate of a drug after oral
administration in a lipid-based formulation, a
Consortium, composed of academics and industrial
scientists,
has
been
created
(www.lfcsconsortium.org).
The
Consortium
sponsors and conducts research to develop in vitro
methods to assess the performance of LBDDS
during dispersion and digestion, which are critical
parameters. The primary objective is to develop
guidelines that rationalize and accelerate the
development of drug candidates through the
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base of the thumb, neck,
lower back, knees, and
hips (joints on one side of the body). OS is the
most common cause of a joint effusion of the knee
in smaller joints like fingers, hard bony
enlargements, called Heberdeb’s nodes [22, 23].

septic arthritis include fever, fatigue, anorexia,
nausea etc.
E) Fibromyalgia
Symptoms of fibromyalgia include the following:
 Widespread pain (specific tender points
are common)
 Sleep disturbance
 Fatigue
 Psychological stress
 Morning stiffness
 Tingling or numbness in hands and
 Headaches, including migraines

Among over 60 years old about 10% of males and
18% of females are affected with osteoarthritis
which affects knee and hip joint. Osteoarthritis
cause gross cartilage loss and damage of joint
tissue.
The collagen matrix becomes more
disorganized and decreases in proteoglycan content
within cartilage.
Non-steroidal anti-inflammatory drugs like
acetaminophen are the firstline for the treatment of
osteoarthritis. Naproxen also used effective
NSAIDs but it as side effects of gastrointestinal
bleeding and COX-2 selective inhibitors causes’
myocardial infarction. Topical diclofenac have a
risk of mild skin reaction but avoids
gastrointestinal adverse effects [24].

CONCLUSION
Lipid drug delivery systems offer many
advantages; however, the development of these
systems requires proper understanding of the
physicochemical nature of the compound as well as
the lipid excipients and gastrointestinal digestion.
One of the major challenges of lipid excipients and
delivery systems is the stability. To overcome this,
proper characterization and evaluation of these
delivery systems, their stability, classification and
regulatory issues, which consequently have
affected the number of these formulations that
eventually reach the market, have to be constantly
assessed. The prospect of these delivery systems
looks promising. Nonsteroidal anti-inflammatory
drugs have side effects like gastric irritation. To
avoid these problems novel vesicular system like
pharmacosomes can be used. Pharmacosomes
bearing unique advantages over liposomes [27-31]
and noisome have come up as potential alternative
to conventional vesicles. They provide an efficient
method for delivery of drug directly to the site of
infection, leading to reduction of drug toxicity with
no adverse effects [32]. Unlike conventional drugs
are designed to deliver therapeutic agents
specifically to the site of inflammation, therefore
avoiding potential systemic and off-target
unwanted effects. [33,34], Compared with gene
and cell therapies, exosome-based therapy could
provide a new and safe therapeutic approach for
arthritis[35,36]. Further experience in the use of
these, and of agents not yet developed, alone and in
combination with disease modifying anti-rheumatic
drugs (DMARDS)[37.38]is likely to lead to further
changes in the manner in which rheumatologists
treat this debilitating disease.

C) Gout
Gout is a rheumatic disease that occurs due to the
formation of uric acid crystal in tissues and fluids
within the body. It occurs due to overproduction of
uric acid from the body. It mainly affects the joints
and changes the shape of the hand. Skin will turned
into red colour due over inflammation and leads to
the fever.
Symptoms of gout include swelling, inflammation,
and extreme tenderness of the joint to even the light
touch. It can be treated by using many drugs like
ibuprofen,
prednisone,
colchicines
etc.
Hyperuricemia leads to gout at some point.
Diuretics are also drug of choice for gout with
combination of other drugs. Treatment for gout can
be done by NSAIDs, colchicines, steroids,
pegloticase are used. Pegloticase are approved in
USA for treatment of gout [25].
Gout affects 3 million people in the United States,
with rates almost 5 times higher in those aged 70 to
79 years compared with those aged <50 years.
Management of gout in elderly subjects can be
complicated by co-morbidities and polypharmacy
[26].
D) Septic Arthritis
Septic arthritis is caused due to infection of
synovium and synovial fluid. It affects hip joint in
the children and knee joint in adults. Symptoms of
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