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ABSTRACT

The novel drugs recently discovered are mostly lipophilic, and
they show low oral bioavailability due to less solubility and
poor gastrointestinal absorption. Consequently, the formulation
of low aqueous soluble drugs is challenging for the formulation
scientist. Among various innovative approaches to enhance
drug bioavailability, the lipid-based drug delivery system is one
of the promising and novel approaches to increase drug
bioavailability, especially of oral formulations. Various lipid
excipients that are approved by the FDA have typically been
used in the lipid-based formulations which adequately provide
assurance that the formulations are safe and effective to use.
The specific mechanism involves in the lipid drug delivery
system is lipid digestion so the lipid used in the formulation
should be biodegradable. Therefore the present review is
principally focused on the formulation approach of the lipid-
based drug delivery system along with its characterization. The
review also focuses on the practical guidelines to design
formulations, regulatory aspects, and potential applications of

the lipid-based drug delivery system.
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1. INTRODUCTION:

Most of the drugs which are recently discovered are hydrophobic, and they show low
bioavailability when administered through oral route [1]. Also, the newly discovered drugs
are not suitable for oral delivery [2] because the new chemical entities discovered are having
high molecular weight and increasing lipophilicity [3-6]. Accordingly, the poor aqueous
solubility of lipophilic drugs has become a problem in drug discovery as well as the
formulation and development of such drugs. It was evident that about 40% of currently
marketed drugs and up to 70% of compounds recently under development are suggested to be
poorly aqueous soluble [7-9]. Due to low aqueous solubility insufficient amount of drugs
reaches the systemic circulation followed by the site of action which lacks the

pharmacological action and poor bioavailability [10].

The poor aqueous solubility and low dissolution rate limit the oral bioavailability. Hence, the
formulation of these therapeutic agents is a challenging task to deliver the drug through the
oral route with maximum oral bioavailability. The efficacy of the drug is also indicated by the
rate and extent of drug absorption through the GI membrane which is only possible when the
maximum percentage of drugs gets solubilized in Gl contents [11]. In Biopharmaceutics
Classification System (BCS) the drugs are classified into four classes according to their
aqueous solubility and GI membrane permeability. The class 11 drugs (low solubility and high
permeability) and class 1V drugs (low solubility and low permeability) are considered as

challenging for the formulation to enhance bioavailability [12].

The low aqueous solubility of various drugs not only leads to poor bioavailability but equally
affects dose proportionality in between the subjects [13]. Some of the drugs like Halofentrine
[14], danazol [15] are evident to enhance bioavailability when co-administered with foods.
There should be a proper balance between bioavailability, toxicity, and drug disposition
within the body to assure that the formulated drug is safe and efficacious [16]. Numerous
bioavailability enhancement techniques like solid dispersions, micronization, and
complexation with cyclodextrin, permeation enhancers, and surfactants have been put
forwarded to solve the problems of solubility and permeability [17]. Among the various
techniques that come into practice from the recent 15 years, the Lipid-based Delivery System

(LBDDS) has gained considerable research in pharmaceutical research [18, 19].

The present review focuses on the various approaches of the LBDDS for the enhancement of

bioavailability of drugs having low aqueous solubility.
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1.1 Lipid-based Drug Delivery System:

Lipid-based drug delivery was put forward when it was recognized that the bioavailability of
low aqueous soluble drugs like cyclosporine A (Sandimune neural®), Saquinavir
(Fortovase®), and Ritonavir (Norvir®) increased when co-administered with a fat-rich meal
[20, 21]. In the last few years, it is reported that lipids are used as carriers for poorly water-
soluble drugs [22]. Due to the ability of lipids to improve the solubility and bioavailability of
poorly water-soluble drugs, the lipid-based drug delivery system has gained much interest in
recent years [23]. It is reported that lipid-based carriers are found to be safe and efficient due
to which they are used as an attractive candidate for the formulation of pharmaceuticals,
vaccines, diagnostics, and nutraceuticals [24]. Lipid-based drugs can be delivered through
different routes like oral, parenteral, ocular, intranasal, transdermal, and veginal. However,
due to noninvasiveness and cost-effectiveness, the oral route is highly favored [25, 26].
Lipid-based formulations procedure is involved in different dosage forms like oil solution, oil
suspension, emulsions, self-micro emulsifying drug delivery system, self nano-emulsifying

drug delivery system, and solid lipid-based drug delivery system [27, 28].

The physicochemical properties of the drug are very important in the formulation of the lipid-
based formulations for the in-vivo performance of the drug. Since the drug is generally
solubilized in the lipid-based drug delivery system, the dissolution step can be escaped. This
is the advantage for formulator but if solubilization capacity is lost when aqueous dilution
and dispersion and once precipitate then it is assumed that re-dissolution is too slow as
compared to the intestinal transit time [29]. For better access to such issues physiologically
based modeling is very helpful which considers drug release and precipitation dynamically
together with re-dissolution and absorption [30, 31].

When the drug itself acts oil-like properties (e.g. tocopherol nicotinate, teprenone) they are
formulated as a lipid-based drug delivery system [32]. The lipid-based system is composed of
a simple or complex mixture of oils, surfactants, co-solvents, etc. based on the formulation
variables [33]. In vivo performance of lipid-based drug delivery system is determined by the
composition of the lipid-based formulations, so the number of parameters should be well

understood for the development of the successful lipid-based formulations [34, 35].
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1.2 Lipid-based Drug Delivery: Classification System

Lipid-based formulation implies different systems including solutions, emulsions, micellar
systems, self-emulsifying drug delivery systems and self-micro emulsifying drug delivery
systems. Pouton [36] suggested a lipid classification system as mention in table 1 which

classified different formulation into four classes.

Table No. 1: Lipid formulation classification system with reference to pouton [36]

Excipients in formulations (%ow/w)

Oils: Hydrophobic Hydrophilic Hydrophilic
triglycerides surfactants surfactants co-solvents
or mixed (HLB* <12) (HLB >12) (e.0.
monoglycerides
PEG, glycerol,
and di-glycerides
ethanol)
Type | 100 - - -
Type Il 40-80 20-60 - -
Type A 40-80 - 20-40 0-40
Type 111B <20 - 20-50 20-50
Type IV 0 0-20 30-80 0-50

*HLB = Hydrophilic Lipophilic Balance.
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Table No. 2: Characteristics of different type of lipid classes classified by the lipid
classification system
Types/characteri Dispersibility Digestibility Initial Solvent Solvent
stics solvent capacity capacity
capacity upon upon
dispersion Digestion
| Pure oil Digestible Poor No Increased
- impact
Limited or no
dispersion
1 SEDDS* probably to be Intermediate No impact  Possible loss
o ) ] digestible
Mild dispersion with
the absence of
hydrophilic
components
A SMEDDS** Maybe digestible Slightly Possible Possible loss
) o above loss
Fast dispersion in intermediate
presence of
hydrophilic
components to form
micro/nanoemulsion
S
1B SMEDDS Poorly digestible High Possible Possible loss
loss
Very fast dispersion
in presence of
hydrophilic and low
oil to form
micro/nanoemulsion
v Oil-free Not digestible High Likely No impact
loss

Rapid dispersion
forming a micellar
solution

*SEDDS = Self emulsifying Drug delivery system, **SMEDDS= Self micro emulsifying

drug delivery system
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Different types of lipid classes have different properties as mentioned in table 2. Type I lipid-
based formulation contains oils like triglycerides or a mixture of di and monoglycerides
which must be digested to facilitate the drug absorption within the gastrointestinal tract. Type
| formulation is simple and biocompatible which shows that they are safe listed excipient. In
the case of type, | formulation lipid digestion makes not lose the solubilization capacity after
dispersion and digestion. This indicates that there are no possibilities of precipitation and loss
of bioavailability. Type Il lipid-based formulation is composed of a mixture of lipids and
water-insoluble surfactants (HLB<12) which on contact with gastrointestinal fluids
undergoes emulsification (o/w). The pancreatic lipase can interact and leads to faster
digestion than type | lipid-based formulation due to the high surface area. Depending on the
surfactant there may be loss of the salvation capacity after digestion. Type Il lipid-based
formulations (class IlIA and 111B) includes water-soluble surfactants (HLB>12) and co-
solvents. When these formulations come in contact with gastrointestinal fluids, they undergo
self-emulsification (i.e. SEDDS when the system is milky emulsion) having the droplet size
greater than 200 nm or SMEDDS when a transparent emulsion is formed with less globular
size. The type 1V formulations do not contain oil which is based on water-soluble surfactants
and co-solvents. When these components get dispersed in the aqueous medium then fine
dispersions are formed which leads to rapid drug release and absorption. Hence, during

dispersion, there is a risk of precipitation in the gastrointestinal tract [37].
2. Excipients for lipid-based formulation:

The formulation and development should always start with the selection of various
excipients. Hence, for the formulation of LBDDS, many lipids based substances can be used.

Some general formulation parameters are mentioned in table 3.

Citation Sachin Aryal et al. Ijppr.Human, 2020; Vol. 19 (2): 693-714.



www.ijppr.humanjournals.com

Table No. 3: Formulation parameters affecting the bioavailability of drugs from

LBDDS

Factor

Explanations

Lipid digestion

Mean emulsion droplet

size

Lipophilicity of the API

Chemistry of lipids

If a drug is highly lipophilic then, it can be supposed that the
drug moves through GIT incorporated into the lipids droplets
which indicate that the digestibility of the lipid relates to gastric
emptying time [38].

The type and concentration of surfactants used to affect the size
of droplets in SEDDS and SMEDDS i.e. higher the
concentration of surfactant, the smaller the emulsion droplet and

the faster the drug release [39].

The emulsion formed spontaneously indicates the drug
dissolved form. Thus formed small droplets provide a large
surface area. These characteristics result from an increase in

drug release which may be independent of gastrointestinal
physiology [40].

The emulsion droplets formed may be positively or negatively
charged. Since the mucosal lining is negatively charged, the
cationic droplets are entrapped dipper inside the mucous
membrane resulting in greater bioavailability then anionic
droplets [41, 42].

Highly hydrophobic drugs (log p>5) can be taken up into the
lymphatic system by partitioning into chylomicron and avoid

first-pass metabolism [43].

It was reported that formulation having long-chain triglycerides
shows increased bioavailability than using medium-chain
triglycerides [44, 45].
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Lipid excipients:

Various factors influencing the bioavailability, texture, and acceptability of LBDDS include
miscibility, solvent capacity, self-dispersibility, digestibility, and regulatory issues like
irritancy, toxicity, purity, chemical stability. To prepare the lipid-based formulations various
dietary oils along with different permeation enhancers are used [46, 47]. Many lipids are
reported to be amphiphilic which has the lipophilic portion and a hydrophilic portion [48].

Different solubilizing agents used in the lipid-based formulation are mentioned in table 4.

Table No. 4: Solubilizing excipients used in commercially available lipid-based

formulations [49]

Water insoluble excipients Water soluble Surfactants
excipients
Beeswax, Ethanol Polysorbate 20
o ) Polysorbate 80
Oleic acid, Glycerin Sorbitan mono laurate
. . . D-a —Tocopheryl
Soya fatty acid, Dimethyl sulfoxide PEG1000 succinate
D-o-Tocopherol(vitamin E), PEG 300 (TPGS),
Glyceryl monooleate,
Corn oil mono-di-triglycerides, PEG 400 Polyoxyl 35 castor oil
(Cremophor EL),

Medium-chain (C8/C10)mono and di-  Propylene glycol Polyoxyl 40 hydrogenated

lycerides, i
gy Poloxamer 407 castor oil

~hain tri : (cremophorRH40),
Long-chain triglycerides Hydroxypropyl-p- Polyoxyl 60 hydrogenated
Castor oil cyclodextrin castor oil
(cremophorRH60),
Corn oil a-cyclodextrin PEG 300 oleic glycerides
. - (Labrafils® M-1944CS),
Olive oil phospholipids PEG 300 linoleic
Peanut oil glycerides (Labrafils® M-
2125CS),
Sesame oil PEG 400 caprylic/Capric
) Glycerides (Labrasols®),
Soybean oil PEG 1500 lauric
. glycerides (Gelucires®
Coconut oil 44/14).
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Types of lipid excipients:
a. Triglycerides:

Triglyceride vegetable oils that do not show any safety issues are the most commonly used
excipients in the lipid-based formulations [50]. Triglycerides are naturally divided into long-
chain  triglycerides(LCT),  medium-chain  triglycerides(MCT), and  short-chain
triglycerides(SCT). The concentration of the ester group present in lipids determines the
solvent capacity [51]. MCT possesses greater solvent capacity than LCT which is also less

prone to oxidation [52].
b. Mixed glycerides and polar oils:

On partial hydrolysis of vegetable oil, mixed glycerides are obtained. The chemical
composition of mixed glycerides depends on the starting materials and extent of hydrolysis.
Medium-chain mixed glycerides do not undergo oxidation and have a greater solvent capacity
which promotes emulsification. Sorbitan trioleate (span 85) which is polar oil improves
solvent capacity and dispersibility of the formulation [53, 54].

c. Cosolvents:

Cosolvents are used in formulation to increase the solubilization process [55]. Different
popular cosolvents used are ethanol, glycerol, propylene glycol, and polyethylene glycol.
They increase the solvent capacity and enhance the dispersion of the system. However, on
aqueous dilution, there is a loss of solvent capacity which leads to precipitation of the
solubilized drug [56].

d. Water-insoluble surfactants:

The lipid excipients with HLB values between 8 and 12 comes under this category. These
surfactants can form micelles but are not able to self emulsify due to insufficiently
hydrophilic nature. Examples of water-insoluble surfactants include Sorbitan trioleate (tween
85) and glyceryl trioleate (tarot-TO) [57, 58].

e. Water-soluble surfactants:

These surfactants are commonly used surfactants in a self-emulsifying drug delivery system
[59]. These excipients are synthesized by mixing polyethylene glycol with hydrolyzed
vegetable oil. Cremophor RH40 and RH60 (ethoxylated hydrogenated castor oil) are prime
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examples of water-soluble surfactants. They are obtained from the chemical hydrogenation of
organic materials derived from vegetable oils. Cremophor is reported to enhance absorption
by inhibiting the efflux pump [60, 61].

3. Formulation approaches of lipid-based drug delivery system:

By considering the formulation objectives of the lipid-based drug delivery system can be
developed successfully. The names of commercially available lipid-based drugs are tabulated
in table 5. There are various approaches for the lipid-based drug delivery system which are

discussed below.
a. Oily liquids:

Highly lipophilic drugs (e.g. steroids) are soluble in oil only, so these drugs have to be
formulated as oily liquids. An oily solution of bupivacaine, a free base was prepared by using

a mixture of fractioned coconut oil (viscoleo®) and coconut oil [62].
b. Mixed micelles:

The systems resemble a lipid bilayer which is a disc-like structure. In detergent-lipid mixed
micelle, the lipid molecule is shielded by detergent to protect against water on the surface.
The activity of paclitaxel and parthenolide was reported to be increased against taxol-resistant
and sensitive lung cancer cell line when co-encapsulated in mixed micelle of PEG 2000 -
distearyl phosphatidylethanolamine (DSPE) and Vitamin E TPGS [63].

c. Self-emulsifying system:

Due to the presence of different surfactants in the oily phase, the system can emulsify. The
lipophilic drug is solubilized in the oil phase and surfactants used help in the dispersion of the
oily phase in Gl fluid. The formulation of a self-emulsifying system is generally composed of
the drug, oily vehicle, surfactant, co-surfactant, and co-solvent [64]. It was reported that
SMEDDS sustained-release pellets of puerarin were formulated using castor oil as oil phase,
Cremophor®EL as an emulsifier, and 1,2-propanediol as the co-emulsifier for oral

administration [65].
d. Liposomes:
Liposomes are spherical bilayer which adequately reflects the cell membrane in their

structural arrangement. Phospholipids that are being amphiphilic are used in liposomes
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formation. These phospholipids when undergo hydration in water forms spherical bilayer
structure [66]. Because of the unique formation of this complex structure, hydrophilic
substances can be embedded into the aqueous internal space of the globule whereas
hydrophobic drugs can be solubilized within the inner fatty acid layer. Propylene glycol
liposomes loaded with epirubicin having enhanced permeability to both the healthy cell
membrane and nuclear membrane of the tumor cell is reported to overcome multidrug

resistance in Breast cancer [67].
e. Solid lipid nanoparticles:

Solid lipid nanoparticles are spherical particles (size range 10 — 1,000 nm) containing solid
lipid core matrix which is stabilized by surfactants that can solubilize the lipophilic molecule
[68]. Lipids which are used in solid lipid nanoparticle are monoglycerides (e.g. glycerol
monostearate) , di-glycerides (e.g. glycerol behenate) , triglycerides (e.g. tristearin) , steroids
(e.g. Cholesterol) , fatty acids (e.g. stearic acid) , and waxes (e.g. cetyl palmitate). It is
reported that the oral bioavailability of carvedilol was increased by formulating carvedilol
solid lipid nanoparticles coated with a polymer (N-carboxymethyl chitosan) [69].

Table No. 5: Examples of FDA approved lipid-based products [70]

Molecules/trade *NDA ***BCS *HFXLFC Drug category
name year classification system
Cyclosporin A 2000 2 v Calcineurin
(Gengraf® ) inhibitor
Ritonavir/lopinavir 2000 4 i Protease
(KaletraVR ) inhibitors

Discontinued

Dutasteride 2001 2/4 I 5 alpha-
reductase

(Avodart® )
inhibitor

Isotretinoin 2003 2 I Retinoid

_ (**ANDA)
(Claravis®)
Omega-3-acid ethyl 2004 I Lipid regulation

esters (Lovaza® )
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Tipranavir 2005 4 A Protease
(Aptivus® ) Inhibitor
Tipranavir 2005 4 v Protease
(Aptivus®) Inhibitor
Paricalcitol 2005 4 I Vitamin D
(Zemplar® ) Analog
Lubiprostone 2006 2/4 I Chloride channel
(Amitiza®) Activator
Fenofibrate 2006 2 " Peroxisome
(Lipofen®) proliferator
activated
receptor o
(PPAR«)
Activator
Topotecan HCI 2007 1 I Topoisomerase
(Hycamtin®) Inhibitor
Loratadine 2008 2 Antihistamine
(Claritin®)
Isotretinoin 2012 2 Retinoid
(Absorica®)
Enzalutamide 2012 2 1 Androgen
(Xtandi®) receptor
inhibitor
Nintedanib (Ofev®) 2014 2/4 I Tyrosine kinase
Inhibitor
Calcifediol 2016 2/4 I/ Vitamin D
(Rayaldee™) analog

*NDA= New Drug Application, **ANDA= Abbreviated New Drug Application, ***BCS=
Biopharmaceutics Classification System, ****LFC= Lipid Formulation Classification
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4. Characterization of Lipid-based Drug Delivery System:
a. Physical analysis:

The thermal behavior of the lipids during formulation is changed because lipid excipients
have a complex chemical composition which tends to broad melting ranges [71]. Various
thermal properties of lipids such as melting point, crystallization temperature, glass transition
temperature, an exact determination of the solid fat content of the excipient versus
temperature can be estimated using differential scanning calorimetry (DSC). X-ray

diffraction (XRD) determines the crystallinity of a lipid excipient [72, 73].
b. Chemical analysis:

The exact composition of the ethers, esters, and fatty acid is evaluated by Gas
Chromatography (GC) and High-Performance Liquid Chromatography (HPLC). The
molecular weight of the fatty acid and the saturation of the hydrocarbon chain can be
determined by saponification value and iodine-based assay respectively [74-76].

c. In-vitro studies:

Lipid digestion models are used for the in vitro evaluation of the lipid-based drug delivery
system. The design of an in-vitro testing model is necessary to predict in-vivo performance.
This model is also termed as a simulated lypolysis release testing model [77]. The
fundamental principle involved in the test remains the system should run at a steady pH
during a reaction that consumes or releases the hydrogen ion. If any deviation persists then, it
is compensated by the addition of reagents.

The model typically consists of temperature-controlled vessels (37°C) in which standard
intestinal fluid is composed of bile salt, digestion buffer, and phospholipids. To initiate the
digestion lipid-based formulation along with pancreatic along with colipase are added in the
model. Once lipid digestion starts liberation of fatty acid and transit drop of pH is observed.
The pH electrode coupled with the pH-stat meter controller and auto burette quantifies the
drop in pH. An equimolar amount of sodium hydroxide is accurately calculated to titrate the
released fatty acids by auto burette to restrict the drop of pH of digestion medium from a pre-
set digestion pH value. Hence, the extent of the digestion can be predicted by the
quantification of the rate of sodium hydroxide addition and considering the stoichiometric
relationship between sodium hydroxide and fatty acids.
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It is reported that the concentration of bile salts, calcium, and lipase activity affects the
digestion process [78, 79]. The study suggested an in-vitro lipid digestion model for poorly
water-soluble drugs [80]. The study has highlighted the significance of the in-vitro lipolysis
model for optimizing the oral lipid-based formulations concerning systemic metabolism in
the gut [81].

d. In-vivo studies:

The appropriate in-vivo study is implemented to estimate the impact of excipients on the
bioavailability and pharmacokinetics of the drugs. Since the lipid-based formulation increases
bioavailability by increasing the intestinal uptake it is very necessary to study the intestinal
lymphatic system. Because of the unavailability of sufficient clinical data and variations in
the method as well as the animal model used, the study became more complicated [82]. It was
reported that the bioavailability of a lipid-based formulation of saquinavir mesylate
(Fortovase®) is enhanced up to three folds as compared to Invirase® (saquinavir is a hard
gelatin capsule). The mesenteric lymph duct-canulated rat model was performed to identify
the mechanism for the improved bioavailability for this formulation. The increased
insolubilization and permeability of drugs lead to an increase in the bioavailability of the

lipid-based formulation [83].
5. Stability studies:

There is a chance of lipid oxidation in the lipid-based drug delivery system [84]. To maintain
physical and chemical stability, various strategies can be adopted which includes the use of
saturated medium-chain triglycerides (Cs-C12), use of appropriate antioxidants like Vitamin E
(a-tocopherol), butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and

propyl gallate can perform synergistically with oxygen scavengers [85].
6. Guidelines for design of lipid-based formulations:

The lipid-based formulation is an important tool to formulate poorly soluble drugs and the
design of such formulation is a more challenging task. Porter et al [86] outlined the seven

guidelines for the design of drug delivery.

1. It is critically significant to sustain drug solubility in the lipid-based formulation, after

dispersion and digestion.
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2. The properties of the colloidal species formed after dispersion in GI fluid are more

important than the properties of the formulation in enhancing drug absorption.

3. A more significant proportion of lipids (>60%) and a lower proportion of surfactant

(<30%) and cosolvent (<10%) commence to more robust drug solubilization after dilution.

4. Medium-chain triglycerides lead to greater drug solubility and stability in formulations
but long-chain triglycerides facilitate the more efficacious formation of bile salt lipid

colloidal nature and tend to higher bioavailability.

5. After dispersion, the droplet formed by type 111B SMEDDS is microscopic. However, the
surfactant properties determine the nature of droplets, and undigestible surfactants generally

result in higher bioavailability.

6. The use of two surfactants provides more efficient dispersions rather than a single one for

type 1V formulation.

7. Type IV formulations impart better drug solubility. However, they must be carefully
designed with proper attention to ensure the precipitation of the drug does not occur after
dispersion.

7. Regulatory aspects:

In a code of federal regulation, the FDA has published the list of substances generally
recognized as a safe (GRAS). Apart from this Inactive Ingredient Guide (11G) is maintained.
Only the approved excipients can only be used in the market formulations [87]. GRAS and
[1G act as a source of information from which the formulator can take the information
regarding excipients to be used in the formulation. The essential quality and potential safety
issues related to preclinical and clinical studies in common are the prime challenges supposed
to encounter during the product launch of the lipid-based formulation. Overall drug stability
and the absence of immunological to the oils and lipids are identified. The details explaining
the use of lipid excipients, type of dosage form, drug release mechanism, and manufacturing
procedure should be provided to the regulatory authority of their acceptability [88].
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8. Applications:

1. Lipid-based drug delivery systems help to understand precisely the complex mechanism
governing the interactions between lipid carriers and living cells. Therefore, they are typically

safe, efficient, and specific carriers for the genes [89].

2. Lipid-based drug delivery system is applicable to efficiently deliver various types of
drugs from new compounds to more recent new development for proteins, peptides, nucleic
acids (DNA, sRNA), and cellular targeting [90-92].

3. Due to the versatility of lipid excipients, various formulation options like lipid
suspensions, emulsions, microemulsions, mixed micelles, SEDDS, SMEDDS, liposomes are
available to the formulator for increasing bioavailability, increase stability, and drug targeting
[93].

4. The recent technology of the lipid-based drug delivery system not only mitigates the poor
and variable gastrointestinal absorption but also reduces the influence of food in absorption.

5. Lipid-based nanotechnology is applicable for increasing therapeutic outcomes with the
production of the multifunctional lipid-based nanoparticles [94].

CONCLUSION AND FUTURE PROSPECTS:

The drugs which come under BCS class 2 and 4 undoubtedly have less aqueous solubility
which limits the oral bioavailability so the formulation of such drugs is a challenging task for
formulation scientist to enhance oral bioavailability. Lipid-based drug delivery system is
considered as the most promising and novel technology to enhance drug bioavailability by
using various lipids excipients in the formulation. This review focused on different
formulation technologies along with the characterization of the lipid-based formulations.
Although the lipid-based drug delivery system is the most accepted technique for
bioavailability enhancement there are few limitations regarding stability, manufacturing
methods, and official database regarding the solubility of drugs in lipids. Hence, there is a
need for proper regulatory guidelines for the lipid-based formulations. Further research work
promptly has to be carried out to correlate between in-vitro and in-vivo studies. The present
review summarized the various formulation approaches with the practical guidelines
associated with the formulations which would be enormously helpful for the advancement of
sophisticated technology to obtain safe and efficacious formulations.
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