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ABSTRACT 

Colloidal particles of size range between 10 and 1000 nm are known as nanoparticles. Over the last few years, lipid based 

drug delivery systems such as solid lipid nanoparticle (SLN) and nanostructured lipid carrier (NLC) and lipid drug conjugate (LDC) 

have become the most promising drug delivery systems. Each preparation of the lipid based nanoparticles has advantages and 

disadvantages with respect to specific characteristics. The SLN is an excellent drug delivery system and has extensive prospects in the 

pharmaceutical field. Nanostructured lipid carriers (NLC), the second-generation lipid carrier is usually composed of solid lipids and 

liquid lipids together in a system. This mixing of solid lipids and liquid lipids causes depression in melting point of substrates and 

converts the mixture into solid form at body temperature. NLC exhibit a high drug loading with minimum expulsion of drug from 

matrix. Lipid–drug conjugates (LDC) are drug molecules that have been covalently modified with lipids. The conjugation of lipids to 

drug molecules increases lipophilicity and also changes other properties of drugs.  The aim of present review is the most recent 

development of the lipid based nanocarriers according to the latest relevant literatures. 
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INTRODUCTION 

Nanoparticulate drug delivery systems (DDS) have 
attracted a lot of attention because of their size-dependent 
properties. The last two decades have seen many 
nanoparticulate formulations being engineered using solid and 
liquid lipids as matrixes. The successful implementation of 
nanoparticles for drug delivery depends on their ability to 
penetrate through several anatomical barriers, sustained 
release of their contents and their stability in the nanometer 
size. Among the range of nanoparticles being currently 
investigated, lipid nanoparticles have taken the lead because of 
advantages of higher degree of biocompatibility and flexibility. 
These systems are commercially viable to formulate 
pharmaceuticals for topical, oral, pulmonary or parenteral 
delivery.  

Advantages of Lipid Based Nanocarriers: [1] 
The development of lipid-based drug carriers has attracted 
increased attention over the last decade. The following 
advantages among others, could be ascribed to lipid based 
nanocarriers:  
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 Ability to control and target drug release. 
 Ability to improve stability of pharmaceuticals. 
 Ability to encapsulate high drug content (compared to 

other carrier systems e.g. polymeric nanoparticles). the 
feasibility of carrying both lipophilic and hydrophilic drugs. 

 Most of the lipids used are biodegradable, and as such they 
have excellent biocompatibility, are non-toxic, non-
allergenic and non-irritating. 

 They can be formulated by water-based technologies and 
thus can avoid organic solvents. 

 They are easy to scale-up and sterilize. 
 They are less expensive than polymeric/surfactant based 

carriers. 
 They are easy to validate. 

Types of Lipid Nanoparticulate Drug Delivery Systems: 
Lipid nanoparticles are attractive for medical purposes 

due to their important and unique features, such as their surface 
to mass ratio that is much larger than that of other colloidal 
particles and their ability to bind or adsorb and carry other 
compounds. Lipid nano formulations produce fine dispersions 
of poorly water soluble drugs and can reduce the inherent 
limitations of slow and incomplete dissolution of poorly water 
soluble drugs (e.g. BCS II & IV drugs), and facilitate formation of 
solubilised phases from which drug absorption occurs. 
Furthermore, lipid nanoparticles are able to enhance the 
chemical stability of compounds sensitive to light, oxidation, and 
hydrolysis [Figure 1] [2]. 

The most important types of lipid nanoparticles are: 
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1. Solid lipid nanoparticle (SLN) is colloidal carriers 
developed in the last decade as an alternative system to the 
existing traditional carriers (emulsions, liposomes and 
polymeric nanoparticles). They are a new generation of 
submicron-sized lipid emulsions where the liquid lipid (oil) has 
been substituted by a solid lipid. SLN offer unique properties 
such as small size, large surface area, high drug loading and the 
interaction of phases at the interfaces, and are attractive for 
their potential to improve performance of pharmaceuticals, 
neutraceuticals and other materials [3]. 

SLN are made up of solid lipids with a photon 
correlation spectroscopy mean diameter of approximately 
between 50 and 1000nm. General ingredients include solid 
lipid(s), surfactant(s), and water. The term lipid is used here in a 
broad sense and includes triglycerides (e.g., tristearin), partial 
glycerides, fatty acids (e.g., stearic acid), steroids (e.g., 
cholesterol), and waxes (e.g., cetyl palmitate). All classes of 
surfactants (with respect to charge and molecular weight) have 
been used to stabilize lipid dispersions [4]. 

 

 

Fig. 1: Drug loading in solid-lipid nanoparticle matrix (a) versus nano-lipid carriers matrix (b) 

SLNs exhibit desirable physicochemical properties, 
biocompatibility, and the ability to encapsulate hydrophobic 
molecules [5,6]. Potential disadvantages such as poor drug 
loading capacity, drug expulsion after polymeric transition 
during storage and relatively high water content of the 
dispersions (70-99.9%) have been observed. The drug loading 
capacity of conventional SLN is limited by the solubility of drug 
in the lipid melt, the structure of the lipid matrix and the 
polymeric state of the lipid matrix. 

2. Nanostructured lipid carriers (NLC) are lipid nanoparticles 
that are characterized by a solid lipid core that consists of a 
mixture of solid and liquid lipid. Resulting lipid particle matrix 
exhibit melting point depression compared to the original solid 
lipid, but still the matrix is solid at body temperature. NLC are 
developed to overcome the potential difficulties with SLN[7-9] 
.Different types of NLC are obtained, imperfect, amorphous, and 
multiple-type, depending on the method of production and lipid 
blend composition. In the imperfect type, lipid crystallization is 
altered by small amounts of oils. In the amorphous type, the 
lipid matrix is solid, but not crystalline (amorphous state) - this 
can be achieved by mixing particular lipids. In the multiple type, 
the solid lipid matrix contains tiny oil compartments. This type 
is obtained by mixing a solid lipid with a higher amount of oil. 
The basic idea is that, by giving a certain nanostructure to the 
lipid matrix, the active compound payload is increased and the 
expulsion of entrapped compounds during storage is avoided 
[10]. 

3. Lipid-drug conjugate (LDC) nanoparticles were developed 
to overcome the low drug loading capacities of SLN and NLC for 
hydrophilic drugs. In order to overcome this limitation, the so 
called LDC nanoparticles with drug loading capacities of up to 
33% have been developed [11]. “In a typical process, an insoluble 
drug-lipid conjugate bulk is  prepared either via salt formation 
(e.g., with a fatty acid), or via covalent linking (e.g., esters or 
ethers). The obtained LDC is then processed to create a 
nanoparticle formulation, using HPH with the assistance of an 
aqueous surfactant solution” [12, 13]. Such matrices may have 

potential application in brain targeting of hydrophilic drugs in 
serious protozoal infections [14]. 

The most frequent role of lipid-based formulations has 
traditionally been to improve the solubility of sparingly water 
soluble drugs especially Biopharmaceutics Classification System 
(BCS) Classes II & IV drugs. 

Ingredients used in the Formulation of Lipid 
Nanoparticulate Drug Delivery Systems: 
1. Emulsifiers: 

Emulsifiers are essential to stabilize lipid nanoparticle 
dispersions and prevent particle agglomeration. The choice of 
the ideal surfactant for a particular lipid matrix is based on the 
surfactant properties such as charge, molecular weight, 
chemical structure, and respective hydrophile-lipophile balance 
(HLB). The HLB of an emulsifier is given by the balance between 
the size and strength of the hydrophilic and the lipophilic 
groups. The choice of the emulsifiers depends on the route of 
administration of the formulation, for e.g. for parenteral 
formulations, there are limits of the emulsifiers to be used [15]. 
Examples of emulsifiers are Lecithin, Poloxamer 188, Poloxamer 
407, Polysorbate 20, Polysorbate 65, Polysorbate 80, 
Cremophor EL, Solutol HS 15. 

2. Lipids: 
The matrices for lipid nanoparticle preparation are 

natural, semi-synthetic or synthetic lipids which can be 
biodegradable, including triglyceride (tri-stearic acid, tri-
palmitic acid, tri-lauric acid and long-chain fatty acid), steroid 
and waxes (e.g. beeswax, carnauba wax, etc) and phospholipids. 
They could be used singly or in combination. Lipids for the 
production of nanoparticles may be grouped into two: bilayer 
and non-bilayer lipids. 

2.1. Bilayer lipids used in drug delivery: Some lipids are 
capable of adopting a certain orientation depending on the 
processing condition. Compounds that have approximately 
equal-sized heads and tails e.g. phospholipids tend to form 
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bilayers instead of micelles in aqueous system. In these 
structures, two monolayers of lipid molecules associate tail to 
tail, thus minimizing the contact of the hydrophobic portions 
with water and maximizing hydrophilic interactions. 

Phospholipids with certain head groups e.g. 
phosphatidylcholine, can alter the surface chemistry of a lipid 
particle. The packing of phospholipid chains within the surface 
of the particle also affects its mechanical properties, including 
swelling, stretching, bending and deformability. These 
properties have been taken as benefit in the design of novel lipid 
particulate drug delivery systems such as surface modification 
for improved drug loading capacity. Bilayer lipids when present 
in lipid particulate DDS may define the boundaries of the 
particle and its environment (aqueous), and are often involved 
in many complex processes occurring at the interface. 

2.2. Non-bilayer lipids used in drug delivery: In many 
biological systems, the major lipids are non-bilayer lipids, which 
in purified form cannot be arranged in a lamellar structure in 
the presence of aqueous systems. The structural and functional 
roles of these lipids in drug delivery are mainly in their 
utilization as matrix-forming lipids. They include such lipids as 
homolipids e.g. triglycerides and waxes. Their functional 
properties in lipid nanotechnology differs depending partly on 
their melting points, crystallinity and polymorphic 
characteristics. However, they may have absorption promoting 
properties especially for lipophilic drugs. Examples of some of 
the non-bilayer lipids used in the formulation of lipid micro- and 
nanoparticles. 

Hard fats: e.g. Stearic acid Palmitic acid Behenic acid  

Natural hard fats: e.g Goat fat  Theobroma oil  

Triglycerides: e.g. Trimyristin (Dynasan 114) Tripalmitin 
(Dynasan 116) 

Waxes:  e.g. Beeswax Cetyl palmitate Carnauba wax 

Mono, di and triglycerides mixtures: e.g. Witepsol bases 
Glyceryl monostearate (Imwitor 900)   

Challenges of Lipid Nanoparticle Drug Delivery System: 
1. Interaction with the reticulo-endothelial system (RES): One 
major problem with the intravenous administration of colloidal 
particles is their interaction with the reticulo-endothelial 
system (RES). Nanoparticles for medical applications are 
frequently given via parenteral administration. As with any 
foreign material, the body mounts a biological response to an 
administered nanoparticle. This response is the result of a 
complex interplay of factors, not just the intrinsic characteristics 
of the nanoparticle. In particular, most materials, upon contact 
with biological matrices, are immediately coated by proteins, 
leading to a protein “corona” [16]. Certain components of the 
nanoparticle corona, known as opsonins, may augment uptake 
of the coated material by cells of the RES. The presence of 
opsonins on the particle surface creates a “molecular signature” 
which is recognized by immune cells and determines the route 
of particle internalization. The route of internalization affects 
the eventual fate of the nanoparticle in the body (i.e. its rate of 
clearance from the bloodstream, volume of distribution, organ 
disposition, and rate and route of clearance from the body). The 
cells of RES are capable of mopping up particles that they do not 
recognise as self i.e. particles they recognise as foreign. The 
negative effect can however, be remedied by linking of 
polyethylene glycol molecules to the lipid nanoparticles, thus 

increasing their hydrophilicity and the residence time of these 
particles in circulation. Alternatively, the lipid nanoparticles 
could be engineered to evade these RES cells by limiting the 
particle sizes to about 200 nm or less. It is believed that these 
cells do not recognise low nanometer-sized particles as foreign. 
Several other varied and unrelated challenges are encountered 
in lipid nanoparticle technology. These challenges constitute a 
serious research question which current strategies are targeted 
to address. 

2. Formation of perfect crystalline structure during storage: 
Triglycerides crystallize in different polymorphic forms such as 
α, γ, β', and β- forms. Recrystallization from the melt results in 
the metastable α-polymorph which  subsequently undergoes a 
polymorphic transition into the stable β-form via a metastable 
intermediate. The β-polymorph especially consists of a highly 
ordered, rigid structure with low loading capacity of drugs. 
Transition to the β-form via a metastable intermediate form 
leads to drug expulsion and inability to protect or prolong the 
release of the encapsulated drug. 

3. Physical stability: The stability of lipid particulate systems is 
influenced by the size of the nanoparticles. Lipid nanoparticles 
are prevented from sedimentation by Brownian motion, but 
other instabilities like Ostwald ripening and aggregation may 
occur. Since nanoparticles have a large specific surface area, 
stabilization of the surface with sufficient amounts of emulsifier 
(s) is necessary. The formulation of the colloidal carriers 
themselves is a difficult task due to many problems that arise 
from their colloidal state and specific pharmaceutical demands 
on such formulations. Stability in a pharmaceutical sense refers 
to a shelf life of usually 3-5 years. Shorter shelf lives will only be 
accepted in very special cases. However, for most systems of 
pharmaceutical interest the colloidal state is at its best 
metastable. The colloidal state may cause several additional 
instabilities, for example, due to the presence of large interfaces 
(adsorption-desorption processes, interactions in the stabilizer 
layer, higher risk of chemical instabilities, etc.). Since many 
colloidal administration systems are intended for intravenous 
use, stability is very crucial.  Ability to be sterilized is also an 
added advantage. 

4. Gel formation: The change in morphology of lipid 
nanoparticles from spheres to platelets is responsible for the 
gelation of solid lipid nanoparticle dispersions. Depending on 
the composition, especially of the emulsifier (s) and the amount 
of lipid matrix, a gelation of the normally liquid dispersions can 
be observed on storage [17, 18]. By means of TEM and synchrotron 
measurements, the reason for the gelation was found. The 
gelation may derive from a reversible self-association of the 
particles due to a stacking of the platelets [19, 20]. This gellike 
feature of highly concentrated dispersions favours application 
as dermal drug delivery system since the viscoelastic features 
resemble those of semisolid creams. In contrast, the lipid 
nanoparticle formulations for intravenous and ocular 
administration have to remain fluid. Phase transitions that 
would lead to an unusual lamellar gel phase should be 
investigated for in parenteral formulations. 

5. High water content of dispersions: The high water content 
of lipid nanoparticles (70-95%) could lead to drug degradation 
and high cost of energy input during lyophilisation. During 
lyophilisation, the integrity of the nanoparticles could be 
affected if adequate croprotectant or lyoprotectant was not 
included in the formulation. Water free nanoparticles could be 
used in tablet production or the nanoparticle dispersion used as 
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granulating fluid during production. SLN can be transformed 
into a powder by spray-drying. In any case, it is beneficial to 
have a higher solid content to avoid the need of having to 
remove too much water. For cost reasons, spray drying might be 
the preferred method for transforming SLN dispersions into 
powders, with the previous addition of a protectant. 

6. Dosing problems: Selection of appropriate dosage form for 
lipid nanoparticle may be a problem. Outside injectables, there 
is need to package lipid nanoparticles in appropriate dosage 
units e.g.  dispersible powders or hard/soft gelatine capsules 
especially for oral administration. Since the stomach acidic 
environment and its high ionic strength favour particle 
aggregation, aqueous dispersions of lipid nanoparticles might 
not be suitable to be administered orally as a dosage form. In 
addition, the presence of food will also have a  high impact on 
their performance [21].  

 Packaging of SLN in a sachet for redispersion in water 
or juice prior to administration will allow an individual dosing 
by volume of the reconstituted SLN. This means additional step 
in packaging, which might result in introduction of additional 
technology and increase in the cost of the product.  

7. Coexistence of other colloidal structures in the system (e.g. 
liposome and vesicles in SLN and NLC containing 
phospholipids): Considerable amounts of emulsifiers are 
needed for the stabilization of lipid nanoparticles. If the 
emulsifiers redistribute from the particles into the aqueous 
phase, they can form colloidal structures like micelles or 
liposomes or other vesicular structures by self-assembly. Drugs 
can be solubilized within these structures, affecting drug release 
as well as drug loading capacity. Hence the formation of 
additional colloidal structures has to be investigated for each 
formulation to enable further precautions to be taken to avoided 
it. The coexistence of liposomes and oil droplets was detected in 
an intravenous o/w nanoemulsion [22]. In solid lipid 
nanoparticle dispersion, additional liposomes were observed by 
means of cryo-TEM, although the amount was lower than in a 
corresponding emulsion [23]. In contrast to this, Schubert et al. 
[24] performed NMR, TEM and small angle X-ray scattering 
(SAXS) measurements and showed that no additional colloidal 
structures were formed. Drug nanocrystals could also be formed 
when the amount of the drug present far exceeds its solubility 
limit in the lipid matrix. 

8. Supercooling of nanoparticles: Lipid nanoparticles prepared 
from triglycerides which are solid at room temperature may not 
necessarily crystallize on cooling to common storage 
temperatures. The particles can remain liquid for several 
months without crystallization (supercooled melt) [25]. 

Dispersions with lower melting points, in particular, 
monoacid triglycerides such as trilaurin or trimyristin, do not 
display melting transitions upon heating in differential scanning 
calorimeter or reflections due to crystalline nature in X-ray 
diffractometer after storage at room temperature. As confirmed 
by studies with quantitative 1H NMR  spectroscopy, the matrix 
of the dispersed particles consists of liquid triglycerides in such 
particles. The particles have a high tendency toward 
supercooling. The critical crystallization temperature is mainly 
dependent on the composition of the triglyceride matrix and can 
also be modified by incorporated drugs. The degree of super 
cooling is much higher in the nanoparticles than for the bulk 
triglyceride. This supercooling could be taken advantage of and 

utilized as a delivery system of its own but this has to be 
planned for ab initio. 

Applications of Lipid Nanoparticulate Drug Delivery 
Systems: 

During the last decade, different substances have been 
entrapped into lipid nanoparticles ranging from lipophilic to 
hydrophilic molecules and including difficult compounds such 
as proteins and peptides. 

1. Lipid nanoparticles as carriers for oral drug delivery: Lipid 
nanoparticles such as SLN can be administered orally as 
dispersion, SLN-based tablet, pellets or capsules or even as 
lyophilized unit dose powders for reconstitution for oral 
delivery. The stability of the particles in the GIT has to be 
thoroughly tested, since low pH and high ionic strength in the 
GIT may result in aggregation of the particles. In order to prove 
this, an investigation of the effect of artificial gastric fluids on 
different lipidic nanoparticle formulations was performed. The 
authors showed that a zeta potential of at least 8-9 mV in 
combination with a steric stabilization hinders aggregation 
under these conditions [26]. Additionally, for oral drug delivery, a 
release upon enzymatic degradation has to be taken into 
account [27]. 

The routes for particle uptake after oral application 
are transcellular (via the M cells in the Peyer’s patches or 
enterocytes) or paracellular (diffusion between the cells). 
However, theuptake via M cells is the major pathway, resulting 
in the transport of the particles to the lymph [28].  

Uptake into the lymph and the blood was 
demonstrated by means of TEM and gamma counting of labelled 
SLN. It was found that uptake to the lymph was considerably 
higher than to the plasma [29], and as such, a reduced first pass 
effect concludes, as the transport via the portal vein to the liver 
is bypassed [30]. SLN containing the antituberculosis drugs 
rifampicin, isoniazid and pyrazinamide have been studied in 
animals model and it was found that administration every 10 
days could be successful for the management of tuberculosis [31]. 

2. Lipid nanoparticles for parenteral drug delivery: Lipid 
nanoparticles can be formulated for subcutaneous, 
intramuscular or intravenous administration. For intravenous 
administration, the small particle size is a prerequisite as 
passage through the needle and possibility of embolism should 
be considered. SLN offer the opportunity of a controlled drug 
release and the possibility to incorporate poorly soluble drugs. 
Additionally, especially for intravenous application, drug 
targeting via modification of the particle surface is possible, and 
for SLN formulation with a controlled release, higher plasma 
concentrations over a prolonged period of time can be obtained. 
Such systems form an intravenous depot. Further studies with 
different drugs such as idarubicin, doxorubicin, tobramycin, 
clozapine or temozolomide also showed a sustained release as 
described in a review paper by Harms and Müller-Goymann [32]. 

3. Lipid nanoparticles as carriers for peptides and proteins 
drugs: Lipid nanoparticles have been extensively studied for the 
delivery of proteins and peptides. Therapeutic application of 
peptides and proteins is restricted by their high molecular 
weight, hydrophilic character and limited chemical stability, 
which cause low bioavailability, poor transfer across biological 
membranes and low stability in the bloodstream. Most of the 
available peptides and proteins are delivered by injection, but 
their short half life demands repeated doses that are costly, 
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painful and not well tolerated by patients. Lipid nanoparticles 
could be useful for peptide and protein delivery due to the 
stabilizing effect of lipids and to the absorption promoting effect 
of the lipidic material that constitute this kind of nanoparticles 
[33]. 

4. Lipid nanocarriers for nasal vaccination: The use of lipid 
nanocarriers provides a suitable way for the nasal delivery of 
antigenic molecules. Besides improved protection and 
facilitated transport of the antigen, nanoparticulate delivery 
systems could also provide more effective antigen recognition 
by immune cells. These represent key factors in the optimal 
processing and presentation of the antigen, and therefore in the 
subsequent development of a suitable immune response. In this 
sense, the design of optimized vaccine nanocarriers offers a 
promising way for nasal mucosal vaccination. 

5. Lipid nanoparticles as carriers in cosmetic and dermal 
preparation: Lipid nanoparticles can be incorporated into a 
cream, hydrogel or ointment to obtain semisolid systems for 
dermal applications. Another possibility is to increase the 
amount of lipid matrix in the formulation above a critical 
concentration, resulting in semisolid formulations [34]. The 
substances used for the preparation of dermal SLN are rather 
innocuous since they are mostly rated as GRAS and many of 
them are used in conventional dermal formulations. This 
resulted in the first dermal formulations containing SLN for 
cosmetic purposes entering the market [35]. Due to the 
adhesiveness of small particles, SLN adhere to the stratum 
corneum forming a film as these films have been shown to 
possess occlusive properties [36]. It was shown that the degree of 
crystallinity has a great impact on the extent of occlusion by the 
formulation. With increasing crystallinity the occlusion factor 
increases as well [37]. 

This explains why liquid nanoemulsions in contrast to 
SLN do not show an occlusive effect and why the extent of 
occlusion by NLC compared to SLN is reduced. Other 
parameters influencing the occlusion factor are the particle size 
and the number of particles. Whilst with increasing size the 
factor decreases, an increase in number results in an increase in 
the extent occlusion [38]. The occlusive effect leads to reduced 
water loss and increased skin hydration. Highly crystalline SLN 
can be used for physical sun protection due to scattering and 
reflection of the UV radiation by the particles. A high 
crystallinity was found to enhance the effectiveness and was 
also synergistic with UV absorbing substances used in 
conventional sunscreens [39].  

Similarly synergism was observed on the sun 
protection factor and UV-A protection factor exhibited by the 
incorporation of the inorganic sunscreen, titanium-dioxide in 
NLC of carnauba wax and decyl oleate [40]. 

6. Lipid nanoparticles for ocular application: The eye 
possesses unique challenges with respect to drug delivery 
especially with respect to the posterior segment and treating 
vision threatening diseases. Poor bioavailability of drugs from 
ocular dosage form is mainly due to the pre-corneal loss factors 
which include tear dynamics, non-productive absorption, 
transient residence time in the cul-de-sac, and relative 
impermeability of the corneal epithelial membrane. Due to the 
adhesive nature of the small nanoparticles, these negative 
effects can be reduced. For ocularly administered SLN an 
increase in bioavailability was observed in rabbits by Cavalli et 
al. [41] using tobramycin ion pair as the model drug. Various in 

vitro studies show a prolonged and enhanced permeation when 
the drug is incorporated in lipid nanoparticles. For systems 
containing phospholipids, a further improved permeation of 
diclofenac sodium was observed [42]. 

7. Pulmonary application of lipid nanoparticles: Pulmonary 
drug application offers the advantage of minimizing toxic side 
effects if a local impact is intended. Systemic delivery can be 
achieved through pulmonary delivery, offering the advantage of 
bypassing the first pass effect, as well as offering a large 
absorptive area, extensive vasculature, easily permeable 
membrane and low extracellular and intracellular enzyme 
activities. A problem of this method of administration is the low 
bioavailability. SLN can easily be nebulized to form an aerosol of 
liquid droplets containing nanoparticles for inhalation. In vivo 
studies showed that the administered drugs (rifampicin, 
isoniazid and pyrazinamide for the treatment of tuberculosis) 
resulted in a prolonged mean residence time and a higher 
bioavailability than the free drug. 

8. Application of liquid crystal drug delivery systems: The 
spontaneous self assembly of some lipids to form liquid 
crystalline structures offers a possible new class of sustained 
release matrix. The nanostructured liquid crystalline materials 
are highly stable to dilution. This means that they can persist as 
a reservoir for slow drug release in excess fluids such as the GIT 
or subcutaneous space, or be dispersed into nanoparticle form, 
while retaining the parent liquid crystalline structure. The rate 
of drug release is directly related to the nanostructure of the 
matrix. The particular geometry into which the lipids assemble 
can be manipulated through either the use of additives to 
modify the assembly process, or through modifying conditions 
such as temperature, thereby providing a means to control drug 
release. 

Liquid crystal depot could be injected as a low-
viscosity solution. Once in the body, it selfassembles and 
encapsulates the drug in a nanostructured, viscous liquid crystal 
gel. The drug substance is then released from the liquid crystal 
matrix over a time period, which can be tuned from days to 
months. The liquid crystal depot system is capable of providing 
in vivo sustained release of a wide range of therapeutic agents 
over controlled periods of time. 

Liquid crystal nanoparticles can be combined with 
controlled-release and targeting functionalities. The particles 
are designed to form in situ at a controlled rate, which enables 
an effective in vivo distribution of the drug. The system has been 
shown to give more stable plasma levels of peptides in 
comparison to competing microsphere and conventional 
oildepot technologies [43]. 

Oral liquid crystal DDS are designed to address the 
varied challenges in oral delivery of numerous promising 
compounds including poor aqueous solubility, poor absorption, 
and large molecular size. Compared with conventional lipid or 
non-lipid carriers, these show high drug carrier capacity for a 
range of sparingly water-soluble drugs. For drugs susceptible to 
in vivo degradation, such as peptides and proteins, liquid crystal 
nanoparticles protect the sensitive drug from enzymatic 
degradation. The system also addresses permeability limitations 
by exploiting the lipid-mediated absorption mechanism. For 
watersoluble peptides, typical bioavailability enhancements 
range from twenty to more than one hundred times. In an 
alternative application large proteins have been encapsulated 
for local activity in the GIT. Liquid crystal nanoparticle systems 
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can be designed to be released at different absorption sites (e.g., 
in the upper or lower intestine) which is important for drugs 
that have narrow regional absorption windows. 

With regards to topical application, liquid crystal 
systems form a thin surface film at mucosal surfaces consisting 
of a liquid crystal matrix, whose nanostructure can be 
controlled for achieving an optimal delivery profile. The system 
also provides good temporary protection for sore and sensitive 
skin. Their unique solubilizing, encapsulating, transporting, and 
protecting capacity is advantageously exploited in liquid and gel 
products used to increase transdermal and nasal bioavailability 
of small molecules and peptides. 

CONCLUSIONS 

Drug carrier systems utilizing lipid particles has been 
favoured recently as result of the GRAS status of the excipients 
and their conventional use in pharmaceutical and food products. 
Lipids and lipid nanoparticles are promising delivery systems 
for oral administration of small molecule drugs like proteins and 
peptides. Based on the composition and organization of lipids 
and drugs in the particles, a wide collection of structural forms 
have been illustrated for SLNs and NLCs. Lipid formulations of 
drugs are able to control the release of drugs and reduce 
absorption variability. The oral administration of lipid 
nanoparticles is possible as aqueous dispersion or alternatively 
changed into a conventional dosage forms such as tablets, 
pellets, capsules, or powders in sachets. The ability to 
incorporate drugs into lipid nanocarriers offers a new model in 
drug delivery that could be used for passive and active drug 
targeting. With the development and interest in lipid particulate 
drug delivery systems shown by pharmaceutical formulation 
scientists, a future full of lipid nanoparticle products in the 
market is envisaged. 
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