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ABSTRACT
Cancer is a life-threatening disease that is associated with persistent tissue injury and uncontrolled 
cell growth. The treatments available to treat cancer are chemotherapy, surgery and radiation 
therapy. These treatments are used in combinations, while the most preferred treatment is 
chemotherapy. Because of the Non-specificity of anticancer drugs, they kill normal healthy cells 
along with cancer cells which lead to severe side effects. To minimize such limitations associated 
with conventional chemotherapy, nanostructured lipids carriers can be developed. These are 
nanocarriers consisting of a mixture of solid and liquid lipids along with surfactants. Lipids 
used in the formulation of NLCs are biocompatible and biodegradable. NLCs ensure high drug 
payload, less drug expulsion and more stability on storage. NLCs enhance the aqueous solubility 
of lipophilic anticancer drugs. Their surface modification can help to overcome drug resistance 
in cancer therapy. Controlled and targeted drug delivery of anticancer drugs can be possible 
by formulating them as NLCs. NLCs can play an important role in targeting anticancer drugs 
by different mechanisms. This review highlights types, formulation methods, characterization 
of nanostructured lipid carriers and strategies to achieve targeted release of anticancer drugs 
loaded in NLCs.
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INTRODUCTION

Worldwide cancer is considered a deadly, life-threatening disease 
which is associated with many complications. The concern 
regarding this disease is its treatment, as the conventional 
treatment options are associated with severe side effects.1 In 
cancer, there is a fast abnormal growth of cells with persistent 
tissue injury. Also, cancer can be spread from one part to 
another part of the body; hence better options for cancer 
treatment are essential.2,3 Chemotherapy, surgery, radiation 
therapy, immunotherapy and hormone therapy are the currently 
available treatments for cancer that are used in combination.4 In 
conventional chemotherapy, anticancer drugs show non-specific 
action on tumor cells which further affect normal non-cancerous 
cells and lead to multiple drug resistance.5,6 Non-specificity of 
anticancer drugs makes significantly less amount of drug available 
at the cancer cells and the most of drug gets distributed throughout 
the body. This distribution of anticancer drugs throughout the 
body leads the killing of healthy cells along with cancer cells and 
also depression of the immune system which further affects the 
dose of anticancer drugs that should be given for the treatment of 

cancer.7 These side effects of conventional chemotherapy can be 
minimized by developing a novel drug delivery system that will 
give site specificity and which in turn will increase the efficacy of 
anticancer drugs.

The nanoscale of nanocarriers has made possible delivery of 
various drugs, namely anticancer drugs, effectively at the targeted 
site. Also, the nanocarrier based drug delivery minimized the 
challenges related to the delivery of anticancer drugs and the side 
effects associated with conventional chemotherapy.8,9 Nanocarriers 
containing lipids like liposomes, solid lipid nanoparticles, 
nanostructured lipid carriers have gained importance in cancer 
treatment. These lipid based nanocarriers can incorporate both 
hydrophilic and lipophilic drugs. In addition, they have good 
drug entrapment capacity and less toxicity.10

Two generations of lipid nanoparticles: SLNs vs NLCs
Solid lipid nanoparticles (SLNs) have gained importance 
in pharmacy. They are made of a lipid matrix which is 
solid at body temperature. SLNs are stabilized by the use of 
appropriate surfactants. The size of SLNs is generally less than 
one micrometer.11,12 On other hand Nanostructured Lipid 
Carriers (NLCs) are considered second generation solid lipid 
nanoparticles which are made up of a blend of solid and liquid 
lipids and this lipid matrix is stable at body temperature.13 There 
are some limitations associated with solid lipid nanoparticles 
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that include crystalline nature of solid lipids, less entrapment 
efficiency, stability on storage and drug expulsion. In addition, 
the proportion of water used in preparation is high. To reduce 
these limitations associated with solid lipid nanoparticles, there 
is a need for nanoparticles that can form imperfect crystalline 
structures to increase drug payload and to minimize the drug 
expulsion. The presence of liquid lipid in nanostructured lipid 
carriers distorts the highly ordered crystalline structure of solid 
lipids which leads to the creation of imperfections in the lipid 
matrix. These imperfections further allow entrapping more 
drugs than solid lipid nanoparticles. The lipid matrix of NLCs 
maintained solid at room and body temperature by using the 
proper proportions of solid and liquid lipids. Compared to SLNs, 
NLCs show less toxicity, more entrapment efficiency, and no drug 
expulsion because of the immobility of the drug from the lipid 
matrix.14,15

Nanostructured lipid carriers

Nanostructured lipid carriers are considered second generation 
nanoparticles that came into existence in 1999.13,16 Nanostructured 
lipid carriers are nanocarriers that are made up of a blend of 
solid and liquid lipid along with surfactants. Compared to solid 
lipid nanoparticles, nearly 5-40 percent of solid lipid proportion 
is replaced with liquid lipids in the case of nanostructured 
lipid carriers. Nanostructured lipid carriers can facilitate drug 
entrapment capacity and controlled the release of drugs.17,18 
Liquid lipid present in nanostructured lipid carriers distorts the 
highly ordered crystalline structure of solid lipids and forms the 
imperfect structure permitting higher drug payload and no drug 
expulsion. The drug cannot escape from the lipid matrix because 
of their amorphous nature.13 The proportion of solid lipid and 
liquid lipid used for the preparation of nanostructured lipid 
carriers is generally 99:9:0.1 or 70:30. The system is stabilized by 
using surfactants of 1-5% concentration.19-21

Benefits of NLCs

High physical and Chemical stability.22

Ease of preparation.23

Biocompatible.12

Higher drug loading and entrapment potential.13,24

Improved drug release.25

Types of NLCs

NLCs can be classified as imperfect type, amorphous type and 
multiple type based on lipids used, surfactant concentration, 
nature of the drug, solubility characteristics and method of 
preparation.

Type I NLCs (Imperfect Type)

In the case of imperfect type, solid lipid and liquid lipid are mixed 
in such proportion to form a highly disordered imperfect lipid 
matrix. This formed imperfect lipid matrix further ensures high 
drug entrapment in it.26-28

Type II NLCs (Amorphous Type)

In the amorphous type there is no formation of crystalline 
structure and the lipid matrix is amorphous which ensures no 
drug escape from NLCs on storage.28-30 Formation of this type 
of NLCs takes place by using lipids that do not recrystallize on 
cooling.31

Type III NLCs (Multiple Type)

In this type, NLCs are formulated by the double emulsion 
technique which is nothing but oil in fats in water. The formulation 
is done by using the phase separation technique. This method is 
used if the drug has more solubility in liquid lipid which further 
helps to increase drug payload.9

Composition of NLCs

The main ingredients required for the formulation of 
nanostructured lipid carriers include solid lipids, liquid lipids and 
water. The system is stabilized by using a surfactant or a mixture 
of surfactants.23 The lipid matrix is imperfect and is made up of a 
blend of solid lipid and liquid lipid.32

Lipids

For the formulation of nanostructured lipid carriers, lipid 
selection plays an important role as this can further provide 
stability and desired physicochemical properties.33 For selecting 
lipids many factors have to be considered that include:

Lipids should have biocompatibility, biodegradability. They 
should form nanoparticles that should be in the nano range.34

As NLCs consist of solid lipid and liquid lipid. Both lipids should 
be miscible with each other as well as they should be compatible 
with each other.35

The lipids should not show any toxicity. They should not form any 
toxic by-products while the formulation of NLCs.36

Lipids are more prone for degradation by oxidation or lipolysis. 
Therefore lipid used for the preparation of NLCs should show 
good chemical stability.35

Solid lipids used for the preparation of NLCs are 
glycerylpalmitostearate, cetyl palmitate, stearic acid, 
glycerylmonostearate and glycerylbehenate.37-40 Most frequently 
used liquid lipids in the formulation of NLCs include oleic acid, 
natural edible oils, and medium chain triglycerides.41-45
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Emulsifiers

In the formulation of nanostructured lipid carriers, emulsifiers are 
used for the dispersion of two immiscible phases into each other. 
Also, emulsifiers stabilize the system effectively by preventing 
the formation of aggregates.46 They reduce the interfacial 
tension between lipid phase and water which further leads to the 
formation of small particles with more surface area.47 Emulsifiers 
can be hydrophilic or lipophilic. A combination of hydrophilic 
and lipophilic emulsifiers prevents the formation of aggregates 
more effectively.48-50 The most commonly used hydrophilic 
emulsifiers are pluronic F68, polysorbates, and poloxamer 188. 
Span 80, lecithins, and phospholipids are lipophilic emulsifiers 
used for the formulation of NLCs.51-53

Method of preparation

Fabrication methods for NLCs include High pressure 
homogenization (HPH), Microemulsion technique, 
Ultrasonication, Solvent diffusion technique, Solvent injection 
method, Solvent emulsification technique etc. Description of 
these methods used for preparation of NLCs is given in Table 1.

Characterization of NLCs

Zeta potential

Zeta potential is defined as the net charge present on the dispersed 
particles present in the dispersion medium. Zeta potential 
determination gives an idea about the stability of the system and 
also the presence of aggregates which can hamper the stability 
of the formulation.70 Particles are more stable when they have a 
surface charge on them as they repel each other electrostatistically 
which further prevents particle aggregation.71 The stability of 
colloidal dispersions can be evaluated by measurement of zeta 
potential as it gives an idea about electrostatic repulsion between 
the particles and also the presence of aggregation. 30 mv of zeta 
potential value is considered for physically stable preparations.72

Particle morphology

The shape and morphology of nanoparticles can be determined 
by Scanning Electron Microscopy (SEM) and Transmission 
Electron Microscopy (TEM). These techniques are also used 
for determining particle size distribution.73 In the case of SEM 
and TEM, original morphology cannot be obtained because 
of many reasons that may include shrinkage of nanocarriers 
due to dehydration which leads to change in the structure of 
nanocarriers.74 To eliminate the limitations associated with SEM 

Method Procedure References
Hot HPH

 

Cold HPH

This method involves heating lipid phase containing drugs and lipids to form lipid melt. The 
aqueous phase containing surfactant solution is also kept at the same temperature as that of 
the lipid phase. Then aqueous phase is added to the lipid phase with stirring and resulting pre 
emulsion subjected to HPH which on recrystallization give NLCs.
This method involves the dissolution of a drug in lipid melt which is further solidified with the 
help of liquid nitrogen. After milling it generates nanoparticles which are then dispersed in a cold 
surfactant solution. It is then subjected to HPH to generate NLCs.

54-57

Microemulsion This method involves heating lipid phase containing drugs and lipids to form lipid melt. The 
aqueous phase containing surfactant solution is also kept at the same temperature as that of the 
lipid phase. Then aqueous phase is added to the lipid phase with stirring. Lipid nanoparticles are 
then solidified by dispersing hot o/w microemulsion in ice cold water.

58,59

Ultrasonication Dissolve lipid phase in organic solvent methylene chloride. Heat the mixture at 50℃. The 
aqueous phase consisting of surfactant solution is heated at the same temperature. Evaporate 
half of methylene chloride and then add the aqueous phase to the lipid phase with stirring. The 
resulted emulsion is then subjected to sonication and solidified by keeping in it ice bath.

15,60

Solvent 
diffusion 
method

This method comprises 2 stages in which the organic phase contains drug and lipophilic 
surfactant which then are added to organic solvent with increasing temperature. Then resulted 
organic mixture is added to the aqueous phase containing surfactant at room temperature with 
stirring until the formation of NLCs. To remove residue of solvent it is then kept in vacuum 
desiccators for 24 hr.

34,61-64

Solvent 
injection 
method

Dissolve lipid in ethanol or DMSO. This mixture is then added rapidly to the aqueous phase 
containing surfactant with the help of an injection needle which leads to the precipitation of lipid 
particles. The precipitate is then filtered to get nanoparticles.

65,66

Phase inversion 
temperature 
method

This method is based on the change in the phases in the emulsion that is from o/w to w/o. 
Change in the dispersion temperature has resulted in alteration in the interfacial structure of 
droplets which further gives phase inversion.

67-69

Table 1: Formulation Methods of NLCs.
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and TEM, a new technique that is atomic force morphology which 
gives three dimensional structures of nanocarriers is used.75

Particle size

Size of particle and particle size distribution plays an important 
role in the determination of the physical stability of the 
formulation. Measurement of particle size is done by using 
photon correlation spectroscopy and laser diffraction.76 Particle 
size in nanoscale can be measured by using zetasizer.77 In the case 
of NLCs particle size can be affected by the type and proportion of 
lipids and emulsifiers used. Also in the case of NLCs as emulsifier 
concentration increases, particle size decreases.61

Drug encapsulation efficiency

The entrapment efficiency can be defined as the ratio of the drug 
into particles by total weight of particles. Entrapment efficiency 
is also called encapsulation efficiency or drug payload capacity. 
Determination of drug encapsulation efficiency is very useful as 
it gives an idea about the efficiency of NLCs as a carrier.78 The 
drug should have good solubility in lipids to get high entrapment 
efficiency.

Crystallinity and polymorphism

Both crystallinity and polymorphism can be determined by 
differential scanning calorimetry and X-ray diffractometry. These 
techniques give an idea about the melting and recrystallization 
pattern of solid lipids present in NLCs. The polymorphic transition 
of lipids also can be determined by using these methods. The 
crystal lattice structure of special crystalline compounds can be 
identified using wide angle X-ray diffractometry.79

Surface tension

Torsion balance, Kibron instrument, Wilhelmy plates can be 
used for the determination of surface tension. The mostly used 
instrument for measuring the surface tension of NLCs is torsion 
balance. Surface tension can also be determined by calculating 
contact angle.80

In vitro drug release

Release of drug from nanostructured lipid carriers is based on 
some factors like composition of lipid matrix, the concentration of 
surfactant and lipids, temperature used for formulation. Enzyme 
attacks in systemic circulation are prevented by developing 
controlled release formulation.79 Firstly drug release will take 
place in a burst manner from the outer layer of nanoparticles and 
after that drug will get release from the inner core for prolong 
time period. Distribution of drug between water and lipid matrix 
can give an idea about the sustained release of drug.81,82

Cancer

Cancer is the second most disease in the world for death after 
cardiovascular disease.83 In cancer there is persistent tissue 

damage is there which is associated with several other severe 
disorders and also leads to death. The uncontrolled cell growth 
as well as disturbed cell cycle results in the formation of tumors. 
Cancer metastasis is another reason for death a spread of disease 
can be there from one to another organ.84,85

Currently available treatments available for cancer are surgery, 
radiation, and chemotherapy. These treatments are used in 
combination. Among these treatments chemotherapy is the most 
commonly used treatment.86 For metastatic cancer radiotherapy 
and surgery are the preferred treatments but these treatments 
are not sufficient if the spread of cancer is there throughout the 
body. As anticancer drugs can reach each organ through systemic 
circulation therefore anticancer drug therapy i.e., chemotherapy 
is the choice of treatment in case of metastatic cancers. These 
anticancer drugs act by inhibiting the growth of cancer cells but 
also they retard the growth of normal cells of GIT, bone marrow 
and hair follicles therefore these drugs are associated with 
unwanted severe side effects.87

Limitations of conventional cancer therapy

The intravenous route is preferred for administration of 
anticancer drugs as its makes drug available in systemic 
circulation immediately. IV route is effective for killing cancer 
cells but along with cancer cells, it also kills normal healthy 
which is thereby associated with many severe side effects.2,3 
Cardiotoxicity, nephrotoxicity, vomiting, nausea, diarrhea, loss of 
hair, neurotoxicity, myelosuppression are some of the side effects 
associated with IV administration of these anticancer drugs.88-91 
The non specificity of these chemotherapeutic agents towards 
tumor cells is because of their high volume of distribution which 
is also the reason for the availability of drug concentration in 
healthy tissue.92

Because of non-specificity of anticancer drugs conventional 
chemotherapy is unable to deliver the required concentration 
of drug to the tumor cells and also affects the functioning of 
the normal healthy cells which further leads to multiple drug 
resistance (MDR).5,6 Most of the Anti-cancer drugs have restricted 
delivery at the targeted site because of their lipophilic nature.93 
One of the reasons behind the failure of chemotherapy is the drug 
efflux mechanism which makes very less amount of drug to be 
available at the site of action. Most lipophilic anticancer drugs are 
thrown out of the cell because of efflux transporters.94 Therefore 
conventional chemotherapy is associated with many limitations 
like non-selectivity and non specificity of chemotherapeutic 
agents, toxic effects, and severe side effects and restricted 
targeting.95

Barriers in drug delivery to tumors

After the administration of the drug it gets entre into the systemic 
circulation and thereby gets distributed to various tissues and 
organs. There are different factors like physical and chemical 
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properties of anticancer drugs, physiological barriers, drug 
carriers that can limit the delivery of anticancer drugs to tumor 
cells.

In the case of malignant cancers as the cells show uncontrolled 
growth therefore these tumors do not have a specific structure and 
composition. This abnormal composition and non- specificity of 
tumors is the major barrier for penetration of anticancer drugs.96 
The main barrier which plays the main role in the delivery of 
Anti-cancer drugs is the uneven distribution of vasculature of 
tumors.97 Another barrier is the structural characteristics of tumor 
vessels. These tumor vessels vary from the normal ones. Tumor 
vessels are leaky, defective, dilated and irregular. The endothelial 
cells have large fenestrations and there are no basement 
membranes. Impaired lymphatic networks are observed.98 The 
third barrier that can affect the drug transport across the tumor 
is extracellular matrix composition of the tumor.99 A very small 
amount of anticancer drugs is available at the site of absorption 
because of the extensive tendency of these drugs to bind with 
blood proteins and tissues which are very unpredictable.100 This 
binding tendency of anticancer drugs results in less therapeutic 
action and more toxic effects. In addition, non-specificity of these 
anticancer drugs not only kills tumor cells but also the normal 
cells which leads to severe side effects.101,102 Because of this non 
-specificity in terms of biodistribution and pharmacology of 
anticancer drugs even on normal therapeutic doses, these drugs 
can affect the normal healthy tissues and this is the main challenge 
in the treatment of cancer.

Drugs efflux pumps are considered as the special mechanism 
by which anticancer drugs are thrown out of the tumor cells 
which leads to insufficient action of anticancer drugs on tumor 
cells because of the availability of less amount of administered 
drug at the site of action. P glycoproteins are an example of this 
efflux transporter. Most anticancer drugs are P-gp substrates and 
overexpression of this transporter may decrease the therapeutic 
effectiveness of anticancer drugs.103

Another physiological barrier to the delivery of anticancer drugs 
is the tight junctions of epithelial cells present in some tumors. 
These tight junctions formed because of interconnections of 
proteins. These tight junctions are considered as one of the 
physiological barriers which do not allow the drug to enter inside 
the tumor. As drug entry is restricted inside the tumor because 
of tight junctions it leads to less availability of drugs inside the 
tumor and low therapeutic efficacy.104

In multiple drug resistance, cancer cells are resistant to 
structurally and functionally different drugs which are not 
related to each other after the treatment with an anticancer drug. 
Multiple drug resistance is considered as one of the limitations of 
chemotherapy.105 Mechanism of multiple drug resistance involves 
overexpression of efflux transports like P-gp or MDR associated 
proteins.106 These efflux transporters belong to ATP- binding 

cassette family. These efflux transporters are responsible for 
low concentration of anticancer drugs inside the tumor as these 
transporters throw out the drug outside the cancer cells which 
further leads to the development of resistance.107 Non-selectivity 
and Non-specificity of anticancer drugs is another problem 
associated with effective chemotherapy. These drugs kill normal 
non cancerous cells alone with cancer cells because of their 
non-specific action. This non- specificity further also results in 
severe side effects which also affect the drug dosing. High drug 
doses cannot be given as they will harm normal cells and low 
doses will not give the required therapeutic action.

Nanocarriers in cancer therapy

Because of non-specificity of anticancer drugs, there is the 
destruction of cancer cells along with non-cancerous cells which 
is also the main reason for less availability of the drug at the target 
site and toxic effects associated with conventional chemotherapy.5 
To avoid all these problems there is a need to develop such 
drug delivery systems that can give targeted drug release 
and will minimize the toxic effects. Nanocarrier based drug 
delivery systems like nanostructured lipid carriers can have the 
potential to reduce the limitations associated with conventional 
chemotherapy which can give selectively targeted drug release 
with minimum toxicity and avoid multiple drug resistance.

Nanostructured lipid carriers can be developed for therapeutic 
and cosmetics purposes. As the lipids used in the formulation 
of NLCs show good biocompatibility and biodegradability 
therefore they are safe and very suitable to use as a potential 
drug delivery system. They can entrap both hydrophilic and 
lipophilic drugs. NLCs offer many advantages as they have 
more drug payload capacity, biocompatibility, biodegradability. 
They can also increase the bioavailability of drugs and facilitate 
the controlled and sustained release of drugs. They have the 
potential to prevent enzymatic degradation of drugs as well as 
the first pass metabolism of the drugs.108,109 Nanostructured lipid 
carriers can be the budding drug delivery system for delivering 
anticancer drugs because of their ability to enhance and stabilize 
the anticancer drugs physically and chemically. In addition these 
carriers are responsible to improve the therapeutic efficacy of 
anticancer drugs.13,110,111

Nanostructured lipid carriers are preferred to deliver anticancer 
drugs for many reasons. Firstly, NLCs have the size in the nano 
range which offers a high surface area. Further this increases 
affinity of these nanoparticles with anticancer drugs which helps 
to attain controlled and targeted drug delivery. Interaction of 
NLCs with biomolecules improves drug uptake across the cell 
membrane and the ability to bind ligands which further reduce 
the dose and minimize side effects.112,113 Secondly a selective drug 
delivery across leaky endothelium of tumor is possible because 
of Enhanced Permeation Retention (EPR) effect which allows 
the drug to accumulate selectively at the site action. EPR effect 
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increases drug concentration intercellularly which leads to less 
toxic effects.114,115 Thirdly, NLCs have good biodegradability 
and biocompatibility therefore they can easily get metabolized 
into non-toxic products after complete drug delivery. They are 
removed from the body by the mononuclear phagocytic system.116 
The versatile nature of nanostructured lipid carriers plays an 
important role to encapsulate anticancer drugs.36

Approaches to enhance drug delivery to tumor cells 
by drug targeting

Currently, the main challenge in the delivery of anticancer drugs 
is to develop nanocarriers with selectivity for the specific targets. 
This will help to improve the therapeutic efficacy of anticancer 
drugs as well as will minimize the side effects associated with 
conventional chemotherapy.117 Drug targeting to tumor cells can 
be achieved by two approaches i.e., passive targeting and active 
targeting.

Passive targeting

Passive targeting of NLCs can be possible if the solid tumor 
has leaky vasculature and defective lymphatic drainage which 
facilitate the accumulation of NLCs inside the tumor This 
phenomenon is called as Enhanced Permeation Retention 
(EPR) effect (Figure 1).118,119 In passive targeting permeability 
of endothelium of blood vessels of tumor is enhanced than the 
normal cells. In metastatic cancers tumor also involves new 
vessels or surrounding vessels. These leaky vessels allow selective 
permeation of nanocarrier to the stroma of tumor. This feature 
does not apply to the small molecular drugs as they have low 
circulatory time thereby get removed immediately from the tumor. 
Therefore encapsulation of such drugs in a suitable nanocarrier 
can enhance the pharmacokinetic properties of drugs there by 
prolonging circulation time in blood and minimizing side effects 
caused because of Non-selectivity of this drugs.120

Because of the poor lymphatic system, interstitial pressure at the 
center of the tumor is more than the periphery. When the internal 
pressure is increased it results in the flow of external interstitial 
fluid which further reduces the diffusion of the drug towards 
the center of the tumor thereby permitting the drug to stay in 
interstitial fluid and this further increases drug retention time.114 

To achieve passive targeting NLCs should have properties like 
the size of NLCs should lie between 10-100 nm. Charge on NLCs 
should be anionic and neutral and NLCs should be safe from RES 
as it is involved in the removal of NLCs out of the tumor.116,121

Active targeting

Active targeting involves targeting nanocarriers to particular 
cells after extravasations. Active targeting depends on molecular 
recognition of cancer cells by interaction with specific receptors 
which are overly expressed on them and minimally expressed with 
normal cells. This molecular recognition can be by ligand-receptor 
interaction or antigen-antibody interaction.122,123 Active targeting 
can be aimed at surface modification of nanocarriers with cancer 
cells specific ligands that will identify and bind to molecules or 
receptors that are complementary with each other on the surface 
of target cells (Figure 2). Therefore active targeting helps to 
achieve nanocarrier selectivity towards tumor cells.124 Antibodies, 
vitamins, peptides can be used as ligands that can identify specific 
overexpressed receptors present on cancer cells.125

The choice of ligands will be based on the ability to bind to 
overexpressed receptors on tumor cells and not to normal cells. 
On the target cells, there should be the homogenous expression 
of targeted receptors. Monoclonal antibodies, peptides, antibody 
fragments are examples of targeting ligands. Ligand’s binding 
affinity can influence tumor penetration because of the binding 
site barrier. When target cells are easily accessible, high binding 
affinity can be observed because of the flow environment of the 
bloodstream.126,127 Targeted NLCs can be developed in such a way 
they will show passive endocytosis or endocytosis with specific 
interaction with receptors.128

Drug targeting by long circulating NLCs

Our immune system identifies nanostructured lipid carriers as 
foreign material after their intravenous administration. Therefore 
NLCs get immediately removed for systemic circulation by the 
mononuclear phagocytic system through surface recognition 
of NLCs. Site specific delivery cannot be achieved with 
unprotected NLCs as they are removed within seconds after the 
administration.129

After the intravenous administration, these nanocarriers in the 
bloodstream interact with opsonins by attractive forces such as 
hydrophobic or hydrophilic, van der walls, ionic or electrostatic. 
Without opsonins tagging on nanocarriers surface, phagocytic 
cells are not able to identify them as non-self-material. To remove 
NLCs, opsonization is considered an important step. To stop or 
inactivate this process attempts have been made to develop long 
circulating drug delivery system.130

To decrease immunogenicity and to impart long circulating 
properties, surface modification such as PEGylation is mostly 
used (Figure 3). Recirculation of nano-size NLCs can be improved 
with the use of high molecular weight PEG.131,132 PEGylated Figure 1: Drug delivery by passive targeting.
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10-hydroxycamptothecin NLC has produced long circulating 
effect in Kumming mice. There were 40 fold improvements in the 
maximum concentration of drug in the lungs than the free drug 
solution.133

CONCLUSION

Cancer is the second most cause of death worldwide. By 
understanding the complete microenvironment of tumor cells 
which limits the delivery of anticancer drugs we can come up 
with a better solution that is the formulation of nanostructured 
lipid carriers. Nanostructured lipids carriers can give targeted 
drug delivery of anticancer drugs to tumor cells by facilitating 
the specificity of anticancer drugs thereby minimizing side effects 
associated with conventional chemotherapy. They offer many 
benefits like high drug payload, P-gp efflux inhibition, Inhibition 
of MDR. They provide long circulating effect which helps to 
achieve controlled drug delivery. They show less toxicological 
profile because of their biodegradability and biocompatibility. 
Effective and specific drug delivery of anticancer drugs can be 
possible by considering different drug targeting strategies while 
formulating NLCs of anticancer drugs. Therefore NLCs can 
provide a new platform for selective delivery of anticancer drugs 
to the tumor cells and can be considered as a potential nanocarrier 
for cancer treatment.
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ABBREVIATIONS

NLCs: Nanostructured Lipid Carriers; SLNs: Solid Lipid 
Nanoparticles; HPH: High Pressure Homogenization; O/W: Oil 
in Water; W/O: Water in Oil; DMSO: Dimethyl Sulfoxide; SEM: 
Scanning Electron Microscopy; TEM: Transmission Electron 
Microscopy; IV: Intravenous; MDR: Multiple Drug Resistance; 
P-gp: P Glycoprotein; EPR: Enhanced Permeation Retension; 
RES: Reticuloendothelial System; PEG: Polyethylene Glycol.

SUMMARY

Cancer is a life-threatening disease that is associated with 
persistent tissue injury and uncontrolled cell growth. Because of 
the non-specificity of anticancer drugs, they kill normal healthy 
cells along with cancer cells which lead to severe side effects. 
To minimize such limitations associated with conventional 
chemotherapy, nanostructured lipids carriers can be developed. 
They offer many benefits like high drug payload, P-gp efflux 
inhibition, Inhibition of MDR. They provide long circulating 
effect which helps to achieve controlled drug delivery.

REFERENCES
1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence 

and mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012. 
Int J Cancer. 2015;136(5):E359-86. doi: 10.1002/ijc.29210, PMID 25220842.

2. Kruijtzer CM, Beijnen JH, Schellens JH. Improvement of oral drug treatment 
by temporary inhibition of drug transporters and/or cytochrome P450 in the 
gastrointestinal tract and liver: Aan overview. Oncologist. 2002;7(6):516-30. doi: 10 
.1634/theoncologist.7-6-516, PMID 12490739.

3. Terwogt JM, Schellens JH, Huinink WW, Beijnen JH. Clinical pharmacology of 
anticancer agents in relation to formulations and administration routes. Cancer Treat 
Rev. 1999;25(2):83-101. doi: 10.1053/ctrv.1998.0107, PMID 10395834.

4. Liao Z, Chua D, Tan NS. Reactive oxygen species: A volatile driver of field cancerization 
and metastasis. Mol Cancer. 2019;18(1):65. doi: 10.1186/s12943-019-0961-y, PMID 
30927919.

5. Cho K, Wang X, Nie S, Chen ZG, Shin DM. Therapeutic nanoparticles for drug delivery 
in cancer. Clin Cancer Res. 2008;14(5):1310-6. doi: 10.1158/1078-0432.CCR-07-1441 
, PMID 18316549.

6. Dadwal A, Baldi A, Kumar Narang R. Nanoparticles as carriers for drug delivery in 
cancer. Artif Cells Nanomed Biotechnol. 2018;46(sup2);Suppl 2:295-305. doi: 10.1080 
/21691401.2018.1457039, PMID 30043651.

7. Needham D, Dewhirst MW. The development and testing of a new 
temperature-sensitive drug delivery system for the treatment of solid tumors. Adv 
Drug Deliv Rev. 2001;53(3):285-305. doi: 10.1016/s0169-409x(01)00233-2, PMID 
11744173.

8. De Jong WH, Borm PJA. Drug delivery and nanoparticles: Applications and hazards. 
Int J Nanomedicine. 2008;3(2):133-49. doi: 10.2147/ijn.s596, PMID 18686775.

9. Shidhaye SS, Vaidya R, Sutar S, Patwardhan A, Kadam VJ. Solid lipid nanoparticles 
and nanostructured lipid carriers-innovative generations of solid lipid carriers. Curr 
Drug Deliv. 2008;5(4):324-31. doi: 10.2174/156720108785915087, PMID 18855604.

10. Ozpolat B, Sood AK, Lopez-Berestein G. Liposomal siRNA nanocarriers for cancer 
therapy. Adv Drug Deliv Rev. 2014;66:110-6. doi: 10.1016/j.addr.2013.12.008, PMID 
24384374.

11. Battaglia L, Gallarate M. Lipid nanoparticles: State of the art, new preparation 
methods and challenges in drug delivery. Expert Opin Drug Deliv. 2012;9(5):497-508. 
doi: 10.1517/17425247.2012.673278, PMID 22439808.

12. Müller RH, Shegokar R, Keck CM. 20 years of lipid nanoparticles (SLN and NLC): 
present state of development and industrial applications. Curr Drug Discov Technol. 
2011;8(3):207-27. doi: 10.2174/157016311796799062, PMID 21291409.

13. Müller RH, Radtke M, Wissing SA. Nanostructured lipid matrices for improved 
microencapsulation of drugs. Int J Pharm. 2002;242(1-2):121-8. doi: 10.1016/ 
s0378-5173(02)00180-1, PMID 12176234.

Figure 2: Drug delivery by active targeting.

Figure 3: Long circulating NLCs.



Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 2, Apr-Jun, 2023 317

Sabale and Jiwankar.: Nanostructured Lipid Carrier for Cancer Therapy

14. Liu CH, Wu CT. Optimization of nanostructured lipid carriers for lutein delivery. 
Colloids Surf A Physicochem Eng Asp. 2010;353(2-3):149-56. doi: 10.1016/j.colsurfa 
.2009.11.006.

15. Das S, Chaudhury A. Recent advances in lipid nanoparticle formulations with solid 
matrix for oral drug delivery. AAPS PharmSciTech. 2011;12(1):62-76. doi: 10.1208/ 
s12249-010-9563-0, PMID 21174180.

16. Beck R, Guterres S. Pohlmann A. Nanocosmetics and nanomedicines: New 
approaches for skin care. Germany: Springer; 2011.

17. Katouzian I, Faridi Esfanjani AF, Jafari SM, Akhavan S. Formulation and application 
of a new generation of lipid nano-carriers for the food bioactive ingredients. Trends 
Food Sci Technol. 2017;68(11):14-25. doi: 10.1016/j.tifs.2017.07.017.

18. Wang T, Xue J, Hu Q, Zhou M, Luo Y. Preparation of lipid nanoparticles with high 
loading capacity and exceptional gastrointestinal stability for potential oral delivery 
applications. J Colloid Interface Sci. 2017;507:119-30. doi: 10.1016/j.jcis.2017.07.090 
, PMID 28780331.

19. Montenegro L, Lai F, Offerta A, Sarpietro MG, Micicchè L, Maccioni AM, et al. From 
nanoemulsions to nanostructured lipid carriers: A relevant development in dermal 
delivery of drugs and cosmetics. J Drug Deliv Sci Technol. 2016;32:100-12. doi: 10.1 
016/j.jddst.2015.10.003.

20. Beloqui AB, Solinís MÁ, Rodriguez-Gascón A, Almeida AJ, Préat V. Nanostructured 
lipid carriers: Promising drug delivery systems for future clinics. Nanomedicine. 
2016;12(1):143-61. doi: 10.1016/j.nano.2015.09.004, PMID 26410277.

21. Purohit DK, Nandgude TD, Poddar SS. Nano-lipid carriers for topical application: 
Current scenario. Asian J Pharm. 2016;9(5):1-9.

22. Li Q, Cai T, Huang Y, Xia X, Cole SPC, Cai Y. A review of the structure, preparation, and 
application of NLCs, PNPs, and PLNs. Nanomaterials (Basel). 2017;7(6):122-47. doi: 10 
.3390/nano7060122, PMID 28554993.

23. Pardeike J, Hommoss A, Müller RH. Lipid nanoparticles (SLN, NLC) in cosmetic and 
pharmaceutical dermal products. Int J Pharm. 2009;366(1-2):170-84. doi: 10.1016/j.ij 
pharm.2008.10.003, PMID 18992314.

24. Uner M. Preparation, characterization and physico-chemical properties of solid 
lipid nanoparticles (SLN) and nanostructured lipid carriers (NLC): Their benefits as 
colloidal drug carrier systems. Pharmazie. 2006;61(5):375-86. PMID 16724531.

25. Tiwari R, Pathak K. Nanostructured lipid carrier versus solid lipid nanoparticles of 
simvastatin: Comparative analysis of characteristics, pharmacokinetics and tissue 
uptake. Int J Pharm. 2011;415(1-2):232-43. doi: 10.1016/j.ijpharm.2011.05.044, PMID 
21640809.

26. Sarathchandiran I. A review on nanotechnology in solid lipid nanoparticles. Int J 
Pharm Dev Tech. 2012;2(1):45-61.

27. Cipolla D, Shekunov B, Blanchard J, Hickey A. Lipid-based carriers for pulmonary 
products: Preclinical development and case studies in humans. Adv Drug Deliv Rev. 
2014;75:53-80. doi: 10.1016/j.addr.2014.05.001, PMID 24819218.

28. Jaiswal P, Gidwani B, Vyas A. Nanostructured lipid carriers and their current application 
in targeted drug delivery. Artif Cells Nanomed Biotechnol. 2016;44(1):27-40. doi: 10. 
3109/21691401.2014.909822, PMID 24813223.

29. Kumar S, Dilbaghi N, Saharan R, Bhanjana G. Nanotechnology as emerging 
tool for enhancing solubility of poorly water-soluble drugs. BioNanoScience. 
2012;2(4):227-50. doi: 10.1007/s12668-012-0060-7.

30. Jagdevappa P, Prashant G, Ravindra K, Sachin J, Satish M, Meghanath S. Applications 
of solid lipid nanoparticle in novel drug delivery system. Br Biomed Bull. 
2013;1(2):103-18.

31. Gaba B, Fazil M, Ali A, Baboota S, Sahni JK, Ali J. Nanostructured lipid (NLCs) 
carriers as a bioavailability enhancement tool for oral administration. Drug Deliv. 
2015;22(6):691-700. doi: 10.3109/10717544.2014.898110, PMID 24670099.

32. Jenning V, Schäfer-Korting M, Gohla S. Vitamin A-loaded solid lipid nanoparticles for 
topical use: Drug release properties. J Control Release. 2000;66(2-3):115-26. doi: 10.1 
016/s0168-3659(99)00223-0, PMID 10742573.

33. Mitri K, Shegokar R, Gohla S, Anselmi C, Müller RH. Lipid nanocarriers for dermal 
delivery of lutein: Preparation, characterization, stability and performance. Int J 
Pharm. 2011;414(1-2):267-75. doi: 10.1016/j.ijpharm.2011.05.008, PMID 21596122.

34. Müller RH, Radtke M, Wissing SA. Solid lipid nanoparticles (SLN) and nanostructured 
lipid carriers (NLC) in cosmetic and dermatological preparations. Adv Drug Deliv Rev. 
2002;54;Suppl 1:S131-55. doi: 10.1016/s0169-409x(02)00118-7, PMID 12460720.

35. Tamjidi F, Shahedi M, Varshosaz J, Nasirpour A. Nanostructured lipid carriers (NLC): 
A potential delivery system for bioactive food molecules. Innov Food Sci Emerg 
Technol. 2013;19:29-43. doi: 10.1016/j.ifset.2013.03.002.

36. Müller RH, Mäder K, Gohla S. Solid lipid nanoparticles (SLN) for controlled drug 
delivery - a review of the state of the art. Eur J Pharm Biopharm. 2000;50(1):161-77. 
doi: 10.1016/s0939-6411(00)00087-4, PMID 10840199.

37. Fundarò A, Cavalli R, Bargoni A, Vighetto D, Zara GP, Gasco MR. Non-stealth and 
stealth solid lipid nanoparticles (SLN) carrying doxorubicin: Pharmacokinetics and 
tissue distribution after i.v. administration to rats. Pharmacol Res. 2000;42(4):337-43. 
doi: 10.1006/phrs.2000.0695, PMID 10987994.

38. Severino P, Pinho SC, Souto EB, Santana MHA. Polymorphism, crystallinity 
and hydrophilic–lipophilic balance of stearic acid and stearic acid-capric/
caprylictriglyceride matrices for production of stable nanoparticles. Colloids Surf 
B Biointerfaces. 2011;86(1):125-30. doi: 10.1016/j.colsurfb.2011.03.029, PMID 
21543196.

39. Vivek K, Reddy H, Murthy RS. Investigations of the effect of the lipid matrix on drug 
entrapment, in vitro release, and physical stability of olanzapine-loaded solid lipid 
nanoparticles. AAPS PharmSciTech. 2007;8(4):E83. doi: 10.1208/pt0804083, PMID 
18181544.

40. Chawla V, Saraf SA. Glyceryl behenate and its suitability for production of aceclofenac 
solid lipid nanoparticles. J Am Oil Chem Soc. 2011;88(1):119-26. doi: 10.1007/ 
s11746-010-1618-6.

41. Rowe RC, Sheskey PJ, Quinn ME. Handbook of pharmaceutical excipients. London: 
Pharmaceutical Press; 2009.

42. Shah ND, Limketkai BN. The use of medium-chain triglycerides in gastrointestinal 
disorders. Pract Gastroenterol. 2017;41:20-8.

43. Belfrage P, Vaughan M. Simple liquid–liquid partition system for isolation of labeled 
oleic acid from mixtures with glycerides. J Lipid Res. 1969;10(3):341-4. doi: 10.1016/ 
S0022-2275(20)43094-9, PMID 5785006.

44. Gramdorf S, Hermann S, Hentschel A, Schrader K, Müller RH, Kumpugdee-Vollrath 
M, et al. Crystallized miniemulsions: Influence of operating parameters during high‐
pressure homogenization on size and shape of particles. Colloids Surf A Physicochem 
Eng Asp. 2008;331(1-2):108-13. doi: 10.1016/j.colsurfa.2008.07.016.

45. Valls V, Goicoechea M, Muñiz P, Saez GT, Cabo JR. Effect of corn oil and Vitamin E on 
the oxidative status of adipose tissues and liver in rat. Food Chem. 2003;81(2):281-6. 
doi: 10.1016/S0308-8146(02)00425-9.

46. Helgason T, Awad TS, Kristbergsson K, Decker EA, McClements DJ, Weiss J. Impact 
of surfactant properties on oxidative stability of beta-carotene encapsulated within 
solid lipid nanoparticles. J Agric Food Chem. 2009;57(17):8033-40. doi: 10.1021/jf90 
1682m, PMID 19691283.

47. Triplett MD, Rathman JF. Optimization of β-carotene loaded solid lipid nanoparticles 
preparation using a high shear homogenization technique. J Nanopart Res. 
2009;11(3):601-14. doi: 10.1007/s11051-008-9402-3.

48. Manjunath K, Reddy JS, Venkateswarlu V. Solid lipid nanoparticles as drug delivery 
systems. Methods Find Exp Clin Pharmacol. 2005;27(2):127-44. doi: 10.1358/mf.200 
5.27.2.876286, PMID 15834465.

49. Sivaramakrishnan R, Nakamura C, Mehnert W, Korting HC, Kramer KD, Schäfer-Korting 
M. Glucocorticoid entrapment into lipid carriers--characterisation by parelectric 
spectroscopy and influence on dermal uptake. J Control Release. 2004;97(3):493-502. 
doi: 10.1016/j.jconrel.2004.04.001, PMID 15212881.

50. Puri A, Loomis K, Smith B, Lee JH, Yavlovich A, Heldman E, et al. Lipid-based 
nanoparticles as pharmaceutical drug carriers: from concepts to clinic. Crit Rev Ther 
Drug Carrier Syst. 2009;26(6):523-80. doi: 10.1615/critrevtherdrugcarriersyst.v26.i6.1 
0, PMID 20402623.

51. Trujillo CC, Wright AJ. Properties and stability of solid lipid particle dispersions based 
on canola stearin and Poloxamer 188. J Am Oil Chem Soc. 2010;87(7):715-30. doi: 10 
.1007/s11746-010-1553-6.

52. Whitehurst RJ. Emulsifiers in food technology. Oxford: Blackwell Publishing Ltd; 2004.
53. Faergemand M, Krog N. Using emulsifiers to improve food texture. In: McKenna BM, 

editor. Texture in foods. FL: CRC Press Press; 2003. p. 216-74.
54. Souto EB, Müller RH. Investigation of the factors influencing the incorporation 

of clotrimazole in SLN and NLC prepared by hot high-pressure homogenization. 
J Microencapsul. 2006;23(4):377-88. doi: 10.1080/02652040500435295, PMID 
16854814.

55. Zhuang CY, Li N, Wang M, Zhang XN, Pan WS, Peng JJ, et al. Preparation and 
characterization of vinpocetine loaded nanostructured lipid carriers (NLC) for 
improved oral bioavailability. Int J Pharm. 2010;394(1-2):179-85. doi: 10.1016/j.ijphar 
m.2010.05.005, PMID 20471464.

56. Severino P, Santana MHA, Souto EB. Optimizing SLN and NLC by 22 full factorial 
design: Effect of homogenization technique. Mater Sci Eng C Mater Biol Appl. 
2012;32(6):1375-9. doi: 10.1016/j.msec.2012.04.017, PMID 24364934.

57. Mukherjee S, Ray S, Thakur RS. Solid lipid nanoparticles: A modern formulation 
approach in drug delivery system. Indian J Pharm Sci. 2009;71(4):349-58. doi: 10.410 
3/0250-474X.57282, PMID 20502539.

58. Shah RM, Malherbe F, Eldridge D, Palombo EA, Harding IH. Physicochemical 
characterization of solid lipid nanoparticles (SLNs) prepared by a novel 
microemulsion technique. J Colloid Interface Sci. 2014;428:286-94. doi: 10.1016/j.jc 
is.2014.04.057, PMID 24910064.

59. Gasco MR. Method for producing solid lipid microspheres having a narrow size 
distribution. United States of America Patent. 4 250 236; 1991.

60. Luo Y, Chen D, Ren L, Zhao X, Qin J. Solid lipid nanoparticles for enhancing 
vinpocetine’s oral bioavailability. J Control Release. 2006;114(1):53-9. doi: 10.1016/j 
.jconrel.2006.05.010, PMID 16828192.

61. Jenning V, Thünemann AF, Gohla SH. Characterisation of a novel solid lipid 
nanoparticle carrier system based on binary mixtures of liquid and solid lipids. Int 
J Pharm. 2000;199(2):167-77. doi: 10.1016/s0378-5173(00)00378-1, PMID 10802410.

62. Tsai MJ, Wu PC, Huang YB, Chang JS, Lin CL, Tsai YH, et al. Baicalein loaded in tocol 
nanostructured lipid carriers (tocol NLCs) for enhanced stability and brain targeting. 
Int J Pharm. 2012;423(2):461-70. doi: 10.1016/j.ijpharm.2011.12.009, PMID 22193056.

63. Trotta M, Debernardi F, Caputo O. Preparation of solid lipid nanoparticles by a solvent 
emulsification-diffusion technique. Int J Pharm. 2003;257(1-2):153-60. doi: 10.1016/ 
s0378-5173(03)00135-2, PMID 12711170.

64. Hu FQ, Jiang SP, Du YZ, Yuan H, Ye YQ, Zeng S. Preparation and characterization of 
stearic acid nanostructured lipid carriers by solvent diffusion method in an aqueous 



Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 2, Apr-Jun, 2023318

Sabale and Jiwankar.: Nanostructured Lipid Carrier for Cancer Therapy

system. Colloids Surf B Biointerfaces. 2005;45(3-4):167-73. doi: 10.1016/j.colsurfb.20 
05.08.005, PMID 16198092.

65. Schubert MA, Müller-Goymann CC. Solvent injection as a new approach for 
manufacturing lipid nanoparticles- Evaluation of the method and process 
parameters. Eur J Pharm Biopharm. 2003;55(1):125-31. doi: 10.1016/s0939-6411(02 
)00130-3, PMID 12551713.

66. Kaur S, Nautyal U, Singh R, Singh S, Devi A. Nanostructured lipid carrier (NLC): The 
new generation of lipid nanoparticles. Asian Pac J Health Sci. 2015;2(2):76-93. doi: 1 
0.21276/apjhs.2015.2.2.14.

67. Ee SL, Duan X, Liew J, Nguyen QD. Droplet size and stability of nano-emulsions 
produced by the temperature phase inversion method. Chem Eng J. 
2008;140(1-3):626-31. doi: 10.1016/j.cej.2007.12.016.

68. Förster T, Schambil F, Tesmann H. Emulsification by the phase inversion temperature 
method: The role of self-bodying agents and the influence of oil polarity. Int J Cosmet 
Sci. 1990;12(5):217-27. doi: 10.1111/j.1467-2494.1990.tb00537.x, PMID 19291032.

69. Izquierdo P, Esquena J, Tadros TF, Dederen C, Garcia MJ, Azemar N, et al. Formation 
and stability of nano-emulsions prepared using the phase inversion temperature 
method. Langmuir. 2002;18(1):26-30. doi: 10.1021/la010808c.

70. Parveen S, Sahoo SK. Polymeric nanoparticles for cancer therapy. J Drug Target. 
2008;16(2):108-23. doi: 10.1080/10611860701794353, PMID 18274932.

71. Kirby BJ, Hasselbrink EF. Zeta potential of microfluidic substrates: Theory, experimental 
techniques, and effects on separations. Electrophoresis. 2004;25(2):187-202. doi: 10.1 
002/elps.200305754, PMID 14743473.

72. Jacobs C, Kayser O, Müller RH. Nanosuspensions as a new approach for the 
formulation for the poorly soluble drug tarazepide. Int J Pharm. 2000;196(2):161-4. 
doi: 10.1016/s0378-5173(99)00412-3, PMID 10699709.

73. Manjunath K, Venkateswarlu V. Pharmacokinetics, tissue distribution and 
bioavailability of clozapine solid lipid nanoparticles after intravenous and 
intraduodenal administration. J Control Release. 2005;107(2):215-28. doi: 10.1016/j 
.jconrel.2005.06.006, PMID 16014318.

74. Mittal V, Matsko NB. Analytical imaging techniques for soft matter characterization. 
New York: Springer Science+Business Media; 2012.

75. Kathe N, Henriksen B, Chauhan H. Physicochemical characterization techniques 
for solid lipid nanoparticles: Principles and limitations. Drug Dev Ind Pharm. 
2014;40(12):1565-75. doi: 10.3109/03639045.2014.909840, PMID 24766553.

76. Doktorovova S, Souto EB. Nanostructured lipid carrier-based hydrogel formulations 
for drug delivery: A comprehensive review. Expert Opin Drug Deliv. 2009;6(2):165-76. 
doi: 10.1517/17425240802712590, PMID 19239388.

77. Chen G, Li D, Jin Y, Zhang W, Teng L, Bunt C, et al. Deformable liposomes by 
reverse-phase evaporation method for an enhanced skin delivery of (+)-catechin. 
Drug Dev Ind Pharm. 2014;40(2):260-5. doi: 10.3109/03639045.2012.756512, PMID 
23356860.

78. Crucho CIC, Barros MT. Polymeric nanoparticles: A study on the preparation variables 
and characterization methods. Mater Sci Eng C Mater Biol Appl. 2017;80:771-84. doi: 
10.1016/j.msec.2017.06.004, PMID 28866227.

79. Hu FQ, Jiang SP, Du YZ, Yuan H, Ye YQ, Zeng S. Preparation and characteristics of 
monostearin nanostructured lipid carriers. Int J Pharm. 2006;314(1):83-9. doi: 10.101 
6/j.ijpharm.2006.01.040, PMID 16563671.

80. Forny L, Saleh K, Denoyel R, Pezron I. Contact angle assessment of hydrophobic 
silica nanoparticles related to the mechanisms of dry water formation. Langmuir. 
2010;26(4):2333-8. doi: 10.1021/la902759s, PMID 20141200.

81. Castelli F, Puglia C, Sarpietro MG, Rizza L, Bonina F. Characterization of 
indomethacin-loaded lipid nanoparticles by differential scanning calorimetry. Int 
J Pharm. 2005;304(1-2):231-8. doi: 10.1016/j.ijpharm.2005.08.011, PMID 16188405.

82. Yuan H, Wang LL, Du YZ, You J, Hu FQ, Zeng S. Preparation and characteristics 
of nanostructured lipid carriers for control-releasing progesterone by 
melt-emulsification. Colloids Surf B Biointerfaces. 2007;60(2):174-9. doi: 10.1016/j.c 
olsurfb.2007.06.011, PMID 17656075.

83. Tran S, DeGiovanni PJ, Piel B, Rai P. Cancer nanomedicine: A review of recent success 
in drug delivery. Clin Transl Med. 2017;6(1):44. doi: 10.1186/s40169-017-0175-0, 
PMID 29230567.

84. Karaman S, Detmar M. Mechanisms of lymphatic metastasis. J Clin Invest. 
2014;124(3):922-8. doi: 10.1172/JCI71606, PMID 24590277.

85. DiSibio G, French SW. Metastatic patterns of cancers: Results from a large autopsy 
study. Arch Pathol Lab Med. 2008;132(6):931-9. doi: 10.5858/2008-132-931-MPOCRF 
, PMID 18517275.

86. Bahrami B, Hojjat-Farsangi M, Mohammadi H, Anvari E, Ghalamfarsa G, Yousefi M, 
et al. Nanoparticles and targeted drug delivery in cancer therapy. Immunol Lett. 
2017;190:64-83. doi: 10.1016/j.imlet.2017.07.015, PMID 28760499.

87. Chabner BA, Roberts TG. Timeline: Chemotherapy and the war on cancer. Nat Rev 
Cancer. 2005;5(1):65-72. doi: 10.1038/nrc1529, PMID 15630416.

88. Anderson PM, Schroeder G, Skubitz KM. Oral glutamine reduces the duration and 
severity of stomatitis after cytotoxic cancer chemotherapy. Cancer. 1998;83(7):1433-9. 
doi: 10.1002/(sici)1097-0142(19981001)83:7<1433::aid-cncr22>3.0.co;2-4, PMID 
9762946.

89. Kalyanaraman B, Joseph J, Kalivendi S, Wang S, Konorev E, Kotamraju S. 
Doxorubicin-induced apoptosis: Implications in cardiotoxicity. Mol Cell Biochem. 
2002;234-235(1-2):119-24. PMID 12162424.

90. Lu P. Monitoring cardiac function in patients receiving doxorubicin. Semin Nucl Med. 
2005;35(3):197-201. doi: 10.1053/j.semnuclmed.2005.02.005, PMID 16098293.

91. Wheate NJ, Walker S, Craig GE, Oun R. The status of platinum anticancer drugs in the 
clinic and in clinical trials. Dalton Trans. 2010;39(35):8113-27. doi: 10.1039/c0dt0029 
2e, PMID 20593091.

92. Giordano KF, Jatoi A. The cancer anorexia/weight loss syndrome: Therapeutic 
challenges. Curr Oncol Rep. 2005;7(4):271-6. doi: 10.1007/s11912-005-0050-9, PMID 
15946586.

93. Parveen S, Arjmand F, Tabassum S. Clinical developments of antitumor polymer 
therapeutics. RSC Adv. 2019;9(43):24699-721. doi: 10.1039/c9ra04358f, PMID 
35528643.

94. Serpe L. Conventional chemotherapeutic drug nanoparticles for cancer treatment. 
In: Kumar CSSR, editor. Nanotechnologies for life sciences. Weinheim: Wiley-VCH 
Verlag GmbH and Co; 2006. p. 1-38.

95. Guo X, Wang L, Wei X, Zhou S. Polymer-based drug delivery systems for cancer 
treatment. J Polym Sci Part A: Polym Chem. 2016;54(22):3525-50. doi: 10.1002/pol 
a.28252.

96. Marcucci F, Corti A. How to improve exposure of tumor cells to drugs: Promoter 
drugs increase tumor uptake and penetration of effector drugs. Adv Drug Deliv Rev. 
2012;64(1):53-68. doi: 10.1016/j.addr.2011.09.007, PMID 21983328.

97. Jang SH, Wientjes MG, Lu D, Au JL. Drug delivery and transport to solid tumors. 
Pharm Res. 2003;20(9):1337-50. doi: 10.1023/a:1025785505977, PMID 14567626.

98. Iyer AK, Khaled G, Fang J, Maeda H. Exploiting the enhanced permeability and 
retention effect for tumor targeting. Drug Discov Today. 2006;11(17-18):812-8. doi: 1 
0.1016/j.drudis.2006.07.005, PMID 16935749.

99. Netti PA, Berk DA, Swartz MA, Grodzinsky AJ, Jain RK. Role of extracellular matrix 
assembly in interstitial transport in solid tumors. Cancer Res. 2000;60(9):2497-503. 
PMID 10811131.

100. Ratain MJ, Mick R. Principles of pharmacokinetics and pharmacodynamics. In: 
Schilsky RL, Milano GA, Ratain MJ, editors. Principles of antineoplastic drug 
development and pharmacology. New York: Marcel Dekker; 1996. p. 123-42.

101. Tipton JM. Side effects of cancer chemotherapy. In: Skeel RT, editor. Handbook of 
cancer chemotherapy. Philadelphia: Williams and Wilkins; 2003;561-80.

102. Powis G. The toxicity of anticancer drugs. Toronto: Pergamon Press; 1991.
103. Kuwazuru Y, Yoshimura A, Hanada S, Utsunomiya A, Makino T, Ishibashi K, et al. 

Expression of the multidrug transporter, P-glycoprotein, in acute leukemia cells 
and correlation to clinical drug resistance. Cancer. 1990;66(5):868-73. doi: 10.1002/ 
1097-0142(19900901)66:5<868::aid-cncr2820660510>3.0.co;2-z, PMID 1974821.

104. Beyer I, van Rensburg R, Lieber A. Overcoming physical barriers in cancer therapy. 
Tissue Barriers. 2013;1(1):e23647. doi: 10.4161/tisb.23647, PMID 24665377.

105. Primeau AJ, Rendon A, Hedley D, Lilge L, Tannock IF. The distribution of the 
anticancer drug doxorubicin in relation to blood vessels in solid tumors. Clin Cancer 
Res. 2005;11(24 Pt 1):8782-8. doi: 10.1158/1078-0432.CCR-05-1664, PMID 16361566.

106. Gottesman MM. Mechanisms of cancer drug resistance. Annu Rev Med. 
2002;53:615-27. doi: 10.1146/annurev.med.53.082901.103929, PMID 11818492.

107. Ak Y, Demirel G, Gülbas Z. MDR1, MRP1 and LRP expression in patients with untreated 
acute leukaemia: Correlation with 99mTc-MIBI bone marrow scintigraphy. Nucl Med 
Commun. 2007;28(7):541-6. doi: 10.1097/MNM.0b013e328194f1cd, PMID 17538395.

108. El-Bahr SM. Effect of curcumin on hepatic antioxidant enzymes activities and gene 
expressions in rats intoxicated with aflatoxin B1. Phytother Res. 2015;29(1):134-40. 
doi: 10.1002/ptr.5239, PMID 25639897.

109. Talegaonkar S, Bhattacharyya A. Potential of lipid nanoparticles (SLNs and NLCs) 
in enhancing oral bioavailability of drugs with poor intestinal permeability. AAPS 
PharmSciTech. 2019;20(3):121. doi: 10.1208/s12249-019-1337-8, PMID 30805893.

110. Müller RH, Petersen RD, Hommoss A, Pardeike J. Nanostructured lipid carriers (NLC) 
in cosmetic dermal products. Adv Drug Deliv Rev. 2007;59(6):522-30. doi: 10.1016/j.a 
ddr.2007.04.012, PMID 17602783.

111. Tikekar RV, Nitin N. Distribution of encapsulated materials in colloidal particles 
and its impact on oxidative stability of encapsulated materials. Langmuir. 
2012;28(25):9233-43. doi: 10.1021/la301435k, PMID 22616688.

112. Patra JK, Das G, Fraceto LF, Campos EVR, Rodriguez-Torres MDP, Acosta-Torres LS, et 
al. Nano based drug delivery systems: Recent developments and future prospects. 
J Nanobiotechnology. 2018;16(1):71. doi: 10.1186/s12951-018-0392-8, PMID 
30231877.

113. Cryer AM, Thorley AJ. Nanotechnology in the diagnosis and treatment of lung 
cancer. Pharmacol Ther. 2019;198:189-205. doi: 10.1016/j.pharmthera.2019.02.010, 
PMID 30796927.

114. Haley B, Frenkel E. Nanoparticles for drug delivery in cancer treatment. Urol Oncol. 
2008;26(1):57-64. doi: 10.1016/j.urolonc.2007.03.015, PMID 18190833.

115. Chidambaram M, Manavalan R, Kathiresan K. Nanotherapeutics to overcome 
conventional cancer chemotherapy limitations. J Pharm Pharm Sci. 2011;14(1):67-77. 
doi: 10.18433/j30c7d, PMID 21501554.

116. Malam Y, Loizidou M, Seifalian AM. Liposomes and nanoparticles: Nanosized vehicles 
for drug delivery in cancer. Trends Pharmacol Sci. 2009;30(11):592-9. doi: 10.1016/j.ti 
ps.2009.08.004, PMID 19837467.

117. Strebhardt K, Ullrich A. Paul Ehrlich’s magic bullet concept: 100 years of progress. Nat 
Rev Cancer. 2008;8(6):473-80. doi: 10.1038/nrc2394, PMID 18469827.



Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 2, Apr-Jun, 2023 319

Sabale and Jiwankar.: Nanostructured Lipid Carrier for Cancer Therapy

118. Rosenblum D, Peer D. Omics-based nanomedicine: The future of personalized 
oncology. Cancer Lett. 2014;352(1):126-36. doi: 10.1016/j.canlet.2013.07.029, PMID 
23941830.

119. Matsumura Y, Maeda H. A new concept for macromolecular therapeutics in cancer 
chemotherapy: Mechanism of tumoritropic accumulation of proteins and the 
antitumor agent smancs. Cancer Res. 1986;46(12):6387-92. PMID 2946403.

120. Greish K. Enhanced permeability and retention (EPR) effect for anticancer 
nanomedicine drug targeting. Methods Mol Biol. 2010;624:25-37. doi: 10.1007/978-1 
-60761-609-2_3, PMID 20217587.

121. Gullotti E, Yeo Y. Extracellularly activated nanocarriers: A new paradigm of tumor 
targeted drug delivery. Mol Pharm. 2009;6(4):1041-51. doi: 10.1021/mp900090z, 
PMID 19366234.

122. Xu S, Olenyuk BZ, Okamoto CT, Hamm-Alvarez SF. Targeting receptor-mediated 
endocytotic pathways with nanoparticles: Rationale and advances. Adv Drug Deliv 
Rev. 2013;65(1):121-38. doi: 10.1016/j.addr.2012.09.041, PMID 23026636.

123. Hymel D, Peterson BR. Synthetic cell surface receptors for delivery of therapeutics 
and probes. Adv Drug Deliv Rev. 2012;64(9):797-810. doi: 10.1016/j.addr.2012.02.0 
07, PMID 22401875.

124. Zhou Y, Zhang C, Liang W. Development of RNAi technology for targeted therapy-A 
track of siRNA based agents to RNAi therapeutics. J Control Release. 2014;193:270-81. 
doi: 10.1016/j.jconrel.2014.04.044, PMID 24816071.

125. Gabizon A, Horowitz AT, Goren D, Tzemach D, Shmeeda H, Zalipsky S. In vivo fate of 
folate-targeted polyethylene-glycol liposomes in tumor-bearing mice. Clin Cancer 
Res. 2003;9(17):6551-9. PMID 14695160.

126. Adams GP, Schier R, McCall AM, Simmons HH, Horak EM, Alpaugh RK, et al. High 
affinity restricts the localization and tumor penetration of single-chain fv antibody 
molecules. Cancer Res. 2001;61(12):4750-5. PMID 11406547.

127. Gosk S, Moos T, Gottstein C, Bendas G. CAM-1 directed immunoliposomes selectively 
target tumor vasculature in vivo. Biochim Biophys Acta. 2008;1178(4):854-63.

128. Minko T, Rodriguez-Rodriguez L, Pozharov V. Nanotechnology approaches for 
personalized treatment of multidrug resistant cancers. Adv Drug Deliv Rev. 
2013;65(13-14):1880-95. doi: 10.1016/j.addr.2013.09.017, PMID 24120655.

129. Gref R, Minamitake Y, Peracchia MT, Trubetskoy V, Torchilin V, Langer R. Biodegradable 
long-circulating polymeric nanospheres. Science. 1994;263(5153):1600-3. doi: 10.11 
26/science.8128245, PMID 8128245.

130. Roser M, Fischer D, Kissel T. Surface-modified biodegradable albumin Nano- and 
microspheres. II: Effect of surface charges on in vitro phagocytosis and biodistribution 
in rats. Eur J Pharm Biopharm. 1998;46(3):255-63. doi: 10.1016/s0939-6411(98) 
00038-1, PMID 9885296.

131. Rudmann DG, Alston JT, Hanson JC, Heidel S. High molecular weight polyethylene 
glycol cellular distribution and PEG-associated cytoplasmic vacuolation is molecular 
weight dependent and does not require conjugation to proteins. Toxicol Pathol. 
2013;41(7):970-83. doi: 10.1177/0192623312474726, PMID 23788571.

132. Gao W, Xiang B, Meng TT, Liu F, Qi XR. Chemotherapeutic drug delivery to cancer 
cells using a combination of folate targeting and tumor microenvironment-sensitive 
polypeptides. Biomaterials. 2013;34(16):4137-49. doi: 10.1016/j.biomaterials.2013.02 
.014, PMID 23453200.

133. Zhang X, Gan Y, Gan L, Nie S, Pan W. Pegylated nanostructured lipid carriers loaded 
with 10-hydroxycamptothecin: An efficient carrier with enhanced anti-tumour 
effects against lung cancer. J Pharm Pharmacol. 2008;60(8):1077-87. doi: 10.1211/j 
pp.60.8.0014, PMID 18644200.

Cite this article: Jiwankar M, Sabale V. Nanostructured Lipid Carriers in Chemotherapeutics: An Overview. Indian J of Pharmaceutical Education and Research. 
2023;57(2):310-9.


