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ABSTRACT

The current drug delivery system is anticipated to be
revolutionized by nanotechnology. Solid lipid nanoparticles are
at the forefront of the fast-growing nanotechnology sector in the
breast cancer drug delivery. Solid lipid nanoparticles are a new
form of colloidal drug carrier system consisting of a nanometer
(50-1000 nm) spherical lipid particles dispersed in aqueous
surfactant or co-surfactant solution. This review highlights and
presents an overview of the types of solid lipid nanoparticles,
drug delivery mechanisms, selection of common ingredients,
different ways of producing solid lipid nanoparticles and
problems associated with solid lipid nanoparticles production.
Prospects of solid lipid nanoparticle stabilization can be
enhanced through freezing and spray drying. To characterize
solid lipid nanoparticles, suitable analytical methods are
required. This article also summarizes the study findings of the
various researchers on the different methods of preparing solid
lipid nanoparticles, additives and their significant results for the

delivery of drugs in the treatment of breast cancer.
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1. INTRODUCTION

Cancer is one of the world's leading causes of human death and a significant concern for
public health [1]. Cancer is a disease classified by an uncontrolled cell proliferation that can
invade and spread through the lymphatic system to distant parts of the body [2]. Mostly,
cancer chemotherapy includes parenteral administration of anti-cancer drugs, causing severe
undesired harmful effects above the maximum tolerable concentration (MTC) due to elevated
concentrations of plasma drugs [3]. By comparison, oral chemotherapy increases therapeutic
effectiveness by maintaining adequate concentrations of plasma drugs and avoids serious side
effects by maintaining the drug level below MTC [4]. Death rates globally due to cancer are
estimated at 9.6 million in 2018, according to the World Health Organization (WHO) [5].
With over 100 cancer varieties, the planet is predicted to check the risk of seventieth of latest
world cancer incidences solely inside the future two decades. The American Cancer Society
estimates about 17,35350 new cancer instances diagnosed and 6,09640 cancer deaths in the
United States by 2018 [6].

Breast cancer is one of the most prevalent female cancers in the globe; it rarely varies in
males (less than 1% of all instances of breast cancer). Most breast cancers start either in the
milk-produced breast tissue, called lobules or in the ducts that connect the lobules to the
nipple [7]. In general, breast tumors are classified into four distinct phases based on their size,
place and metastasis proof. Primary breast cancer treatment was initially based on original
surgery (including local excision or partial or complete mastectomy) followed by radiation
and multiple types of systemic adjuvant therapy such as cytotoxic chemotherapy, hormonal
therapy, and most lately immunotherapy. These therapies, however, have often failed and are
followed by many side effects, including organ toxicity [8]. Breast cancer is the 2nd most
common cancer with 1.7 million diagnosed cases worldwide [9]. According to the World
Health Organization (WHQ) 2018 study, it is estimated that 62,700 females died from breast
cancer, approximately 14.5 % of all female cancers [10]. Overall, breast cancer incidence
rates have increased by about 1.5 % annually since 1990. Finding a solution to this issue
would have a major impact on the lifestyle of patients, particularly those suffering from

metastatic breast cancers.

In the latest years, by creating effective drug delivery systems, nanotechnology has been
extended the therapeutic possibilities of prior effective molecules. In reality, the

implementation of nanotechnology in drug delivery has brought significant progress in
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medicine. There is a broad range of nanocarriers in nanotechnology offering a broad range of
alternatives for dealing with each therapeutic issue through a tailor-made strategy [11-13].
Solid lipid nanoparticles (SLNs) is an alternative carrier system for traditional colloidal
carriers such as polymeric nanoparticles, dendrimers, liposomes, polymer-drug / protein

conjugates, mesoporous silica nanoparticles and carbon nanotubes [14].

Combination benefits from different carriers such as polymeric nanoparticles, dendrimers,
and liposomes are the primary reasons for the growth of SLNs. Like dendrimers and
liposomes, they are made up of biocompatible additives (surfactants and lipids) accepted
physiologically. The solid core of SLN can effectively protect the loaded active
pharmaceutical ingredient against chemical degradation under severe biological
environments. Further, solid lipid nanoparticles can be produced at a large industrial scale by
high-pressure  homogenization. All these positive characteristics make the SLN an

outstanding drug delivery carrier [15-17].
2. SOLID LIPID NANOPARTICLES (SLNs)

Compared to inorganic or compound nanoparticles, it is recognized that lipid-based
nanocarriers have less toxicity and biocompatibility. Solid lipid nanoparticles in specific
constitutea useful and promising approach. These are nanometre-sized colloidal particles
ranging from 50 to 1000 nm. These lipidic materials may comprise triglycerides, complicated
mono, di and triglyceride mixtures, fatty acids which are solid at human body temperature
and room temperature and stabilized by appropriate surfactants.

Solid lipid nanoparticles is an another lipid-based drug carrier to traditional colloidal carriers
such as polymeric nanoparticles, nanotubes and liposomes for a lot of reasons, including (i)
drug targeting at specific sites and possibility of controlled drug release kinetics, (ii) particle
size ranges between 50-1000nm, (iii) possibility of incorporating hydrophilic and lipophilic
drugs, (iv) high long-term stability and large productivity scale, (v) the lipid core reduces the
risk of acute and chronic toxicity, (vi) enhancing the bioavailability of entrapped bioactive,

(vii) possibility of lyophilisation [17- 19].

Despite these benefits, SLNs have certain constraints, such as (i) poor drug loading
capability, (ii) drug expulsion after polymeric transformation at storage condition, (iii)
comparatively high dispersions water content (70-99.9%) [15, 19]. Solid lipid nanoparticles

can be produced using different techniques such as solvent emulsification-diffusion, solvent
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injection, high shear homogenization and ultra-sonication, high-pressure homogenization and

double emulsion [20].
3. TYPES OF SOLID LIPID NANOPARTICLES

These lipid-based nanoparticles are classified mainly into three types based on lipidic
materials concentration, surfactant concentration, the chemical character of active
pharmaceutical ingredients (API) and lipids, drug solubility in melted lipids, preparation

process type (Table 1, Fig. 1).

Table No. 1: Types and description of solid lipid nanoparticles

Types of SLNs Description Ref.

The active pharmaceutical ingredients (API) in the type 1
model are either molecularly placed in the lipid nucleus or
present in amorphous clusters.

The homogeneous matrix model is achieved by using
optimized API and lipid proportions that pass above the
lipid’s melting point through the technique of high-pressure
homogenization.

This model can demonstrate controlled release kinetics as a
result of their structure.

Type 1
(homogeneous matrix
model)

The type 2 model is acquired when the concentration of the
APl is small in the melted lipid.

After applying the technique of hot high-pressure
homogenization, first, the lipid phase precipitates during the
cooling of homogenized nanoemulsions, resulting in a
gradual increase in APl concentration in the remaining lipid
melt with an enhanced solidified lipid portion. A lipid core
without API is created; once the active pharmaceutical [16,21- 27]
ingredient reaches its saturation solubility within the
remaining melt, an external shell containing each lipid and
API can solidify around this core.

It is not suitable for extended drug release but it is useful to
get an API burst release.

Type 2
(drug enriched shell
model)

This model is acquired when the mechanism of
recrystallization is contrary to the type 2 model.

In this approach, near its solubility in saturation, the drug is
solubilized in lipid melt. Subsequent cooling of the lipid
emulsion leads the drug to over-saturate in the lipid melts;
leading to the recrystallization of the drug before lipid
recrystallization.  Further cooling results in lipid
recrystallization forming a membrane around the drug-
enriched core that has already been crystallized.

This SLN model is appropriate for drugs over a period that
requires an extended-release.

Type 3
(drug enriched core
model)
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Drug molecules

homogeneously dispersed Drug enriched shell Lipid shell

(c)
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Lipid core

Figure No. 1: Different types of models of solid lipid nanoparticles (SLNs): (a)
Homogeneous matrix model, (b) Drug enriched shell model, (c) Drug enriched core

model.
4. TARGETING MECHANISM OF SOLID LIPID NANOPARTICLES :

Solid lipid nanoparticles can be enhanced their drug delivery by different mechanisms such

as passive drug delivery mechanism, active drug delivery mechanism.
4.1. Passive drug delivery mechanisms:

In situ antitumor injections can achieve specific accumulation of drugs in tumors. However,
owing to the difficulty in identifying cancerous masses, it is more complex therapy [28]. To
overcome this challenge, some delivery technologies, especially SLNs, enable tumor tissue
targeting by taking advantage of tumor microenvironment features owing to the enhanced
permeability and retention effect (EPR) (Fig. 2). The enhanced permeability and retention
effect relies primarily on the type and size of the tumor. This effect is based on the rapid
angiogenesis of solid tumors. The angiogenesis process encourages uneven vessel growth of
the blood in tumor areas with discontinuous epithelium. These discontinuities between
epithelial cells with a size range of 100-800 nm make it possible for nanoparticles to migrate

through the interstitial space to boost their permeability [29].
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Figure No. 2: Enhanced permeability and retention effect (EPR) in tumor tissues. Under
normal conditions (a) nanoparticles are not extravasated but in tumor region (b) the
discontinuity of the vascular epithelium and the poor functionality of lymphatic
drainage increase the permeability and retention of solid lipid nanoparticles (SLN) in

the tumor microenvironment [31].

Furthermore, according to the EPR effect, three interrelated procedures determine the
molecule distribution: extravasation of nanoparticles from blood vessels, nanoparticles
diffusion through the tumor tissue and interaction with extracellular or intracellular objectives
in the tumor's microenvironment [30]. The highest accumulation of nanomedicines is

discovered in breast tumors in relation to the impact of EPR [31].
4.2. Active drug delivery mechanisms:

Active drug delivery mechanisms focus on identifying target molecules on the tumor cell’s

surface such as receptors or transporters.

This treatment, therefore, provides the drug to tumor cells selectively by altering the surface

of the nanoparticles to decrease ordinary cell damage and undesired effects [29].

Specifically, the nanoparticle's surface modification enables them to show numerous copies
of the ligand of concern so that transporter's binding avidity is high. Also, the nanocarriers
need to be close to their target site for the ligand-target interaction [30].

It is confirmed in another research that SLNs loaded with Paclitaxel and functionalized with

pluronic and hyaluronic acid (an inhibitor of the efflux transporter P-glycoprotein) showed
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the capacity to overcome drug resistance and decrease cell viability in the breast and cervix
tumor lines of MCF-7 and HeLa. Furthermore, in comparison to solid lipid nanoparticles
without free drug and hyaluronic acid, these SLNs improve the concentration and efficacy of

drugs in mice's tumor tissue in a very significant manner [32].
5. COMPOSITION OF SOLID LIPID NANOPARTICLES:

Mono, di and triglycerides, fatty alcohols and free fatty acids are the most frequently used
components in the lipid core because these lipids are biocompatible [16]. All classes of
surfactants and co-surfactants are used for stabilizing the lipid dispersion. It is observed that
the combination of surfactants must be preventing particle agglomeration more efficiently

[33]. The commonly used ingredients are given in Table 2.

Table No. 2: Lipids, Surfactants, and Co-surfactants used to make solid lipid

nanoparticles

Ingredients | Property | Ref.
A. Lipids
(@) Triglycerides
Molecular weight 723.2g/mol
Trimyristin(Dynasty 114) Melting point 58.5°c [34-38]
Soluble in chloroform, benzene, ethanol but
insoluble in water
I Molecular weight 639g/mol
Trilaurin (Dynasan 112) Melting point 26.5°c g [34,36,38-
. 41]
Soluble in water
. . Molecular weight 891.5g/mol
Tristearin(Dynasan 118) Melting point 55°¢(a).73%(p) [2;1,22],38,40
Soluble in carbon disulfide, chloroform T
Molecular weight 807.3g/mol
Tripalmitin(Dynasan 116) Melting point 44.7-67.4°c [34,36-
Soluble in chloroform, ethanol, benzene but 38,44-46]
insoluble in water
L Molecular weight 554.8g/mol [34,36-
Tricaprin(Dynasan 110) Melting point 33°c 38,40,44,45,
Insoluble in water 47]
(b)Mono, di and triglycerides mixture
Glyceryl monostearate Molecular weight 358.6g/mol
(Imwitor® 900) Melting point 74°c [48,49]
Soluble in an organic solvent like ethanol
Glyceryl behenate (Compritol® | Molecular weight 414.7g/mol
888 ATO) The melting point range 69-74°c [17,50-53]
HLB value 2
Glyceryl palmitostearate Molecular weight 633g/mol [17,54]
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(Precirol® ATO 5)

The melting point range 50-60°c

Witepsol® W 35

Melting point 34°c

Hydroxyl value 40-50 [37,55-57]
. ® . - S
Witepsol™ H 35 |IEI/IeItlng point range 33.5-35.5°c [35,37,56]
ydroxyl value 3
Witepsol® E 85 Melting point 42-44°c [35,56]
Hydroxyl value 5-15
(c) Free fatty acids
Stearic acid Mole_cular yveight 284.5g/mol
Melting point 69.3°c [58-61]
Soluble in acetone, chloroform, carbon disulfide
Palmitic acid Mole_cular \_/veight 256.43g/mol
Melting point 62.49°c [62,63]
Very soluble in chloroform
Decanoic acid Mole_cular \_/veight 172.26g/mol
Melting point 31.5°c [62,64,65]
Very soluble in ethanol, acetone
. Molecular weight 340.59g/mol
Behenic acid Melting point 80°c [66,67]
Soluble in chloroform
(d) Free fatty alcohols
Molecular weight 270.5g/mol
Stearyl alcohol Melting point 59.5°c [68-71]
Soluble in chloroform
Molecular weight 242.44g/mol
Cetyl alcohol Melting point 49.3°c [70,72-74]
Soluble in alcohol, ether, chloroform
Molecular weight 214.39g/mol
Myristyl alcohol Melting point 37.7°c [70,75]
Very soluble in ethanol, acetone, chloroform
Molecular weight 186.33g/mol
Lauryl alcohol Melting point 24°c [70,76,77]
Soluble in ethanol
(e) Waxes
Melting point range 62-65°c
Beeswax Soluble in chloroform, ether but insoluble in water [78-80]
Carnauba wax Melting point range 82-86°c [78,81,82]
Freely Soluble in warm benzene
B. Surfactants
(a) Non-ionic surfactants
(i)Poloxamers
Average Molecular weight 7680-9510g/mol [17,37,
Melting point range 52-57°c 45,51,52,55,
Poloxamer 188(F-68) Freelygsopluble in \?vater, ethanol 83,84]
HLB value >24
Poloxamer 182 Melting point -4°c [83-85]
HLB value 1-7
Poloxamer 407(F-127) Average molecular weight 9840-14600g/mol [17,50,83,84
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Melting point 56°c
Very Soluble in water
HLB value 18-23

Poloxamine 908

Soluble in warm water
HLB value >24

[17,50,36]

(if)Polyoxyethylene sorbitan fatty esters

Polysorbate 20

Molecular weight 1128g/mol
Soluble in water, ethanol, methanol
Hydroxyl value 96-108

HLB value 16.7

[87-89]

Polysorbate 60

Molecular weight 1312g/mol
Soluble in water, ethanol
HLB value 14.9

Hydroxyl value 81-96

[88,89]

Polysorbate 80

Molecular weight 1310g/mol
Very soluble in water

HLB value 15

Hydroxyl value 65-80

[85,89]

(b)Anionic Surfactants

Sodium cholate

Molecular weight 430.6g/mol
Melting point 198°c

Soluble in water

HLB value 18

[85,90]

Sodium glycocholate

Molecular weight 487.6g/mol
HLB value 14.9

[35,45,55,
91]

Sodium taurocholate

Molecular weight is 537.7g/mol
Melting point 230°c
Soluble in water

[92-94]

Sodium lauryl sulfate

Molecular weight 288.38g/mol
Melting point 204-207°c
Freely soluble in water

HLB value~40

[95-98]

(c) Cationic surfactant

Cetrimonium bromide

Molecular weight is 364.4g/mol
Melting point 240.0°c
Freely soluble in ethanol (95%)

[68,69,72,99
100]

DOTAP

Molecular weight 663.1 g/mol

Transition temperature < 5°c

Soluble in water-miscible organic solvents DMSO
and ethanol

[101,102]

(d) Amphoteric surfactant

Soybean lecithin
(Lipoid® S 75, Lipoid® S 100)

Average molecular weight 800-908 g/mol
Transition temperature < 0°c
Soluble in diethyl ether, chloroform, fatty acids

[35,39,55,10
3-105]

Egg lecithin
(Lipoid® E 80)

Molecular weight 815.2g/mol
Soluble in petroleum ether, fatty acids, chloroform

[103-105]

Phosphatidylcholine
(Epikuron® 170, Epikuron 200)

Average molecular weight 621-898g/mol
Soluble in ethanol, chloroform

[45,92,93,10
6]
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C. Co- surfactants

Low molecular weight PEG
(e.g. PEG 200, PEG 400)

Average molecular weight 190-600g/mol
Melting point range 15-25°c
Soluble in water, alcohols

[107,108]

Hydroxyl value 178-394

Propylene glycol

Molecular weight 76.09g/mol

Melting point -60°c

Soluble in ether; miscible with acetone and
chloroform

[109-111]

Molecular weight 430.6g/mol

Sorbitan monostearate Melting point range 49-65°c [95,112]

Soluble in isopropanol, ethanol

Abbreviations: HLB: Hydrophilic Lipophilic Balance; DOTAP: 1, 2-dioleoyl-3-trimethyl
ammonium-propane; DMSO: Dimethyl sulphoxide; PEG: Polyethylene (glycol).

6. SLNs PREPARATION METHODS:
6.1. High-pressure homogenization technique:

High-pressure homogenization is a powerful technique for the preparation of solid lipid
nanoparticles. High-pressure homogenizers force through a small gap (varying from several
microns) a high-pressure fluid (100-2000 bar). The fluid accelerates to very high velocity
(over one thousand km / h) on a brief range. Very high shear stress and cavitations forces
disrupt all manner of particles down to the submicron. For the homogenizer, typical lipid
content (from 5-10 %) is no issue. Even greater concentrations of lipids (up to 40 %) are
homogenized to lipid nanodispersions [113]. High-pressure homogenization, i.e. hot and cold

homogenization, primarily has two particular techniques [19, 27, 39, 114].
6.1.1. Hot homogenization technique:

This technique is performed at greater temperatures than the lipid’s melting point. A
nanoemulsion due to the liquid state of the lipid is the primary product of hot
homogenization. The high-shear mixing unit obtains a pre-emulsion of the drug-loaded lipid

melt and the aqueous surfactant phase at the same temperature.

Higher temperatures generally lead to reduced particle sizes owing to reduced internal phase
viscosity [115]. High temperatures, however, may increase the drug and carrier's degradation

rate. It is possible to repeat the homogenization step several times. It should be remembered
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that the homogenization of high pressure increases the sample temperature (about 108 ° C for
500 bar) [116].

Solid particles are created by cooling the sample to room temperature or temperature below.
The sample can last several months as a supercooled melt [117]. The above process is shown
in Fig. 3.

Pros [118-120]:

e |t can be used for drugs that are lipophilic and insoluble.
e Many heat-sensitive drugs can be treated securely.
Cons [118-120]:

e Not appropriate for incorporating hydrophilic drugs in SLN owing to low entrapment

efficiency.

e Temperature-induced drug degradation.
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Lipid phase Aq. phase v
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 ———
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t.‘l ‘J
Solid lipid nanoparticles Colloidal emulsion

Figure No. 3: Hot homogenization technique.
6.1.2. Cold homogenization technique:

Cold homogenization technique is created to beat the subsequent three hot
homogenization problems such as temperature-induced drug degradation, drug allocation
into the aqueous stage and complexity of the nanoemulsions crystallization step leading to

multiple medications and/or supercooled melts.
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The first propaedeutic stage is the dispersal or solubilization of the drug in the lipid melt.
However, the remaining steps are distinct. The drug-loaded lipid melt is rapidly cooled
(e.g.using liquid nitrogen or dry ice). The drug is homogenously spread within the lipid
matrix due to the elevated cooling rate. By ball or mortar milling, the solid, drug-loaded lipid
is milled to microparticles in the size range between 50 to 100 um. In a cooled emulsifiers
solution, the solid lipidic microparticles are distributed. The pre-suspension is homogenized
at or below room temperature by elevated pressure [121]. The cold homogenization
minimizes sample thermal exposure due to the melting of the lipid/drug-mixture in the

preliminary phase.

Pros [19]:

e Low capital cost.

e Demonstrated at lab scale.

Cons [19]:

e Energy-intensive process.

e Polydispersity distributions.

6.2. High-pressure homogenization and ultrasonication technique:

For the formation of solid lipid nanodispersions, both high-pressure homogenization and

ultrasonication techniques are used [27, 122, 123].

Lipidic material is heated above its melting point to about 5-10 ° C. The lipid melt is spread
in an aqueous surfactant solution to form an emulsion under large velocity stirring at the
same temperature. Thereafter, sonication decreases the emulsion droplet size. Continuous
cooling of the hot emulsion below the temperature of lipid crystallization results in the
dispersion of lipid nanoparticles. Dispersions of lipid nanoparticles can be acquired through

the method of ultracentrifugation [124]. The method above is shown in Fig. 4.
Pros [19, 125]:

e Reduced shear stress.

Citation: Sujit Nayek et al. ljppr.Human, 2019; Vol. 16 (3): 76-113.



www.ijppr.humanjournals.com

Cons [19, 125]:
e Potential metal contamination.

e During the storage conditions, physical instability likes particle growth.

Y

J
Lipid phase Aq, phase \ - Pre- emulsion

(Lipid + Drug) Emulsion Fﬁ

v

Heating lipid phase
materials and aq. phase

Dispersing lipid meltin ag. Ultrasonication Formation of solid lipid
phase by high shearing nanoparticles by cooling

Figure No. 4: High-pressure homogenization and ultrasonication technique.
6.3.Solvent emulsification or evaporation method:

The hydrophobic drug and lipophilic material are dissolved in a water-immiscible organic
solvent (e.g. cyclohexane, toluene, chloroform) using this method. It is then emulsified using
a high-speed homogenizer in an aqueous solution. The coarse emulsion moved through the
microfluidizer instantly. Then, mechanical stirring evaporates the organic solvent at room

temperature and decreased pressure to precipitate SLNs [45, 126].

The mean particle size here relies on the organic phase lipidic concentration. With low lipid
load (about 5 percent) related to organic solvent, it is possible to acquire a very tiny particle
size [16].

Pros [16, 19, 45, 126, 127]:

Small particle size around 24 nm.

Formed a low viscous system.

Low input of energy.

Continuous process and scalable.
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e Commercially demonstrated.

Cons [16, 19, 45, 126, 127]:

Polydispersity distributions.

Instability of emulsion.

Lipid insolubility in an organic solvent.

Damage to the biomolecular system.
6.4.Solvent emulsification-diffusion method:

The solvent (e.g. ethyl acetate, isopropyl acetate, benzyl alcohol, methyl acetate) must be
partly miscible with water in the solvent emulsification-diffusion method. Primarily, both
water and solvent are saturated equally to guarantee both liquid's original thermodynamic
balance. The saturation step is conducted at that temperature when heating is needed to
solubilize the lipid. Both drug and lipidic material are dissolved in the water-saturated
solvent. This organic phase is emulsified using a mechanical stirrer with a solvent-saturated
aqueous solution that contains a stabilizer. Following this development of oil in water
emulsion, water in proportion varies from 1:5 to 1:10 added to the scheme allowing solvent
diffusion into the continuous phase for forming lipid aggregation in the nanoparticles.
Ultimately, vacuum distillation or lyophilization eliminates the diffused solvent and produces

SLNs [18]. The above process is shown in Fig. 5.

Organic solvent-in-water
emulsion

Water saturated organic Solvent saturated aq. ’ Solid lipid nanoparticles
solvent ( solubilising drug) phase Jd (SLNs)

—> [ —

\_l_i

2 Precipitation of SLNs b
Eqilibration of two phases Mixing of organic and aq. st 4

phases quick addition of water

Figure No. 5: Solvent emulsification-diffusion method.
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6.5.Micro emulsion-based method:

The micro emulsion-based method relies on microemulsion dilution. Microemulsions are
biphasic systems consisting of internal and external phases (e.g. w/o microemulsions). They
are made by stirring an optically transparent blend at a temperature 65 to 70 ° C, which
generally consists of free fatty acids (e.g. stearic acid) at the low melting range, surfactants
(e.g. poloxamer 188), co-surfactants (e.g. polyethylene glycol) and water. The hot
microemulsion is dispersed under mechanical stirring in cold water at a temperature of 2-3 °
C to form lipid particle suspension. Ultrafiltration scheme washes the lipid-containing
particles with dispersive medium and obtains SLNs. High-temperature gradients promote
quick lipoid crystallization and prevent aggregation [128]. The method above is shown in
Fig. 6.

Pros [19, 128]:

Low mechanical energy input.

Theoretical stability.

Cons [19, 128]:

Highly susceptible to change.

Low levels of nanoparticles.

Hot microemulsion

Lipid phase Aq. phase
{Lipid+Drug)
o] — —
Heating#ptdand ag Dispersing lipid melt Formation of solid lipid
phase in ag. phase nanoparticles(SLN)

Figure No. 6: Micro emulsion-based method.
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6.6.Supercritical fluid (SCF) technology:

Supercritical fluid technology is a novel SLN manufacturing technique. When its pressure
and temperature exceed their respective critical value, a fluid is called supercritical. A gas
cannot be liquefied above the critical temperature by raising the pressure. As the pressure
rises, the gas density improves without important viscosity rises. Many gasses such as ethane,
ammonia, carbon dioxide (CO2) and CH2FCF3 have been tested, but carbon dioxide is the
good choice for this method as it is secure, readily available critical point (31.5 °C, 75.8 bar),
does not cause drug product oxidation, it is cheap, non-inflammable, environmentally
acceptable. Organic solvents (e.g. Dimethyl sulphoxide) are generally totally miscible in
carbon dioxidein the SCF technique. This technology includes a number of procedure for
producing nanoparticles such as aerosol solvent extraction solvent (ASES), rapid expansion
of supercritical solution (RESS), particles from gas saturated solution(PGSS), supercritical
fluid extraction of emulsions (SFEE), solution enhanced dispersion by supercritical fluid
(SEDS), gas/supercritical antisolvent (GAS/SAS). PGSS and SAS are mostly used to prepare
SLNs [26]. The method above is shown in Fig. 7.

Pros [129]:

e Particles are produced in the form of dry powder.

e Moderate temperature and pressure conditions are required.
Cons [129]:

e Very expensive method.

Lipid phase Ag. phase
(Lipid + Drug)

| —» |

—
+ — H
N
Homogenization ~d
Supercritical fluid
§ (e.g.CO2)
Heating lipid and aq. Formation of Emulsion
b ol
d’oooo

Colloidal Emulsion

Solid lipid nanoparticles (SLN)

Figure No. 7: Supercritical fluid (SCF) technology.
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6.6.1. Gas/supercritical antisolvent (GAS/SAS) method:

The supercritical fluid acts as antisolvent in this process to generate solids that are insoluble
in SCF. Initially, SCF is dissolved in an organic solvent. The solid material is then
crystallized, causing the intimate mixture of liquid and fluid to result in liquid growth and
precipitation of particles. The absence of control over the formation of particles is the major
drawback of this method. For the preparation of spherical lysozyme nanoparticles, a modified
SAS method is used [26].

6.6.2. Particles from gas saturated solution (PGSS) method:

In the PGSS method, the SCF is dissolved in a solvent substratum solution, or a liquid
substratum, or a solvent substratum suspension followed by a quick depressurization of the
mixture by a nozzle to form SLNs. This method has the benefit of producing particles of a
wide range of substances that have no solubility in supercritical fluid CO2. This method
produces insulin nanoparticles in which the dimethyl sulphoxide solvent used is atomized to
supply insulin SLN (< 500 nm) with the lipid blend (Tristearin, Phosphatidylcholine,
Dioctylsulfosuccinate) [26].

6.7.Solvent injection method :

In solvent injection method, the lipidic material is dissolved in water-miscible solvent (e.g.
isopropanol, acetone, and ethanol). Then, by constant stirring, this lipidic material and
solvent combination is injected in aqueous solution with or without surfactants through an
injection needle. The resulting dispersion is filtered to remove any surplus lipidic materials
with a filter paper. The existence of a surfactant in the aqueous phase enables the injection
site to generate lipid droplets and stabilizes solid lipid nanoparticles [19, 130]. This process is

shown in Fig. 8.

Pros [19]:

e Use of organic solvent that is pharmacologically appropriate.
e FEasyto use.

e Fast manufacturing without any advanced machinery.
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Injection of organic solvent
into ag. phase
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Formation of Solid lipid
nanoparticles

Organic solvent mixture

Figure No. 8: Solvent injection method.
6.8.Membrane contactor technique:

Recently, the method of membrane contactors is a novel technique for preparing SLNs. In
this technique, the liquid phase is pushed through the membrane pore at a temperature above
the lipid's melting point, swallowing the formation of tiny droplets as shown in Fig. 9. The
aqueous solution is continuously stirred and circulates in the membrane module tangentially,
sweeping away the droplets formed at outlets. By cooling the above solution at room

temperature, solid lipid nanoparticles are created [26].
Pros [26, 129]:

e Control of the SLN size.

e Scaling up ability.

e The facility of use.

Cons [26, 129]:

e Clogging of the membrane.
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Passage of aq. phase nanoparticles(SLN)
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Figure No. 9: Membrane contactor technique.
6.9.Double emulsion method :

The double emulsion method is appropriate for SLNs comprising peptides and hydrophilic
active pharmaceutical ingredients. In melted lipid mixture, an aqueous drug solution is
emulsified to form primary W / O emulsion and stabilized with appropriate excipients. The
primary W / O emulsion is dispersed to form a double W / O / W emulsion in the aqueous
solution of the hydrophilic emulsifier. Then, through filtration, the double W / O / W
emulsion is continually stirred and isolated. Comparatively, this method obtains big particles
[131]. The method above is shown in Fig. 10.

Primary w/o emulsion W/0/W emulsion Solid lipid nanoparticles

(SLN)
Lipid materials Aq. phase solution \ } f

of drug

Heating lipid materials and Dispersing drug Dispersing primary Precipitation by
aq. phase solution solution in lipid melt emulsion in secondary  cooling
aq. phase

Figure No. 10: Double emulsion method.
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7. STABILIZATION OF SOLID LIPID NANOPARTICLES:

The stability of solid lipid nanoparticles depends primarily on the physicochemical stability
of lipid in its form of nanoparticles, as it is more likely to degrade and coalesce [119, 132].
Some external parameters like light and temperature seem to be of main significance during
storage and shipping for long-term stability. Components of SLNs should have a small size
distribution in the event of chemical stability to prevent crystal growth through Ostwald

ripening [121].

For the improvement of SLN's physical and chemical strength, the lyophilization technique is
successful. Also, conversion into a solid shape will stop Ostwald ripening and prevent the
hydrolysis. The solid-state of lyophilizes is anticipated to have greater physical and chemical
stability than aqueous dispersions of lipids. There is a need for two extra transitions between
the formulations that could be the cause of extra stability issues. The first transition includes
the freezing of the sample from water dispersion by evaporating the water under a vacuum.
Sample freezing may trigger issues of stabilization owing to the freezing effect resulting in
modifications in osmolarity and pH. The next transition is resolubilization involving at least
in its preliminary phases, favoring particle aggregation (high particle and low water content,

elevated osmotic pressure) [16, 21].

To get rid of this problem, it is necessary to add specific excipients before freezing and
protects the suspension of the nanoparticulate. Adding cryoprotective agents (e.g. sorbitol,
glucose, mannose, and trehalose) will be crucial to decrease SLN aggregation and improve
dry product redispersion [16, 133]. The cryoprotective agent is added to the sample when the
highest outcomes are achieved before homogenization [134]. The spray drying may be
another operation for lyophilization to turn aqueous solid lipid nanoparticles dispersion into a
dry form. This technique is rarely used to form SLNs [27].

8. CHARACTERIZATION TECHNIQUES OF SOLID LIPID NANOPARTICLES :

The techniques of characterization should be susceptible to the main SLN performance
parameters. However, the characterization of solid lipid nanoparticles is a severe task owing
to the complexity of the system and colloidal particle size [16]. Table 3 shows the different

techniques used to characterize SLNSs.
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Table No. 3: various techniques used to characterize SLNs

Evaluation Analytical techniques or instrumentations Ref.
parameters

Scanning electron microscopy
Morphology study of | Transmission electron microscopy

shape and surface

Atomic force microscopy
Phase-contrast optical microscopy

Vesicles size and
size distribution
study

Scanning electron microscopy
Photon correlation spectroscopy
Optical microscopy

Surface charge,
surface pH and
electrophoretic
mobility study

Measurement of zeta potential
pH-sensitive probes
Laser light scattering technique

Density
measurement

Gas pycnometer

Molecular weight

Size exclusion chromatography

Viscosity
measurement

Brookfield Viscosimeter

In vitro drug release
study

Dialysis membrane apparatus

Surface
hydrophobicity study

X-ray photoelectron spectroscopy Synchrotron radiation X-
ray
Contact angle measurement

[135-139]

8.1.Particle size and zeta potential measurement:

The strongest methods for particle size measurements are photon correlation spectroscopy
and laser diffraction. Due to problems in evaluating tiny nanoparticles, the Coulter Counter
technique is rarely used to measure SLN particle size.

Photon correlation spectroscopy (commonly known as dynamic light scattering) measures the
fluctuation of the scattered light intensity induced by the motion of particles. A size variety
from a few nanometers to about three microns is covered by this technique. Photon
correlation spectroscopy is, therefore, a useful instrument for characterizing nanoparticles.
Laser diffraction measurements can visualize them. This technique is primarily based on the
diffraction angle on the particle radius. Smaller particles cause additional intense scattering at

large angles compared to bigger particles [140].

A sophisticated microscopic technique, Atomic Force Microscopy is used to picture the

particle's initial unchanged shape and surface characteristics. Atomic Force Microscopy
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measures the force acting between the sample surface and the tip of the probe, when the
probe is held close to the sample, resulting in a spatial resolution of up to 0.01 nm for
imaging [19]. It is sufficient to prepare specimens for biological compounds by putting a drop
of sample dispersion or solution on a washed mica substratum or microscope slide. The
benefits of this technique are the simplicity of sample preparing, as there is no need for

vacuum during the procedure and the sample must not be conducive [141, 142].

In a study, Dingler used Electron microscopy and Atomic force microscopy to investigate
cetyl palmitate solid lipid nanoparticles (stabilized by polyglycerol methyl glucose distearate,
TegoCare ® 450) [143, 144]. Both techniques indicate an almost spherical particle shape.
Westesen recorded different SLN shapes such as platelet or cubic patterns for SLN,

composed of high purity lipidic materials like free fatty acids, triglycerides [55, 145].

Measurement of the zeta potential is crucial for estimating the colloidal dispersion storage
stability. The physical stability of the optimized distributed SLN generally exceeds 12
months. Overall, particle aggregation is a smaller amount that can happen to owe to electrical
repulsion for the particles which have high zeta potential. However, it cannot be applied to
systems that contain steric stabilizers, as the adsorption of steric stabilizers will reduce the
zeta potential owing to the shift in the particle's shear plane [19, 146].

8.2.Crystallinity measurement, lipidic material modification, and evaluation of another

colloidal structure including time scale of distribution procedures:

Analysis of particle size is crucial for characterizing the quality of SLN. Special consideratio
n must be given to characterizing the degree of lipid crystallinity —and lipidic  material
modification, as these parameters are heavily correlated with release rate and drug

incorporation [135].

X-ray scattering and Differential scanning calorimetry are used to study lipid status.
Differential scanning calorimetry utilizes the fact that different lipid modification possess
different melting enthalpies and melting points. Using X-ray scattering, the length of the lipid
lattice’s long and short spacing can be assessed. Synchrotron irradiation can solve sensitivity

issues and measure the standard X-ray sources for a long time [55].

Rheometry study helps characterize SLN dispersion viscoelastic characteristics. Brookfield

Viscometer tool can perform it using an appropriate spindle number. Mainly, the viscosity
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relies on the lipidic material dispersed. Newtonian flow becomes non-Newtonian with
increasing lipid content [19, 147]. Lippacher's research showed that the solid lipid
nanoparticles dispersion has greater elastic property than similar lipid content emulsions
[113].

Raman and Infrared qualitative analysis are useful instruments for researching lipids’
structural characteristics. They have yet to explore their ability to characterize SLN

dispersions [148].
8.3.Incorporated drug determination :

The amount of drug incorporated in the formulation of SLN affects the properties of drug
release. The amount of drug contained per unit weight of nanoparticles is determined after the
lipidic materials and free drugs are separated from the liquid medium. This separation can be
accomplished by centrifugation filtration, ultracentrifugation. Standard analytical techniques
such as spectroflurophotometry, spectrophotometer, liquid scintillation counting or high-

performance liquid chromatography can be used to test the drug [128, 149, 150].
8.4.In-vitro drug release :
8.4.1. Dialysis tubing:

The release of drugs in-vitro is performed by a dialysis tube. The SLN dispersion is put in a
pre-washed, hermetically sealable dialysis tube. The dialysis tube is dialyzed at room
temperature against an appropriate dissolution medium. At appropriate time intervals, the
samples are removed from the medium, centrifuged and analyzed for the drug content using

an appropriate analytical technique [128, 149, 150].
8.4.2. Reverse dialysis method:

Several tiny dialysis bags comprising 1 ml of dissolution medium are put in the solid lipid
nanoparticle dispersion in the reverse dialysis method. Then the nanoparticles are moved into
the medium. At appropriate periods, the samples are removed from the medium, filtered and

evaluated for drug content using an analytical technique [128, 149].
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8.4.3. Franz diffusion cell:

The solid lipid nanoparticle dispersion is put in a Franz diffusion cell's donor chamber
equipped with a cellophane membrane. Then, at room temperature, the dispersion of SLN is
dialyzed against a suitable medium. The samples are withdrawn from the medium at a time
intervals and assessed using an analytical method for drug content. Maintaining the sink

condition is necessary [149].
9. PROBLEMS ASSOCIATED IN SLN PREPARATION AND PERFORMANCE:

There are some constraints to these carrier systems. These constraints include drug
degradation caused by high pressure, the small ability for drug loading, the coexistence of

various lipid modification and various colloidal species, the distribution kinetics.
9.1.Drug degradation caused by high pressure:

Free radical is formed due to high pressure and resulting in a reduction in polymers '
molecular weight. For the process of polymer degradation, cavitations are less essential.
Without significant improvements in homogenization efficiency, cavitations can be

suppressed by applying reverse pressure [115, 151].

The most significant parameters to predict drug degradation are the overall molecular
structure and molecular weight. Compounds of long-chain molecules and high molecular

weight are more susceptible than drugs of spherical molecules of low molecular weight [152].
9.2.Considerations of lipid crystallization and inclusion of drugs:

Lipid crystallization is a key parameter for SLN carriers ' efficiency. For the debate of drug
incorporation into the solid lipid nanoparticles, the following four main elements should be

regarded.

e Lipid nanodispersions shape

e Gelation phenomena

e The existence of super-cooled melts

e Presence of several lipid modifications
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9.2.1. Lipid nanodispersions shape:

Lipid nanoparticles shape may vary substantially from a sphere. Compared to the sphere
form, lipids favor crystallizing in the platelet. Platelet shapes compared to spheres have much
bigger surface regions. For stability, greater quantities of surfactants are required. A much

larger quantity of the drugs will be located directly on the particle surface [153].
9.2.2. Gelation phenomena:

Gelation phenomena portray the conversion into a viscous gel of low-viscosity SLN
dispersion. Siekmann researcher proposed that the formation of gel is associated with
procedures of crystallization. Odd surfaces cause the lipid crystals to crystallize or alter. This
process is associated with a rise in the surface of the particles owing to preferred platelet
formation (in b-modification). The new surfaces cannot be sufficiently covered by surfactant
molecules longer. Particle aggregation is, therefore, noted [154]. Gelation can be avoided or
retarded by adding co-emulsifying surfactants (e.g. glycocholate) with high mobility at

optimum temperature range [155].
9.2.3. The existence of supercooled melts:

The primary cause of supercooled melts being formed is the size reliance of crystallization
processes. Crystallization needs to begin with a critical number of nuclei of crystallization.
Small droplets are less probable to form this critical number of molecules. Therefore, with
reducing droplet size, the tendency to form supercooled melts rises. The particle size should
be tracked during the entire process [148, 156].

9.2.4. Presence of several lipid modifications:

Lipid modification determines the performance of the SLN system. This parameter causes the
inclusion of drugs and the release of drugs. Lipid modification involves quality improvement,
reduced density and eventually, increased the ability to integrate guest molecules (e.g. drugs)
[153, 157].

9.3.The coexistence of different colloidal species:

Different colloidal species may cause the formulation to degrade. To clarify the structure of
colloidal lipid dispersions, only detecting the existence of many colloidal species is not
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adequate. Therefore, the kinetics of degradation is determined in the aqueous medium by the
drug's chemical reactivity and drug concentration. Viscosity reduces the diffusion coefficient
of the drug within the carrier by raising the matrix and thus stabilizing the formulation [27,
158].

10. DIFFERENT STUDY FINDINGS ON SLN FORMULATIONS FOR BREAST
CANCER REPORTED BY VARIOUS RESEARCHERS:

Solid lipid nanoparticles have been recognized to be helpful in breast cancer treatment. In this
chapter, we concentrated on numerous research results on SLN formulations for breast cancer
reported by multiple researchers to demonstrate the potential and application of solid lipid
nanoparticles as an antitumor drug carrier. Table 4 shows the examples described in this

chapter.

Table No. 4: Different study findings of SLN formulations for breast cancer reported by

various researchers

EI'N Drug Additives Methods Size Outcomes Ref.
e High docetaxel
Soybean High-pressure encapsulation of in the solid
-~ A 37.17£0. | lipid nanoparticles.
1. Docetaxel lecithin, homogenization 35 nm e Reduced the [159]
Trimyristin method . -
myelosuppression toxicity to
bone marrow cells.
e A higher dosage
Pamityl prodrug Poloxamer High-pressure tolerated.
2. analog of 407 homogenization |~700 nm | e Improve effectiveness. [160]
Capecitabine method e To create the sustained
release capacity.
ggén X[I[tgl e Improved the efficacy_
Docetaxel and ® GMS Hot melt 947 543 and pharmacokinetic profile
3. curcumin(combi Péloxarﬁer emulsification 4On'm_ " | of docetaxel. [161-163]
nation therapy) 188. PEG_ method e Reduced the toxicity in
SA ’ the heart and kidney.
GMS,
Poloxamer 130.40+9 e Enhanced oral
4 Tamoxifen 188, Stearic Solvent A5, bioavailabilit [130]
' citrate acid, Tween | injection method | 243.80%1 Y
80, Sodium 2.33nm
lauryl sulfate
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Emulsification

e Improved breast cancer

Stearic acid, | and low- therapeutic effectiveness
5. Curcumin Lecithin, temperature 40nm o [164]
Tween® 80, | solidification * _Stronger cytotoxicity
’ method against SKBR3 cells.
TEA,
Glyceryl
behenate,
Doxorubicin and Monoo_leate . e Improved encapsulation
of sorbitan The hot melting C
5 a-To_copheroI | ethoxvlated o 298+1 to | of doxorubicin in SLN.
. ylated(s | homogenization [165]
succinate(combi . 79£1nm | e Suppressed tumor
nation therapy) uper-refined | method rowth
polysorbate g '
80™; Tween
80™)
DOPE-PEG-
2000, Egg
PC, Tween
80, Modified 150.7+14 e Higher cviotoxicit
Poloxamer emulsion/solven | .5to g y y
7. Docetaxel 188 t evaporation 178 442 against cancer cells. [166]
Trimyristin, | method 3nm * More effectiveness.
Trilaurin,
Tristearin,
Tripalmitin
Precirol ATO
5, Compritol
888 ATO,
f;l(l;flre | ' e Improved effeqtiveness
_ Polox'amer Mod1ﬁed Micro- | ,o0 0400 ano_l c_hemopreventlve
8. Raloxifene 407 emulsion 5nm activity. [167]
Poléxamer method . Enhanc_:e_d oral
188, Tween bioavailability.
80, Sodium
taurocholate,
DMBA
Palmitic acid High-shegr . * Enhanc_:e_d oral
GMS " | homogenization 1122 bioavailability and reduced
9. Camptothecin Polo>£amer and o 48 6 nm intestinal side effects. [168]
188 ultras_onlcatlon - o Great cytotoxicity of
techniques various cancer cell lines.
L Hot e Good physical stability
10. | Tamoxifen ?I:[\?Vféﬁ ag%ld, homogenization %gg;& with small particle size. [169]
technique ' e Higher electiveness.
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oleic acid,
TEA,
Glyceryl
behenate and
Doxorubicin and | monooleate . 128.0+10 | ° Shovye_d controlled
Sclareol( of sorbitan The hot rr_leltl_ng o doxor_ublcm release at pH
11. LN homogenization 7.4 with enhanced drug [170]
combination ethoxylated hod 219.0+45 I il H
therapy) (Super metho nm release at Jower pHi. .
Refined e More efficient potential.
Polysorbate
80™:; Tween
80T™)
Glyceryl
caprate(Cap
mul®MCM Solvent
C10),Polyeth er%:Iiri]fication- 206 to e Increased release of drug
12. | Doxorubicin ylene diffusion 306 nm atpH 5and pH 7.4. [138]
glycol660hyd method e More efficacies.
roxystearate(
Solutol®HS1
5),Curdlan
Pluronic 85, Modified hot 95+27 | ° Greater sustained drug
. GMS, o Ao | release profiles.
13. | Paclitaxel . homogenization | to 160.3 - . [32]
Hyaluronic technigue +54nm | ® Exhibited higher tumor
acid 7 drug concentration.
Pluronic F68,
Phospholipon
90NG, Hot micro- 17451+ | ® Maximum
14. | Methotrexate Stearyl emulsion 5 lr;m ~ | bioavailability and tumor [171]
amine, L- method ' targeting efficiency.
fucose,
Tween-80
Trimyristin, " e Enhanced anticancer
15. | Paclitaxel EQS%'E'_%'ES_ i%rt‘;]%ag'on zglgﬁi% activity in MCF7/ADR cell | [172,173]
2000 lines.
L e Higher cytotoxic activity
Paclitaxel and ﬁgﬁiﬁg;grd' Modified hot 22830'&10 and cellular uptake in MCF-
16. | Verapamil(comb Sonication ; 7 cells. [174]
o 188, Soy 325.948. .
ination therapy) lecithin method 5nm e Great potential in breast

cancer therapy.
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Abbreviations: GMS: Glycerol monostearate; PEG-SA: Polyoxyethylene (40) stearate;
TEA: Triethanolamine; DOPE-PEG-2000: 1, 2-dioleoyl-Sn-glycero-3-phosphoethanolamine-
N-[amino (polyethylene glycol)-2000]; PC: Phosphatidylcholine; DMBA: Dimethyl
benzanthracene; DSPE: 1, 2-distearoyl-sn-glycero-3-phosphoethanolamine.

11. DISCUSSION AND FUTURE PERSPECTIVES:

In this job, we assessed the features, benefits, and disadvantages of the SLN as well as the
recent work linked to the implementation of SLNs to enhance the real effectiveness of drugs
for breast cancer.

As careful throughout this job, solid lipid nanoparticles are an innovative drug carrier that
enables many of the difficulties associated with traditional drug carriers to be overcome.
However, it is also worth noting that these nanoparticles themselves have certain drawbacks
or issues which demonstrate the need to optimize some of their features.

Overall, many drugs have been integrated with beneficial outcomes in SLNs, [175, 176]as
well as tumors that have been verified for their action [172, 177]. These are the primary

supports for advancement in tumor treatment studies on the use of SLNs.

Therefore, as a future view, a study line centered on the growth of surface-modified SLN
could be of excellent importance in the specific and effective delivery of different types of
tumors, involving separate resistance mechanisms. To find individualized and extremely

efficient therapies, this could be very helpful.
12. CONCLUSION:

It is apparent from this review that the different study groups are increasingly drawn to solid
lipid nanoparticles (SLN) owing to their distinctive characteristics and many benefits over
traditional dosage forms. However, as we stated in this paper, a stronger knowledge of the
formation, nanostructure, and characterization of solid lipid nanoparticles would result in the

rational design of customized SLNs for the therapy of breast cancer.
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