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Abstract  Depression is one of the serious and common 
mental health problems. In a depressed state, one feels low, 
feeble, helpless, which ultimately affects the physical 
health, thoughts and normal functioning of life like (eating, 
sleeping). Oral administration is one of the non-invasive 
methods widely used to introduce antidepressants, which 
has high patient compliance as compared to invasive 
methods such as intracerebral, intrathecal, 
intracerebroventricular. But antidepressants include 
neuropeptides, natural active ingredients, and certain 
chemical agents whose bioavailability is restricted due to 
BBB and first-pass metabolism. To prevail over these 
challenges and enhance drug availability in the brain, 
researchers are exploring alternative delivery methods and 
novel formulations. The intranasal route is one such 
alternative that bypasses the BBB. Additionally, 
innovative formulations like solid lipid nanoparticles, gold 
nanoparticles, polymeric nanoparticles, dendrimers, nano 
emulsion, liposomes, niosomes, nanostructured lipid 
carrier, are being developed to enhance drug delivery to the 
brain. SLNs are particularly promising. These sub-micron 
colloidal carriers, composed of lipids dispersed in water, 
offer higher entrapment efficiency compared to niosomes 
and liposomes. By utilizing these modern drug delivery 
approaches, researchers aim to improve the efficacy of 
depression therapy by ensuring that a significant fraction of 
the delivered drug reaches its target by crossing the BBB. 

Keywords  Depression, Anti-Depressants, Blood Brain 
Barrier (BBB), Solid Lipid Nanoparticles (SLN), 
Intranasal Route 

1. Introduction
Depression is referred as a disorder that affects the 

nervous system. In a depressed condition, one feels 
unhappy. That can affect a person’s thinking, actions, 
physical well-being and circadian rhythm [1]. Depression 
has the potential to impact not just the person experiencing 
it but also those in around them, which includes friends, 
family, and the community. Depression is more common in 
people who have experienced negative life events, such as 
unemployment, death in the family, traumatic events, 
financial problems [2, 3]. As specified by WHO, 
depression impacts about 30 crores people worldwide. An 
estimated 7 lakhs people lose their lives to suicide every 
year so that depression is considered as fourth most 
common cause of death [4]. 

Symptoms of depression include repetitive thinking of 
negative thoughts, low mood, mental distress or discomfort, 
lack of enthusiasm, feelings of guilt, violent nature, 
inability to deal with a situation, retarded cognitive 
processing and reduced physical responsiveness, sleep 
disturbance and loss of appetite. Depression may range 
from a very mild condition to severe depression. It's truly 
vital to treat the depression in early stages. There are 
various treatments for the depression similar as, 
psychotherapy, medications, electroconvulsive therapy, 
herbal remedy [5, 6]. Patients generally accept consuming 
antidepressants due to social environments, psychological 
obligations, and other factors. Several antidepressants 
which are approved by FDA, most of them are 
administered by oral route in tablets or capsules like 
Citalopram, Sertraline, Venlafaxine and Duloxetine, 
whereas Selegiline in the transdermal patch and 
Esketamine in the nasal spray [7]. Even though there are 
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various medications having neurotropic and psychotropic 
effects, mental disorder has not been significantly 
improved by them. This might be the result of the 
numerous barriers that oral antidepressants face in order to 
produce the intended effects, such as low absorption, poor 
bioavailability, hepatic-first pass metabolism and unable to 
cross the BBB [8, 9]. The choice of administration route 
limits the effectiveness of some first-line antidepressants, 
off-label medications, peptides, natural active ingredients, 
and other substances with antidepressant activity. Certain 
medications are still restricted by the BBB and enter the 
liver for degradation even when given intravenously [10]. 

The significant barrier of the Central Nervous System 
(CNS) is the BBB that restricts drugs from being delivered 
to the brain (Figure 1). Its roles include supplying oxygen 
and nutrients from the bloodstream to the brain as well as 
protecting the central nervous system from neurotoxic 
chemical compounds [11]. Practically, complex and high 
molecular weight compounds do not cross the BBB. About 
2% of small molecular compounds can reach the nervous 
system [12]. The BBB comprises multiple types of cells, 
like astrocytes, endothelial cells, and pericytes. Controlled 
BBB permeability is achieved by the tight connections 
between endothelial cells which are assembled of proteins 
like adhesion molecules, occludins, claudins [13]. 

 

Figure 1.  A schematic diagram of blood brain barrier (BBB) 

Micro-vessels are the main pathway through which 
chemicals and toxins enter the brain. There are demeaning 
enzymes present in the brain which prevents the entry of 
various macromolecules and toxins by inactivating them 
[14]. Besides this, efflux transporters which are found on 
the endothelial cells' blood side — use energy to revert 
back passively diffused lipophilic molecules, especially P- 
glycoprotein (P- gp), to the blood [15]. 

2. Brain Drug Delivery Approaches 
To deal with brain disorders, a number of methods for 

delivering API to the brain have been expanded over time. 
Routes for administration and various types of formulation 
are the fascinating area for the treatment of brain disorders 
[16]. 

Drugs for the treatment for depression can be 

administered directly to the brain after invasive surgeries, 
through a catheter, or by locally at the site of action brain 
(Figure 2). These invasive methods are not accepted for the 
treatment of depression, since this pathology requires long 
term treatment. The most studied and extensively accepted 
system of getting the medicament into the brain is through 
the systemic route. Still, the primary hindrance to this kind 
of medication delivery strategy is the BBB [17]. Hence 
design a medication that can be loaded into nontoxic, 
passable nanoparticles that can cross through the BBB. 
Although oral delivery is also possible to be an effective 
way to deliver the medicine to the brain, it has certain 
disadvantages, such as variable absorption rates and 
hepatic first- pass metabolism, which prevent it from 
reaching the targeted point in adequate quantity to show the 
pharmacological action [18]. As there is a connection 
between the nasal route and the central nervous system, 
hence intranasal administration is considered as an 
alternative route to delivering the drug to the CNS. The 
olfactory nerve, trigeminal nerve and mucosal epithelial 
connect the nasal and central nervous systems [19]. 

 

Figure 2.  The major routes for brain delivery 

3. Solid Lipid Nanoparticles (SLNs) 
In the early 1990s, SLNs were considered an alternative 

within nanomedicine. SLNs are submicron-sized range 
colloidal carriers (50-1000nm) and are composed of lipids, 
surfactants, water, drugs (Figure 3). 

 

Figure 3.  Structure of SLN 
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Because of their low cost, ease of large-scale production 
and physicochemical stability, these nanocarriers have 
attracted the pharmaceutical industry. Along with this 
SLN's innovation and flexibility, researchers have paid 
special immersion for delivering nucleic acids, 
nutraceuticals, proteins and peptides [20]. 

In SLNs, the liquid lipid of the emulsion is replaced by 
solid lipid. There are various classes of SLNs based on the 
drug distribution within them (Figure 4). SLNs provide 
some applications like, the ability to provide the target 
action, improve drug stability, high drug loading capacity, 
enhanced bioavailability, no toxic metabolites being 
produced and avoidance of organic solvents [21, 22]. 

 

Figure 4.  Drug partitioning in lipid: A- Homogenous matrix, B- Shell 
enriched with drug, C- Drug-enriched core 

4. Mechanisms of Solid Lipid 
Nanoparticles Transportation 
through BBB [23] 

Drug-loaded SLNs cross the blood brain barrier (BBB) 
through a variety of mechanisms including: 
1. Passive Diffusion 

Passive diffusion is also called as non-ionic diffusion. 
The driving force for this process is the concentration 
gradient. It is energy independent and has two possible 
pathways, such as: Paracellular transport pathway and 
Transcellular transport pathway. 

Paracellular transport pathway: The epithelial tight 
junctions which are made up of several transmembrane 
proteins, like Claudins, Occludins, Junctional adhesion 
molecules (JAMs), etc. The entry of small substances in the 
brain can take place through theses tight junctions. 

Transcellular transport pathway: In this pathway small 
lipophilic molecules can partitioned into the cellular 
membranes from luminal side to abluminal side and 
reaches to the brain. 

2. Carrier-mediated transport (CMT) 

This mechanism involves a component of the membrane 

called as the carrier that binds non-covalently with the drug 
molecules to be transported. The carrier and solute 
molecules form the complex. This carrier-solute complex 
travels across the membrane to the other side where it 
dissociates and discharges the solute molecules. 

Substances can be transported via several carrier 
mediated systems, such as Choline transporter, Glucose 
transporter (GLUT), Monocarboxylic acid transporter 
system (MCT), etc. 

3. Receptor-mediated transcytosis (RMT) 

This process is a promising method for delivering drugs 
through the BBB. The ligands have specificity and higher 
binding affinity for the receptors. It consists of the 
following steps: endocytosis, intracellular vesicular 
trafficking, and exocytosis. 

Endocytosis is initiated after binding of the ligand onto 
its specific target receptor. There is formation of the 
Ligand-Receptor complex. This complex moves inside the 
cell by forming intracellular vesicles and transported 
across the membrane via exocytosis. For the RMT type of 
mechanism leptin, transferrin, and insulin are a few 
examples, where the transferrin-bound iron is a notable 
example of RMT. 

Transferrin is a protein that binds to ferric iron and then 
to the Transferrin Receptor (TfR), allowing iron to enter 
the brain. Research has indicated that both brain tumor 
cells and vascular endothelial cells exhibit high levels of 
TfR1 expression. A complex of nanomedicines along with 
TfR1 targeted molecules such as transferrin, H-ferritin 
(HFn), TfR1-targeted antibodies, TfR1-targeted peptides 
are developed to enhance the drug delivery to the brain. 

4. Adsorptive-mediated transcytosis (AMT) 

The fundamental working principle of this type of 
mechanism is the electrostatic interaction of charged 
molecules, such as negatively charged brain endothelial 
cells and positively charged proteins. Basic oligopeptides 
and cationic proteins can be used for AMT-based drug 
delivery to the brain. The most common proteins 
cationized to enhance uptake by BCECs and delivery to the 
brain via AMT are albumin and immunoglobulin G (IgG). 

Through AMT, large therapeutic molecules like proteins 
and neuropeptides, or even drug-loaded formulations like 
SLNs, liposomes, niosomes and nanoparticles, can be 
conjugated with these cationic substances to gain access to 
the brain parenchyma. 

In the brain, cationized albumin and cationized IgG both 
demonstrated high adsorptive-mediated endocytosis and 
good accumulation. 
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5. Composition of SLNs 
SLNs are commonly made with solid lipids, emulsifiers, 

water and drugs (Figure 5). Based on the various uses, 
more components are also presented, like cryoprotectants 
and preservatives. 

 

Figure 5.  Components of SLNs 

5.1. Lipid 

The primary component of the matrix is the lipid that 
contains the active ingredient in it. During SLNs 
manufacturing, generally physiologically inert lipids are 
used. Hence, it reduces the risk of toxicity [24]. 

 Role of lipid in SLNs formulation [25] 

⁕ To enrich the drug stability. 
⁕ To boost the drug loading capacity. 
⁕ To improve bioavailability of the drugs. 

 Selection criteria of lipids [26] 

1. It should produce small size particles. 
2. It should able to have sufficient loading capacity 

for hydrophilic and hydrophobic drugs. 
3. It should be biodegradable. 

SLNs are produced using a variety of lipids (matrix 
materials), such as cetyl palmitate, tristearin, tripalmitin. 
SLNs made with amorphous type lipids favor successful 

drugs rather than crystal packing lipids. Various lipids used 
during preparation of SLNs and their properties are given 
in the (Table 1). 

5.2. Surfactants 

Surfactants are used to minimize the interfacial tension 
between two immiscible phases. 

 Role of Surfactants [27] 

⁕ Formation of the lipid dispersion melts. 
⁕ The stabilization of the lipid nanoparticles. 

 Selection criteria of surfactants [28] 

1. It should be safe and compatible with other 
excipients. 

2. It should provide sufficient stability to the SLNs. 
3. It should improve epithelial permeability. 

5.3. Co-Surfactants 

Co-solvents, or co-surfactants, similar to surfactants. 

 Role of Co-surfactants [29] 

⁕ Increase the stability of SLNs. 
⁕ Prevention of flocculation in SLNs dispersions. 

Some examples of co-surfactants include: Ethanol, 
Propylene glycol and Polyethylene glycol (PEG). 

5.4. Additional Components 

Along with basic components of the SLNs (lipid and 
surfactants) there are some additional components used 
(Referred to Table 2), like cryoprotectants, preservatives. 
As cryoprotectants, glucose, mannose, lactose, maltose are 
employed in lyophilized SLN formulations, while 
preservatives are used to prevent microbial growth during 
storage and use [30]. 
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Table 1.  Lipids and their functional categories 

Sr. No. Lipids used in 
SLNs preparation 

Properties Functional Category 

1. Glyceryl 
Trimyristate 

Synonym: Trimyristin 
Melting Point: 58.5°C 
Solubility: Soluble in chloroform, ether, ethanol or dichloromethane; 
Insoluble in water 

Emollient, Emulsifying 

2. Glyceryl Tristearate Synonym: Tristearin 
Melting Point: 55-73°C. 
Solubility: Very soluble in acetone, benzene; Insoluble in ethanol 

Skin conditioning, 
Viscosity controlling, 
Emollient 

3 Glyceryl 
Monostearate 

Synonym: Monostearin 
Melting Point: 55–60℃ 
Solubility: Soluble in hot oils, organic solvents; Insoluble in water 

Emollient, Emulsifying 

4 Glyceryl Behenate Synonym: Compritol 888 ATO 
Melting Point: 65–77℃ 
Solubility: Soluble, when heated, in chloroform and dichloro-methane, 
practically insoluble in ethanol (95%), hexane, mineral oil, and water 

Coating agent, tablet 
binder, tablet and capsule 
lubricant, thickening agent, 
viscosity-increasing agent 

5 Glyceryl 
palmitostearate 

Synonym: Precirol 
Melting Point: 52–55℃ 
Solubility: Freely soluble in chloroform and dichloromethane; 
Practically insoluble in ethanol (95%), mineral oil, and water 

Tablet and capsule diluent 
and lubricant 

6 Cholesterol Synonym: Cholesterin 
Melting Point: 147- 150℃ 
Solubility: Soluble in Vegetable oil, acetone 

Emollient, Emulsifying 
Agent 

7 Stearic Acid Synonym: Cetylacetic acid 
Melting Point: ≥54℃ 
Solubility: freely soluble in benzene, carbon tetrachloride, chloroform, 
and ether; soluble in ethanol (95%), hexane, and propylene glycol; 
Practically insoluble in water 

Emulsifying and 
Solubilizing agent 

Table 2.  Excipients used in SLNs production 

Ingredients Examples 

Lipid Stearic acid, Cholesterol, Caprylic/capric triglyceride, Cetyl palmitate, Beeswax, Behenic acid, Glyceryl 
trimyristate, Glyceryl Tristearate, Glyceryl behenate, Glyceryl monostearate, Glyceryl tripalmitate 

Surfactants 

Non-Ionic Surfactants- Poloxamer 188, Poloxamer 407, Poloxamer 182, Sorbitan monooleate 
Anionic Surfactants- Sodium lauryl sulphate, Sodium glycolate 
Cationic Surfactants- Cetrimonium bromide 
Amphoteric Surfactants- Soybean lecithin Egg lecithin, Phosphatidylcholine 

Cryoprotectants Trehalose, Glucose, Mannose, Maltose, Lactose, Sorbitol, Mannitol 

Preservatives Thiomersal 
 

6. Methods of Preparation of Solid 
Lipid Nanoparticles [31] 

Before broadening the application of the SLNs 
formulation in the pharmaceutical market, specific needs 
have to be met, such as low production cost, large scale 
production methods, and compliance with regulatory 
standards. The efficiency of the manufactured SLNs can be 
determined by the compatibility of excipients, drug release, 
drug stability, drug loading capacity, size of the SLNs 

particles and formulation stability. There are several 
methods accessible for developing the SLNs which are 
listed below (Figure 6). 

7. Treatment of Depression Using SLNs 
Conventionally, the antidepressants which are 

administered by the oral route are effective but not 
completely cure the depression, as they meet many 
problems. Thus, SLNs are a strategy to optimize the 
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treatment [32]. To overcome these problems, novel 
formulations are developed. Majorly, SLNs can be useful 
in the brain uptake process, as it can stabilize the drug from 
enzymatic degradation, provides targeted action in the 
brain and is easy to scale up [33]. The conventional 
formulations and the modern approach of novel 
formulation in the treatment of depression are given in 

(Figure 7). The efforts of researchers to develop more 
effective and safe novel formulations are increasing day by 
day. Mainly focusing on the SLNs, the amount of research 
publications in recent decades has expanded gradually. The 
summary of the SLNs for depression along with the 
excipients, publication year and journal name is given on 
(Table 3). 

 

Figure 6.  Techniques for Solid Lipid Nanoparticles preparation 

 

Figure 7.  Formulations and treatments for depression 
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Table 3.  Summary of Solid Lipid Nanoparticles applied in depression 

Sr. No. Drug Name Excipients Year of Publication Journal Name Reference 

1 Venlafaxine Glyceryl Monostearate, Poloxamer188 8 January 2015 Archives of Pharmacal Research [34] 

2 Duloxetine Glyceryl Monostearate, Polysorbate 80, 
Poloxamer 188 

14 December 2011 American Association of 
Pharmaceutical Scientists 

[35] 

3 Paroxetine Glycerol Monostearate, Tween 80 Feb 2023 Artificial Cells, Nanomedicine, 
and Biotechnology 

[36] 

4 Sertraline Glyceryl Monostearate, Poloxamer 188 30 March 2021 IJPSDR [37] 

5 Agomelatine Gelucire 43/01 and Glyceryl 
Tripalmitate 

19 June 2017 Drug Design, Development and 
Therapy 

[38] 

6 Curcumin and 
Dexanabinol 

Stearic Acid, Lecithin, 3 October 2016  International Journal of 
Nanomedicine 

[39] 

7 Curcumin Polysorbate 80, Soy Lecithin 12 October 2011 American Journal of PharmTech 
Research 

[40] 

 

8. Conclusions 
Achieving an appropriate drug concentration in the CNS 

is the foremost challenge in the current treatment of mental 
disorders like depression. The current trend of employing 
nanotechnology for therapeutic treatments has intensified; 
as a result, scientists are discovering new nanomaterials 
with strong therapeutic potential but minimal side effects. 
Different types of biologically active compounds can be 
carried in a variety of functional nanomaterials. 
Lipid-based delivery systems are considered the least toxic 
technology in this field because they are made with 
biologically inert and acceptable lipids and have a great 
deal of potential for encapsulating large amounts of drug. 
Solid lipid nanoparticles have significant attention to 
address various pharmaceutical aspects from the early 
1990s. As there are various applications of SLNs like, drug 
release in a controlled way, maximizing the stability and 
enhancing bioavailability these are numerous applications. 
Apart from these, API is delivered at the targeted site 
which reduces the side effects. A SLNs formulation 
strategy may greatly increase the CNS bioavailability of 
medications that fractionally cross the BBB. Due to SLNs 
superiority it’s utilization in the treatment of brain disorder 
is increases. 
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