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Abstract:  
Depression is the most common stress-related mental illness. It has an impact on millions of individ-

uals globally. Genetic, biochemical, environmental, and psychological elements can all play a role in 
its development. Medications, psychotherapy, and lifestyle changes are frequently used to treat depres-
sion. Antidepressant medications work by altering the levels of certain chemicals in the brain. At the 
same time, psychotherapy aims to help individuals better understand and manage their emotions and 
thoughts, which otherwise may lead to depression. The current treatment strategy for the illness has 
several drawbacks, such as adverse effects, ineffectiveness, long-term use, stigma, and cost-related is-
sues of the medication used. These negative effects underscore the need for more successful and novel 
methods of treating depression, such as the investigation of medication delivery techniques based on 
nanotechnology. Increased medication effectiveness, fewer side effects, long-lasting medication ef-
fects, a good understanding of the neural underpinnings of depression, and the potential for the creation 
of personalized medicines are some of the potential benefits of using nanotechnology in depressive 
disorder treatment. In several scientific domains, nanotechnology has many benefits. Nanoparticles are 
the fundamental building blocks of nanotechnology in this regard. Nanoparticles hold great promise for 
use in medical applications, as recently developed nanotechnology has shown. This review focuses on 
the most popular nanomaterials that are used to treat depression, in addition to how well these nano-
materials are at managing depression based on their physical, chemical, and biological properties. We 
have also talked about the difficulties that the various nanomaterials face, which limit their uses and 
prevent the development of effective clinical therapies.  
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Purpose, Rationale, and Limitations 
This review aims to summarize the state-of-

the-art progress in using nanomaterials as drug 
delivery systems for depression management, 
focusing on their physical, chemical, and bio-
logical properties and the difficulties faced by 
nanomaterials limiting their use, and the devel-
opment of new clinical approaches. 
Introduction: Depression is a psychiatric or 

mental disorder characterized by signs such as 
sadness, hopelessness, or guilt, a lack of interest 
or energy, changes in eating or sleep patterns, 
or other irregularities in behavior. 1 All over the 
world, depression impacts more than 264 mil-
lion individuals, and 850,000 people die every 
year as a result, based on the World Health Or-
ganization (WHO) 2020. 2  

Several clinically recognized conditions have 
been named after depression due to their close 
association with depressive symptoms. One 
such condition is “Dysthymia,” which is char-
acterized by a persistent depressive disorder 
lasting for at least two years. People with dys-
thymia often experience low mood, lack of en-
ergy, sleep disturbances, and hopelessness. An-
other condition is “Seasonal Affective Disorder 
(SAD),” which typically occurs in winter with 
less natural sunlight. SAD is characterized by 
recurring depressive episodes, increased sleep, 
weight gain, and a carbohydrate craving. “Post-
partum Depression” is another well-known 
condition that affects women after giving birth. 
It is characterized by sadness, extreme fatigue, 
and difficulty bonding with the newborn. These 
conditions named after depression highlight the 
diverse ways in which depression can manifest 
and emphasize the importance of accurate diag-
nosis and appropriate treatment.3  

Predisposing factors like genetics and biolog-
ical and environmental factors cause depres-
sion. 4 Neurotransmitters are brain chemicals 
typically out of balance and contribute to de-
pression. Serotonin, Norepinephrine, and Do-
pamine are the three primary neurotransmitters 
at play.5 A loss in energy metabolism, and a 
change in body hormones, are some of the 
pathological causes of depression. 6 There are 
various classes of antidepressant medication 
available today, including tricyclic antidepres-
sants, selective serotonin reuptake inhibitors, 
serotonin, and noradrenaline reuptake inhibi-
tors, which are included in pharmacological 

therapy for depression. 7 Recognizing the heter-
ogeneity of depression is crucial for providing 
personalized and effective treatment ap-
proaches.  

Tailoring interventions to address the specific 
symptoms, subtypes, and underlying causes of 
depression can significantly improve outcomes 
and help individuals on their path to recovery. 8 
The disadvantages of conventional formula-
tions used to treat depression include limited 
penetration, frequent dosing, toxicity, patient 
compliance issues, and brain barriers that make 
it difficult for antidepressant medications to 
penetrate the brain using standard formulations. 
By lowering the amount and frequency of dos-
ing, enhancing the efficacy, and demonstrating 
that it is a secure and efficient technique for 
treating depression, nano-based formulations 
are becoming increasingly popular to get 
around the limits of conventional formulations.  

Nano formulations offer a system with high 
penetration capability, targeted transmissions, 
and better safety and efficiency, which holds 
great promise for managing depression. These 
medications’ nano-forms have special proper-
ties, including a high surface-to-mass ratio and 
quantum-size effects like electron confinement 
with absorption and the capacity to transport 
drugs. These characteristics are essential for 
solving the problem of limited therapeutic ab-
sorption related to using phytochemicals as 
medicines and newer chemical entities.9 Sev-
eral nanoformulations, including ethosomes, 
nanocapsules, dendrimers, silver and gold na-
noparticles, solid lipid nanoparticles, 
nanostructured lipid carriers, and liposomes. 10 

Nano therapy use systems with dimensions be-
tween 10 to 100 nm and special chemical and 
physiological characteristics. Nano prepara-
tions stand out due to their flexibility, plasticity, 
and changeable surface qualities. Nanothera-
peutics offer focused central nervous system 
(CNS) active drug delivery to the brain, crucial 
for medications intended to treat mental dis-
ease. 11,12  

In this review, we address various drug carri-
ers, ligands, and biopolymers that can enhance 
the therapeutic efficiency and bioavailability of 
antidepressants by lowering unfavorable side 
effects and dose frequency to reach safe, desir-
able clinical benefits. The literature survey was 
done using an electronic database such as 
Google Scholar, Science Direct, and PubMed 
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based on the keywords of depression, nano-
materials, and therapy for depression, novel 
drug delivery systems, and clinical studies re-
lated to depression. Studies reported until 2023 
focusing on depression were included to obtain 
factual findings, highlighting the role of various 
drug delivery systems for managing depression, 
and clinical studies related to the same were in-
cluded in the study. 

Routes of administration of antide-
pressants:  

Oral route  
Because of its benefits, including painless-

ness, ease of self-administration, good patient 
compliance, and viability for outpatients, oral 
delivery is the most often used drug administra-
tion route among the several delivery paths. The 
enzymatic and chemical barrier nevertheless 
hinders the efficiency of oral medication ad-
ministration in the gastrointestinal (GI) tract. 13 

Researchers are focusing on improving medica-
tion delivery to improve the effectiveness of an-
tidepressants. Antidepressant sustained-release 
formulations are an example of advances in oral 
drug administration because they have softened 
the plasma drug concentrations maxima and 
minima, reduced adverse effects, and boosted 
tolerance. 14  

The blood-brain barrier is a complicated phys-
iological barrier that prevents harmful chemi-
cals from entering the brain. Biopolymers can 
be used to increase medication permeability via 
the blood-brain barrier and increase neural 
availability. The desirable properties of biopol-
ymers, such as sustained drug release patterns, 
size, durability, biodegradability, biocompati-
bility, and reduced toxicity, make them promis-
ing techniques for the oral delivery of antide-
pressants. 15 The study’s primary goal was to in-
crease venlafaxine’s oral bioavailability be-
cause it is soluble easily in water, travels 
through first-pass metabolism, has a small win-
dow for absorption, and has a brief half-life. 
Unique mucoadhesive multiarticulate drug de-
livery systems loaded with venlafaxine increase 
oral bioavailability and enhance pharmacody-
namic efficacy. 16 Serotonin and norepinephrine 
reuptake are both potently inhibited by duloxe-
tine, while dopamine reuptake is inhibited less 
potently.  

For the management of depressive disorders, 
Sindhu et al. attempted to incorporate duloxe-
tine into an o/w microemulsion for oral admin-
istration. The findings demonstrated that the 
produced oral microemulsion was likewise 
more efficient than the oral drug suspension or 
vehicle, which may be inferred as directly cor-
related with a more efficient brain drug 
transport, resulting in greater serotonin levels 
and, as a result, antidepressant effect. 17 One 
well-known antidepressant, paroxetine, has the 
drawback of limited oral bioavailability due to 
significant hepatic first-pass metabolism. This 
study developed a paroxetine-loaded self-Nano 
emulsifying drug delivery system to improve 
oral bioavailability. By reducing serotonin and 
norepinephrine depletion and improving behav-
ioral activities, paroxetine SNEDDS adminis-
tered orally for depression was better than drug 
suspension. 18  

Intranasal Route  
Antidepressants administered by the intrana-

sal route are an appealing and ensuring method 
for treating mental illnesses because it is non-
invasive, provides a quick onset of action and 
enhanced medicine bioavailability, enable drug 
dosage reduction, and provide a way to bypass 
the blood-brain barrier to some extent and min-
imize systemic adverse reactions.19 These bene-
fits are related to the special anatomy of the na-
sal cavity, which directly connects to the CNS 
and enables the medicine to be delivered to the 
brain. 20 A study was conducted in which in-
tranasal administration of desvenlafaxine-
loaded PLGA-chitosan nanoparticles (172 
nm/+35 mV) significantly decreased depressive 
symptoms and increased the concentration of 
monoamines in the brain compared to desven-
lafaxine taken orally. Desvenlafaxine PLGA-
chitosan nanoparticles delivered via the nose to 
the brain had improved brain/blood ratios and 
pharmacokinetics profiles at various points in 
time.21  

Another study was to create paroxetine 
nanoemulsions for intranasal administration of 
paroxetine to the brain to treat depression. In-
tranasal administration of paroxetine 
nanoemulsion dramatically enhanced the be-
havioral activities of depressed rats as com-
pared to paroxetine suspension (orally adminis-
tered). 22 A non-invasive, secure, and effective 
treatment method is drug delivery by intranasal. 
Another study examined the improvement in 
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duloxetine-containing nanostructured lipid car-
rier (NLC) absorption in the brain following in-
tranasal delivery. Drug targeting potential, drug 
targeting efficiency, and biodistribution studies 
of duloxetine-loaded nanostructured lipid carri-
ers (DLX-NLC) were assessed pharmaco-scin-
tigraphically in various organs, including the 
brain. When compared to intravenous injection 
of the duloxetine solution, the intranasal treat-
ment showed an approximately 8 times greater 
concentration of duloxetine in the brain. Using 
intranasal NLC containing DLX as a depressive 
disorder therapy strategy is beneficial. 23  

Parenteral Route 
The parenteral route of drug delivery has de-

sirable properties such as avoiding hepatic first-
pass metabolism, increased bioavailability, and 
consistent dosages, which increase the effec-
tiveness of antidepressants. 24  

For instance, chitosan nanoparticles contain-
ing sertraline have been developed and ex-
plored as a potential treatment for depression. 
Sertraline nanoparticles were injected intrave-
nously into a rabbit through the vein on the bor-
der of the ear. Sertraline nanoparticles had bet-
ter half-lives and entrapment rates. Due to the 
chitosan’s mucoadhesive qualities, the loaded 
nanoparticles’ plasma bioavailability increased 
when compared to pure medication. The result 
indicated that sertraline’s circulation time was 
enhanced by chitosan-loaded nanoparticles, 

which also improved sertraline’s plasma bioa-
vailability. 25 To manage depression, L-tyro-
sine-loaded nanoparticles have also been pro-
duced, described, and given to rat models. The 
loaded nanoparticles’ size was determined to be 
±141.8 nm, and their entrapment efficiency was 
87.45%. L tyrosine-loaded nanoparticles had a 
sustained release profile of ±86.65% over 48 
hours in vitro tests. The study demonstrated the 
nanoparticles’ safety and increased therapeutic 
efficacy by ±86.65%. The results showed that 
the effectiveness of L-tyrosine-loaded nanopar-
ticles administered parenterally is improved. 26  

Implantation  
Some recent developments in implant tech-

nology focus on mood regulation. One of these 
is implantable neurostimulation technology, 
which can alter electrical nerve activity and be 
applied to treat severe depression.  

Another technique uses input-output interac-
tions or brain-computer interfaces (BCI), 
which, in conjunction with neurofeedback, may 
enable user/computer interface using electrical 
impulses. In the future, these techniques might 
be applied to treating depression. These kinds 
of advances look likely in the short to medium 
term, albeit being in their early stages. Using “a 
closed-loop brain-machine interface,” for in-
stance, neurobiologists led by Miguel No-
colesis announced success in teaching rhesus 
monkeys to consciously manipulate a robot arm 
in October 2003. 27  

 
Fig. 1 Various types of nanoparticles 
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Nanomaterials used as delivery plat-
forms for antidepressants 

There has been a rising demand for the crea-
tion of nanocarriers with a variety of features 
that target various diseases. Nanocarriers have 
superior efficacy, reduced adverse effects, and 
better stability than conventional drug dosage 
forms because of their microscopic size, enor-
mous surface area, and practicable target abil-
ity. 28 Recently created nanomaterials called 
nanozymes have enzyme-like functions. Com-
paring nanozymes to natural enzymes reveals 
they are more structurally stable, less expen-
sive, more functionally diverse, more catalyti-
cally efficient, recyclable, and practical for 
large-scale manufacture. 29 The many kinds of 
nanomaterials employed to treat neurodegener-
ative illnesses are depicted in Figure 1. 

Polymeric nanoparticles 
Polymeric nanoparticles can take the form of 

nanospheres or nanocapsules and are made up 
of a mixture of biocompatible, non-toxic, and 
biodegradable polymers that can be synthetic, 
natural-based, and hybrid polymeric nanoparti-
cle systems are the most often used polymeric 
nanoparticle platforms that have been used for 
brain targeting. The most commonly used pol-
ymers for manufacturing nanoparticles that are 
polymeric include chitosan, albumin, gelatin, 
and alginate, which are all-natural polymers. 
Synthetic polymers like polylactide and poly 
(lactic-co-glycolic acid) (PLGA) are also fre-
quently employed.30,31 The U.S. Food and Drug 
Administration (FDA) has recognized 
PLGA/PLA nanoparticles for use in human 
medications, biodegradable scaffolds, and im-
plantation. 32  

There are two main forms of polymeric nano-
particles: Nanocapsules and nanospheres. The 
vesicular form of Nanocapsules makes them 
useful as drug reservoirs. In an aqueous or 
nonaqueous liquid core that is placed in the vac-
uole cavity and covered by the hardened poly-
meric shell, the retained active pharmaceutical 
ingredients are kept. Nanospheres are solids or 
masses of matrix polymers. In other words, any 
nanosphere can be represented as a total poly-
meric spherical mass in which drug molecules 
may be entrapped at the mass’s surface or ad-
sorbed at the sphere’s center. 33 Polymeric na-
noparticles pass through the blood-brain barrier 
(BBB) via endocytosis. They can also prevent 

the reticular endothelial system from being 
phagocytized, increasing the amount of drug 
concentration in the brain. 34 In one investiga-
tion into the antidepressant effects of L-tyro-
sine-loaded polymeric nanoparticles, improved 
treatment effectiveness and drug safety were 
noted. 26 Gallic acid has been claimed to have 
antidepressant-like properties. This effect may 
be linked to the CNS effects of enhanced cata-
lase activity, decreased glutathione levels, and 
reduced malonaldehyde levels in the brain. 35 A 
study with chitosan:tripolyphosphate=1:1.5 ra-
tio showed that the optimized escitalopram-
loaded nanoparticles displayed a particle size 
range of 60 - 115 nm with a polydispersity in-
dex of 0.117, which TEM further validated. The 
zeta potential was determined to be −1.89 mV. 
The same’s virtually smooth shape was visible 
in the SEM EDX scans. According to the FT-
IR data, there is no contact between the medi-
cation molecules and the polymers. The sus-
tained drug release pattern of ETP nanoparti-
cles was demonstrated in an in vitro drug re-
lease research utilizing a dialysis membrane. 36  

Dendrimers  
Monodisperse, dendrimers are symmetric 

macromolecules with an inner core surrounded 
by a succession of equally branching units. The 
number of arms (and surface groups) exponen-
tially grows with each generation, i.e., propor-
tionally to the reactive groups on the surface.37 
Dendrimers have piqued the interest of many 
researchers as potential drug carriers for several 
neurological disorders because of their desira-
ble properties, including an extended half-life, 
rapid cellular entry, a large amount of drugs ca-
pability, better delivery effectiveness, biocom-
patibility, aimed capability, strength, and de-
creased adverse reactions.38 treating disorders 
of the CNS continues to be challenging for re-
searchers. The BBB inhibits the brain’s move-
ment and interferes with the efficacy of certain 
pharmacological therapies. Promising solutions 
to this problem have been provided by rapid ad-
vances in nanotechnology. As a result, numer-
ous nanocarriers have been developed during 
the past few decades to deliver medications to 
the brain. Highly branching, three-dimensional 
macromolecules known as dendrimers are an 
intriguing drug delivery system because of their 
interior voids and custom-designed surface ac-
tivity. 39 A fresh approach to medication deliv-
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ery by adding venlafaxine-based dendrimer car-
riers to hydrogels. The drug release rate is often 
influenced by the amount of drug trapped in a 
hydrogel. More drug loading increases burst, 
which causes a quicker release rate.40 

Solid-lipid nanoparticles 
The early 1990s saw the development of solid 

lipid nanoparticles (SLNs). Due to their many 
benefits, this delivery system was created to re-
place earlier carrier systems like liposomes, 
emulsions, and polymeric nanoparticles.  

Having a size range of 1–1000 nm, SLNs are 
solid, submicron colloid nanocarriers. The ma-
jority of the particles are between 150 and 300 
nm. The matrix for controlled release provided 
by these drug delivery methods is similar to that 
of polymeric nanoparticles.41 Furthermore, 
SLNs have controlled release features and are 
non-toxic, simple to make, and biodegradable. 
SLNs can potentially enhance the efficacy of 
antidepressant medication administration be-
cause of their appealing qualities. Improved sta-
bility, increased bioavailability, increased epi-
thelial permeability, extended half-life, in-
creased permeability through the BBB, and de-
creased toxicity are all characteristics of 
SLNs.42-43 SLN innovation (e.g., drug incorpo-
ration), potential drug-lipid interactions, and 
targeting approaches for managing various ill-
nesses treated with hesperidin.44 Antidepressant 
administration with SLNs has received a lot of 
research.  

The bioavailability of medications used to 
treat CNS diseases can be improved with the 
help of SLNs. The antidepressant activity of Hi-
biscus rosa sinensis Linn. Plants are exhibited 
by normalizing neurotransmitters serotonin, do-
pamine, and norepinephrine in the brain. The 
current study demonstrated that loading hibis-
cus extract into SLNs successfully enhanced 
the pharmacological effects.45 By administer-
ing a single, much smaller dose (10 times) of 
curcumin-loaded SLNs, which have greater bi-
oavailability and permeability, an antidepres-
sant’s potential is greatly increased.46  

Sertraline is one example of an antidepressant 
medicine whose poor oral bioavailability re-
lates to weakly water-soluble medicines that 
may be successfully delivered using SLNs. The 
improved SLN formulation showed the greatest 
zeta potential value (−36.5 mV), providing 
nanodispersion stability. Compared to pure 
medication, sertraline-loaded SLN showed a 

10-fold greater maximum plasma concentration 
and a 6-fold higher area under the curve. 47 

Nanogels 
Cross-linked polymeric nanoparticles with a 

100 to 200 nm diameter make up the promising 
drug delivery technology known as nano-gels 
(NGs). With quick advancements occurring 
every day, NGs represent an innovative area of 
research. Due to their tiny size, simplicity in 
formulation, enhanced retention period, and 
swelling qualities, NGs that are thought to be 
more appropriate for optimal delivery at the tar-
get site were created.48 After swelling up in the 
water, nano gels can transport oligonucleotides, 
DNA, proteins, low-molecular-weight medi-
cines, and other tiny molecules. In vivo cross-
ing of the BBB by cross-linked nano gels con-
taining oligonucleotides was investigated by 
Vinogradove et al. 49 When given orally, the 
formulation hinders the liver’s first-pass metab-
olism, which causes venlafaxine to act more 
slowly. This issue is resolved when the formu-
lation is loaded onto nano gels, which allows 
the medicine to act more quickly.  

Alginate nano gels filled with venlafaxine 
were created by Hague et al. for intranasal de-
livery. The electrostatic interactions between 
the positive charge formulation and the nega-
tively charged cell membranes provide the nano 
gel’s adhesion and transport capabilities, which 
are facilitated by the positive zeta potential. The 
nano gel released 86% of the medication in 
vitro over 24 hours, showing a controlled drug 
release process. Ex vivo studies on isolated por-
cine nasal mucosa revealed enhanced drug per-
meation. The interaction between an amino 
group on the positively charged alginate and a 
sialic acid residue on the cell membranes and 
tight junctions of the mucosal epithelial cells, 
which are negatively charged, is thought to be 
responsible for mucosal absorption. 50  

Compared to previous nanocarrier systems, 
the nano gels have some advantages, including 
less untimely drug leakage, the ability to encap-
sulate multiple therapeutic compounds in a sin-
gle formulation, and simple delivery through 
parental or mucosal routes. Biosensors, bio-
chemical separation, cell culture, bio-catalysis, 
administration of drugs, and other uses for nano 
gels are just a few. Among the most extensively 
researched uses of nanogels include the admin-
istration of medicines such as nucleic acids, 
vaccinations, cytokines, and nasal vaccines. 51 
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Magnetic nanoparticles 
Magnetic nanoparticles (MNPs) offer a spe-

cial set of properties that have shown signifi-
cant promise in various biomedical engineering 
applications, including bioseparation, contrast 
enhancement for magnetic resonance imaging, 
and intracellular drug delivery.52 The appealing 
qualities of MNPs, such as their magnetic prop-
erties, biocompatibility, low toxicity, and easily 
changing surfaces, have sparked interest in drug 
delivery studies.53 A family of non-invasive im-
aging agents called magnetic nanoparticles 
(MNPs) has been created for magnetic reso-
nance imaging. Historically, these magnetic na-
noparticles were employed for passive targeting 
for disease imaging, but more developments in 
recent years have made it possible to use these 
nanoparticles for cellular-specific targeting, de-
livery of drugs, and multi-modal imaging.54 
While some formulations have already 
achieved clinical approval for usage in thera-
peutic and medical imaging applications, sev-
eral MNPs are currently undergoing prelimi-
nary clinical investigations.55 Excitingly, em-
ploying magnetic nanoparticles to increase the 
therapeutic effect may be a novel approach. Ac-
cording to research by Kong et al., magnetic na-
noparticles could cross the BBB in mice. More-
over, Li et al. administered magnetic nanoparti-
cles containing a Fe3O4 core intravenously to 
rats, which can improve the therapeutic impact 
of transcranial magnetic stimulation. The de-
pression symptoms of the CUMS mice treated 
with repetitive transcranial magnetic stimula-
tion at 10 Hz/0.1 T for 5 days were dramatically 
reduced when our research team created a 
unique superparamagnetic Fe2O3 nanoparticle 
and precisely injected it into the left prelimbic 
cortex.56 

Carbon nanotubes:  
With a diameter of 1 nm and a length of 1–

100 nm, carbon-based tubular structures are 
known as carbon nanotubes. Graphene, a single 
sheet of graphite, can be formed into a seamless 
cylinder to create these structures. The three 
different varieties of carbon nanotubes are C60 
fullerenes, single-walled nanotubes, and multi-
walled nanotubes.51 Carbon nanotubes are con-
sidered promising quasi-one-dimensional nano 

reinforces due to their low density, high aspect 
ratio, and extraordinarily strong mechanical 
properties.57 

Liposomes 
Since their 1965 discovery, liposomes have 

developed a solid reputation as a medication de-
livery mechanism. They are renowned for their 
advantages in biology and technology, biocom-
patibility, biodegradability, controlled drug re-
lease, reduced toxicity, and their capacity to be 
created in various chemical compositions and 
sizes.58  

Liposomes are amphiphilic nanovesicles or 
microscopic lamellae drug delivery systems 
having a spherical form. Small unilamellar ves-
icles, Large unilamellar vesicles, and Multi-
layer Vesicles are the three different types of 
liposomes based on size and the presence of a 
bilayer (Multi lamellae vesicles). Small unila-
mellar vesicles are 20 to 25 nm and contain a 
single lipid. Huge unilamellar vesicles feature a 
single lipid layer with a bigger size >100 nm. 
Several lipid layers are separated by an aqueous 
layer in multilamellar vesicles. Liposomes are 
frequently used to transport drugs to the brain. 
Liposomes have improved the pharmacokinetic 
characteristics of medications for quick metab-
olism and chemotherapeutic treatments and 
have decreased side effects. They have also in-
creased drug stability and solubility. 59 The sta-
bility of vortioxetine hydrobromide was also 
improved by the liposomal formulation. Using 
the tail suspension test on mice, the antidepres-
sant-like effect was present for VXT-Ls at 
doses ranging from 2.5 mg/kg to 10 mg/kg. 60 

Overview of nanocarriers being employed for 
the various delivery techniques listed in Table 
1. 

Characterization of Nanocarriers: Dif-
ficulties and Limitations 

For researchers and regulatory organizations, 
drug-loaded nanocarriers present a variety of 
difficulties (Figure 2). Robust characterization 
techniques, scalable optimization methodolo-
gies, safety regulations, and stability upkeep are 
required to address these issues. 28 
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Table 1: Overview of Nanocarrier’s Applications Using Various Delivery Methods 
Nanocarrier Drug Route  Outcomes Challenges Refs. 
Solid lipid 
nanoparticle  

Agomelatine Intrana-
sal 

Effectively im-
prove the deliv-
ery to the brain 
as well as the to-
tal bioavailability 

The retention and absorption of 
medications are influenced by 
the length, surface areas, vol-
umes, histology, and geometry 
of the nasal cavity and anatom-
ical differences between hu-
man and animal nasal canals, 
which are species-dependent. 

61-62 

Thiolated 
chitosan na-
noparticle 

Selegiline 
hydrochlo-
ride 

Nasal 
route  

For managing de-
pression, strong 
mucoadhesion, 
great permeation 
enhancement, in 
situ gelling na-
ture, and nasal-
to-brain admin-
istration are all 
important factors. 

It is extremely challenging to 
encourage effective drug ad-
ministration through the nasal 
valve because of the compli-
cated geometry of the nasal 
cavity. 

63-64 

Liposomes Paroxetine  Trans-
dermal  

Good bioavaila-
bility, acceptable 
plasma blood 
levels, and a con-
trolled pace, ide-
ally without any 
unwanted side ef-
fects, while also 
enhancing patient 
compliance 

The main drawback of the topi-
cal application of liposomes is 
that liposomes may leak from 
the application location. The 
solution to this problem is to 
incorporate the vesicles into an 
appropriate vehicle that main-
tains the vesicle’s original 
shape while modifying its rhe-
ological and/or mucoadhesive 
qualities. 

65 

Liposomes  Venlafaxine  Trans-
dermal  

Increased entrap-
ment efficacy, 
self-penetration 
enhancing capac-
ity. 

The immune system’s involve-
ment with liposome compo-
nents has made translating re-
search into clinical usage chal-
lenging. The clinical transla-
tion of several liposomal-based 
medicines may be hampered by 
quality control and cost-benefit 
analyses, even at this early 
stage. 

66-67 

Polymeric 
nanoparticle  

Agomelatine  Intrana-
sal 

It improves drug 
bioavailability, 
increases perme-
ability, and in-
creases retention 
time 

The primary causes of using in-
tranasal formulations have 
been identified as the wrong 
extrapolation of the dose from 
animals to humans and the na-
sal anatomical changes be-
tween animal species. 

68-69 

Solid lipid 
nanoparticle  

Duloxetine  Oral  Increased BDNF 
(Brain-derived 
neurotrophic fac-
tor) levels in 
plasma and brain 

The issue in certain created 
SLNs, the strong initial release 
and the low encapsulation, and 
the loading capacity efficiency 
should be addressed. 

70-71 
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Lipid nano-
particle 

Fluoxetine 
hydrochlo-
ride  

Nasal Sustained drug 
release, longer-
lasting, and more 
potent antide-
pressant action. 

The nasal route has become the 
predominant method of medi-
cation administration, although 
there are still challenges with 
nasal aerodynamics, anatomy, 
and physiology. 

72-73 

Polymeric 
nanoparticle  

Agomelatine  Trans-
dermal 

Improved formu-
lation’s particle 
size, polydisper-
sity index, zeta 
potential, and 
percentage of ef-
ficiency of en-
trapment were 
found to be 104.5 
3.98 nm, 0.135 
0.02 mV, (-) 13.3 
0.48 mV, and 
83.6 4.12%, re-
spectively. 

 74 

Chitosan na-
noparticle 

Venlafaxine  Intrana-
sal  

When adminis-
tered intrana-
sally, mucoad-
hesive venlafax-
ine-loaded chi-
tosan nanoparti-
cles improved 
venlafaxine up-
take in the brain. 

There are many ways to make 
chitosan nanoparticles. Still, 
formulators need to modify the 
methods to fit the particular 
drug’s physicochemical char-
acteristics, carefully consider-
ing chemistry, molecular 
weight, and the degree of acet-
ylation of the chosen chitosan. 
Chitosan has so far shown little 
to no toxicity in studies on ani-
mals, and there haven’t been 
any reports of serious adverse 
effects in healthy human vol-
unteers, but there is no clinical 
data. 

75-76 

Solid lipid 
nanoparticle 
(SLN) 

Thymoqui-
none  

Oral  Suspension 
demonstrated an-
tidepressant-like 
activity 

Before SLNs are authorized for 
clinical use, several obstacles 
must be addressed, including 
standardizing the synthetic 
techniques, improving the ster-
ilization procedure, scaling up 
the production processes, and 
solving present stability prob-
lems. 

77-78 

Polymeric 
nanoparticle  

Fluoxetine 
hydrochlo-
ride  

Oral 
muco-
sal 
(buc-
cal) 

Extended-release 
rate, avoids the 
first-pass effect, 
effective and re-
duced side effect 

The creation of the polymeric 
delivery system might be chal-
lenging because of the difficul-
ties of biocompatibility and bi-
odegradable properties. It may 
also be toxic. 

79-80 

Liposomes  Sertraline  Trans-
dermal  

Increased mouse 
striving behavior 

After decades of investigation, 
the protective role of the stra-
tum corneum continues to be 

81 
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and reduced im-
mobility time re-
sult in improved 
antidepressant 
action. 

an issue, resulting in the crea-
tion of new transdermal drug 
delivery systems, a challenging 
task. 

Eudragit-chi-
tosan  

Duloxetine  Oral  After oral admin-
istration, the du-
loxetine-loaded 
eudragit-chitosan 
nanosystem can 
improve duloxe-
tine bio- and 
neuro-availabil-
ity. 

_ 82 

Carbon nano-
tubes 
(CNTs)  

Vortioxetine 
hydrobro-
mide 

  The method’s 
sensitivity comes 
from the con-
trolled interfacial 
adsorption of 
Vortioxetine hy-
drobromide and 
the positive inter-
action with car-
bon nanotube 
sites. 

Particular challenges restrict 
the use of CNTs. Challenges to 
using CNTs in nanomedicine 
include the presence of con-
taminants, non-uniformity in 
morphology and structure, 
large surface area (which pro-
motes protein opsonization), 
hydrophobicity, insolubility, 
and CNTs’ propensity to bun-
dle. 

83-84 

Carbon nano-
tubes  

Amitriptyline   Sulfuric acid en-
hances amitripty-
line electrooxida-
tion by producing 
radical cations 
and one-electron 
oxidation of the 
alkylamine nitro-
gen atoms. 

The toxicity of CNTs is a sig-
nificant challenge. The struc-
tural resemblance between 
CNTs and asbestos fibers has 
been substantially implicated 
in the reported toxicity. There-
fore, the toxicological assess-
ment of CNTs has drawn much 
interest in recent years. 

85-84 

Nanostruc-
tured lipid 
carrier  

Thymoqui-
none  

Nasal 
route  

Using a thymo-
quinone-enriched 
naringenin-nano-
lipid carrier to 
treat depression 
improved brain 
delivery and ther-
apeutic effects of 
the drug. 

Preclinical NLC-based prepara-
tions may not work well in the 
clinical stage for a variety of 
reasons. First, there are ana-
tomical differences between 
human and animal nasal ca-
nals. Second, the amounts of 
IN administrations vary de-
pending on the species. 

86-62 

Chitosan na-
noparticle  

Tramadol hy-
drochloride  

Intrana-
sal  

Antidepressant-
like effects in a 
rat depression 
model. 

Shorter residence period and 
mucociliary clearance. 

87 

Nanostruc-
tured lipid 
carrier  

Silymarin Oral  Similar to fluoxe-
tine in mice, but 
12.46 times bet-
ter than silymarin 
for higher brain 
concentrations. 

Traditional in vitro nanotoxi-
cology is ineffective for the hu-
man body. Also, it compro-
mises the normal function of 
organs caused by increased 
penetration and mobility. 

88-89 
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Niosomes  Sertraline hy-
drochloride 

Trans-
dermal  

The sertraline 
HCl noisome 
demonstrated po-
tential for trans-
dermal delivery 
by producing a 
slow and pro-
longed release of 
sertraline HCl via 
mouse skin. 

One of the biggest problems 
with transdermal medication 
delivery is inter-subject varia-
bility in response. The fact that 
mouse skin has a thin layer and 
different characteristics from 
human skin makes the fact that 
animal models are not always 
attractive more clearly. There-
fore, it is imperative to provide 
evaluation techniques for the 
same. 

90-91 

 
Therapies for depression 
Drug delivery therapy 
It’s crucial for medicine to keep its bioavaila-

bility, pharmacodynamics, and pharmacokinet-
ics to have the most therapeutic effect possible. 
As a result, drug incorporation into or onto pol-
ymeric and/or lipid nanoparticles dramatically 
enhances the medication’s pharmacologic ac-
tion. The use of nanoparticles (NPs) in the drug 
delivery process is advantageous because it in-
creases a drug’s bioavailability by increasing its 
aqueous solubility and prolonging its half-life, 
which lowers the rate of drug clearance and de-
livers the medication to its intended action 
site.92-93 There are many antidepressant medica-
tions on the market that treat depression, includ-
ing SSRIs, MAO inhibitors, and TCAs.94 Some 
clinical trials for drug delivery therapy are in-
cluded in Table 2.  

Music therapy 
The depressive disorders treatment using mu-

sic therapy is effective. Compared to other psy-
chological approaches, it permits the develop-
ment of numerous types of interpersonal com-
munication, opening up various emotional ex-
pression outlets and promoting therapeutic re-
lationships. There is little research on client-
therapist musical interaction, particularly in 
treating depression, although many studies 
have examined client and/or therapist musical 
characteristics.95 A review of current research 
on music therapy and substance abuse treat-
ment guided an experimental receptive music 
therapy study that looked at correlations be-
tween music taste and diagnoses among chil-
dren and teens receiving substance abuse treat-
ment and found that music helped them feel re-
laxed, escape reality, and lift their mood. 
 

 
Fig. 2 Limitations of nanotechnology applications. 
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Table 2: Clinical Trials of Drug Delivery for Depression 
Status Study Title Actual Enroll-

ment and Treat-
ment 

Conditions References 

Completed 
May 23, 

2018 

Pharmacogenet-
ics-informed tricy-
clic antidepressant 
dosing (PITA) 

125 participants 
 randomized con-
trolled clinical 
trial. 

Major depres-
sive disorder  

https://clinicaltri-
als.gov/ct2/show/NCT0354
8675?term=imipra-
mine&cond=depres-
sion&draw=3&rank=13 

Completed 
May 2013 

A study of fluoxe-
tine in major de-
pressive disorder 
(MDD) long-term 
dosing 

200 participants  
20 to 40 mg ad-
ministered orally, 
once daily, for 
approximately 52 
weeks. 

Major depres-
sive disorder 

https://clinicaltri-
als.gov/ct2/show/NCT0180
8651?term=fluoxe-
tine&cond=depres-
sion&draw=2&rank=29 

Completed 
by January 

2014 

Effects of bu-
propion on de-
pression 

80 participants 
participants get 
150 mg of od for 
a week. After 
then, over the 
next five weeks, 
the dosage will 
be raised to 150 
mg bd. 

Depression  https://clinicaltri-
als.gov/ct2/show/NCT0210
4128?term=bu-
propion&cond=depres-
sion&draw=2&rank=1 

Completed 
April 2010 

Biomarkers of an-
tidepressant treat-
ment in adoles-
cents with major 
depression (the 
adolescents MDD 
study) 

26 participants 
One-week single-
blind PBO-lead-
in phase, fluoxe-
tine (FLX) 10 
mg/d for 4 days, 
then 20 mg/d of 
FLX after that. 

Major depres-
sive disorder  

https://clinicaltri-
als.gov/ct2/show/NCT0118
5977?term=fluoxe-
tine&cond=depres-
sion&draw=2&rank=42 

Completed 
May 30, 
2018 

Assessing sympto-
matic clinical epi-
sodes in depres-
sion 

97 participants 
took bupropion 
twice a day for 
six weeks. 

Major depres-
sive disorder 

https://clinicaltri-
als.gov/ct2/show/NCT0359
5579?term=bu-
propion&cond=depres-
sion&draw=2&rank=24 

 
According to studies on active music therapy, 

activities like drumming, improvising, per-
forming to music, and playing musical games 
might reduce depression symptoms by increas-
ing relaxation, comfort, and healthy physiolog-
ical changes.96 Some clinical trials of music 
therapy mention in Table 3. 

Family therapy:  
Family-based therapies for adolescent depres-

sion are promising. In contrast, family 

strengths, including cohesiveness, warmth, psy-
chological support, and family monitoring and 
availability, all work as protective factors in re-
ducing depression.97 Family environment sig-
nificantly influences childhood depression, and 
family therapy can be helpful in treating and 
preventing depression in young people.98 Table 
4 lists a few clinical trials for family therapy. 
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Table 3: Clinical Trials of Music Therapy for Depression 
Status Study Title Actual Enrollment and 

Treatment 
Conditions References 

Completed  
March 2008 

Receptive music 
therapy for the 
treatment of de-
pression 

203 participants 
Over a period of 5 to 15 
weeks, the music is heard 
for 30 minutes in the 
morning and 30 minutes 
in the evening. 

Depressions  https://clinicaltri-
als.gov/ct2/show/NCT00
644527?term=mu-
sic+therapy&cond=de-
pres-
sion&draw=2&rank=3 

Completed  
April 2016 

Treating major 
depressive dis-
order with mu-
sic and low-fre-
quency rhyth-
mic sensory 
stimulation 

20 participants 
The stimulation com-
prises 30 minutes of daily 
stimulation using tracks 
of soothing music that 
have been particularly 
created and mixed with 
gamma frequency noises 
in the 30-70 Hz range. 

Major depres-
sive disorder  

https://clinicaltri-
als.gov/ct2/show/NCT02
685982?term=mu-
sic+therapy&cond=de-
pres-
sion&draw=5&rank=31 
 

Completed 
January 11, 
2021  

Music as an in-
tervention to 
improve hemo-
dynamic tolera-
bility of keta-
mine in depres-
sion 

32 participants 
All 6 ketamine treatments 
will have music delivered 
through headphones, 
starting at the beginning 
of each infusion and last-
ing 55 minutes. 

Depressive 
disorder, uni-
polar depres-
sion, depres-
sion, bipolar 

https://clinicaltri-
als.gov/ct2/show/NCT04
701866?term=mu-
sic+therapy&cond=de-
pres-
sion&draw=5&rank=39 
 

Completed  
April 2014 

Music therapy 
in obsessive-
compulsive dis-
order 

30 participants. 
Receptive music treat-
ment in 12 sessions of 30 
minutes each, under the 
direction of the treating 
psychiatrist. 

Obsessive-
compulsive 
disorder, anxi-
ety, depression  

https://clinicaltri-
als.gov/ct2/show/NCT02
314195?term=mu-
sic+therapy&cond=de-
pres-
sion&draw=2&rank=9 

Recruiting  
July18, 
2018 

Music Interac-
tions for demen-
tia and depres-
sion in elderly 
care 

1000 participants 
The main goal of group 
music therapy (GMT) is 
to provide for each indi-
vidual living with demen-
tia’s psychosocial re-
quirements, which has 
been shown to reduce de-
pressive symptoms. 

Depression, 
dementia  

https://clinicaltri-
als.gov/ct2/show/NCT03
496675?term=mu-
sic+therapy&cond=de-
pres-
sion&draw=2&rank=11 
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Table 4: Clinical trials of family therapy for depression. 
Status Study Title Actual Enrollment 

and Treatment 
Conditions References 

Com-
pleted  

April 
2009 

Designing and 
testing a family 
therapy for adoles-
cent depression 

56 participants  
The cognitive-behav-

ioral family treatment 
that will be created 
throughout this study 
will include 11 to 15 
sessions. 

Depression  https://clinicaltri-
als.gov/ct2/show/NCT00867919?ter
m=family+therapy&cond=depres-
sion&draw=2&rank=2 

Com-
pleted  

Novem-
ber 18, 
2015 

Technology-en-
hanced family 
treatment 

65 participants  
12 sessions of family-

focused therapy plus 
using a mobile app that 
enhances the skill train-
ing taught in the ses-
sions. 

Mood disor-
ders, bipolar 
disorder, major 
depression 

https://clinicaltri-
als.gov/ct2/show/NCT03913013?ter
m=family+therapy&cond=depres-
sion&draw=3&rank=19 

Recruit-
ing  

Septem-
ber 30, 
2022 

Family-centered 
treatment for de-
pression in His-
panic youth 

200 participants  
At three months and 

six months, Metro-
Health research staff 
would follow up with 
all participants (par-
ents) to assess improve-
ments in parent mental 
health outcomes as well 
as satisfaction. 

depression, 
family research, 
teen depression 

https://clinicaltri-
als.gov/ct2/show/NCT05407051?ter
m=family+therapy&cond=depres-
sion&draw=4&rank=23 

Com-
pleted  

October 
1, 2012 

Brief multifam-
ily psychoeduca-
tion for families of 
patients with 
chronic major de-
pression  

49 participants  
Family psychoeduca-

tional therapy every 
two weeks for six 
weeks in addition to 
treatment as usual ad-
ministered by physi-
cians. 

Major depres-
sive disorder 
(MDD) 

https://clinicaltri-
als.gov/ct2/show/NCT01734291?ter
m=family+therapy&cond=depres-
sion&draw=11&rank=34 

 
Electroconvulsive therapy:  
Electroconvulsive treatment (ECT), which 

was first created more than 80 years ago, is a 
crucial, evidence-based medical practice. Using 
brief general anesthesia, a muscle relaxant, and 
continuing oxygenation, this brain stimulation 
technique includes releasing an electrical 
charge to the brain to cause generalized seizure 
for about 30 seconds under controlled settings. 

Two or three times a week, 8–12 treatments are 
typically given during a course. Treatment-re-
sistant mania, catatonia, and severe, occasion-
ally life-threatening depression episodes in uni-
polar and bipolar illnesses can all be effectively 
treated with electroconvulsive therapy (ECT). 
These particular ECT indications have been ap-
proved by the National Institute for Health and 
Care Excellence in the UK.99  
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ECT enhances gamma-aminobutyric acid 
(GABA) levels in the brain and serotonergic 
functioning. The dexamethasone suppression 
test outcomes are normalized since the hypo-
thalamic-pituitary-adrenal axis is also af-
fected.100 Treatment-resistant depression is the 

most frequent indication for ECT in Western in-
dustrialized countries, where it is administered 
to over 1.4 million patients annually.99 Table 5 
lists some ECT clinical trials.  

 

Table 5: clinical trials of ECT for depression. 
Status and 

Study Starts 
Study Title Enrollments and Treat-

ments 
Conditions References 

Completed  
June 2011 

Neurorestorative 
effects of electro-
convulsive ther-
apy (ECT) in pa-
tients with severe 
late-life depres-
sion  

110 participants;  
ECT was administered 
twice a week with a con-
stant-current brief-pulse 
device. 

Depression  http://cuts2.com/r
XoJd 

Recruiting  
October 29, 
2018 

Ketamine versus 
ECT in depression 

240 participants  
For three to four weeks, 
participants underwent 
ECT therapy three times 
per week. If the individ-
ual responds, they will 
continue to receive ECT 
for the duration of the 
trial, at the treating physi-
cian’s discretion and in 
accordance with best 
practice recommendations 
for frequency. 

Depressive dis-
order, major, 
bipolar depres-
sion 

http://cuts2.com/F
Xxhi 

Completed  
January 2008 

Randomized con-
trolled trials of 
electroconvulsive 
therapy (ECT) in 
relapse prevention 
in depression  

56 participants Unilateral 
brief pulse ECT weekly 
for the first 6 weeks and 
thereafter every 2 weeks 
for a total of one year. 

Depressive dis-
order, major 

http://cuts2.com/J
vDQy 

Completed  
August 2012 

A study compar-
ing magnetic sei-
zure therapy 
(MCT) to electro-
convulsive ther-
apy (ECT) for de-
pression in older 
adults 

18 participants  
Brain stimulation by mag-
netic means versus elec-
trical standard unilateral 
electroconvulsive ther-
apy. Treatment will be 
administered 3 times a 
week. 

Depression, 
major depres-
sive episodes, 
bipolar disorder 

http://cuts2.com/
AhCjr 

Completed  
April 2008 

A randomized 
controlled trial for 
treatment-resistant 
depression in bi-
polar disorder  

73 participants  Bipolar disor-
der  

http://cuts2.com/
NDkEO 
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Cognitive therapy:  
The introduction of cognitive therapy, created 

by Aaron T. Beck during the past 40+ years, has 
been one of the key advancements in managing 
depression.101 The basis of cognitive therapy is 
that cognition, or the process of learning new 
information and creating beliefs, is a major fac-
tor in mood and behavior. The writers review 
the fundamental theories of cognitive therapy 
before discussing how it can be used to treat de-
pression. The typical length of treatment for 

cognitive therapy is 12 to 20 sessions. During 
the first few weeks of therapy, twice-weekly 
sessions may be planned, followed by weekly 
sessions. Those who are severely depressed, 
however, may require three or more sessions of 
therapy each week.102 According to research, 
CT is occasionally better than other psychother-
apies but is roughly equivalent to behavior 
treatments. There have been numerous random-
ized clinical trials of cognitive treatment for de-
pression over the years.103 In Table 6, a few cog-
nitive therapy clinical trials are mentioned.  

Table 6: Clinical trials of cognitive therapy for depression. 
Status Study Title Enrollment and 

Treatments 
Conditions References 

Completed  
October 
2010 

Mindfulness-
based cognitive 
therapy (MBTC) 
for chronic depres-
sion 

106 participants 
Following a first intro-
duction session, an in-
structor leads eight 
weekly 2.5-hour 
group sessions for the 
MBCT program. 

Chronic major 
depression 

https://clinicaltri-
als.gov/ct2/show/N
CT01065311?term=
cognitive+ther-
apy&cond=depres-
sion&draw=2&rank
=5 

Completed  
October 
2016 

Clinical and bio-
logical markers re-
sponse to cognitive 
behavioral therapy 
for depression 

41 participants 
20 individual 60-mi-
nute appointments for 
16 weeks. 

Depression  https://clinicaltri-
als.gov/ct2/show/N
CT02883257?term=
cognitive+ther-
apy&cond=depres-
sion&draw=2&rank
=6 

Completed  
September 
2016 

Efficacy of trial-
based cognitive 
therapy and behav-
ioral activation in 
the treatment of 
depression  

76 participants 
Patients with MDD 
using antidepressants 
plus trial-based cogni-
tive therapy. 

Major depres-
sive disorder  

https://clinicaltri-
als.gov/ct2/show/N
CT02624102?term=
cognitive+ther-
apy&cond=depres-
sion&draw=3&rank
=11 

Completed  
August 10, 
2018 

Effectiveness of 
cognitive behavior 
therapy for a per-
son with depres-
sion 

148 participants 
One session per week. 
6-8 sessions. 

Depression  https://clinicaltri-
als.gov/ct2/show/N
CT05724680?term=
cognitive+ther-
apy&cond=depres-
sion&draw=5&rank
=38 

Completed  
June 2013 

Computer-assisted 
cognitive behav-
ioral therapy for 
adolescent depres-
sion 

216 participants Depression  http://cuts2.com/Ds
ZtU 
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Gene therapy:  
Although gene therapy is a new technology, it 

has some proven effective therapies, such as for 
ophthalmologic disorders and muscular dystro-
phies. Regarding neurological illnesses, the 
complexity of the BBB and CNS makes it dif-
ficult to produce new medications, but gene 
therapy could get around these problems. None-
theless, it continues to have CNS cell targeting 
and vector delivery issues. Now, aromatic L-
amino acid decarboxylase (AADC) has been 
successfully treated using integrating (LV) and 
nonintegrating (AAV) vectors, giving us fan-
tastic examples to modify the TPH2 gene in de-
pressive patients. Later, the transposon system 

emerges as it is shown to have a greater capac-
ity to transport therapeutic genes than viral vec-
tors. RNA interference is another potential 
choice. One investigation suggests that siRNAs 
can be transmitted into the human brain by di-
rectly injecting lipopolymeric nanoparticle siR-
NAs into mouse brain tumors. This signifi-
cantly slows the growth of tumors. On the other 
hand, a 5-HT breakdown can be inhibited by 
siRNAs that target the 5-HT uptake 2 transport-
ers, serotonin transporter, or monoamine oxi-
dase enzymes on the membranes of non-sero-
tonergic neurons. These studies suggest that 
gene therapy for depressive disorder is a real 
possibility.104 Some clinical trials of gene ther-
apy are mentioned in Table 7. 

Table 7: clinical trials of gene therapy for depression. 
Status Study Title Actual Enrollment and Treat-

ment 
Conditions References 

Completed 
June 2015 

Phar-
macogenom
ics decision 
support 
with gene 
sight psy-
chotropic to 
guide the 
treatment of 
a major de-
pressive 
disorder 

542 participants 
All participants’ patient DNA will 
be obtained, and variations in both 
medication target genes and drug-
metabolizing genes will be ana-
lyzed. 

Depressive dis-
order major, de-
pression 

https://clinical-
tri-
als.gov/ct2/sho
w/NCT0246647
7?term=gene+th
er-
apy&cond=de-
pres-
sion&draw=2&r
ank=7 

Completed 
May 23, 

2018 

Pharmaco-
genetics-in-
formed tri-
cyclic anti-
depressant 
dosing 
(PITA) 

125 participants 
All patients who meet the inclu-
sion requirements will have their 
CYP2C19 and CYP2D6 gene gen-
otypes determined. Patients will 
be assigned to one of four metabo-
lization phenotypes (UM, EM, IM, 
or PM) based on the findings of 
the genetic test. 

Depressive dis-
order- major 

https://clinical-
tri-
als.gov/ct2/sho
w/NCT0354867
5?term=gene+th
er-
apy&cond=de-
pres-
sion&draw=4&r
ank=22 

Completed 
April 2014 

Genomics 
used to im-
prove de-
pression de-
cisions 
(GUIDED) 

1398 participants 
Subjects being tested with Gene-
Sight Psychotropic 

Major depres-
sive disorder  

https://clinical-
tri-
als.gov/ct2/sho
w/NCT0210993
9?term=gene+th
er-
apy&cond=de-
pres-
sion&draw=5&r
ank=31 
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Completed 
July 2003 

Serotonin 
transporter 
genetic var-
iation and 
amygdalar 
activation 
correlate 
with antide-
pressant re-
sponse 

80 participants 
 

Depression  https://clinical-
tri-
als.gov/ct2/sho
w/NCT0045643
0?term=gene+th
er-
apy&cond=de-
pres-
sion&draw=8&r
ank=61 

Completed 
February 

2011 

Pioglita-
zone and 
quetiapine 
XR phar-
maco-
genetic 
study 

42 participants 
Genetic markers in PPARG, 5-
HT2A, CYP3A4, and CYP2C8 
genes known to be related in the 
pharmacodynamics and pharma-
cokinetics of pioglitazone or quet-
iapine XR will be associated with 
treatment response. 

Bipolar disor-
der, major de-
pressive disor-
der 

https://clinical-
tri-
als.gov/ct2/sho
w/NCT0134238
0?term=gene+th
er-
apy&cond=de-
pres-
sion&draw=4&r
ank=62 

 

Examples of other applications of 
nanotechnology:  

Nanotechnology in other medical areas 
Nanoparticles may be used in the medical 

field for therapeutic and diagnostic purposes.108 
Its ability to easily infiltrate human body cells 
due to its nanoscale size makes it favorable for 
several types of cell target therapy, such as ef-
ficient drug delivery to the target cell and accu-
rate disease diagnosis. One further positive as-
pect discovered by studies is that nanoparticles 
can also shelter drugs from degradation due to 
their shield-like characteristics. The usage of 
nanoparticles in medicine spans many different 
types and forms.109 The field of nano psychiatry 
focuses on using nanoparticles to develop med-
ications, therapies, and diagnostic equipment 
for various neurological and mental condi-
tions.5 The herb Hypericum perforatum L., 
sometimes known as St. John’s Wort, has been 
used for decades in traditional medicine, and it 
contains a naturally occurring red plant pigment 
called hypericin (HYP). In-depth biochemical 
studies conducted over the past three decades 
have demonstrated that HYP is a multifunc-
tional drug with medicinal applications, includ-
ing antidepressants and antineoplastics.110 

Immunology 
Nanotechnology takes advantage of the spe-

cial qualities of small things that work together 

as a unit. To create new immunomodulatory 
drugs, materials with nanostructures, such as 
nanoparticles, nanoemulsions, or nanotubes, of-
fers considerable potential because these 
nanostructures can be used to more efficiently 
control or distribute immunologically active 
components to target areas. New generations of 
vaccinations, adjuvants, and immunomodula-
tory medications will be possible with success-
ful uses of nanotechnology in immunology.105 

Food industry 
Nanotechnology has become increasingly im-

portant in the food industry in the twenty-first 
decade. Nano and nano-bio sensors in food ap-
plications are being investigated to enhance 
food safety and identify pathogens. Nanotech-
nology is also employed in food packaging to 
increase the shelf life of produce and reduce 
bacterial counts.106 Citrus essential oils have 
several qualities that are greatly valued in the 
food and agri-food industry and promote well-
ness. Citrus essential oils are widely used in the 
food sector, pharmaceuticals, and cosmetics 
due to their potent antioxidant, antifungal, anti-
bacterial, insecticidal, anticancer, and antide-
pressant characteristics.107 

Agriculture:  
Nanodevices for plant genetic modification, 

diseases of plants diagnosis, treatment of ani-
mals, breeding animals, poultry production, and 
after-harvest care are some of the applications 



Prnano.com, https://doi.org/10.33218/001c.82215  Andover House, Andover, MA USA  
The official Journal of CLINAM – ISSN:2639-9431 (online)  License: CC BY-NC 4.0 

1041 

of nanotechnology in agriculture. Nano formu-
lations of agricultural chemicals are used to ap-
ply pesticides and fertilizers to enhance 
crops.111 

Conclusion 
In this review, we address various drug carri-

ers, ligands, and biopolymers that can enhance 
the therapeutic efficiency and bioavailability of 
antidepressants by lowering unfavorable ad-
verse effects and dose frequency to reach safe, 
desirable clinical benefits. Although more in 
vivo research is required to confirm the safety 
of the biopolymers and nanocarriers, in vitro 
and in vivo experiments using nanomedicines 
showed promising results in managing depres-
sion. Hence, the application of nanocontainer 
systems for the administration of antidepres-
sants, antipsychotics, and medications for the 
management of neurodegenerative illnesses can 
help to enhance patient quality of life and con-
tribute to more effective therapy. Several anti-
depressant medications with nanoformulations 
are now being tested in laboratories. According 
to research statistics, nanotechnology will soon 
be used frequently in psychiatry. 

Different nanoparticle-based approaches have 
been used extensively for diagnosis, including 

polymeric micelles, liposomes, and inorganic 
nanoparticles with different organic or inor-
ganic components. Although this method has 
improved imaging capabilities in vitro, in vivo 
targeted distribution still poses the biggest chal-
lenge for many nanoparticles. The development 
of stimuli-responsive delivery systems, which 
can change their modality only in response to 
certain biological and chemical alterations in 
the disease site’s microenvironment, such as 
temperature, pH, enzyme levels, and oxygen 
concentration, has received a great deal of at-
tention in recent years as a means of overcom-
ing these limitations.112 Scale-up of nanocarri-
ers, the investments needed for advanced in-
strumentation, the viability of developing pa-
tient-friendly oral formulation, the reproduci-
bility of physical characteristics and in vitro/in 
vivo efficacy for large-scale batches, the cost-
to-benefit ratio for nanocarriers, and the signif-
icant variations in human population pharmaco-
kinetics are just a few of the many factors that 
must be taken into consideration. Only formu-
lations that spontaneously emulsify and nano-
suspension have overcome these obstacles and 
entered the pharmaceutical market.113 Sele-
giline is a medicine now available on the mar-
ket and used clinically via transdermal 
patches.114 
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