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 Abstract: Blood-Brain Barrier (BBB) acts as a highly impermeable barrier, presenting an impediment 
to the crossing of most classical drugs targeted for neurodegenerative diseases including Parkinson's 
disease (PD). About the nature of drugs and other potential molecules, they impose unavoidable dose-
restricted limitations eventually leading to the failure of therapy. However, many advancements in 
formulation technology and modification of delivery approaches have been successful in delivering the 
drug to the brain in the therapeutic window. The nose to the brain (N2B) drug delivery employing the 
nanoformulation, is one such emerging delivery approach, overcoming both classical drug formulation 
and delivery-associated limitations. This latter approach offers increased bioavailability, greater patient 
acceptance, lesser metabolic degradation of drugs, circumvention of BBB, ample drug loading along 
with the controlled release of the drugs. In N2B delivery, the intranasal (IN) route carries therapeutics 
firstly into the nasal cavity followed by the brain through olfactory and trigeminal nerve connections 
linked with nasal mucosa. The N2B delivery approach is being explored for delivering other biologi-
cals like neuropeptides and mitochondria. Meanwhile, this N2B delivery system is associated with crit-
ical challenges consisting of mucociliary clearance, degradation by enzymes, and drug translocations 
by efflux mechanisms. These challenges finally culminated in the development of suitable surface-
modified nano-carriers and Focused- Ultrasound-Assisted IN as FUS-IN technique which has expand-
ed the horizons of N2B drug delivery. Hence, nanotechnology, in collaboration with advances in the 
IN route of drug administration, has a diversified approach for treating PD. The present review dis-
cusses the physiology and limitation of IN delivery along with current advances in nanocarrier and 
technical development assisting N2B drug delivery. 
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1. INTRODUCTION 

Parkinson's disease (PD) is the second most common, se-
rious neurodegenerative disorder (NDD) following Alzhei-
mer's disease (AD) which affects millions of people around 
the world [1]. PD is a complex, age-related, progressive neu-
rodegenerative disorder characterized by movement impair-
ments due to the loss of dopaminergic neurons of substantia 
nigra pars compacta. The loss of dopaminergic neurons di-
minishes the dopamine (DA) level in the striatum and 
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subsequently leads to motor symptoms such as resting trem-
ors, muscle rigidity, and akinesia/bradykinesia. At the same 
time, the non-motor symptoms involve anxiety, depression, 
apathy, cognitive dysfunction, and digestive disorders that 
might be due to loss of DA or other factors. PD is a multifac-
torial disease caused by various environmental triggers and 
could also be due to genetic risk factors.  Environmental 
factors include exposure or consumption of pesticides, herbi-
cides, industrial chemicals, or various toxins like 1, 2, 3, 6-
methyl-phenyl-tetrahydropyridine (MPTP), which has been 
predominately found in PD patients. In 5-10% of PD pa-
tients, the cause is genetic where mutations in alpha-
synuclein, phosphatase, and tensin homolog (PTEN)-induced 
kinase 1(PINK1), parkin, leucine-rich repeat kinase  
2 LRRK2, ubiquitin-protein hydrolase (UCHL1), and protein 
deglycase (DJ1) genes were reported. Further, the 
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Fig. (1). Schematic representation of the pathophysiology of Parkinson’s disease. Various factors are responsible for the pathophysiology of 
PD. A genetic mutation causes impairment in the ubiquitin-proteosome system, which then leads to misfolding of alpha-synuclein protein. 
This misfolded protein accumulates in the form of Lewy bodies. Complex-1 inhibition by environmental toxicants and mutation in the 
mitochondrial gene causes mitochondrial dysfunction. Increased ROS generation leads to an increase in oxidative stress, which activates 
various apoptotic caspases followed by apoptosis. All these factors collectively result in the degeneration of dopaminergic neurons in 
substantia nigra. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
 
pathogenesis of PD (Fig. 1) involves the misfolding of pro-
teins, excitotoxicity, apoptosis, oxidative stress, and mito-
chondrial dysfunction.  

In PD the ubiquitin-proteasome system, molecular chap-
erones, and autophagy lysosomal pathway are actively in-
volved in the degradation of misfolded proteins. Failure or 
impairment in such protein degradation systems led to the 
accumulation of misfolded proteins, which form insoluble 
aggregates and interfere with neuronal communications. PD 
involves specially misfolding of alpha-synuclein proteins, 
which form insoluble aggregates of Lewy bodies that get 
accumulated into the dopaminergic neurons and affect the 
neuron-to-neuron transmission [2]. Meanwhile, there are 
many classical antiparkinsonian agents which possess thera-
peutic potential at par excellence with few limitations. They 
need to pass through the central nervous system (CNS) barri-
ers to get access to the target brain region, and hence the 
latter is one of the major challenges with PD therapy [3]. The 
other limitation is also the peripheral metabolism of the 
drugs such as levodopa, and hence to reach the therapeutic 
concentration doses need to be increased which can cause 
dose-related toxicity. However, the CNS barrier remains the 
main hurdle, especially in the case of brain-targeted drug 
delivery.  

2. CHALLENGES ASSOCIATED WITH BRAIN 

The CNS is protected by two main barriers, namely 
blood-brain-barrier (BBB) and blood-cerebrospinal fluid-
barrier (BCSFB). These lipoidal barriers are meant to control 

the passive entry of any foreign substance including thera-
peutic agents. Both barriers block the entry of almost all the 
drugs, presenting an uphill journey for CNS drug delivery. 
Therefore, about 98% of drugs cannot enter the brain and, 
hence are unable to treat PD and other NDDs like AD [4]. 
Some lipophilic drugs which have a partition coefficient of 
1.5-2.7 and less than 600 Dalton molecular weight can cross 
barriers to enter the brain [5]. 

2.1. Blood-Brain-Barrier (BBB) 

The BBB mainly consists of specialized endothelial cells 
and perivascular elements such as astrocytes and pericytes. 
The blood capillaries of the CNS present different architecture 
compared to the periphery. Moreover, all the capillaries pre-
sent in the spinal cord and the brain of vertebrates are deficient 
in small pores, which are responsible for the movement of 
solutes from blood circulation to other organs. This special-
ized arrangement of brain capillaries with neuroglial cells 
forms a tight junction and blocks the passage of drugs [6]. 

2.2. Blood-Cerebrospinal Fluid-Barrier (BCSFB) 

It is the second major barrier of CNS following BBB, 
which is present between circulation and cerebrospinal. It 
consists of the choroid plexus and the arachnoid membrane, 
and it has a tight epithelial junction that prevents the free 
passage of drugs and other molecules to CSF. The BCSFB is 
a less significant barrier than BBB because it has 1000 times 
less surface than BBB. It restricts the entry of various solutes 
into CSF and protects the CSF from various types of toxins, 
and foreign agents [6]. 
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Meanwhile, other delivery routes to the brain like intra-
cranial, intraventricular, intracerebral, spinal, etc. are inva-
sive and could precipitate serious adverse effects which in-
clude nerve damage, neuropathy, stroke, susceptibility to 
infections, intracranial hypertension, etc. Self-assembled 
amphiphilic core-shell nanocarriers in line with the modern 
strategies for brain delivery [7]. Therefore, various alterna-
tive approaches are being investigated which could win over 
many limitations discussed so far. The IN route is one such 
alternative drug delivery approach that has shown many ad-
vantages over others. The IN route delivers drugs successful-
ly to the brain bypassing the BBB, as many recent studies of 
Nose-to-Brain (N2B) drug delivery has been successful in 
treating NDDs [8]. Meanwhile, it needs confirmatory data 
from the clinical studies to get acceptance for future use on 
clinical premises. Therefore, in the present review, firstly, 
we have tried to understand the PD current therapies with 
their advantage and limitation and what advantages N2B 
delivery offers over later and recent advancements with spe-
cial emphasis on N2B delivery. We also tried to discuss how 
by using nano polymer-carriers we can increase the efficacy 
of IN drug delivery.  

3. CURRENT THERAPY AND LIMITATIONS 

The main underlying cause of PD is the imbalance be-
tween the concentrations and activity of the neurotransmit-
ters involving acetylcholine and DA. Hence, most of the 
therapies are targeted to maintain the balance either by in-
creasing the DA or by decreasing acetylcholine. They mainly 
provide symptomatic relief but lack curative potential as they 
are unable to abolish the PD progression. Currently available 
medications are mainly classified into two classes subse-
quently: (A) Dopaminergic drugs and (B) Non-dopaminergic 
drugs based on their mode of action. A summary of the cur-
rent medication and its limitations are briefly represented in 
Table 1. 

3.1. Dopaminergic Drugs 

These are the class of drugs that are mainly concerned 
with enhancing the DA activity in the substantia nigra. levo-
dopa or L-DOPA acts as the hallmark drug and acts as a 
"gold standard treatment" for PD.  

Bromocriptine, ropinirole, and pramipexole also come 
under the dopaminergic class of drugs. Principally, they act 
on the dopaminergic receptors present in the brain.  

Tolcapone and entacapone are chiefly known as catechol-
o-methyl transferase (COMT) inhibitors. The metabolic role 
of the COMT enzyme is the biotransformation of DA into 3-
methyltyramine (3-MT), which is further oxidized to metab-
olite homovalinic acid (HVA). The mode of action of these 
drugs is to inhibit the COMT enzyme reversibly, which 
eventually facilitates increasing the bioavailability as well as 
inhibiting the metabolism of levodopa in the periphery.  

Monoamine-oxidase (MAO-B) inhibitors mainly sele-
giline and rasagiline act as dopaminergic drugs. The mode of 
action of these drugs involves irreversible inhibition of the 
MAO-B enzyme which is involved in the biotransformation 
of DA to 3,4-dihydroxyphenylacetic acid (DOPAC).  

3.2. Non-Dopaminergic Class of Drugs 

The drugs under this class do not necessarily enhance DA 
activity but possess different modes of action other than action 
on DA. Amantadine is an antiviral drug that acts as an antago-
nist on the NMDA- receptors of glutamate, thus inhibiting the 
neurotransmission pathway of the glutamate involved in PD 
on the basal ganglia of the brain. Centrally acting anticholin-
ergics also come under the non-dopaminergic class of drugs. 
Benzhexol and benztropine are two drugs of this class that 
mainly act as an antagonist and by inhibiting the overactivity 
of acetylcholine, they provide symptomatic relief. These drugs 
have been used as primary choices in drug-induced parkinson-
ism [9, 10]. Zolpidem specifically acts as an agonist at the 
GABA receptor, and it can be used with levodopa for reducing 
the on/off symptoms [11]. 

3.3. Surgical Procedure for PD Treatment 

Other than the dopaminergic and non-dopaminergic clas-
ses of drugs, invasive treatments are also available for treat-
ing PD.  

Deep Brain Stimulation (DBS) has been a novel and ac-
ceptable surgical technique to treat the primary symptoms 
occurring in PD along with the reduction in the need for 
levodopa therapy, which is having a major limitation of 
on/off symptoms. The advantage of this system is that it 
helps in stimulating the deep areas of the brain continuously, 
generally the thalamus or globus pallidus internal, which 
became ineffective or non-functional in PD. DBS have their 
share of limitations besides being invasive, and partially effi-
cacious with risk factors such as chances of major infection, 
hemorrhage along with complications in patients with stroke. 
Meanwhile, patients do not necessarily suffer from motor 
symptom throughout the day, and hence DBS can disturb 
normal physiology, too [12]. 

Other than DBS, pallidotomy and thalamotomy tech-
niques are used as surgical techniques for treating PD. The 
pallidotomy is primarily the destruction of a particular part 
of the globus pallidus to reduce resting tremors, muscular 
rigidity, and bradykinesia occurring in PD. Thalamotomy has 
largely involved the destruction of the thalamus with an in-
tent to disrupt the internal connection between the ganglia 
and cortex involving motor activities [12]. 

3.4. Stem-Cell Transplantation Therapy 

This is also a promising approach to treat PD when there 
is almost less response to levodopa therapy. The technique 
mainly involves the transplantation of embryonic stem cells 
(mainly adrenal medullary DA cells) to improve the motor 
activity defects occurring in PD patients [13]. As we have 
seen so far, the updated therapy of PD and how their associ-
ated disadvantage limits their therapeutic potential. There-
fore, further, we are going to discuss what N2B delivery has 
to offer in advancing the therapy. 

4. NOSE-TO-BRAIN DELIVERY   

The IN route of drug administration comes out as a prom-
ising approach to delivering the drug directly into the central 
nervous system (CNS), bypassing the BBB. The N2B delivery 
possesses several advantages over others. However, this route 
also has a few limitations; which include mucociliary 
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Table 1.  Current therapies and their related limitations. 

Drug Name Mode of Action Salient Features Limitations References 

Levodopa/L-DOPA D2 receptor interaction. 

� Metabolic fate of L-DOPA 
comprised of biotransfor-
mation into dopamine in pres-
ence of l-amino acid decar-
boxylase (AADC). 

� Treatment of the early symp-
tom of the disease involving 
muscle rigidity, bradykinesia, 
and posture disability.  

 

� 2-3% of L-DOPA only 
reach the brain due to 
peripheral conversion 
of dopamine in pres-
ence of DOPA decar-
boxylase.  

� On”/ “Off” effect. 
� Effect on heart: 

Asymptomatic pos-
tural hypotension and 
arrhythmia. 

� Effect on GIT: Ano-
rexia, vomiting, and 
nausea. 

[132-135] 

Dopaminergic agonist 

1. Bromocriptine 

D2 receptor agonist and 
D1 receptor partial ago-
nist. 

� Binding on D2 receptor results 
in inhibition of adenylyl 
cyclase and, decreases cAMP 
levels. 

� Binding on D1 receptor leads 
to adenyl cyclase activation 
with increased levels of cAMP. 

� Constipation, vaso-
spasm, peptic ulcers 
along with vascular 
vasospasm in the pe-
riphery. 

[136] 

2. Ropinirole D2 receptor agonist.  

� Inhibition of adenyl cyclase 
and decrease in the cAMP lev-
el. 

� Treatment of restless leg syn-
drome. 

� Postural hypotension, 
dyskinesia, along 
with somnolence. 

[137] 

3. Pramipexole D3 receptor agonist. 
� Decreased the cAMP levels 

due to inhibition of adenylyl 
cyclase. 

� Nausea vomiting and 
somnolence. [138] 

COMT Inhibitors 

Tolcapone and Entacapone 

Reversible inhibition of 
COMT enzyme which 
enhances the bioavaila-
bility of Levodopa me-
tabolism. 

� The metabolic significance of 
the catechol -o-
methyltransferase (COMT) en-
zyme is biotransformation of 
DA into 3-methyltyramine (3-
MT). 

� Tolcapone has a longer half-
life and more potency than En-
tacapone. 

� Hepatotoxicity, Hal-
lucinations, and Dys-
kinesia.  

[139-142] 

Monoamine oxidase (MAO-B) 
inhibitors 

Selegiline and 

Rasagiline 

Irreversible inhibition of 
the MAO-B enzyme 
which compromises 
biotransformation of DA 
to3,4 dihydroxy- phe-
nylacetic acid (DOPAC). 

� Mainly used to treat idiopathic 
Parkinsonism 

� Rasagiline action is more 
potent than Selegiline. 

 

� Nausea, vomiting, 
and anxiety. [143-145] 

NMDA receptor antagonist 

Amantadine 
NMDA receptor antago-
nist of glutamate. 

� Neurotransmission pathway 
inhibition of glutamate on ba-
sal ganglia in PD patients. 

� Symptomatic relief to PD 
patients. 

� In combination with L-DOPA. 

� Livedo-reticularis. [9, 146, 147] 

Centrally acting  
anticholinergics 

Benzhexol and Benztropine 

Acetylcholine antago-
nist.  

� Inhibition of overall acetylcho-
line overactivity. 

� Confusion, dry 
mouth, urinary reten-
tion, and constipation. 

[148, 149] 

GABA receptor agonist 
Zolpidem GABA receptor agonist. 

� Combination therapy with L-
Dopa to inhibit on/off symp-
tom. 

� Incidence of PD on 
long term use. 

� Addictive potential. 
[150, 151] 

(Table 1) contd…. 
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Drug Name Mode of Action Salient Features Limitations References 

Surgical methods 

1. Deep brain stimulation 
 
 
 
 

2. Pallidotomy 
 
 

 

3. Thalamotomy 
 

4. Stem cells transplantation 
therapy 

Continuously stimulating 
deep brain areas like the 
thalamus or globus palli-
dus which turn less 
effective in PD. 

� Comprises of implantation of 
two fine electrodes on both 
sides of the chest usually under 
the collar bone, which can be 
on/off as per need with remote. 

� Complications with 
patients having hem-
orrhage and/or infec-
tions. 

� Tumor potential.  

[152-154] 

Destruction of a selec-
tive part of the brain 
involving Globus-
Pallidus. 

� Symptomatic relief of PD 
involving resting tremors, 
muscular rigidity, and brady-
kinesia. 

[155, 156] 

Destruction of a selec-
tive part of the thalamus. 

� To disrupt the internal connec-
tion between ganglia and cor-
tex involving motor activity. 

[156]  

Transplantation of em-
bryonic stem cells. 

� Improvement of motor activi-
ty. [13, 157, 158] 

 
clearance, enzymatic degradation by nasal enzymes, nasal 
irritation, and lesser surface area for absorption of drugs com-
pared to the GI tract [14]. To overcome the above limitations, 
the N2B delivery route is being improved by employing vari-
ous novel approaches. Before discussing all the approaches, 
let's have a look at the anatomy and neural connection be-
tween the nose and neuron.    

4.1. Anatomy of the Nasal Cavity 

The nose has a nasal passageway of 12-14 cm deep with a 
volume of around 16-19 cm3 and a surface area of about 180 
cm2 with two cavities divided by a nasal septum [15]. The 
nasal cavity is located between the oral cavity and the skull 
base. It is lined with a mucous layer and hair. The nasal cavity 
mainly consists of three regions which include the vestibule, 
respiratory region, and olfactory region. The nasal vestibules 
are two entry points which cover the most anterior part of the 
nasal cavity. It is enclosed by the cartilage of the nose and 
lined by stratified squamous and keratinized epithelium. The 
respiratory region of the nasal cavity regulates functions 
such as protection, humidification, filtration, and elimination 
of debris. This region consists of four types of cells, i.e., 
goblet, basal, ciliated, and non-ciliated columnar cells, which 
regulate the exchange of electrolytes between cells and cilia. 
It is lined by ciliated pseudostratified epithelium, inter-
spersed with mucus-secreting goblet cells. The olfactory 
region is located in the superior region of the nasal cavity 
and is lined by olfactory cells with olfactory receptors (Fig. 
2) [16, 17].  

4.2. Pathways and Mechanisms for Nose-to-Brain Deliv-
ery 

In the last few decades, N2B delivery gaining promising 
attention, and it has its unique mechanism of drug delivery 
into the brain. The nasal cavity has olfactory and trigeminal 
nerves, which are linked between nasal mucosa and the 
brain. When the therapeutic agent is administered by IN 
route, it first enters the nasal cavity, then it reaches the nasal 
mucosa, and finally, it gets delivered to the brain by olfacto-
ry as well as trigeminal nerves. This transport of therapeutic 
agents from the nasal mucosa to the brain involves direct 
transport, unlike the vascular pathway where the drug deliv-
ery takes place via indirect transport. The paracellu-

lar/extracellular and transcellular mechanisms are the two 
main mechanisms for drugs to get absorbed across nasal mu-
cosa and nasal barriers to enter the brain. The paracellular 
mechanism involves the transport of water-soluble agents, 
which get diffused into the various parts of the brain across 
the nasal epithelium barrier. Drugs cross through the tight 
junction between adjacent neural cells to enter the brain, and 
the permeability of medications is dependent on the presence 
of a tight junction at the nasal epithelium barrier. It is also 
known as the extracellular pathway of drug transport (Fig. 
2D). The transcellular mechanism adopts the lipoidal route 
of transport, which transports the lipophilic agent from the 
nasal cavity to the brain. It is an intracellular pathway across 
the nasal epithelium that involves the uptake of the drug into 
neurons by endocytosis or pinocytosis [16, 18, 19]. 

4.3. Olfactory Nerve Pathway 

As previously discussed, this pathway involves the direct 
transport of pharmacological agents from the nasal cavity to 
the brain via the olfactory nerve (Fig. 2A). The olfactory 
nerve starts from the nose and ends in the primary and sec-
ondary olfactory cortex, an area associated with the sense of 
smell. The olfactory neuroepithelium is not protected by 
BBB, and it is the only region of the brain which is in con-
tact with the external environment. When a drug is adminis-
tered intranasally, it enters the nasal cavity, then through the 
olfactory epithelium, it reaches the brain by the olfactory 
nerve pathway further, dividing into the intracellular path-
way and extracellular pathway. The intracellular pathway 
involves the uptake of the drug into olfactory sensory neu-
rons across the olfactory epithelium, which follows the ax-
onal transport through the cribriform plate of the ethmoid 
bone and reaches the olfactory bulb wherefrom the drug is 
further distributed to the CNS. By this pathway, the drug 
takes hours to days to reach various regions of the brain. In 
the extracellular pathway of drug transport, the drug gets 
transported between the gaps of neurons and mainly involves 
bulk flow transport to enter the olfactory bulb. From the ol-
factory bulb, it enters different parts of the brain by diffusion 
or convection. Compared to the intracellular pathway, this 
pathway requires some minutes for the drug to reach the 
brain [16, 18-20]. 
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Fig. (2). Pathways and their favourable mechanisms involved in the N2B drug delivery. (A) The olfactory pathway involves the transport of 
drugs from the nasal mucosa to the brain via the olfactory nerve. (B) Trigeminal nerve pathway. Drug from nasal mucosa entered into the 
respiratory epithelium then reaches the brain stem through the trigeminal nerve. (C) Vascular pathway of drug transport. In this pathway, 
drugs are distributed to the systemic circulation, and then crossing BBB reaches the brain. (D) Mechanism of drug transport. It involves two 
types of drug transport i.e., paracellular and transcellular mechanisms. (A higher resolution/colour version of this figure is available in the 
electronic copy of the article). 

 
4.4. Trigeminal Nerve Pathway 

It also involves the direct transport of pharmacological 
agents from the respiratory region of the nasal cavity to the 
brain by the trigeminal nerve (Fig. 2B), which innervates the 
respiratory and the olfactory epithelium through its ophthal-
mic and maxillary branches terminating in the brain. It in-
volves an intracellular as well as an extracellular pathway for 
the transport of drugs from the nasal mucosa. The drug in the 
respiratory and olfactory regions undergoes exocytosis or it 
gets diffused from the nasal mucosa of the nasal cavity to 
trigeminal nerve endings and transported to various parts of 
the brain [21, 22].   

4.5. Vascular Pathway 

The above two neuronal pathways involve direct delivery 
of intranasally administered drugs, whereas this pathway, 
unlike trigeminal and olfactory, delivers the drug indirectly 
to CNS. In this pathway, first drug is administered by IN 
route, then it enters the nasal cavity where it gets absorbed 
into the systemic circulation (Fig. 2C). From systemic circu-
lation, it reaches to brain by crossing BBB. In the N2B de-
livery, the neuronal pathways are major routes for the drug to 
access the brain, while the vascular pathway is a minor route 
for the transportation of drugs across the BBB. It is mainly 
under investigation for other wide range of indications such 
as migraine, headache, infection prevention, pain manage-
ment, hormone replacement therapy, smoking cessation, and 
emergency therapy, like as epileptic seizures [23, 24]. 

4.6. Effect of Cerebrospinal Fluid Pathway & Glymphat-
ic System on Nose to Brain Delivery  

In direct drug delivery from N2B via the olfactory and 
trigeminal neural pathway, drugs enter the brain via CSF. 
Briefly, the CSF enters the brain parenchyma along the para-
arterial spaces surrounding the penetrating artery and inter-
changes the materials with interstitial fluid (ISF). The 
cleared ISF from parenchyma along the para venous route 
recirculates in the subarachnoid spaces. The circulation of 
CSF & ISF makes the glymphatic system of the  brain which 
helps in the clearance of many wastes material like β-
amyloid peptide, α-synuclein [25, 26]. Now we can say that 
the glymphatic system can majorly affect the PK of drugs in 
the brain and the efficiency of N2B delivery. The glymphatic 
system is known to be very active during sleep and under 
general anaesthesia. There are studies where the effect of 
anaesthesia on the efficiency of drug delivery to the brain via 
N2B has been evaluated however studies for PD-therapy still 
need to be carried out. Meanwhile, in one such study caf-
feine, N2B delivery from CSF, and its extracerebral clear-
ance were enhanced under anesthesia compared to under a 
conscious state, possibly due to the activation of glymphatic 
system [27]. In another similar study use of Dexmedetomi-
dine, a α2-adrenergic agonist sedative enhances the brain 
delivery of intrathecally administered therapeutic by manipu-
lating the glymphatic system [28], however, whether the 
same would be beneficial for IN delivery needs to be ex-
plored. 
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5. CHALLENGES IN NOSE-TO-BRAIN DELIVERY: 
IN THE PERSPECTIVE OF PD 

5.1. Challenges Associated with the Nasal Cavity 

Despite the many advantages offered by IN route, it may 
also experience many hurdles while passing through the na-
sal cavity. Drugs can be expelled out by mucociliary clear-
ance, degraded by enzymes, transported to various regions, 
and/or thrown out of the nasal cavity by the efflux system. 
Later could cause a loss of substantial drugs before reaching 
its target site.  

5.2. Mucociliary Clearance 

The nasal mucosa plays an important role in natural de-
fense by entrapping the microbes and foreign bodies from 
inhaled air. Movements of mucus along with cilia expelled 
out the foreign particles and protected the nasal cavity. In the 
same way, mucociliary clearance can remove the drug from 
the nasal cavity, further causing a decrease in the residence 
time of the drug in the nasal cavity [29]. Meanwhile, muco-
adhesive agents can be administered to overcome the muco-
ciliary clearance and which would help in increasing the 
residence time of the drug in the nasal cavity [30, 31]. A 
recent development in computational analysis of a 3D muco-
ciliary clearance model can help in predicting drug uptake 
and designing IN drug delivery [32]. 

5.3. Enzymatic Degradation  

The delivery of peptides and proteins through nasal mu-
cosa can be restricted by peptidase and protease enzymes, 
respectively. Similarly, several other enzymes such as alde-
hyde dehydrogenase, epoxide hydrolases, esterases, and glu-
tathione s-transferases are present in the nasal cavity and are 
involved in the metabolism of many drugs. Small molecules 
like levodopa employed in the treatment of Parkinson’s dis-
ease suffer from extensive first-pass metabolism and hence, 
possess a short half-life. Various enzyme inhibitors can be 
administered to inhibit specific enzymes which ultimately 
inhibit enzymatic degradation [33]. Various pro-drug strate-
gies in targeting the BBB, diminishing the first-pass metabo-
lism, enhancing pharmacokinetic stability, etc. have been 
explicitly described in an excellent review by Cacciatore et 
al. [34]. 

5.4. Transporters and Efflux System  

The respiratory and olfactory region of the nasal cavity 
has several transporters that have developed resistance to 
multiple drugs and are actively involved in the transportation 
of various lipophilic and amphiphilic substances. The p-
glycoprotein is expressed by ciliated epithelia and submuco-
sa of the olfactory region of the nasal cavity. Latter is in-
volved in the efflux of drugs directly out of nasal mucosa to 
the lumen, leading to a decrease in the drug absorption [35, 
36]. 

6. NANOCARRIERS FOR NOSE-TO-BRAIN DELIV-
ERY 

When a drug is administered in its native form for N2B 
delivery, it faces many hurdles as explained earlier. To over-
come the above defined issues, drugs could be formulated as 
various suitable nanoformulations with the aid of different 

nano-carriers (as shown in Table 2). Nano-formulations pre-
vent drug degradation in the nasal cavity, improve drug 
transport across nasal mucosa, and increase intranasal brain 
delivery of drugs, ultimately helping in enhancing the treat-
ment for brain disorders like PD. 

6.1. Chitosan Nanoparticles 

Chitosan is a mucopolysaccharide and deacetylated form 
of chitin that is suitable for N2B drug delivery. It has been 
used more commonly for the preparation of various nanopar-
ticles (NPs) because it bears properties like good stability, 
less toxicity, biodegradability, mucoadhesiveness, and better 
biocompatibility [37, 38]. The D-glucosamine units of chi-
tosan are positively charged containing amine groups and 
mucin a negatively charged containing sialic acid groups 
(Fig. 3). The ionic interaction between such oppositely 
charged groups results in mucoadhesion. This mucoadhesion 
of chitosan successfully increases the residence time of the 
drug into the nasal mucosa and subsequently improves the 
diffusion of drugs across the nasal mucosa of the nasal cavity 
[39, 40]. In one of the research studies, pramipexole dihy-
drochloride-loaded chitosan NPs equivalent to 0.3 mg/kg 
intranasally, which were prepared by ionic gelation method, 
was administered intranasally into the PD model of rat. This 
N2B delivery of chitosan NP-containing drugs successfully 
increased DA concentration in the brain compared to other 
treatment groups resulting in an enhancement in the activity 
score, glutathione, and catalase activity, and reduction in 
catalepsy score [41]. Additionally, in another study carried 
out in the rat PD model by Sridhar et al., chitosan was used 
for the preparation of selegiline NPs. After IN administration 
of selegiline NPs, the concentration of selegiline equivalent 
to 1 mg/kg was found to be 20-fold higher in the brain com-
pared to oral administration [42]. Apart from these, the in-
tranasal administration of ropinirole hydrochloride-loaded 
chitosan NPs evaluated by gamma scintigraphy in swiss al-
bino rats tagged with 99mTc revealed increased brain distri-
bution of the drug [43]. Kumar et al. incorporated leucine-
enkephalin (Leu-Enk), a neurotransmitter within chitosan 
nanoparticles for the N2B delivery. Enhanced peptide encap-
sulation efficiency and loading capacity (78.28 ± 3.8% and 
14 ± 1.3%), with size, PDI and cationic surface charge - 443 
± 23 nm, 0.317 ± 0.17 and +15 ± 2 mV respectively. The 
apparent permeability coefficient (Papp) of Leu-Enk released 
from nanoparticles across the porcine nasal mucosa was de-
termined to be 7.45 ± 0.30 × 10−6 cm s−1. Permeability of 
Leu-Enk released from nanoparticles was augmented by 35-
fold compared to Leu-Enk solution. Fluorescent microscopy 
of brain sections of mice showed a high accumulation of 
fluorescent marker NBD-F labeled Leu-Enk when adminis-
tered nasally by chitosan nanoparticles. Furthermore, sub-
stantial improvement in the brain uptake resulted in signifi-
cant improvement in the anti-nociceptive effect of Leu-Enk 
was proved by hot plate and acetic acid-induced writhing 
tests (p < 0.05). Molding chitosan and effectively utilizing its 
beneficial properties could lead to substantial enhancement 
in therapeutic efficacy in brain disorders [44].  

6.2. Polymeric Nanoparticles 

The difficulty in penetrability of the BBB imparted by 
the tight junctions and efflux proteins limit the traversing and 
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Table 2.  Various nano-carriers used for nose-to-brain delivery in Parkinson’s disease. 

Nano-Carrier Method of Preparation Name of Drug 
Animal 
Model 

Outcome References 

Chitosan Nanoparticle Ionic gelation 
Pramipexole  

Hydrochloride 
Rat 

N2B delivery of Pramipexole dihydrochlo-
ride loaded chitosan treated group showed 

significantly 

highest dopamine concentration 
(97.38±3.91 ng/g tissue) compared to other 

treatment groups. 

[41] 

PLGA Nanoparticle Nanoprecipitation Rotigotine Mice 

IN the administration of Rotigotine loaded 
PLGA nanoparticles showed a higher 

concentration of Rotigotine in the striatum 
than in plasma. 

[45] 

Chitosan Nanoparticle Ionic gelation Selegiline Rat 

After IN administration of Selegiline na-
noparticles, the concentration of Selegiline 

was found to be 20 

fold higher in the brain compared to oral 

administration. 

[159] 

PLGA Nanoparticle Double emulsification Rasagiline Rat 

IN PLGA nano formulation of Rasagiline 
had given a promising PK profile and 
provided effective treatment for PD as 

compared to IN solution form 

of Rasagiline. 

[46] 

Mucoadhesive 
Nanoemulsion 

Aqueous titration Rotigotine 
Goat nasal 

mucosa 

The Rotigotine mucoadhesive nanoemul-
sion had a better permeability through 

nasal mucosa (85.23±0.39%) compared to 
Rotigotine nano emulsion (65.25±0.13) at 

4 hours. 

[53] 

Nanoemulsion Aqueous titration 
Vitamin E loaded 

Naringenin 
Rat 

N2B delivery of Vitamin E loaded 
Naringenin nanoemulsion improved mus-
cle coordination, grip strength and swim-

ming activity of 6-OHDA induced PD 
model. 

[50] 

Nanoemulsion (o/w) 

Spontaneous emulsifica-
tion method, followed by 
high-pressure homogeni-

zation 

Resveratrol-
loaded 

vitaminE 
Rat 

The improved antioxidant activity, in-
creased SOD,GSH and decreased MDA 
level. Improved brain/blood ratio of the 
drug. Histopathological studies showed 

decreased degenerative changes.  

[160] 

Lipid nanoparticle Melt-emulsification GDNF Mice 

N2B delivery GDNF Lipid nanoparticles 
significantly improved locomotor activity 
and motor recovery in MPTP induced PD 

model. 

[161] 

Mucoadhesive 
Nanoemulsion 

Response surface  
methodology 

Ibuprofen Mice 

MPTP induced Parkinsonian condition 
significantly reduced striatal dopamine 
level to 29.92% which was enhanced to 
58.21% after IN delivery of Ibuprofen 
loaded mucoadhesive nanoemulsion 

[52] 

Nano-Emulsion 
High energy  

emulsification 
Selegiline Rat 

IN administered Selegiline nanoemulsion 
showed high dopamine level 

(16.61±3.06ng/ml) as compared to rats 
treated with Haloperidol (8.59±1.00ng/ml) 

[51] 

(Table 2) contd…. 
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Nano-Carrier Method of Preparation Name of Drug 
Animal 
Model 

Outcome References 

Chitosan Nanoparticle Ionic gelation 
Ropinirole  

Hydrochloride 
Rat 

IN administered Ropinirole hydrochloride 
loaded Chitosan nanoparticles showed 

higher concentration in the brain at all the 
time points compared to IN. 

Ropinirole Hydrochloride administration. 

[162] 

Micellar thermo-
responsive hydrogel

Solvent evaporation Rotigotine Rat 

Compared to intravenous route, accumula-
tion in the olfactory bulb, cerebrum, cere-
bellum and striatum was 276.6%, 170.5%, 

166.5% and 184.4%, respectively. 

[163]  

TAT functionalized 
micelles 

Thin film dispersion 
method 

- Rat 

TAT functionalization diminished the 
retention of micelles in the nasal cavity 

and brain uptake via trigeminal nerve was 
observed. 

[164] 

Liposomes Thin film dispersion 
Glial cell line-
derived neu-

rotrophic factor 
Rat 

A substantially greater neurotrophic effect 
was observed with increase in tyrosine 

hydroxylase positive neurons with greater 
neuroprotective ability determined by TH 

immunostaining was observed. 

[165] 

Solid-lipid Nanoparticle 
Emulsification solvent 

diffusion 
Ropinirole  

Hydrochloride 
Mice 

Nasal formulation of solid lipid nanoparti-
cles of Ropinirole hydrochloride signifi-

cantly reduced tremors against the market-
ed oral formulation. 

[57] 

 

 
Fig. (3). Structural overview of chitosan nanoparticle. Positively charged groups of chitosan nanoparticles interact with negatively charged 
groups of mucin of the nasal mucosa. This interaction enhances the residence time of nanoparticles in the nasal cavity. (A higher resolu-
tion/colour version of this figure is available in the electronic copy of the article). 
 
therapeutic efficacy in numerous central nervous system 
disorders. Many intra-nasally administered drugs get degrad-
ed in the nasal cavity and are unable to reach the brain. The 
nano-formulation of polymeric NPs inhibits the active deg-
radation of drugs and enhances drug delivery to the brain. In 
the study of Chenchen et al., it was observed that IN admin-
istration of rotigotine loaded NPs in the PD mice model sig-
nificantly enhanced striatum rotigotine concentration com-
pared to plasma rotigotine concentration [45]. Similar in the 
line, the rasagiline-encapsulated PLGA NPs were prepared 
by double emulsification solvent evaporation method” (Fig. 
4a). Then they were administered by IN route into the rat 
model of PD. The result has given a promising pharmacoki-
netic profile and provided effective treatment for PD as 

compared to IN solution form of rasagiline at 10 mg/kg dose 
[46]. Tan and co-workers linked apomorphine to phenyl 
boronate functionalized polycarbonate nanoparticles which 
showed substantial brain accumulation and pH responsive 
release. Encapsulation also prevented apomorphine oxidation 
[47].  

6.3. Nanoemulsion and Mucoadhesive Nanoemulsion 

Nanoemulsion (NE) is a kinetically stable biphasic emul-
sion consisting of two immiscible liquids, i.e., oil and wa-
ter(o/w). It is stabilized by the aid of surfactants and consists 
of dispersed droplet sizes in the range of 20-500 nm [48]. 
O/W and water-in-oil (w/o) are two main types of NEs 
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Fig. (4). Structural overview of (A) PLGA nanoparticles, (B) Nanoemulsion, and (C) Solid-lipid nanoparticles. (A higher resolution/colour 
version of this figure is available in the electronic copy of the article). 
 
(Fig. 4b) which can be prepared by either high emulsifica-
tion or low emulsification method. It is also known as a 
submicron emulsion, mini-emulsion, or ultrafine emulsion 
[49]. A study has shown Vitamin E-loaded naringenin NE 
improved muscle coordination, grip strength, and swimming 
activity in the 6-OHDA induced PD model following the IN 
route of administration [50]. Similarly, the selegiline NE 
showed a high dopamine level (16.61 ± 3.06 ng/mL) as 
compared to rats treated with haloperidol (8.59 ± 1.00 
ng/mL) following IN administration [51]. Additionally, N2B 
delivery of mucoadhesive NE containing ibuprofen had en-
hanced striatal DA levels in the MPTP-induced parkinsonian 
mice model [52]. The mucoadhesive nanoemulsion of rotigo-
tine had given better permeability through goat nasal mucosa 
[53]. Asshar et al. incorporated bromocriptine and Glutathi-
one which possess poor oral bioavailability and absorption 
characteristics into a nanoemulsion for the amelioration of 
activity in PD. The optimized batch had 80.71 ± 2.75 nm 
size and zeta potential of −12.60 ± 0.10 mV with 96.00 ± 
3.05 % entrapment efficiency respectively. Spherical mor-
phology along with 3.4 times and 1.5 times enhancement in 
drug permeation of bromocryptine and glutathione was ob-
served compared to a free drug suspension. Cytotoxicity 
studies on neuro-2a cell lines demonstrated its safety for 
intra-nasal delivery. Behavioral studies revealed enhanced 
efficacy of optimized nanoemulsion in PD using forced 
swimming test, locomotor activity test, catalepsy test, rota-
rod test, and akinesia test in Wistar rats. The outcomes of the 
behavioral studies revealed that BRM (0.21 mg/kg body 
weight) and GSH (61.67 mg/kg body weight) loaded 
nanoemulsion revealed substantial improvement in behavior-
al activities of PD (haloperidol-induced) rat model after in-
tranasal administration [54].  Nehal and co-workers incorpo-
rated ropinirole nanoemulsion for Parkinson's disease man-
agement. In silico docking revealed interactions of ropinirole 
and thymoquinone at the receptor site of TNF-α and NF-Kβ. 
The globule size of optimized chitosan-coated nanoemulsion 

was 183.7 ± 5.2 nm with a cationic charge of 24.9 mV re-
spectively. In vitro release and permeation studies exhibited 
2-fold and 3.4-fold greater enhancement compared to a free 
drug suspension. Amelioration in the behavioral activity with 
enhanced brain distribution of drugs revealed the potential of 
nanoemulsions as carriers for N2B delivery [55]. 

6.4. Lipid-Based Nanoparticles 

Lipid and solid-lipid NP (Fig. 4c) are lipoidal carriers that 
have been successfully employed in the treatment of cerebro-
vascular and cardiovascular diseases. This type of nano-
formulation can enter the brain to treat CNS disorders. Her-
nando et.al, prepared the GDNF loaded lipid NP by the Melt-
emulsification method, and N2B delivery of this NP had 
shown significantly improved locomotor activity, and motor 
recovery in the MPTP-induced PD model [56]. Nasal formula-
tion of solid lipid NP of ropinirole hydrochloride at 3 mg/kg 
intranasal dose significantly reduced tremors against the mar-
keted oral tablet formulation at 10 mg/kg dose [57]. Sun et al. 
prepared spherical particles with good size distribution was 
166.79 nm with Newtonian viscosity of 44.36 mPaS. The vis-
cosity of post-in situ gel formation was 1542.19 mPaS with 
thixotropic behavior. The combination of matrix erosion diffu-
sion resulted in sustained drug release. Cytotoxicity studies in 
normal brain cells revealed diminished cytotoxicity. Cyanine 
7-ester linked solid lipid nanoparticulate in situ gel (Cy7-
SLNs-ISG) localized effectively in the brain post olfactory 
area administration and the fluorescence was shown in the 
olfactory bulb, cerebellum, and striatum confirmed by in vivo 
imaging [58]. Uppuluri and co-workers circumvented various 
drawbacks associated with Piribedil conventional delivery like 
increased dosing frequency (5 tablets per day), poor bioavaila-
bility (less than 10%), GI adverse effects, etc. PBD-Solid lipid 
nanoparticles were loaded in thermo-responsive in situ gel to 
diminish the mucociliary clearance and enhance brain accu-
mulation. In vivo, pharmacokinetic studies revealed 4-fold 
brain accumulation equivalent to 2 mg/kg intranasal dose at 40 
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μL/kg compared to a free drug resulting in 27% direct N2B 
uptake [54]. 

7. NANOFORMULATION CONSIDERATIONS  

For any formulation to be efficacious, they need to be 
properly characterized considering the aimed delivery sys-
tem whether it is oral, Intravenous, IN, etc. An ideal drug 
molecule needs to be small in terms of molecular weight i.e., 
low molecular weight (below 1000 Da), and rapid display of  
dissolution. In the case of a drug targeted for nasal delivery, 
it must reach the epithelium by traversing the aqueous mucus 
barrier besides avoiding mucociliary clearance. The drug can 
then be taken up-typically by transcellular diffusion and by 
avoiding P-glycoprotein-mediated efflux. Moreover, large 
hydrophilic biomolecules impede permeation and absorption. 
An ideal drug candidate or nanoparticulate system should 
consist of lipophilic nature for rapid uptake through olfactory 
nerves in the upper turbinate/olfactory bulb or the trigeminal 
nerve pathway via the nose [59]. As discussed, previously 
the mucociliary clearance is responsible for low membrane 
transport. Later, they can be overcome by using penetration 
enhancers or mucoadhesive agents which by interacting with 
mucin enhance the contact time between applied formulation 
and nasal mucosa [60]. 

7.1. Factors Affecting Nasal Delivery  

Designing the nasal formulation should be efficient be-
fore going for the actual formulation procedure and their 
characterization, which depends on the various factors like 
physicochemical properties of the drug, nanoparticle excipi-
ents, targeted delivery organs such as IN, and the patient-
related factor. 
7.1.1. Physicochemical Properties of a Drug  

7.1.1.1. Molecular Weight 

The drug molecules should be of low molecular weight 
preferably below 1000 Da and show rapid dissolution. High-
er is the molecular weight of the drug, there will be a de-
crease in nasal drug absorption.  
7.1.1.2. Polymorphism 

Polymorphism can also affect the rate of drug dissolution, 
solubility, and absorption through biological membranes.  
7.1.1.3. Solubility and Dissolution Rate 

The solubility and dissolution rate are the determining 
factors affecting nasal drug absorption for suspensions and 
powders. Drug absorption is not only affected by drug solu-
bility but is also influenced by pharmaceutical preparation. 
Owing to the small size of the nasal cavity, only the limited 
drug volume can pass through intranasal administration. 
Generally, the requirement of a high dose of drugs and poor-
ly water-soluble drugs may affect the dissolution rate. How-
ever, the aim of the good formulation is such that the small 
particles deposited into the nasal cavity need to get dissolved 
first and then absorbed.    
7.1.1.4. Lipophilicity 

By enhancing lipophilicity the permeation of the drug 
compound in the nasal mucosa can be increased. The biolog-

ical membranes can be immediately crossed via a transcellu-
lar route by lipophilic compounds. Various lipophilic sub-
stances like buprenorphine, naloxone, testosterone, and 17α-
ethinylestradiol are wholly or mostly absorbed by the in-
tranasal route in animals. 
7.1.1.5. Partition Coefficient and pKa 

Basically, the unionized drug molecule is absorbed better 
than the ionized drug molecule conferring to the pH partition 
theory [61-64].   
7.1.2. Physicochemical Properties of Nanoparticles 

7.1.2.1. Particle Size 

The particle size ranges from 5 to 10 microns and has been 
tried in nasal administration. Very tiny particles (below one 
micron) exhibit Brownian motion and exit the nasal cavity 
during exhalation. Particles greater than 10μm in size can be 
aimed for delivery in the upper pulmonary tract. Particles of 
less than 1μm size quickly enter the bloodstream through the 
intranasal route. However, compounds larger than 1000 Dal-
tons can achieve the bioavailability of only 0.5 to 5%.  
7.1.2.2. Chemical Nature 

The chemical nature of a drug is the most important fac-
tor for drug absorption and in many cases, the salt formation 
of native drugs alters lipophilicity and ionization which fur-
ther influences their absorption rate [65-67].  
7.1.2.3. pH and Mucosal Irritation 

Nasal irritations can be minimized when products are de-
livered within the slightly acidic pH range of 4.5 to 6.5. In 
addition, to avoid irritation, it also prevents the growth of the 
bacteria and enhances drug permeation [68]. 
7.1.2.4. Buffer Capacity 

Nasal formulations are administered in vary fewer vol-
umes ranging from 25 to 200 μL. Additionally, the different 
pH of the administered dose and concentration of the drug 
can affect the absorption of the unionized drugs. Therefore, 
buffer capacity is important for the maintenance of the pH in 
situ [69].  
7.1.2.5. Viscosity 

Greater contact time during permeation due to more vis-
cosity produced by polymeric matrix and nasal mucosa en-
hance the time for permeation. The highly viscous formula-
tion is greatly affected by the functions such as a change in 
the permeability of drugs and mucociliary clearance or cili-
ary beating [68]. 
7.1.2.6. Concentration, Dose, and Dose-Volume of the 
Drug 

High formulation volume may restrict the extent of nasal 
absorption with the probability of draining out from the nasal 
cavity. 0.05-0.15 ml is the ideal use volume for nasal deliv-
ery with an upper limit of 0.20 ml [69]. 
7.1.2.7. Osmolarity 

Shrinkage of the nasal epithelial mucosa can occur by 
administering iso-osmotic solutions. This results in enhanced 
permeation with inhibition of ciliary activity [68]. 
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7.1.2.8. Excipients 

Several excipients used in the formulation such as solu-
bilizers, humectants, preservatives, antioxidants, etc. can also 
affect the absorption of the drug. Intranasal moisture is vital 
to avoid dehydration. Hence, humectants can be used partic-
ularly for gel-based nasal products for avoiding nasal irrita-
tion [70]. 
7.1.3. Physiological Factors  

7.1.3.1. Drug Solubility in Nasal Secretions 

Previous studies have shown that the mucous clearance 
and secretion rates are decreased at night which brings the 
alteration of the drug permeation. In such cases, chronokinet-
ics comes into the picture which commands the pattern and 
rate of permeation [68].  
7.1.3.2. Blood Flow/Supply 

The nasal mucosa has a greater surface area enriched 
with blood supply making it an appropriate and optimum 
place for drug absorption. Drug absorption in the nasal cavi-
ty is affected by blood supply/flow, especially when a higher 
amount of drug passes through it [68].  
7.1.3.3. Nasal Secretion 

The mucus layer present in nasal mucosa (5 mm thick) is 
double layered. The tip of the cilia moves their head in a 
superficial blanket of gel, and they beat in their periciliary 
sol phase. The volume of mucous secreted throughout the 
nasal cavity is about 1.5-2.1 mL which results in the for-
mation of a thin mucus layer further reducing the ciliary 
beating. This leads to the loss of contact with cilia compro-
mising the mucociliary clearance which is advantageous in 
the case of intranasal formulations [71]. 
7.1.3.4. Nasal Cycle 

The nasal cycle (NC) is the spontaneous congestion of 
one side of the nasal mucosa during the day accompanied by 
reciprocal decongestion of the contralateral side. In other 
words, the congestion resulting from increased blood supply 
due to parasympathetic stimulation and relaxation due to 
sympathetic stimulation affects the extent of drug permeation 
[72]. 
7.1.3.5. Nasal Cavity pH 

The nasal cavity pH is ranging from 5.5 to 6.5 in adults 
and 5.0 to 7.0 in infants. Higher penetration of the molecules 
will occur mainly in unionized form owing to passive diffu-
sion. The diverse range of nasal pH may affect the ionization 
state of the drug further increasing or decreasing the permea-
tion of drugs. The standard pH of the formulation should be 
within the range of 4.5-6.5 in conjunction with ideal buffer 
capacity [71].  
7.1.3.6. Frequency of the Mucociliary Clearance and Cili-
ary Beat 

The mucociliary clearance includes the removal of foreign 
matter and particles from the nasal cavity and further prevent-
ing them from reaching the lower airways. Diminished muco-
ciliary clearance and ciliary beating enhance the contact time 
between the carrier system and the mucus membrane thereby 
enhancing adhesivity and drug permeation. 

7.1.3.7. Effect of Enzymatic Activity 

Enzymatic activity in the nasal mucosa could influence 
the metabolic profile of drugs. For instance, at the mucosal 
membrane, nucleotides, and oligopeptides are degraded by 
proteases, nucleases, and aminopeptidases [29]. 
7.1.3.8. Pathological Conditions 

Diseases like rhinitis, common cold, atopic rhinitis, and 
nasal polyposis cause mucociliary dysfunction, hypersecre-
tion, and nasal mucosa irritation, enhance the mucociliary 
clearance, and drain the adhesive nanoformulations out of 
the nasal cavity resulting in therapeutic insufficiency of the 
incorporated moiety [71]. 

7.2. Nanoparticulate Nasal Formulation and Characteri-
sation 

As previously discussed, for ideal N2B delivery for PD, 
nanoparticulate must be deposited and accumulated in the 
upper posterior region of the nasal cavity where the olfactory 
epithelium is located (Fig. 5). To achieve an optimal brain 
delivery sufficient nanoproduct must reach the olfactory epi-
thelium deposition site which is situated proximally to the 
olfactory bulb and cribriform plate. The olfactory receptor-
bearing neurons, which are thought to provide a pathway for 
drug transport, are interspersed among supporting cells (sus-
tentacular cells), microvillar cells, and basal cells. Mean-
while, the dose-determining characteristics of delivery sys-
tems used to administer insulin in studies have also been 
disappointed. However, minimal details regarding the nasal 
device, spray characteristics, or deposition pattern are pro-
vided in a study demonstrating dose-dependent nose-to-brain 
insulin absorption. Studies using both in vitro nasal casts and 
computational modelling provide a general framework of 
nasal pump performance characteristics that are optimal for 
posterior drug deposition which is necessary for efficient 
nose-to-brain drug delivery. 
7.2.1. Nanoparticulate Nasal Powder Formulation  

Powder formulations offer advantages like liquid formu-
lations owing to greater stability including and not requiring 
any preservative. The formulation of nasal powders tends to 
stick to the moist surface of the nasal mucosa before getting 
dissolved and cleared. To improve the absorption of powder 
formulation, the use of bio-adhesive excipients or agents is 
beneficial as later decelerates the ciliary action further de-
creasing the clearance rates. The powdered formulation has 
its limitations because of its moisture-sensitive characteris-
tics, exclusivity to the particle size, particle shape, and flow 
properties which will impact deposition and absorption. The 
key challenge that is being aimed through powdered 
nanoformulation is to improve the inadequate residence time 
in the nasal cavity due to mucociliary clearance [73]. About 
their physiological cleaning mechanism beating of the nasal 
cilia touches the upper gel-like mucus layer which envelops 
the epithelium and clears later with a velocity of 6 mm/min 
towards the nasopharynx and throat. In the case of drug par-
ticles from conventional liquid formulations when deposited 
on the mucus surface, are removed from the nasal cavity in 
just about 15 min. Powder particles of formulation have 
shown higher resistance against the ciliary beat and the later 
effect is tailorable depending on the need for formulation by 
using the specific excipients. The excipients used in nasal 
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Table 3.  List of polymers used in in-situ gel system for intranasal delivery in Parkinson’s disease. 

Polymer Used for  
In-situ gel System 

Anti-Parkinson 
Drugs  

Incorporated 

Preparation 
Methodology 

Parameter Tested and 
Model 

Advantages Obtained due to 
Intranasal Delivery 

References 

Chitosan and polox-
amer 407 

Levodopa Ion Gelation 

In vitro release studies obey-
ing Higuchi kinetic model, 

drug release following 
Hexson-Crowell model, 

In vivo drug release study in 
rat. 

A rapid increase in brain uptake 
due to increased bioavailability & 
drug absorption on the mucosa of 

the nasal cavity. 

[75] 

Poloxamer 407 and 
CMC 

Amantadine Cold method 

Immortalised human nasal 
epithelial cell line RPMI 

2650, Human nasal  

cast model. 

Replicate drug release favouring 
increased brain uptake. 

[103, 166] 

Chitosan and HPMC 
(Hydroxy Propyl Me-

thyl Cellulose) 
Ropinirole Cold method 

In vitro release and permea-
tion, in vitro cytotoxicity, 

nasal clearance,  
in vivo bioavailability, and 

brain uptake in rat. 

Reported that brain uptake has 
increased 8.5 times than admin-

istration by i.v route, 

 higher than intranasal Ropinirole 
control delivery. 

[102] 

Pluronic PF127 
(Poloxamer 407) and 

HPMC K4M 
Ropinirole Cold method 

In vivo bioavailability study 
in albino mice, ex vivo drug 

diffusion study. 

Drug release is reported to be 
increased from 56% to 100% 

throughout 5 hours consequently,5 
times increase in bioavailability in 
brain nasal administration as com-

pared to IV route. 

[104] 

Poloxamer 407: 

Poloxamer 188(1:1) 

Carbopol 934 P and 
Chitosan 

Rasagiline Cold method 

In-vitro drug release and in-
vivo mucociliary transit time 
in rat, in-vivo pharmacoki-
netic behaviour in rabbit, 
nasal toxicity studies and 

brain uptake studies. 

Reported that bioavailability in 
increased by 6 times along with 

rapid brain uptake than oral solu-
tion. 

[105]  

 
powder formulations would be soluble or insoluble fillers, 
mucoadhesive agents, or adsorption enhancers including 
enzyme inhibitors, among which mucoadhesive polymers 
appear to have the greatest potential to prolong the residence 
time in the nose. The polymer particles after getting in touch 
with nasal mucus get hydrated forming the polymer chain 
while the surrounding mucosa dehydrates. Further, hydrated 
polymers get entangled with the mucin of the mucus layer 
resulting in forming close contact between particles and mu-
cosa. Latter’s specific interactions with mucin and the 
change in mucus rheology prolong the nasal residence time. 
Trenkel et al. in their studies have evaluated the influence of 
powder nanoformulation on the nasal residence time by test-
ing rheological and dynamic vapor sorption properties [74].   
7.3. Mucoadhesive Properties  

The nasal membrane contains glycoproteins that are capa-
ble of interacting with diverse materials [75]. PF127 gels have 
moderate bioadhesive force through hydrogen bonding and 
chain penetration effect. Bioadhesion increases with polymer 
concentration due to extensive bonding with glycoproteins. 
This detachment force was found to be desirable for the for-
mulation to adhere to the nasal mucosal tissue easily. As 
shown in Tables 2 and 3, incorporation of CNL in pluronic gel 
marginally increased the mucoadhesive force of the gel. 

7.4. Intranasal Drug Delivery Screening  

7.4.1. In vitro, In silico, Ex vivo Screening of Drug Release 

The ultimate success of any formulation can only be con-
firmed when the latter is tested in the biological system. 
Hence the first biological screening can be performed at the 
in vitro level which can be carried out in immortalised cell 
lines such as Calu -3 [76], RPMI 2650 [77], and primary cell 
lines such as human nasal epithelium A431 [78], porcine 
respiratory [79], olfactory cells [80]. The in vitro cell culture 
has now been also succeeded in 3-D -printed nasal replicas 
[81]. The in-vitro drug release screening in primary cell cul-
ture offers the advantage of close simulation of the nasal 
mucosa, and the ability to be tested against the miscellaneous 
composition of cells in normal and diseased states. Mean-
while, they do have their limitation as the primary culture 
can only go to a limited number of subcultures and later fac-
es the risk of contamination. The immortalised cell line of-
fers the advantage of uniformity and easiness of handling 
and culture, but they also have their limitation in the form of 
undesired morphological changes, lacking the accurate phys-
iological functionalities as time passes and passages in-
crease. Talking about the screening appropriateness towards 
the specific formulation in vitro screening is not a correct 



506    Current Neuropharmacology, 2023, Vol. 21, No. 3 Khatri et al. 

 
Fig. (5). Characterisation of nanomedicine system for N2B targeting for antiparkinson’s disease. (A higher resolution/colour version of this 
figure is available in the electronic copy of the article). 
 
choice for powder formulation.  Later lacks reproducibility 
when the powder is a concern as it faces the concentration 
heterogeneity at cell surface layers. The method used to de-
posit the powder formulation could also affect the integrity 
of the cell [74, 82]. The 3D-printed nasal replicas are also 
being used as a tool to compare different nasal formulations, 
devices, and formulations. Later also helps in assessing the 
aerosol deposition pattern in the nasal cavity [83]. They suf-
fer limitations such as one nasal cast representing one human 
and hence cannot be generalised to a large human popula-
tion. It also lacks the inherent nature of the nasal cavity like 
mucociliary clearance [84-87]. Apart from in vitro, in silico 
models like computational particle-fluid dynamics (CPFD). 
It has many advantages over the classical in vitro model as in 
the Silico model simulation of total and regional deposition 
occurs and hence it offers the assessment of various 
nanoformulation related parameters such as particle size, 
velocity, airway geometry, airflow. The rate of assessment is 
also faster in comparison to other in vitro models. In silico 
delivery assume uniform, simplified nasal architecture there-
fore it makes calculation very challenging and complicates 
the spray and aerosol-generating device simulation [88, 89]. 
Ex vivo screening for nasal delivery of drug employs the 
excised nasal mucosa from human or animal donor, it offers 
real architecture of nasal tissue is intact in terms of permea-
tion and can be used for other analyses like histological stud-
ies. Coming to the limitation latter is complicated in terms of 
diversity in nasal architecture like tissue thickness and en-
zymatic activity between different species [79, 90-92]. Some 
of the in vitro and related model used for screening of IN 
delivery of drug aimed at PD is also mentioned in Table 3. 
7.4.2. In vivo Studies: Parkinson Animal Models for Nose 
to Brain Delivery Assessment 

The validation of any formulation occurs after preclinical 
screening is carried out in an animal model. The animal 

model used in the screening are generally mice, rats, mon-
keys. They act as a surrogate for humans where pharmaco-
dynamic effect as drug efficacy and initial pharmacokinetics 
parameter like Cmax, Tmax, the area under the curve (AUC), % 
Drug targeting efficiency (DTE), N2B transport percentage 
(%DTP) is carried out. Some of the animal models used in 
the screening of antiparkinsonian effect via IN delivered 
drugs are also mentioned in Table 2. Some of the animal 
models used specifically for inducing PD are 6-OHDA in-
duced PD in Wistar rats, MPTP in mice and intranasal LPS 
delivery mediated PD model in mice. Additionally, optimal 
administration conditions and dosing regimen are important 
for accessing the success of IN delivery. The restricted pro-
gress in N2B delivery research is also due to these animal 
models as they do not represent the exact replication of intri-
cacies and physiological conditions of human being due to 
interspecies variation.  

An improvement in the animal model was recently de-
scribed by implementing two novel methods, where first, IN 
administration of the drug was carried out under the influ-
ence of inhalation anaesthetic isoflurane and second, drug 
distribution via N2B delivery was assessed by using radio-
labeled [14C]-inulin (molecular weight: 5,000) as a model 
substrate of water-soluble macromolecule [93]. 

8. RECENT ADVANCES TO PD THERAPY EMPLOY-
ING NOSE-TO-BRAIN DELIVERY SYSTEM 

8.1. In situ Nasal Gel 

In the past, the administration of oral anti-Parkinson’s 
drugs was always coupled with the intravenous route [94]. 
However, this route lacks target specificity resulting in the 
drug distribution throughout the body with limited brain dis-
tribution. This further leads to increased dose and dosing 
frequency resulting in severe adverse effects. In light of the-
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se pitfalls associated with conventional therapy, the in ad-
ministration route has attracted tremendous attention in sys-
temic antiparkinsonian therapy [95]. Notably, intranasal 
therapy supports easy avoidance of the first-pass metabo-
lism, increased blood passage, increased bioavailability, 
along with increased brain uptake of the drug. Additionally, 
this route is not only favored for drugs but also for peptides 
and oligonucleotides since it prevents degradation through 
enzymatic action through the intravenous route in the sys-
temic circulation [96]. In situ gel-based anti-Parkinsonian 
therapeutics have emerged as a promising approach nowa-
days. The utmost noteworthy characteristic feature of in situ 
gels is the site-specific conversion from sol to gel phase. 
This promotes the formation of the depot at the desired site 
for sustained release, and prevents mucociliary clearance and 
local enzymatic degradation [97]. They primarily manifest 
fluid-like properties during administration but undergo con-
version from sol to gel in response to numerous stimuli such 
as changes in ionic concentration, fluctuations in body tem-
perature, changes in pH, or some other diversified changes in 
the biological environment [98-100]. In situ gel-based anti-
Parkinson formulations (as mentioned in Table 3) are widely 
accepted because of their versatility and various advantages 
such as enhanced bioavailability, improved patient ac-
ceptance, diminished interference with the biological envi-
ronment, controlled release, and biodegradability.  

The cold method is the most simplified method, which 
favors the formulation of the thermo- reversible form of in 
situ gels. The most pivotal step of this method comprises 
polymer solvation at an optimum temperature of 30oC with a 
magnetic stirrer. The other primary ingredients to be added 
in the resulting formulation includes sodium chloride, poly-
ethylene glycol, sodium chlorate, benzalkonium chloride 
ensured by the maintenance of an optimum temperature of  
4oC for consecutively 4 h. Henceforth, the final step includes 
the addition of an antiparkinsonian drug with continuous 
shaking at 100 pm followed by probe sonication.  Recent 
studies included that Lungare et al. had prepared a thermo-
reversible in situ gel comprising amantadine (antiparkinsoni-
an drug). In this formulation, they employed Pluronic F127, 
which is commonly known as Poloxamer 407, having nota-
ble thermo-reversible properties along with carboxymethyl 
cellulose with the marked mucoadhesive property. They ob-
served three-stage gelation phenomena at 34 ± 1oC and re-
producible non-Newtonian behavior with good storage sta-
bility up to 8 weeks. The optimized intranasal formulation 
demonstrated no significant cytotoxicity to human nasal epi-
thelia up to 4 mg/mL. With the utilization of a nasal cast 
model, deposition into the olfactory regions (potential nose-
to-brain) was demonstrated on nozzle insertion (5 mm), 
whereas tilting of the head in the forward direction resulted 
in a greater deposition in the nasal cavity. Furthermore, the 
bioavailability and drug release profile of amantadine have 
increased to a greater extent compared to its oral-based coun-
terpart [101]. Another similar approach by Rao et al. com-
prised ropinirole loaded onto thermo-reversible in situ gels 
whose matrix consisted of Poloxamer 407. Nasal in situ gel 
augmented 8.5 fold greater brain uptake compared to the 
intravenous route [75, 101-105]. Hoban et al. explored the 
delivery of neurotrophic factors across the brain through 
genetically altered mesenchymal stem cells for the manage-
ment of neurodegenerative diseases. Poor survival post-

transplantation followed by microglial stimulation and astro-
cyte employment at the graft site was observed. An in-situ 
gelation type I collagen hydrogel was investigated for intrac-
erebral transplantation matrix for delivery of glia-derived 
neurotrophic factor (GDNF) overexpressing stem cells to the 
rat brain. In vitro characterization showed high biocompati-
bility and promoted GDNF secretion into the striatal paren-
chyma. Additionally, they demonstrated the transplantation 
of stem cells in a collagen hydrogel matrix significantly re-
duced the host brain’s response by diminishing microglia 
and astrocyte stimulation at the bioactive site (p < 0.01). This 
approach displayed promising results and opened up new 
horizons in cell support and graft integration [106].  

8.2. Cell-Penetrating Peptides 

Cell-penetrating peptides comprise short-chain peptides 
which are cationic and amphipathic with inherent cell mem-
brane traversing activity. Two types of CPP exist which in-
clude antimicrobial sequences and chimeric peptides. Bind-
ing of cationic CPP selectively to the brain endothelial mem-
brane via electrostatic interaction. Kamei and co-workers 
envisaged the delivery of insulin to the brain parenchyma 
mediated by enhanced drug uptake across the nasal epitheli-
um through neuronal cells to improve the potential of the 
N2B delivery. Insulin was intra-nasally co-administered with 
penetration, a cell-penetrating peptide to the mice. Intranasal 
administration promoted the penetration of distal regions of 
the brain through the nasal cavity with greater accumulation 
in the cerebral cortex, cerebellum, and brain stem. D-
penetratin could help in insulin traversion across the brain 
with minimal risk of systemic exposure indicating the tre-
mendous potential of cell-penetrating peptides [96]. Similar-
ly, Khafagy and co-workers attempted to promote leptin de-
livery to the brain via intranasal co-administration with pene-
tratin. In vivo studies revealed that leptin co-administered 
with L-penetratin was effectively absorbed and localized in 
the anterior section of the brain. Chronic leptin delivery via 
repeated intranasal co-administration with CPP diminished 
the appetite and reduced the bodyweight of rats with lower 
plasma triglyceride levels. Brain sample analysis indicated 
the phosphorylation of Stat3 via leptin receptor resulted in 
the therapeutic efficacy of leptin [107].  

8.3. Intranasal Delivery of Genes Encoding Neurotrophic 
Factors for PD Treatment 

The intranasal gene delivery system appears to be the most 
promising approach for the treatment of PD over recent years. 
It is almost impossible to deliver major and comparatively 
bigger biomolecules to the brain by crossing the BBB. The 
intranasal mode of drug delivery provides the facility of deliv-
ering neuroprotective biomolecules into the brain in a non-
surgical way without involving passage via BBB. There is a 
possibility of delivering a gene of interest containing a vector. 
There are two types of vectors that can be used for delivering 
the gene and the selection of vector depends on which would 
have more transfection efficiency on IN delivery. First, one is 
a viral vector like a replication-defective adenoviral vector 
AdRSVfbgal, herpes simplex virus type1 (HSV-1), R830, 
Adeno associated virus (AAV) vector. The second is a non-
viral vector that makes plasmid DNA construct and has lesser 
immunogenic efficiency. Latter includes plasmid DNA, 
PCMVβ which was detected in the brain after 10 min of IN 
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delivery. The other in this category is 10000 Da PEG substi-
tuted lysine 30-mernanoparticles (NPS), pUGG encoding fu-
sion protein of plasmid Glia Derived Neurotrophic Factor 
(pGDNF) linked with a green fluorescent protein (GFP) [108]. 
Both viral and nonviral vectors also offer the potential for neu-
rotrophic factor delivery. The major neuroprotective biomole-
cules delivered via the intranasal gene delivery system involve 
Neuropeptide Y and substance P, (GDNF), neurturin, etc. 
[109-112]. Besides neuropeptides, there are other peptide mol-
ecules such as the Basic fibroblast growth factor, transforming 
growth factor (TGF-β), Pituitary adenyl cyclase-activating 
peptide, cyclosporin-A, TNF- inhibitory single-chain antibody 
fragment ESBA105 have been tried at the preclinical level in 
PD by employing the IN delivery approach [113]. 
8.3.1. Neuropeptide 

Neuropeptide Y is mainly a neuroprotective peptide 
widely expressed in the mammalian brain and consists of a 
36 amino acids chain. It functions as a co-transmitter, which 
is released from post-ganglionic sympathetic neurons. Deliv-
ery of this peptide via intranasal way provides a promising 
betterment of treatment for Parkinson’s disease. It also plays 
a major role in protecting the SH-SY5Y cell lines and dopa-
minergic cell death both in mice and rats from 6-
hydroxydopamine- (6-OHDA)-induced toxicity [114]. Most 
recently, the intranasal delivery of later has alleviated the 
Machado-Joseph disease (MJD), a form of inherited ataxia 
[115]. In delivery of NPY for major depression, panic disor-
der, and social anxiety disorder is under clinical trial [116] 
and have proven effective for major depressive disorder pa-
tient in a randomized controlled trial [117]. NPY gene thera-
py employing a recombinant adeno-associated viral (rAAV) 
vector expressing the human NPY gene, has decreased the 
chronic spontaneous seizures in the rat [118]. Meanwhile, 
the effectiveness of IN gene delivery of NPY in PD further 
needs to be explored at the preclinical and clinical levels. 
Neuropeptide Substance P (SP) belongs to tachykinin pep-
tide and is involved in the regulation of many biological pro-
cesses. SP mediates neuro-immunomodulatory activities and 
neurogenic inflammation within the CNS and in the periph-
eral nervous system [119]. The in delivery of lipid-based SP-
loaded gelatine nanoparticles (SP-GNP) has protected the 
PD-like behavior in (6-OHDA) induced hemiparkinsonian 
rats [120]. Although SP itself acts as the tool for specific 
delivery of various types of biomolecular cargo and has been 
tried in the case of targeting glioma but their gene delivery in 
the case of PD is still not reported [121, 122]. 
8.3.2. GDNF  

GDNF & Neuturin have the potential for developing as 
PD modifying therapy as they can rescue damaged DA neu-
rons by promoting their growth and hence will increase the 
DA production. The preclinical efficacy of GDNF did not 
get replicated at the clinical level in PD patients. The in de-
livery of GDNF and its liposome formulation has shown 
effectiveness in 6-OHDA induced PD model of rats [123]. 
Its gene delivery mainly involves the use of viral vectors like 
Adenovirus (Ad), Lentivirus (LV), or AAV for therapeutic 
importance encoding GDNF directly into the brain. Viral 
vectors like LV and AAV are randomly used because of their 
low immunogenic properties, safety margin, and increased 
transgenic properties. It has been reported in recent studies 

that Ad-GDNF, LV-GDNF have shown a greater potential 
for neuroprotection coupled with restorative effects of do-
pamine in experimental animal models [124-126]. Other 
studies in the line have delivered the plasmid DNA nanopar-
ticles (NPs) encoding human GDNF using in route to rats 
which induces transgene expression in the brain and has pro-
tected the DA neurons in a 6-OHDA induced PD model of 
rats. 
8.3.3. Neurturin 

It belongs to one of the neuroprotective members of 
GDNF’s family. It possesses the same potential and efficacy 
of neuroprotection and restorative effect the same as that of 
GDNF when delivered intranasally, as reported in both in-
vitro and in-vivo experiments in animal models.  The repeat-
ed intrastriatal gene delivery of AAV2-neurturin (CERE120) 
to advanced PD patient AAV2-neurturin (CERE120) has 
failed to alleviate the significant PD pathology due to 
neurturin expression [108, 126]. The physicochemical prop-
erty of nurturing limits its use in PD, and hence the in deliv-
ery can be tried in the future. 

8.4. Intranasal Delivery of Mitochondria 

In recent times, N2B delivery of mitochondria, a nano-
sized organelle has also been tried in many diseases’ context 
[127]. Latter also lacks the HLA-Class 1 antigens and hence 
possesses less immunogenicity potential. Intranasally deliv-
ered mitochondria rapidly reach meninges where it gets in-
ternalized with the help of macrophages and revers the vari-
ous neural deficits. Delivery of mitochondria has alleviated 
the cognitive defects in the oxaliplatin-induced chemothera-
py model of rat where mitochondria isolated from human 
mesenchymal stem cell was delivered to mice via in route 
[128]. Similarly, in PD also in delivery of mitochondria has 
been tried recently, where 200 µg of allogenic mitochondrial 
isolated from the rat liver was conjugated with cell-
penetrating peptide (Pep-1) and delivered once a week for 3 
months to the 6-OHDA induced PD model of rats. Later, 
they have shown benefit in both rotational and locomotor 
behaviours and 60 % recovery in DA neurons [129] (Fig. 6). 

8.5. Focused Ultrasound Enhanced in Delivery 

The current treatments of PD give only symptomatic re-
lief and are unable to control the progression of the disease. 
Another approach, the Focused ultrasound technology 
(IN+FUS) (Fig. 7), emerged as a novel, non-invasive, and 
safe IN delivery method for PD, which administers pharma-
cological agents directly to the brain through the olfactory 
nerve pathway [130, 131]. Due to specific brain targeting, it 
allows uniform drug distribution in site-specific areas com-
pared to N2B delivery alone. FUS can treat PD with less risk 
of complications, and it could provide a non-invasive alter-
native to existing surgical treatment at a lower cost. When 
FUS-mediated BBB opening is coupled with IN delivery of 
molecules, it led to precise and accurate delivery of intrana-
sally administered molecules into the brain without damag-
ing surrounding normal tissue. Before FUS-induced BBB 
opening, microbubbles injected systemically begin to cavi-
tate, and this microbubble cavitation in the targeted region of 
the FUS beam path enhances the delivery efficiency. Fo-
cused ultrasound enhanced in delivery study of BDNF in the 
PD mouse model was recently performed where the BDNF 
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Fig. (6). (A) Intranasal treatment with allogeneic mitochondria ameliorates behaviour in Parkinson’s disease rats as shown from the rotational 
response, open field test, zone crossing frequency and mobility, (B) Comparison of Nissl’s positive neurons and TH positive signals in intact 
and lesioned cells, (D) Double immuno-fluorescent staining with doublecortin and BrdU antibodies demonstrating the uptake of exogenous 
mitochondria in DCX-positive migrating neurons, (E) Normalized mitochondrial complex expression in lesioned substantia nigra to display a 
reduction in oxidative stress, (C, F) Contralateral mitochondrial delivery with double immune-fluorescent staining, through BrdU (red) with 
DCX antibody (green) along with merged Z-stack confocal microscopy image for wild type, lesioned, mitochondrial and Pep-1 mitochondria. 
Reprinted from Chang et al. [129]. Copyright © 2021 licensed under CC BY 4.0 (http://creativecommons.org/licenses/by/4.0/). Published by 
Springer Nature. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 

 

 
Fig. (7). An overview of focused ultrasound enhanced intra-nasal drug delivery. The focused ultrasound waves coupled with microbubbles 
enhance BBB permeability and deliver the drug to the target site. (A higher resolution/colour version of this figure is available in the elec-
tronic copy of the article).  
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by in route has improved the delivery in the targeted brain 
region by using FUS-induced BBB opening. Usually, in PD-
associated DA neurons, dysfunction can lead to a decrease in 
the expression of tyrosine hydroxylase (TH), a marker of 
healthy DA neurons compared to normal mice. The BDNF 
was reported as a pharmacological agent that inhibits DA 
neuronal degeneration and stimulates DA synthesis in PD 
affected region [131]. It has led to the focused ultrasound 
enhanced N2B delivery as a novel potential approach for PD 
therapy. 

CONCLUSION  

The passage of the currently available anti-Parkinson 
drugs to the brain is restricted because BBB presents an una-
voidable hurdle that limits the accessibility of drug therapy. 
Moreover, its complex anatomy restricts the evolution of 
new therapeutic approaches for treating PD. To improve 
significant brain targeting, recent studies and scientific ex-
periments from the last few years scaffold the N2B drug de-
livery system as a novel approach for direct brain targeting. 
The nasal cavity has direct associations with olfactory and 
trigeminal nerves linked with nasal mucosa and the brain. 
The advantage of selecting the in-drug delivery system over 
currently available anti-Parkinson’s therapy ensures more 
availability of the anti-Parkinson drugs to the target areas of 
the brain. Meanwhile, the N2B delivery also has its share of 
limitations, such as mucociliary clearance, drug degradation, 
translocation of drugs from the nasal cavity by efflux mech-
anisms, and less residence time in the nasal mucosa. Addi-
tionally, the collaboration of nanotechnology with the in 
approach to delivering drugs has diversified PD therapy to a 
greater extent. The combination of NP in in approach fa-
vours the drug delivery by increasing the BBB permeability, 
increased bioavailability, more patient acceptance, less inter-
ference with the biological environment, biodegradability, 
along with more site-specific delivery in the brain. The prob-
able size required for NP for excellent delivery of anti-
Parkinson drugs should be between 100 to 200 nm. As per 
the depiction in the review, studies also demonstrated that 
suitable surface-modified nano-carriers such as chitosan NP, 
PLGA NP, nanoemulsion, solid-lipid NP, lipid NP were used 
for enhancing the brain-specific targeting prospective of anti-
PD therapy. Similarly, recent advances (for rapid brain up-
take) in the N2B delivery for PD comprise the usage of In-
situ gels loaded with anti-Parkinson drugs, inhaled levodopa 
therapy, focused ultrasound enhancing in delivery along with 
intra-nasal gene therapy (delivery of big sized neuro-
protective biomolecules directly into the brain) including 
direct mitochondria delivery. Hence, it can be concluded that 
recent development in in approach of drug delivery coupled 
with nanotechnology has opened a new horizon for PD 
treatment, ensuring more availability and more accuracy. 
However, more studies are required to evaluate the efficacy 
of therapy via N2B delivery as enough research is not avail-
able. To bring the therapy to clinical premises strong re-
search background in terms of formulation development and 
assessment of their optimal delivery to the brain.  

LIST OF ABBREVIATIONS 

PD = Parkinson's Disease 
NDD = Neurodegenerative Disorder 

DA = Dopamine 
AD = Alzheimer's Disease 
MPTP = 1, 2, 3, 6-Methyl-Phenyl-Tetrahydropyridine 
PTEN = Phosphatase, and Tensin Homolog 
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