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ABSTRACT
In 1987 James Parkinson first describes Parkinson's Disease (PD) as a neurological syndrome. 
Over ten million people worldwide suffer with PD. The exact quantity of people suffered with 
PD is difficult to calculate because many people are not diagnosed in the early stages of the 
disease. As people age, they are more probable to develop PD. After Alzheimer's disease, it's the 
second utmost common age-related neurodegenerative condition. PD is a common prevalent 
neurological illness that causes significant disability. Dopaminergic neuron malfunction in the 
substantia nigra compacta characterizes the diseased condition. The cardinal clinical symptoms 
of akinesia, stiffness, tremor and autonomic dysfunction distinguish it. Oral medications may lose 
their effectiveness in the treatment of PD because a number of factors such as dysphagia, impaired 
absorption from the gastrointestinal tract and delayed stomach emptying. Intranasal therapy 
may be considered to alleviate this problem. As a new approach to treating central nervous 
system disorders, the intranasal route of medication administration is being explored. It is a novel 
delivery method that may circumvent these issues, allowing Glial cell line-Derived Neurotrophic 
Factor (GDNF) to reach the brain and halt the progression of PD. Different nanocomposites can 
be delivered intranasally to treat PD.
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INTRODUCTION

The second most frequent neurological disease is PD.1 
Dopaminergic neurons are damaged or lost in PD.2 According to 
the PD Foundation, it affects around 7 to 10 million individuals 
worldwide. The percentage of PD  cases is expected to increase 
significantly as the global problem of the aging population 
impacts most countries and regions at different  phases of 
development.3-5 Tremor, bradykinesia, stiffness and postural 
instability are the most common symptoms. PD is currently 
diagnosed using a clinical method that detects the presence of 
akinesia as well as at least one motor neuron symptom other than 
aftershock, toughness, or autonomic dysfunction.6-8 Age is  the 
single most reliable risk factor and the presence of PD will increase 
continuously in the future as the general aging population.9 Both 
patients and healthcare providers have numerous obstacles when 
it comes to managing Parkinson's disease. Despite receiving 

adequate pharmacological treatment, many people with PD are 
seeing an increase in motor and non-motor symptoms.10,11

Nasal Cavity: Anatomy, Physiology and Histology

In humans and other animals, the nasal mucosa primarily 
helps in breathing and olfaction.12 These tasks are performed by 
the mucus layer as well as the hairs that line the nasal passage 
which prevents intranasal molecules and microorganisms from 
entering inside. Apart from the resonant frequency of generated 
noises, inhaled structures also perform important functions such 
as mucosal cells, immune response actions and endogenous 
chemical respiration.13-17 The surrounding bones, maxillary and 
inferior conche bones support the human nasal cavity above it 
and sideways, it is located between both the base of the spine and 
nasopharynx13 shown in Figure 1.

The middle sternum divides the human nose into regularly spaced 
halves, each begins at the face via nasal passages and extends 
posterior aspect to the nasal cavity. The four areas nasal vestibule, 
atrium, respiratory region and olfactory region that include both 
symmetrical halves and are distinguished by their anatomical and 
histological characteristics. The respiratory system of a human 
has an overall amount of 15-20 mL as well as an increased surface 
area of around 150 cm2.18,19
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Nasal Vestibule
It is found in the upper part of a nasal cavity, inside the nostrils. 
It has an area of approximately 0.6 cm2. It contains respiratory 
hairs located in the nasal vestibule, screen the intranasal particles. 
It has an epithelium and hypodermis epidermis, as well as sweat 
gland.15,17,20 Substance absorption, including drug absorption, 
becomes extremely hard within that area.21

Atrium
The space between the nasal vestibule and the respiratory region 
is known as the atrium. In the anterior section, it has a squamous 
cells epithelium and in the posterolateral portion, there are 
pseudostratified cells with microvilli.15,16

Respiratory Region
The respiratory area occupies the majority of nasal cavity. To 
ensure that the inhaled air makes complete contact with the 
respiratory mucosal surface, there are spaces between them known 
as meatus, which are passageways where airflow is generated.22 
The epithelial tissue, the inner membrane and the stroma contain 
the nasal respiratory mucosa, pseudostratified epithelium cells, 
goblet cells, basal cells, mucus layer glands and serous glands that 
make up the nasal respiratory epithelium.13,15,18 The large bulk of 
endothelial cells have microvilli on their anterior membrane, as 
well as fine projections known as cilia.16 The thickness of the nasal 
mucus layer is only 5 micrometers and it is separated into 2 layers: 
one viscous and dense on the outside and fluid and serous on the 
inside. The mucus layer in the nose comprises 95% liquid, 25-35% 
mucus and 2% ions, proteins, fats, enzymes, antibody, sloughed 
epithelial cells and bacterial products.23-25

Olfactory Region
It is located at the top of the nasal cavity and continues for a 
short distance along with the membrane and anterior part.16 
The olfactory epithelium is pseudostratified, it contains specific 
sensory receptors cells that are essential for scent detection.16,26 
Small serous glands (Bowman glands) are also present in this 
area.16,18

Intranasal Drug Delivery
The peripheral route of medication administration is used in 
many of the known treatments for Parkinson's disease and 
other CNS illnesses (oral and intravenous route). A major 
disadvantage of peripheral drug delivery is the lack of availability 
of therapeutic agents or active ingredients from the blood supply 
to the brain.27-30 It could be due to the influence of the BBB, 
which protects the brain from injury by preventing virtually 
all medication molecules, many phytochemical constituents, 
proteins, peptides and other big compounds from entering the 
brain, thereby protecting it from harm.31 Simultaneously, the 
first pass effect  and enzyme breakdown (internal delivery) as 
well as systemic clearance (oral and intravenous routes) limit 

drug bioavailability significantly.29 In the midst of all of these 
challenges, the intranasal route offers a pleasant and simple 
way to cross the Barrier and transport medications directly to 
the brain from nasal passage.16,32-35 The intranasal route of brain 
medication administration, according to several hypotheses and 
research, overcomes the constraints of systemic delivery and 
speeds up a drug product delivery. Intranasal delivery, on either 
hand, is noninvasive and beneficial for treating CNS diseases.36-41 
Although intranasal drug delivery to the circulatory system and 
for topical therapy is favored, researchers are concerned around 
its use for direct brain medication delivery.42,43 William H. Frey 
II advocate intranasal administration of therapeutic active 
ingredients directly into CNS in 1989.44-47 Intranasal medication 
delivery is now established as a viable and effective alternative to 
oral and intravenous procedures.48

Nose to Brain Drug Delivery Mechanism

Drug molecules must get to brain via two principle routes: a) the 
neural route (a major pathway) and b) systemically bloodstream 
via the BBB (minor pathway). Trigeminal sensory neurons 
are also found in the respiratory region, which is vascularized 
with blood vessels.16,49-55 The blood vessels in the respiratory 
area boost absorption of the drug into the circulatory system, 
whereas trigeminal neurons transport the drug from nasal cavity 
to the cerebrum and to a lesser extent the olfactory and frontal 
brains.49,56,57 The olfactory area is placed on the anterior surface 
of the nasal cavities and covers the inferior surface of the medial 
portion of the temporal bone. The area is little (10 cm2) but, its 
proportion is differed by species: for humans, it is only 10% of the 
total area, whereas in rats (a common model for nasal delivery 
study), it can be up to 50%.27,58 The majority of the cells are 
supporting cells, microvilli cells, basal cell and olfactory receptor 
neurons with a small number of trigeminal neurons. The lamina 
propria contains blood veins, lymphatic network, Bowman’s 
gland, perivascular spaces, axons and connective tissues beneath 
the olfactory and respiratory epithelium.59-61

The olfactory neural pathway is thought to be one of the most 
important intranasal medication absorption channels to the 
brain64 shown in Figure 2. When drug enters the nasal cavity, it 
is cleared by the mucus system in the sensorimotor area.48 The 
medication then enters the sinus cavity posterior portion, where 
it comes into contact with respiration and sensory areas. Drugs 
are delivered to a brain in this region via a number of pathways, 
including the sensory neurons pathway, the neurogenic pathway, 
the lymph and vascular pathways and CSF. The precise technique 
of delivering drugs from the nasal passage to the brain has 
sparked much debate among investigators. It can also have one 
drug carrier pathway or a combined effect of the drug transport 
pathways listed above. The type of drug transport pathway 
chosen is determined by the nature of drug, quantification 
criteria, physiological state, the type of delivery device and other. 
Irrespectively, the sensory neurons pathway and the trigeminal 
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nerve pathway continue to become the most essential pathways 
for delivery of drug from the nose to brain.62 Medication reaches 
the lamina propria and the brain due to intra- and extracellular 
transport mechanisms. After reaching the submucosa, the drug 
crosses the lamina cribrosa of the ethmoid bone and needs to 
enter the interstitial fluid and sensory bulb via the nerve channel 
formed by olfaction enciphering molecules.

The drug combined with interstitial fluid and distributed 
throughout the brain by bulk flow after it enters in the 
cerebrospinal fluid as shown in Figure 3. The medication quickly 
spreads all across the central nervous system via periventricular 
regions once it enters the brain. This is also known as perivascular 
transport. It also happens in the nasal mucosa for medication 
delivery to the brain. Furthermore, the same mechanism is used 
to remove medications and other soluble compounds from the 
CNS to a peripheral system in the opposite manner. Furthermore, 
medication molecules absorbed by the nasal capillaries enter the 
pulmonary circulation where they cross the BBB (small lipophilic 
drug compounds) to reach the brain area.63-65

Cellular Transport

As a result of drug transfer from the pulmonary epithelial and 
sensory region via trigeminal nerve and olfactory nerve, drug 
molecules are delivered to several parts of the brain, including 
the cerebral lobe, nucleus accumbens, cerebrum and cerebral 
cortex.66-68 Intracellular and extracellular drug transport are 
two types of cellular drug transport systems. The intracellular 
mechanism includes the internalization of molecules by a 
sensory neuron, transportation of the endocytosis vesicles 
inside the membrane to the photoreceptor discharge region and 
eventually release through secretory vesicles. The drug enters 
the extracellular pathway by passing through the nasal mucosa 
and reaching the lamina propria, where bulk flow mechanisms 
transfer it external running the length of the neuronal axons. 
The axon penetrates the Central nervous system, in which the 
medicine is even further distributed by liquid flow.62

Barriers to Clinical Application

To enhance permeation and absorption of drug, the addition 
of permeation enhancers, regulated delivery methods, 
dispersion of drug in carrier and other innovative strategies 
have been applied.69-73 Nasal mucosa irritation is unpleasant. 
As a result, the selected medications are used in intranasal drug 
delivery formulations. It is possible to evaluate the inhaled toxic 
effects of treatments and inactive ingredients, particularly for 
drugs used to treat chronic conditions.74-76

Drug particles for PD therapy: Towards therapeutic 
application

Researchers are working in this approach to develop a unique 
strategy for successful administration of neurotherapeutics 

because the obstacles associated with intranasal medication 
delivery intrigue them.77,78 Nanotechnology is the most 
appropriate and useful approach for this. As fresh study discoveries 
emerge, it is obvious that nanotechnology will improve the 
health-care system by delivering simple and effective diagnostic 
and treatment approaches. Because of their small size, low 
toxicity, biodegradability and soluble nature, nanoparticle-based 
medicines have emerged as a viable therapy for brain disease and 
disorder. When compared to traditional therapy, nanoparticles 
cause substantially less brain toxicity.79 Nanoparticles can cross 
the BBB via transcytosis pathway by binding the surface of 
endothelial cells through two different mechanisms. One of which 
is adsorptive transcytosis, in this, drug loaded nanoparticles 
binds to the luminal plasma membrane of endothelial cells due to 
its modified surface properties. As compared nanoparticle with 
the non-ionic and anionic charge, nanoparticles bearing cationic 
charge are more prone to transcytosis, because the endothelial 
cell plasma membrane is negatively charged. Another mechanism 
is receptor-mediated transcytosis, where nanoparticles attached 
with different ligands on their surface are able to bind specific 
receptors and thus promote endocytosis. Apart from this nano 
size of this type drug delivery also promote the entry of the drug 
via BBB.79

Intranasal drug delivery systems used to treat 
Parkinson's disease
Ropinirole-containing nanoparticles

Ropinirole is a dopamine agonist. It works by replacing 
dopamine, a natural molecule found in the brain that regulates 
movement. Omidreza Jafarieh et al. developed ropinirole-loaded 
mucoadhesive nanoparticles for intranasal administration to 
the brain. The goal of this investigation was to see the efficacy of 
polymeric nanoparticles to target ropinirole to the brain.80 The 
ionic gelation approach was used to prepare ropinirole-loaded 
chitosan nanoparticle.81 The researcher concluded that when 
nanoparticulate ropinirole hydrochloride was administered 
intranasally, it showed a sustained release effect up to 18 hr 
when compared to the intranasal administration of ropinirole 
hydrochloride solution. It was concluded that chitosan 
nanoparticles deliver more drug to the target site, resulting in 
higher absorption.80

Ropinirole loaded polyelectrolyte complex

Kulkarni A. et al., used N,N,N trimethyl chitosan and dextran 
sulphate to prepare a polyelectrolyte complex of ropinirole 
hydrochloride.82 They prepared a polyelectrolyte complex 
by irradiation charged structural features of previous 
mucopolysaccharides at various pH levels (pH 5,8,10,12).83 
They found that in alkaline circumstances (pH 10) the trimethyl 
chitosan and dextran sulphate produced more persistent 
polyelectrolyte complexes.
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PLGA nanoparticles with ropinirole

Patil Ganesh, et al., prepared and statistically optimized surface 
modified PLGA-nano molecules for nose to brain delivery of 
ropinirole hydrochloride.84 The ropinirole-loaded nanoparticles 
were made using a modified nanoprecipitation process.85 
Which was then optimized by using 23 factorial design. The 
ropinirole-loaded nanoparticles showed sustained drug release 
over 24 hr, which could help to reduce the number of recommended 
daily  dosage, improving conformance and correcting peak-to-
valley variations associated with the traditional treatment.

Aikaterini-Theodora Chatzitaki et al., were synthesized a 
ropinirole hydrochloride loaded PLGA nanoparticles with 
chitosan coatings for nasal administration in order to maximize 
drug concentration at the site of action, in neurologic diseases such 
as PD. Mucoadhesive PLGA and PLGA/chitosan nanoparticles 
were prepared to transport ropinirole hydrochloride through the 
mucus layer and to avoid first pass degradation. Nanoprecipitation 
approach was used to formulate the PLGA nanoparticles. Over 
a 24 hr period, 100% drug release was achieved from ropinirole 
nanocarrier in a simulated nasal electrolyte solution and 
chitosan coated PLGA nanoparticles of ropinirole hydrochloride 
permeated into sheep nasal mucosa 3.22 times faster than 
uncoated PLGA NPs.86-88

Rasagiline-loaded chitosan nanoparticle

Rasagiline used to treat PD symptoms (stiffness, tremors, spasms). 
Rasagiline and levodopa might be used together on occasion. 
Deepti Mittal et al., used chitosan glutamate with Tripolyphosphate 

anions (TPP) to create Rasagiline-loaded Chitosan Glutamate 
nanoparticles (RAS-CG-NPs). Rasagiline-loaded nanoparticles 
were studied for in vivo biodistribution experiments in mice, 
which demonstrate the superiority of the developed formulation 
for the brain targeting over parenteral and intranasal solutions 
of drug. The produced nanoparticles had better release profiles 
than the nasal in situ gel delivery outcomes seen during the in 
vitro release research. Based on these data, it was suggested that 
RAS-CG-NP’s could be a promising intranasal delivered strategy 
for the treatment of Parkinson’s disease.89-91

To determine the Antiparkinson’s effects, Vinay Sridhar et al., 
prepared a pramipexole thermosensitive nasal gel and compared 
with an oral pramipexole solution. Within 8 hr, 95% of the 
medication was released across the goat nasal mucosa. A stiff gel 
was produced with 16% poloxamer 407 and 0.15% guar gum at 
32-33ºC. Authors concluded that, intranasal  administered 
pramipexole gels successfully replace locomotor activity ratings, 
eliminated catalepsy, increased brain GSH and levels of dopamine 
and replace enzymes activity to average levels.92

Ruhi Raj et al., prepared pramipexole dihydrochloride based 
chitosan nanocarriers for nose to brain administration. 
Pramipexole nanocarriers were made using the ionic gelation 
technique.89 In comparison to other formulations; the in vivo 
pharmacodynamic investigation confirmed its brain targeting 
ability. The author concluded that pramipexole-based chitosan 
nanocarriers can be used for effective targeting of the brain via 
non-invasive nasal route for the treatment of PD.92,93

Figure 1: Nasal anatomy. (Created using BioRender)



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 4, Oct-Dec, 20251266

Gangane, et al.: Towards Approval of Antiparkinson’s Drug

Rotigotine loaded nanoparticles
The clinical symptoms of PD are routinely treated with 
rotigotine transdermal patches. Subrat K et al., developed 
rotigotine-based  chitosan nanocarriers  for intranasal delivery.94 
They employed an ionic gelation approach using chitosan and 
Tri-Polyphosphate to make rotigotine-based nanocarriers 
(TPP).95 Using cell-based research, the researchers assessed its 
cerebral absorption, anti-oxidant and neurological activities. 
In a PD  animal model, the therapeutic properties of rotigotine 
based  nanocarriers  for nasal to brain treatment transport were 
examined. In an animal model of PD, intranasally delivered 
rotigotine nanoparticles improved brain targeting and absorption 
of drug.

Thermosensitive hydrogels with rotigotine-loaded 
polymer micelles
Fangyuan Wang et al., developed a thermosensitive hydrogel with 
rotigotine-loaded polymeric micelles to improve drug solubility, 
prolong residence time and to increase drug concentration in 
brain tissue. This hydrogel formulation shows the sustained 
release properties and permeability analysis revealed that 
rotigotine could be delivered directly to the brain via nasal 
route. The nasal fibril and mucous membrane of rats showed no 
evident negative effects.96-98 Levodopa nanoparticle incorporated 
thermo-reversible gel

In the therapy of PD, levodopa is a popular and successful 
medicine. Carbidopa is frequently used in conjunction with 
levodopa because it inhibits L-amino acid decarboxylase, the 

enzymes that catalyses breakdown levodopa peripherally. 
It is co-administered with carbidopa because of its limited 
bioavailability and the fact that aromatic amino acid decarboxylase 
reduces it in peripheral motion. To address this issue, researchers 
looked into delivering levodopa to the brain via the trigeminal 
nerves and the olfactory system. Sumit Sharma et al., prepared 
and characterized levodopa containing nanoparticles loaded in 
intranasal mucoadhesive thermo-reversible gel for delivery to 
the brain.99 Ionic gelation approach was used for the preparation 
of levodopa-loaded chitosan nanoparticles, which was then 
incorporated into a Pluronic PF127 thermo-reversible gel. The 
cold method was used for gel preparation. In vivo studies showed 
a significant percentage of levodopa inside the brain. Also, the 
thermos-reversible gel system enhanced the residence time of the 
-drug delivery system in nasal cavity. Authors concluded that, if 
appropriately designed, the intranasal route may be considered a 
feasible option for nose to brain delivery.99,100

Levodopa incorporated in situ nasal gel

Piyush Jangam et al., developed and evaluated a pH induced in 
vivo nasal gel for levodopa brain targeting. To tackle the difficulty 
of mucociliary clearance, they created an in situ gel of levodopa 
with Carbopol 934 as a gelling agent to form a gel in the nasal pH 
and HPMC K4M as a Polymer with mucoadhesive properties. It 
was seen that pH-sensitive polymers Carbopol 934 and HPMC 
K4M increase drug residence time preventing drug draining 
and allowing the medication to be released for a longer period 
of time. As a result, it inhibits first-pass metabolism and acts as a 

Figure 2:  The neural pathway mechanism (olfactory and trigeminal nerve) transport drugs from the nasal mucosa to the brain, A pathway is 
used to describe the systemic circulation (through BBB). The anatomy of the respiratory epithelium and olfactory nerves in the nasal cavity. 

(Created using BioRender)
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Figure 3:   Nasal drug pathway.

Sl. No. Generic name Trade name Mode of action Side effects
1. Carbidopa-levodopa Sinemet DOPA decarboxylase 

inhibitor
Nausea, dizziness, orthostatic, hypotension, 
dyskinesia.

2. Carbidopa-levodopa 
(controlled release)

Sinemet CR DOPA decarboxylase 
inhibitor/DA precursor

Nausea, dizziness, orthostatic, hypotension, 
dyskinesia, hallucinations, somnolence.

3 Carbidopa-levodopa 
(orallydisintegrating tablet)

Parcopa DOPA decarboxylase 
inhibitor/DA precursor

Nausea, dizziness, orthostatic, hypotension, 
dyskinesia, hallucinations, somnolence.

4 Carbidopa-levodopa 
(extended release capsules)

Rytary DOPA decarboxylase 
inhibitor/DA precursor

Nausea, dizziness, orthostatic, hypotension, 
dyskinesia, hallucinations, somnolence.

5 Carbidopa-levodopa 
(enteral suspension)

Duopa DOPA decarboxylase 
inhibitor/DA precursor

Nausea, dizziness, orthostatic, hypotension, 
dyskinesia, hallucinations, somnolence.

6. Levodopa inhalation 
powder

Inbrija DA precursor Nausea, dizziness, orthostatic, hypotension, 
dyskinesia, hallucinations, somnolence.

7. Entacapone Comtan COMT inhibitor, 
inhibits breakdown of 
levodopa

Nausea, dizziness, orthostatic, hypotension, 
dyskinesia, hallucinations, somnolence, 
diarrhea, discoloration of body fluid.

8. Tolcapone Tasmar COMT inhibitor, 
inhibits breakdown of 
levodopa

Nausea, dizziness, orthostatic, hypotension, 
dyskinesia, hallucinations, somnolence, 
diarrhea, discoloration of body fluid.

9. Opicapone Ongentys COMT inhibitor, 
inhibits breakdown of 
levodopa

Nausea, dizziness, orthostatic, hypotension, 
dyskinesia.

10 Carbidopa / levodopa 
entacapone

stalevo DOPA decarboxylase 
inhibitor / DA

Nausea, dizziness, orthostatic, hypotension, 
dyskinesia, hallucinations.

11. Pramipexole Mirapex DA agonist Nausea, orthostatic, swelling of ankle, 
dyskinesia, confusion, somnolence, sleep 
attacks, control disorders.

12. Pramipexole
(extended release)

Mirapex ER DA agonist Nausea, orthostatic, swelling of ankle, 
dyskinesia, confusion, somnolence, sleep 
attacks, control disorders.

Table 1:  List of medication approved for treatment of Parkinson’s disease in USA. 
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target drug delivery system, delivering drug to the brain via nasal 
mucosa and bypassing the BBB. It demonstrated its superiority 
over traditional dosage forms and increasing bioavailability with 
lower doses.101

Bromocriptine-loaded chitosan nanoparticle

Bromocriptine is a dopamine receptor agonist prescribed for 
PD. Bromocriptine loaded chitosan nanoparticles were prepared 
by Shadab Md et al., for direct nose to brain administration. 
Following oral administration, bromocriptine is expected 
to be easily absorbed but incompletely metabolized in the 

liver. Pharmacodynamic, pharmacokinetic and scintigraphy 
studies were carried out using mice model. Ionic gelation 
was used to make bromocriptine-loaded nanoparticles. They 
concluded that the resultant nanoparticles improved brain 
uptake of bromocriptine-loaded nanoparticles and increased 
bromocriptine's antioxidant action after intranasal delivery.102 
The nano formulation of bromocriptine was optimised by Shadab 
et al., for direct passage from nose to brain. They developed 
an analytical method for identifying bromocriptine and its 
nanoparticulate in brain plasma by using Ultra-High Performance 
Liquid Chromatography/Mass Spectrometry (UHPLC/MS). 

13. Ropinirole Requip DA agonist Nausea, orthostatic, swelling of ankle, 
dyskinesia, confusion, somnolence, sleep 
attacks, control disorders.

14. Ropinirole
(extended release)

Requip XL DA agonist Nausea, orthostatic, swelling of ankle, 
dyskinesia, confusion, somnolence, sleep 
attacks, control disorders.

15. Apomorphine
(injection)

Apokyn DA agonist
precursor/COMT 
inhibitor

Nausea, orthostatic, swelling of ankle, 
dyskinesia, confusion, somnolence, sleep 
attacks, control disorders.
somnolence, diarrhea, discoloration of body 
fluid.

16. Apomorphine
(sublingual film)

Kynmobi DA agonist Mouth irritation, swelling, nausea, dizziness, 
sleepiness.

17. Rotigotine
(transdermal patch)

Neupro DA agonist Nausea, dizziness, orthostatic, hypotension, 
swelling of ankles.

Sl.
No.

Trade name Dose Side effects

1 Apokyn Subcutaneous dose of 0.2-0.6 mL during 
acute hypomobility episodes via metered 
injection pen.

Yawning, dyskinesia, rhinorrhea, hallucination, 
inflammation.

2 Comtan Not exceed 1600 mg/day Dyskinesia, nausea, diarrhea, abdominal pain, 
urine discoloration.

3 Duopa (carbidopa 
and levodopa) enteral 
suspension

Maximum recommended daily dose of 
duopa is 2000 mg of levodopa administered 
over 16 hr.

Complication of device insertion, nausea, 
depression, peripheral edema, hypertension, 
upper respiratory tract infection, oropharyngeal 
pain.

4 Exelon (rivastigmine 
tartrate)

4.6 mg/24 hr or 9.5 mg patch designed for 
transdermal administration

Anorexia, weight loss, anxiety, headache, 
diarrhea, nausea.

5 Gocovri (amantadine) 137 mg-274 mg
It is a sublingual film. It must be 
administered whole 10 mg-30 mg/per dose.

Hallucination, dizziness, dry mouth, peripheral 
edema, constipation, orthostatic hypotension.

6 Selegline tablets 10 mg/ day Dizziness, lightheadedness, fainting, dry mouth, 
nausea, vomiting, stomach pain, difficulty 
swallowing.

7 Xadago (safinamide) 50-100 mg/day Dyskinesia, sleep disorder, nausea, dystonia, 
anorexia, somnolence, excessive dreaming, 
muscle cramps

Table 2: The list of FDA approved drugs for Parkinson’s disease.
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Higher absorption of nanoparticulate formulation following 
intranasal delivery has been observed due to the olfactory and 
trigeminal nerve pathways.103

Bromocriptine loaded niosomes

V.G. Sita et al., prepared niosomes of bromocriptine mesylate and 
non-ionic surfactant from nose to brain transportation.104 The 
ethanol injection method was used for the niosomes preparation.102 
The stable niosomes were tested for in vitro drug release study 
and compared with bromocriptine mesylate suspension for 
ex vivo mucosal penetration on goat nasal mucosa up to 24 hr. 
According to the pharmacokinetic findings, intranasal niosomes 
had superior brain relative bioavailability whereas oral niosomes 
had higher relative plasma bioavailability. This was accompanied 
by better pharmacodynamic effects and less decomposition 
stress. Niosomal formulations did not cause noticeable changes 
in morphological, haematological, or histological exams in a 
28-day subclinical repeated dose trial in rats, demonstrating their 
safety and lack of toxicity.105 Table 1 shows drugs approved for 
the treatment of Parkinson’s disease in the USA and the Table 2 
shows FDA approved drugs for Parkinson’s disease.

CONCLUSION

It's difficult to get a medicine into the brain through oral delivery. 
The quick metabolism, excretion and the first pass metabolism 
are the key causes for less oral bioavailability and limited the 
brain exposure. The limited brain penetration of the chemicals is 
due to the fact that they must pass across the BBB, which shields 
the brain from toxic compounds. Nasal medication delivery is 
one of the favorable options for crossing the BBB and avoiding 
hepatic first-pass metabolism to overcome this problem. The 
researchers are currently concentrating their efforts on building 
a viable IN drug delivery system, as an intranasal administration 
of medications typically has higher bioavailability, fewer adverse 
effect and results in advanced brain revelation than oral drugs. 
The majority of clinical trials are presently in the preliminary or 
initial clinical phases, with successful claims still dependent on 
rodent model responses. If clinical trials back up the preclinical 
findings, IN medication delivery could usher in a new era of 
Parkinson's disease treatment.
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SUMMARY

Parkinson's Disease (PD) is as a neurological syndrome and the 
present review focus on the formulation of various nanodrug 
delivery systems for the management and treatment of PD. This 
review mainly covered the study of various research work done 
on nose to brain drug delivery for the treatment of PD. In order to 
design nose to brain nano drug delivery system understanding of 
anatomy and physiology of the nasal cavity and the mechanism of 
transportation of drug to brain is important, so it included in this 
article. Olfactory neural pathway and trigeminal nerve pathway 
are more prominently involved in nose to brain drug delivery 
of drug. This review provided the information about the type 
of drug delivery systems developed and the techniques adapted 
for its preparations. This review also includes the examples of 
medications approved for the treatment of PD. So, this review will 
be helpful for the researchers.

REFERENCES
1.  Toulouse A, Sullivan AM. Progress in Parkinson’s disease-where do we stand? 

Prog Neurobiol. 2008; 85(4): 376-92. doi: 10.1016/j.pneurobio.2008.05.003, PMID 
18582530.

2.  Kakkar AK, Dahiya N. Management of Parkinson’s disease: current and future 
pharmacotherapy. Eur J Pharmacol. 2015; 23(4): 426-34.

3.  3. Overview of Parkinson’s disease mark lew, M.D. Supplement to Pharmacotherapy. 
2007; 27(12): 155-60.

4.  Pringsheim T, Jette N, Frolkis A, Steeves TD. The prevalence of Parkinson’s disease: A 
systematic review and meta-analysis. Mov Disord. 2014; 29(13): 1583-90. doi: 10.100 
2/mds.25945, PMID 24976103.

5.  Jankovic J. Parkinson’s disease: clinical features and diagnosis. J Neurol Neurosurg 
Psychiatry. 2008; 79(4): 368-76. doi: 10.1136/jnnp.2007.131045, PMID 18344392.

6.  Lauzé M, Daneault J, Duval C. The Effects of Physical Activity in Parkinson’s disease: a 
review. J Parkinsons Dis. 2016; 6(4): 685-98. doi: 10.3233/JPD-160790.

7.  Gibb WR, Lees AJ. The relevance of the Lewy body to the pathogenesis of idiopathic 
Parkinson’s disease. J Neurol Neurosurg Psychiatry. 1988; 51(6): 745-52. doi: 10.1136 
/jnnp.51.6.745, PMID 2841426.

8.  Mahlknecht P, Seppi K, Poewe W. The concept of prodromal Parkinson’s disease. J 
Parkinsons Dis. 2015; 5(4): 681-97. doi: 10.3233/JPD-150685.

9.  Gibb WRG, Lees AJ. The relevance of the Lewy Body to the pathogenesis of idiopathic 
Parkinson’s disease. J Neurol Neurosurg Psychiatry. 2012; 83(12): 954-5.

10.  Anthony E. Lang, M.D andres M. Lozano M.D. Parkinson’s disease. N Engl J Med. 1998; 
339(15): 1045-53.

11.  Domingosa J, Keusa SHJ, Deand J, de Vriesa NM, et al. The European Physiotherapy 
Guideline for Parkinson’s disease: implications for Neurologists. 1994; 39(17): 675-82.

12.  Dekker M. Encyclopedia of pharmaceutical technology. Informa HealthCare; 2002; 
76(8): 678-686.

13.  Chien YW, Chang SF. Intranasal drug delivery for systemic medications. Crit Rev Ther 
Drug Carrier Syst. 1987; 4(2): 67-194. PMID 3319200.

14.  Wynsberghe DV, Noback RC, Carola R. Human anatomy and physiology. McGraw-Hill 
Companie. 1994; 17(11): 894-9.

15.  Stevens A, Lowe J. Human histology. Mosby; 1997; 56(34): 567-576.
16.  Merkus FW, Verhoef JC, Schipper NG, Marttin E. Nasal mucociliary clearance as a 

factor in nasal drug delivery. Adv Drug Deliv Rev. 1998; 29(1-2): 13-38. doi: 10.1016/ 
s0169-409x(97)00059-8, PMID 10837578.

17.  NG ME. Nasal mucociliary clearance as a factor in nasal drug delivery. Adv Drug Deliv 
Rev. 2001; 28(15): 13-38.

18.  Dahl R, Mygind N. Anatomy physiology and function of the nasal cavities in health 
and disease. Adv Drug Deliv Rev. 1998; 29(1-2): 3-12. doi: 10.1016/s0169-409x(97) 
00058-6, PMID 10837577.



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 4, Oct-Dec, 20251270

Gangane, et al.: Towards Approval of Antiparkinson’s Drug

19.  Agu RU, Ugwoke MI. Drug Absorption Studies:in sit,u in vitro and in silico models. 
2007; 43(7): 234-40.

20.  Illum L. Nasal drug delivery: possibilities problems and solutions. J Control Release. 
2003; 87(1-3): 187-98. doi: 10.1016/s0168-3659(02)00363-2, PMID 12618035.

21.  Kimbell JS, Gross EA, Richardson RB, Conolly RB, Morgan KT. Correlation of regional 
formaldehyde flux predictions with the distribution of formaldehyde-induced 
squamous metaplasia in F344 rat nasal passages. Mutat Res. 1997; 380(1-2): 143-54. 
doi: 10.1016/s0027-5107(97)00132-2, PMID 9385395.

22.  Gosau M, Rink D, Driemel O, Draenert FG. Maxillary sinus anatomy: a cadaveric study 
with clinical implications. Anat Rec (Hoboken). 2009; 292(3): 352-4. doi: 10.1002/ar.2 
0859, PMID 19248167.

23.  Dondeti P, Zia H, Needham TE. Bioadhesive and formulation parameters affecting 
nasal absorption. Int J Pharm. 1996; 127(12): 115-33.

24.  Verdugo P. Goblet cells secretion and mucogenesis. Annu Rev Physiol. 1990; 52(4): 
157-76. doi: 10.1146/annurev.ph.52.030190.001105, PMID 2184755.

25.  Lethem MI. The role of tracheobronchial mucus in drug administration to the 
airways. Adv. Drug Deliv. 1993; 11: 19-27.

26.  Charlton S, Jones NS, Davis SS, Illum L. Distribution and clearance of bioadhesive 
formulations from the olfactory region in man: effect of polymer type and nasal 
delivery device. Eur J Pharm Sci. 2007; 30(3-4): 295-302. doi: 10.1016/j.ejps.2006.11 
.018, PMID 17223022.

27.  Agrawal M, Saraf S, Saraf S, Antimisiaris SG, Chougule MB, Shoyele SA, et al. Nose-to-
brain drug delivery: an update on clinical challenges and progress towards approval 
of anti-Alzheimer drugs. J Control Release. 2018; 281(19): 139-77. doi: 10.1016/j.jcon 
rel.2018.05.011, PMID 29772289.

28.  Lochhead JJ, Wolak DJ, Pizzo ME, Thorne RG. Rapid transport within cerebral 
perivascular spaces underlies widespread tracer distribution in the brain after 
intranasal administration. J Cereb Blood Flow Metab. 2015; 35(3): 371-81. doi: 10.103 
8/jcbfm.2014.215, PMID 25492117.

29.  Thorne RG, Pronk GJ, Padmanabhan V, Frey WH. Delivery of insulin-like growth 
factor-I to the rat brain and spinal cord along olfactory and trigeminal pathways 
following intranasal administration. Neuroscience. 2004; 127(2): 481-96. doi: 10.1016 
/j.neuroscience.2004.05.029, PMID 15262337.

30.  Thorne RG, Hanson LR, Ross TM, Tung D, Frey WH. Delivery of interferon-beta to the 
monkey nervous system following intranasal administration. Neuroscience. 2008; 
152(3): 785-97. doi: 10.1016/j.neuroscience.2008.01.013, PMID 18304744.

31.  van Sorge NM, Doran KS. Defense at the border: the blood–brain barrier versus 
bacterial foreigners. Future Microbiol. 2012; 7(3): 383-94. doi: 10.2217/fmb.12.1,  
PMID 22393891.

32.  Bitter C, Suter-Zimmermann K, Surber C. Nasal drug delivery in humans. Curr Probl 
Dermatol. 2011; 40(4): 20-35. doi: 10.1159/000321044, PMID 21325837.

33.  Chapman CD, Frey WH, S. Craft 2nd, L. Danielyan, intranasal treatment of central 
nervous system dysfunction in humans. Pharm Res. 2013; 30(8): 2475-84.

34.  Frey WH, Liu J, Chen X, Thorne RG, Fawcett JR, Ala TA, et al. Delivery of 125I-NGF to the 
brain via the olfactory route. Drug Deliv. 1997; 4(3): 87-92.

35.  Chen XQ, Fawcett JR, Rahman YE, Ala TA. Delivery of nerve growth factor to the brain 
via the olfactory pathway. J Alzheimers Dis. 1998; 8(1): 35-44.

36.  Lochhead JJ, Thorne RG. Intranasal delivery of biologics to the central nervous 
system. Adv Drug Deliv Rev. 2012; 64(7): 614-28. doi: 10.1016/j.addr.2011.11.002,  
PMID 22119441.

37.  Danielyan L, Schäfer R, von Ameln-Mayerhofer A, Buadze M, Geisler J, Klopfer T, et al. 
Intranasal delivery of cells to the brain. Eur J Cell Biol. 2009; 88(6): 315-24. doi: 10.101 
6/j.ejcb.2009.02.001, PMID 19324456.

38.  Danielyan L, Schäfer R, von Ameln-Mayerhofer A, Bernhard F, Verleysdonk S, Buadze 
M, et al. Therapeutic efficacy of intranasally delivered mesenchymal stem cells in a 
rat model of Parkinson disease. Rejuvenation Res. 2011; 14(1): 3-16. doi: 10.1089/rej. 
2010.1130, PMID 21291297.

39.  Hanson LR, Frey II WH. Intranasal delivery bypasses the blood brain barrier to target 
therapeutic agents to the central nervous system and treat neurodegenerative 
disease. BMC Neurosci. 2008; 9(5); Suppl 3:S5. doi: 10.1186/1471-2202-9-S3-S5, PMID 
19091002.

40.  Kulkarni AP, Govender DA, Kotwal GJ, Kellaway LA. Modulation of anxiety behavior by 
intranasally administered vaccinia virus complement control protein and curcumin 
in a mouse model of Alzheimer’s disease. Curr Alzheimer Res. 2011; 8(1): 95-113. doi:  
10.2174/156720511794604598, PMID 21143157.

41.  Hussain AA. Intranasal drug delivery. Adv Drug Deliv Rev. 1998; 29(1-2): 39-49. doi: 1 
0.1016/s0169-409x(97)00060-4, PMID 10837579.

42.  Sood S, Jain K, Gowthamarajan K. Intranasal therapeutic strategies for management 
of Alzheimer’s disease. J Drug Target. 2014; 22(4): 279-94. doi: 10.3109/1061186X.20 
13.876644, PMID 24404923.

43.  Fortuna A, Alves G, Serralheiro A, Sousa J, F. A3, intranasal delivery of systemic acting 
drugs: small-molecules and biomacromolecules. Eur J Pharm Biopharm. 2014; 
88(14): 8-27.

44.  Lane AP. Nasal anatomy and physiology. Facial Plast Surg Clin N Am. 2004; 12(4): 
387-95. doi: 10.1016/j.fsc.2004.04.001.

45.  Grassin-Delyle S, Buenestado A, Naline E, Faisy C, Blouquit-Laye S, Couderc LJ, 
et al. Intranasal drug delivery: an efficient and non-invasive route for systemic 

administration: focus on opioids. Pharmacol Ther. 2012; 134(3): 366-79. doi: 10.1016/ 
j.pharmthera.2012.03.003, PMID 22465159.

46.  Kisan RJ, Manoj NG, Ishaque MS, Vilarsrao JK, Sambjahi SP. Nasal drug delivery 
system-factors affecting and applications. Curr Drug Ther. 2007; 21(2): 27-38.

47.  Watanabe K, Saito Y, Watanabe I, Mizuhira V. Characteristics of capillary permeability 
in nasal mucosa. Ann Otol Rhinol Laryngol. 1980; 89(4 Pt 1):377-82. doi: 10.1177/000 
348948008900415, PMID 7416688.

48.  Pires A, Fortuna A, Alves GAA, Falcão A. Intranasal drug delivery: how, why and what 
for? J Pharm Pharm Sci. 2009; 12(3): 288-311. doi: 10.18433/j3nc79, PMID 20067706.

49.  Crowe TP, Greenlee MHW, Kanthasamy AG, Hsu WH. Mechanism of intranasal drug 
delivery directly to the brain. Life Sci. 2018; 195(7): 44-52. doi: 10.1016/j.lfs.2017.12 
.025, PMID 29277310.

50.  Watelet JB, Van Cauwenberge P. Applied anatomy and physiology of the nose and 
paranasal sinuses. Allergy. 1999; 54(4); Suppl 57: 14-25. doi: 10.1111/j.1398-9995.199 
9.tb04402.x, PMID 10565476.

51.  Mygind N, Dahl R. Anatomy, physiology and function of the nasal cavities in health 
and disease. Adv Drug Deliv Rev. 1997; 29(7): 3-12.

52.  Renner DB, Frey WH, Hanson LR. Intranasal delivery of siRNA to the olfactory bulbs of 
mice via the olfactory nerve pathway. Neurosci Lett. 2012; 513(2): 193-7. doi: 10.1016 
/j.neulet.2012.02.037, PMID 22387067.

53.  Monteiro-Riviere NA, Popp JA. Ultrastructural characterization of the nasal 
respiratory epithelium in the rat. Am J Anat. 1984; 169(1): 31-43. doi: 10.1002/aja.1 
001690103, PMID 6720609.

54.  Satir P, Sleigh MA. The physiology of cilia and mucociliary interactions. Annu Rev 
Physiol. 1990; 52(19): 137-55. doi: 10.1146/annurev.ph.52.030190.001033, PMID 
2184754.

55.  Nigro CEN, Nigro JF, Mion O, Mello JF. Nasal Valve: anatomy and physiology. Braz J 
Otorhinolaryngol. 2009; 75(2): 305-10. doi: 10.1016/s1808-8694(15)30795-3, PMID 
19575121.

56.  Arora P, Sharma S, Garg S. Permeability issues in nasal drug delivery. Drug Discov 
Today. 2002; 7(18): 967-75. doi: 10.1016/s1359-6446(02)02452-2, PMID 12546871.

57.  Vyas TK, Shahiwala A, Marathe S, Misra A. Intranasal drug delivery for brain targeting. 
Curr Drug Deliv. 2005; 2(2): 165-75. doi: 10.2174/1567201053586047, PMID 16305417.

58.  Stevens A, Lowe J. Human histology. J Bio Sci. 1997; 42(2): 485-51.
59.  Dhuria SV, Hanson LR, Frey WH II. Intranasal delivery to the central nervous system: 

mechanisms and experimental considerations. J Pharm Sci. 2010; 99(4): 1654-73. doi:  
10.1002/jps.21924, PMID 19877171.

60.  Dhanda DS, Frey WH. II, Leopold D, Kompella UB. Approaches for drug deposition in 
the human olfactory epithelium. Drug Deliv Technol. 2005; 76(5): 64-72.

61.  Chatterjee B, Gorain B, Mohananaidu K, Sengupta P. Targeted drug delivery to 
the brain via intranasal nanoemulsion: available proof of concept and existing 
challenges. Int J Pharm. 2019; 56(8): 258-68.

62.  William HF II. Intranasal drug delivery bypasses the blood–brain barrier. Neurol Rev. 
2016; 24(4): 40-1.

63.  Einer-Jensen RH. Counter-current transfer in reproductive biology. Int J Pharm. 2005; 
12(5): 9-18.

64.  Clerico DM, Lanza DC. Anatomy of the human nasal passages. Doty RL. 2003; 29(8): 
1-16.

65.  Fuss SH, Omura M, Mombaerts P. The Grueneberg ganglion of the mouse projects 
axonsto glomeruli in the olfactory bulb. Eur J Neurosci. 2005; 22(10): 2649-54. doi: 10 
.1111/j.1460-9568.2005.04468.x, PMID 16307607.

66.  Illum L. Transport of drugs from the nasal cavity to the central nervous system. Eur J 
Pharm Sci. 2000; 11(1): 1-18. doi: 10.1016/s0928-0987(00)00087-7, PMID 10913748.

67.  Faber WM. The nasal mucosa and the subarachnoid space. Am J Anat. 1937; 62(1): 
121-48. doi: 10.1002/aja.1000620106.

68.  Hussain A, Foster T, Hirai S, Kashihara T, Batenhorst R, Jones M. Nasal absorption of 
propranolol in humans. J Pharm Sci. 1980; 69(10): 1240. doi: 10.1002/jps.260069103 
7, PMID 7420302.

69.  Erdő F, Bors LA, Farkas D, Bajza Á, Gizurarson S. Evaluation of intranasal delivery route 
of drug administration for brain targeting. Brain Res Bull. 2018; 143(3): 155-70. doi: 1 
0.1016/j.brainresbull.2018.10.009, PMID 30449731.

70.  Deli MA. Potential use of tight junction modulators to reversibly open membranous 
barriers and improve drug delivery. Biochem Biophys. 2009; 16(3): 18-27.

71.  Wolburg H, Wolburg-Buchholz K, Sam H. Horvát, Epithelial and endothelial barriers 
in the olfactory region of the nasal cavity of the rat. Histochem Cell Biol. 2008; 52(8): 
127-40.

72.  Lungare S, Bowen J, Badhan R. Development and evaluation of a novel intranasal 
spray for the delivery of amantadine. J Pharm Sci 2005. 2016; 14(7): 1209-20. doi: 10. 
1016/j.xphs.2015.12.016, PMID 26886345.

73.  Florence AT. The oral absorption of micro- and nanoparticulates: neither exceptional 
nor unusual. Pharm Res. 1997; 14(3): 259-66. doi: 10.1023/a:1012029517394, PMID 
9098866.

74.  Lockman PR, Mumper RJ, Khan MA, Allen DD. Nanoparticle technology for drug 
delivery across the blood–brain barrier. Drug Dev Ind Pharm. 2002; 28(1): 1-13. doi: 1 
0.1081/ddc-120001481, PMID 11858519.



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 4, Oct-Dec, 2025 1271

Gangane, et al.: Towards Approval of Antiparkinson’s Drug

75.  Ugwoke MI, Verbeke N, Kinget R. The biopharmaceutical aspects of nasal 
mucoadhesive drug delivery. J Pharm Pharmacol. 2001; 53(1): 3-21. doi: 10.1211/002 
2357011775145, PMID 11206189.

76.  Proctor DF. The upper airways I. Nasal physiology and defence of the lungs. Am Rev 
Respir Dis. 1977; 115(1): 97-129. doi: 10.1164/arrd.1977.115.1.97, PMID 319718.

77.  Raphael JH, Strupish J, Selwyn D. A, Hann, H.C.L, Langton, J. A. Br J Anaesth 1996. 
1996b Recovery of respiratory ciliary function after depression by inhalation 
anaesthetic agents: an in vitro study using nasal turbinate explants; 76(9): 854-9.

78.  Kumar M, Misra A, Babbar AK, Mishra AK, Mishra P, Pathak K. Intranasal nanoemulsion 
based brain targeting drug delivery system of risperidone. Int J Pharm. 2008; 
358(1-2): 285-91. doi: 10.1016/j.ijpharm.2008.03.029, PMID 18455333.

79.  Ceña V, Játiva P. Nanoparticle crossing of blood–brain barrier: a road to new 
therapeutic approaches to central nervous system diseases. Nanomedicine (Lond). 
2018; 13(13): 1513-6. doi: 10.2217/nnm-2018-0139, PMID 29998779.

80.  Omidreza Jafarieh SMd, Ali M, Baboota S. Design, characterization and evaluation 
of intranasal delivery of ropinirole-loaded mucoadhesive nanoparticles for brain 
targeting. Drug Dev Ind Pharm. 2014; 41(10): 1674-81.

81.  Chatzitaki AT, Jesus S, Karavasili C andreadis D, Fatouros DG, Borges O. Chitosan-coated 
PLGA nanoparticles for the nasal delivery of ropinirole hydrochloride: in vitro and ex 
vivo evaluation of efficacy and safety. Int J Pharm. 2020; 589: 119776. doi: 10.1016/j.i 
jpharm.2020.119776, PMID 32818538.

82.  Kulkarni AD, Vanjari YH, Sancheti KH, Patel HM, Belgamwar VS, Surana SJ, et al. 
New nasal nanocomplex self-assembled from charged biomacromolecules: 
N,N,N-trimethyl chitosan and dextran sulfate. Int J Biol Macromol. 2016; 88(4): 
476-90. doi: 10.1016/j.ijbiomac.2016.03.045.

83.  Sæther HV, Holme HK, Maurstad G, Smidsrod O, Stokke BT. Carbohydr Polym. 2008; 
74(6): 813-21.

84.  Patil GB, Surana SJ. Ganesh B. Patil a and Sanjay J. Surana. Fabrication and statistical 
optimization of surface engineered PLGA nanoparticles for naso-brain delivery 
of ropinirole hydrochloride: in vitro-ex vivo studies. J Biomater Sci Polym Ed. 2013; 
24(15): 1740-56. doi: 10.1080/09205063.2013.798880, PMID 23705812.

85.  Lalani J, Rathi M, Lalan M, Misra A. Protein functionalized tramadol-loaded PLGA 
nanoparticles: preparation, optimization, stability a pharmacodynamic studies. Drug 
Dev Ind Pharm. 2012; 53(23): 429-37.

86.  Chatzitaki A-T, Jesus S, Karavasili C andreadis D. Chitosan-coated PLGA nanoparticles 
for the nasal delivery of ropinirole hydrochloride: in vitro and ex vivo evaluation of 
efficacy and safety. Int J Pharm. 2020; 5(2): 84-93.

87.  Barcia E, Boeva L, García-García L, Slowing K, Fernández-Carballido A, Casanova Y, et 
al. Nanotechnology-based drug delivery of ropinirole for Parkinson’s disease. Drug 
Deliv. 2017; 24(1): 1112-23. doi: 10.1080/10717544.2017.1359862, PMID 28782388.

88.  Karavasili C, Bouropoulos N, Sygellou L, Amanatiadou EP. Vizirianakis, PLGA/DPPC/
trimethyl chitosan spray-dried microparticles for the nasal delivery of ropinirole 
hydrochloride: in vitro, ex vivo and cytocompatibility assessment. Mater Sci Eng. 
2016; 59(21): 1053-62.

89.  Mittal D, Md S, Hasan Q, Fazil M, Ali A, Baboota S, et al. Brain targeted nanoparticulate 
drug delivery system of rasagiline via intranasal route. Drug Deliv. 2016; 23(1): 130-9. 
doi: 10.3109/10717544.2014.907372, PMID 24786489.

90.  Fan W, Yan W, Xu Z, Ni H. Formation mechanism of monodisperse, low molecular 
weight chitosan nanoparticles by ionic gelation technique. Colloids Surf B 
Biointerfaces. 2012; 90(13): 21-7. doi: 10.1016/j.colsurfb.2011.09.042, PMID 22014934.

91.  Sridhar V, Tiwari A, Wairkar S, Gupta GL, Gaud R. Pramipexole thermosensitive nasal 
gel for experimental Parkinsonism in rats. J Drug Deliv Sci Technol. 2020; 59(19): 
543-52. doi: 10.1016/j.jddst.2020.101954.

92.  Raj Ruhi, Wairkar S, Sridhar V, Gaud R. Pramipexole dihydrochloride loaded chitosan 
nanoparticles for nose to brain delivery: development, characterization and in vivo 
anti-Parkinson activity. Int J Biol Macromol. 2018; 109(28): 27-35. doi: 10.1016/j.ijbio 
mac.2017.12.056, PMID 29247729.

93.  Fàbregas A, Miñarro M, García-Montoya E, Pérez-Lozano P, Carrillo C, Sarrate R, et al. 
Impact of physical parameters on particle size and reaction yield when using the 
ionic gelation method to obtain cationic polymeric chitosan–tripolyphosphate 
nanoparticles. Int J Pharm. 2013; 446(1-2): 199-204. doi: 10.1016/j.ijpharm.2013.02. 
015, PMID 23434543.

94.  Bhattamisra SK, Shak AT, Xi LW, Safian NH, Choudhury H, Lim WM, et al. Nose to 
brain delivery of Rotigotine loaded chitosan nanoparticles in human SH-SY5Y 
neuroblastoma cells and animal model of Parkinson’s disease. Int J Pharm. 2020; 
579(20): 119148. doi: 10.1016/j.ijpharm.2020.119148, PMID 32084576.

95.  Tzeyung AS, S, Bhattmisra SK, Madheswaran T, Alhakamy NA. Fabrication, 
optimization and evaluation of Rotigotine loaded chitosan nanoparticles for 
nose-to-brain delivery. Pharm. 2016; 11(26): 1-17.

96.  Wang Fangyuan, Yang Z, Liu Mengli, Taoa Yaotian. Facile nose-to-brain delivery 
of Rotigotine-loaded polymer micelles thermosensitive hydrogels: in vitro 
characterization and in vivo behavior study. Int J Pharm. 2020; 577(42): 139-48.

97.  Liu Y, Lu WL, Wang JC, Zhang X, Zhang H, Wang XQ, et al. Controlled delivery 
of recombinant hirudin based on thermo-sensitive pluronic; F127 hydrogel for 
subcutaneous administration: in vitro and in vivo characterization. J Control Release. 
2007; 117(3): 387-95. doi: 10.1016/j.jconrel.2006.11.024, PMID 17207884.

98.  Barakat SS, Nasr M, Ahmed RF, Badawy SS, Mansour S. Intranasally administered in 
situ gelling nanocomposite system of dimenhydrinate: preparation, characterization 
and pharmacodynamic applicability in chemotherapy induced emesis model. Sci 
Rep. 2017; 7(1): 9910. doi: 10.1038/s41598-017-10032-7, PMID 28855590.

99.  Sharma S, Lohan S, Murthy RSR. Formulation and characterization of intranasal 
mucoadhesive nanoparticulates and thermo-reversible gel of levodopa for brain 
delivery. Drug Dev Ind Pharm. 2014; 40(7): 869-78. doi: 10.3109/03639045.2013.78 
9051, PMID 23600649.

100.  Schmolka IR. Artificial skin. I. Preparation and properties of pluronic F-127 gels for 
treatment of burns. J Biomed Mater Res. 1972; 6(6): 571-82. doi: 10.1002/jbm.8200 
60609, PMID 4642986.

101.  Jangam P, Wahid AA. Formulation and evaluation of pH induced in situ nasal gel for 
brain targeting of levodopa. Int J Drug Res Tech. 2016; 6(3): 175-81.

102.  Md S, Khan RA, Mustafa Gulam, Chuttani K, Baboota S, Sahni JK, et al. Bromocriptine 
loaded chitosan nanoparticles intended for direct nose to brain delivery: 
pharmacodynamic, pharmacokinetic and Scintigraphy study in mice model. Eur J 
Pharm Sci. 2013; 48(3): 393-405. doi: 10.1016/j.ejps.2012.12.007, PMID 23266466.

103.  Md S, Haque S, Fazil M, Kumar M, Baboota S, Sahni JK, et al. Optimised 
nanoformulation of bromocriptine for direct nose-tobrain delivery: biodistribution, 
pharmacokinetic and dopamine estimation by ultra-HPLC/mass spectrometry 
method. Expert Opin Drug Deliv. 2014; 11(6): 827-42. doi: 10.1517/17425247.2014. 
894504, PMID 24655115.

104.  Sita VG, Jadhav D, Vavia P. Niosomes for nose-to-brain delivery of bromocriptine: 
formulation development, efficacy evaluation and toxicity profiling. J Drug Deliv Sci 
Technol. 2020; 58(22): 245-62. doi: 10.1016/j.jddst.2020.101791.

105.  Kakkar S, Pal Kaur I. A novel nanovesicular carrier system to deliver drug topically, 
Pharmaceut. Deliv Technol. 2013; 18(3): 673-85.

Cite this article: Gangane P, Raulkar N, Wagh N, Rabade V, Sawarkar H. Nose-to-Brain Drug Delivery: An Update on Clinical Challenges and Progress. Indian J 
of Pharmaceutical Education and Research. 2025;59(4):1262-71.


