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Abstract: This article enlightens the challenges and vehicles for delivery the drug to brain. The blood-brain barrier is a major 
obstacle when it comes to delivering drugs into the brain because it's  selective in nature. The restricted capacity of most 
pharmaceutical compounds to attain therapeutic concentrations within the brain poses a substantial obstacle in addressing 
neurological conditions. To overcome this, researchers have developed innovative drug delivery systems, including those utilizing 
lipids, polymers, inorganic materials, and biomolecules. These systems facilitate brain targeting through mechanisms such as 
receptor-mediated transcytosis, adsorptive transport, and triggered release. Even though there's been a lot of progress in labs in 
respective fields, we still have issues with safety, making these systems on a large scale, making bioavailability at brain sites and 
getting them into actual clinics.  Which creates a need to keep coming up with new drug carrier designs to get better results for 
brain-related diseases. 
 

I.   INTRODUCTION 
The blood-brain barrier (BBB) is a selective barrier that protects the central nervous system (CNS) from harmful chemicals, 
molecules and keeps it balanced. Delivering drugs into the brain is important to treat CNS disorders, but the BBB makes it typical 
for drug delivery. Getting past the BBB is the main problem for beneficial brain drug delivery, with less than 1% of all CNS drug 
development efforts focusing on delivery systems. Modern drug discovery often creates compounds that cannot cross membranes 
well, which prevents them from getting through the BBB. While the BBB protects the brain, it impedes over 98% of small-molecule 
drugs and all macromolecular therapeutics, necessitating advanced delivery strategies. Nanocarrier technologies, surface 
modifications, and focused ultrasound are explored as methods to enhance drug transport across the BBB. While advancements in 
targeted drug delivery offer promise, challenges related to system stability, safety evaluation, and clinical translation require further 
research. Emerging strategies aim to carefully control permeability of the blood–brain barrier is so that medicines can enter the brain 
more easily and safely. Therefore, we have some methods which allows drugs carry through the barrier cells themselves 
(transcytosis), using nose-to-brain delivery with intranasal sprays, and using special triggers like sound, light, or chemicals to briefly 
and reversibly loosen the barrier so drugs can pass through, then allowing it to seal up again. (1–4) 
The BBB is a real challenge for delivering drugs to the brain for conditions like epilepsy, stroke, brain cancer, and head injuries. Its 
arrangement, with endothelial cells, astrocytes, and tight junctions, is super specific about what enters, and those efflux transporters 
make it even harder for drugs to remain around. Enzymatic activity and efflux transporters like P-glycoprotein (Pgp) and breast 
cancer-resistant protein (BCRP) also limit amount of drug gets into the brain by breaking it down or actively eliminating it out. 
When someone has a stroke, we're racing against the clock because brain cells die super-fast, and there's not enough blood getting to 
the affected areas. In epilepsy, drug resistance is a huge problem, possibly related to BBB issues, too many drug-metabolizing 
enzymes and efflux transporters, and complicated neural networks, making treatment difficult.(5–7) 
Glioblastoma is an aggressive brain tumor with a bad prognosis, mostly because it's tough to treat with available measures and the 
blood-brain barrier and tumor microenvironment make it even harder. The usual treatments, like surgery, radiation, and chemo such 
as temozolomide, don't really help people live much longer, and even newer drugs like bevacizumab haven't made a difference in 
overall survival. Even with all the progress, only two upon written drugs got approved in the last 25 years, and the bevacizumab 
didn't even help people live longer. New ways to get drugs across the BBB are emerging, like new drug designs such as 
nanoparticles and antibody-drug conjugates, plus creative delivery methods like convection-enhanced delivery and focused 
ultrasound. Future treatments will focus on combo therapies, early strategies, and flexible trial designs to fight Glioblastoma by 
getting drugs where they need to transport, boosting the immune system, and making treatments work efficiently. Even with all the 
progress in delivering drugs across the BBB, we still have issues with how stable the system is, how to test the drugs, their long-
term safety, and getting them into actual use, so advance research is needed.(8–10) 
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This review looks at the molecular drug delivery methods made to cross the blood-brain barrier. It includes current strategies like 
lipid-based carriers, polymeric and inorganic nanoparticles, receptor-mediated transport systems, and non-invasive delivery 
approaches that aim to get more drugs into the brain. We'll give special attention to  physical and chemical properties, surface 
changes, and targeting molecules affect how well drugs get through the BBB and produce effect. Also, we'll discuss the main 
challenges in getting these treatments to patients, like safety, how stable they are, and if they can be used in clinics. The main goal 
here is to pull together all the latest research to show what's working, what's not, and what's next for getting drugs to the brain and 
treating the brain disorders.(8,11,12) 
 

II.   BLOOD-BRAIN BARRIER: STRUCTURE AND TRANSPORT MECHANISM 
For the brain cells to work efficiently, there's  special system called the blood-brain barrier that keeps the brain's fluid separate from 
the rest of the body's blood. Brain capillaries are tough to get through the other capillaries because of how they're built and how they 
control blood flow to the brain. Because the blood-brain barrier has these unique cells called cerebral microvascular endothelial 
cells, and they're the first defense between the blood and the brain, lining those brain capillaries.(13–15) 
Unlike other endothelial cells in the body, these brain cells don't involve in large amount of pinocytosis, and they're super tightly 
sealed by these attachments called tight junctions (TJs). This special feature enables closing any gaps between the cells, preventing 
harmful chemicals and molecules from getting through the spaces between them. Tight junctions are intricate structures made of a 
bunch of proteins, like claudins, occludin, and JAMs. These proteins connect to the cell's internal structure through other proteins 
like ZO-1 and ZO-2, creating a seal that stops ions and water-loving molecules from getting through the barriers. The neurovascular 
unit (NVU) comprised of endothelial cells, pericytes, and astrocyte end feet, plays a critical role in maintaining the integrity of the 
blood-brain barrier (BBB).Pericytes managing the endothelial cells work, and astrocytes keep the barrier strong with their signaling 
molecules, all working together to protect and stabilize the brain. (2,13,15) 

 
Fig no. 1 (16) 

 
The blood-brain barrier is strictly regulated, but important chemicals and molecules still enter the brain with help of  special 
transport systems. Small, fatty molecules like oxygen, CO2, and some drugs can just slip through the endothelial membranes with 
passive diffusion, following the concentration gradient. But tight junctions block out large, water-loving molecules. The BBB uses 
CMT and RMT to get essential polar nutrients where they need to be provided. CMT makes sure nutrients get at desired sites 
effectively and selectively, using proteins like GLUT-1 for energy and different transporters for amino acids.RMT helps large 
molecules like insulin and transferrin cross the BBB by latching onto receptors and using vesicular transport. Additionally, there are 
these efflux transporters from the ATP-binding cassette family, like P-glycoprotein, BCRP, and MRPs, that actively pump foreign 
substances and many drugs back into the bloodstream. This protects the brain, but it also makes it difficult to get drugs into the 
central nervous system.(1,4,17,18) 
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III.   DESIGN PRINCIPLES FOR BBB- CROSSING DELIVERY VEHICLES 
According to the design of drug delivery vehicles that can cross the blood-brain barrier (BBB) is a balancing act. It  need eligibility 
to enter brain  to be therapeutically useful, while keeping systemic exposure, immunogenicity, and toxicity low. Most successful 
systems combine tuned physicochemical properties, active targeting via BBB transport pathways, and the stability & safety of 
engineering across the entire "blood → BBB → brain parenchyma" journey. The physicochemical requirements include size, 
surface charge, lipophilicity, surface coating, shape and ligand density. Size willaffectduration of molecules circulation, how cells 
take them up, and efficiency they get through the BBB. Most eligible and better BBB nanocarriers are around 10-100 nm – small 
enough to avoid the spleen and interact with endothelial cells, but big enough to not get cleared rapidly by the kidneys like particles 
under 5-6 nm. On the otherhand, particles over 200 nm usually can’t cross  the BBB well and get taken up more by the MPS. So, it's 
important to check their size in serum because protein adsorption can make them seemlarger than their actual size.(19–24) 
 

IV.   MOLECULAR DRUG DELIVERY VEHICLE 
Having  efficient molecular drug delivery systems is key to getting around the blood-brain barrier (BBB). The TGs, efflux 
transporters, and enzyme barriers frequently prevent conventional small-molecule medications from entering the brain efficiently. 
Therefore, sophisticated delivery systems are designed to use the BBB's own transport mechanisms, such as receptor-mediated and 
adsorptive-mediated transcytosis, to keep drugs safe and improve their effectiveness in the body. The most widely described of these 
are lipid-based systems, polymeric carriers, inorganic and hybrid nanocarriers, and biomolecule-based platforms. (10,12,25–27) 
 
A. Lipid-Based Systems (Liposomes and Lipid Nanoparticles)- 
Some of the earliest and most researched nanocarriers for delivering medications to the brain are lipid-based systems. This is 
because they are biocompatible and resemble to human’s  biological membranes. Lipid-based systems are some of the first and most 
studied and described nanocarriers for delivering drugs to the brain. That's because they're a lot like own biological membranes and 
they're biocompatible. Liposomes are basically little spheres with one or more phospholipid layers around a watery center. That 
means they can carry both water-loving and fat-loving drugs. Their dual nature lets us design them in lots of ways and change their 
surface to help them get past the blood-brain barrier.(10,12,28) 
Normally, liposomes don't form in sufficient amount in the brain because our bodies eliminate them out swiftly with anefficient 
system called the mononuclear phagocyte system (MPS). To overcome this, we've started adding molecules like PEG to their 
surface. This helps them remain in circulation longer and avoids them getting targeted by our immune system. These "stealth 
liposomes" are more stable and have a better chance of interacting with the cells that make up the blood-brain barrier.(19,29,30) 
Targeted liposomes get even better at crossing the BBB when they add molecules like transferrin, lactoferrin, apolipoprotein E, or 
antibodies that fight against BBB receptors. These modifications help the liposomes use a special pathway to get across the BBB 
and drop off drugs right into the brain. Lots of studies before human trials have shown that these tweaked liposomes deliver 
anticancer drugs, brain-protecting meds, and genetic material much better.(28,31,32) 
Lipid nanoparticles (LNPs) are like the next generation of lipid-based carriers and are the major topic of discussion  about them 
because they're eligible at delivering genetic material. LNPs are usually made of ionizable lipids, cholesterol, phospholipids, and 
PEG-lipids, which form a solid or semi-solid center. They are ideal for passing through the entire body and targeting the BBB 
because they are incredibly small (typically a wavelength of less than 100) and it can alter their surface charge.(6,31) 
Ionizable lipids stay neutral at normal body pH, which means less toxicity, but they get a positive charge in acidic endosomes, 
helping them escape and release drugs inside cells. This is very helpful for getting compounds like siRNA, mRNA, and gene-editing 
molecules into the  brain. Even with all these benefits, researchers are still working on making them more brain-specific, less likely 
to cause immune reactions with repeated doses, and safe for the long haul for large duration of administration.(33–35) 
 
B. Polymeric Carriers (Nanoparticles, Micelles, and Dendrimers)- 
Polymeric carriers are very versatile because there are so many biodegradable and biocompatible polymers which  can be used to 
make carriers. We usually make polymeric nanoparticles from molecules like poly(lactic-co-glycolic acid) (PLGA), 
polycaprolactone, chitosan, and polyethylene glycol derivatives. These systems are great because they release drugs in a controlled 
and sustained way, make them more stable, and protect delicate drugs from breaking down.(36–38) 
They can design polymeric nanoparticles with precise control over their size, surface charge, and instead of their hydrophobic 
nature, and all that affects their way of interaction with and get across the BBB.  
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If  modification occurs on their surface with targeting ligands or surfactants like polysorbate 80, it's been shown to help them get 
into the brain better by picking up apolipoproteins from blood plasma, kind of like  natural lipoproteins work . These biomimetic 
methods have really boosted how well antiepileptic, anticancer, and anti-Alzheimer’s drugs get delivered in animal studies. 
(31,39,40) 
These small, self-assembling particles are called polymeric micelles, and they are composed of amphiphilic block copolymers.They 
have their water-hating core that can dissolve drugs that donot mix well with water, and a water-loving shell that keeps them stable 
in watery places. Their small size (usually 10–80 nm) is great for getting into the brain and not getting eliminated out 
swiftly.(8,41,42) 
Micelles are very handy for delivering hydrophobic neurotherapeutics that donot get absorbed easily. Additionally , there are these 
smart micelles that release their chemicals when they sense changes in pH, redox conditions, or enzymes, which helps them deliver 
drugs right where they're needed in the brain . But, keeping micelles stable when they get diluted in the blood is still a challenge that 
must be overcome.(33,36,43) 
Dendrimers are super branched, uniform macromolecules with a clear 3D shape. Their many surface groups let them carry large 
number of drugs, change their surface precisely, and interact with BBB receptors in multiple ways. Poly(amidoamine) (PAMAM) 
dendrimers are some of the most studied for getting molecules to the brain.(14,28,37) 
Dendrimers look promising for getting small molecules, proteins, and nucleic acids across the BBB, especially in brain 
inflammation and neurodegenerative diseases. But we need to be careful about them being toxic, especially the higher-generation 
cationic ones, so we must really optimize their surface chemistry and how much it takes.(37,44) 
 
C. Inorganic and Hybrid Nanocarriers- 
Inorganic nanocarriers like gold nanoparticles, silica nanoparticles, iron oxide nanoparticles, and quantum dots have some great  
physical and chemical properties that make them stand out from organic systems. They're very stable, so they can tweak their size 
and shape, and they can even do double duty for imaging and therapy (they call that theragnostic).(7,45) 
Gold nanoparticles are especially neat because they're easy to make, allow them to manipulate  with their surface, and they're very 
biocompatible. Allow to attach drugs, peptides, or nucleic acids to their surfaces, and if addition of  the right molecule, they can 
even help target the blood-brain barrier . Plus, their optical properties let us track where they reach in the body and amountof 
thementer the brain in real-time.(23,40) 
Mesoporous silica nanoparticles have a big surface area and pore volume, so they can hold large number of drugs and release them 
slowly. If we change their surface with polymers or targeting ligands, they can get into the brain better and not be as toxic. But 
researchers still need to investigate how well they break down over time and if they build up in the brain.(46) 
Scientists have also viewed at iron oxide nanoparticles for delivering drugs to the brain with magnets.Additionally, they can aid in 
diagnosis and treatment by acting as contrast substances in MRIs.To achieve the best for each world, hybrid nanocarriers combine 
inorganic and organic materials. Consider lipid-polymer hybrid nanoparticles and metal nanoparticles coated with polymers. 
Compared to single-component systems, these have greater stability, release medications more effectively, in addition target more 
precisely. However, despite their potential, they are difficult to manufacture and get approved due to their 
complexity.(10,23,30,40,45) 
 
D. Biomolecule-Based Systems (Peptides, Antibodies, and Exosomes)- 
Biomolecule-based delivery systems use natural biological pathways to get across the BBB, which means they're very specific and 
do not create complexity within our body as much. Peptide-based carriers are made to interact with BBB transporters or cell 
membranes, helping them get into the brain. Researchers viewed l a lot at cell-penetrating peptides and receptor-targeting peptides 
for getting small and large molecules where they need to be provided.(12,38,44,47) 
Peptides like angiopep-2 and TAT have shown they can get through the BBB well easily, either by attaching with  receptors or by 
sticking to the cell surface and getting pulled in. They're small and easy to make, which is great, but they can get broken down by 
enzymes and clearup quickly, which might limit how useful they are in clinical uses.Antibody-based systems use monoclonal 
antibodies or antibody fragments that bind to BBB receptors like transferrin or insulin receptors. These antibodies act like tiny 
"shuttles," carrying attached drug cargos across the BBB. Antibody-drug conjugates and bispecific antibodies have looked really 
promising in preclinical models for brain tumors and lysosomal storage disorders.But, antibody-based delivery has related problems, 
like high production costs, immunogenicity, and not being able to carry a large number of drugs. Researchers are actively working 
on making smaller antibody fragments and making them bind better to get around these major issues.(17,25,46) 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 13 Issue XII Dec 2025- Available at www.ijraset.com 
    

 
3406 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

Exosomes are a new and exciting type of biomolecule-based nanocarriers. These natural extracellular vesicles are involved in cell-
to-cell communication and can cross the BBB normally. Exosomes from stem cells or immune cells can be loaded with drugs, RNA, 
or proteins and tweaked to target specific areas better.Exosomes are  promising for drug delivery since they come from our own 
bodies, making them compatible and less likely to cause immune problems and they also can naturally cross the blood-brain barrier, 
which is relevant  for brain-related diseases and conditions. But before we can use them everywhere, we still need to figure them out 
to make them in large quantity, really understand them, and make sure they're always the same as the original eligible molecules to 
cross BBB.(44,48,49) 
 

V.   TARGETING AND TRANSPORT STRATEGIES 
Delivering  medicines to the brain is very hard because of that complex blood-brain barrier. So, to get around it, scientists have 
come up with some interesting ways to deliver the drugs in, like using the body's own transport systems or making drugs that react 
to the problems occur  inside due to many reasons. The best mode right now are methods like receptor-mediated transcytosis, 
adsorptive-mediated transcytosis, and these "smart" delivery systems.(13,22) 
Receptor-mediated transcytosis (RMT) is a very selective and natural way for molecules to get across the blood-brain barrier 
(BBB). Basically, drug molecules or tiny carriers get tricked out with special tags that hook onto specific receptors on the brain's 
blood vessel cells. We're talking about receptors like the ones for transferrin, insulin, low-density lipoprotein, and leptin. Once the 
tag latches on, the whole complex association gets binds into the cell in little bubbles, travels across the cell in those bubbles, and 
then bursts out on the brain's side.RMT is pretty good because it's specific, does not mess with our whole body as well as it is, and 
gets more of the good compounds into our brain. Scientists  have looked into it for large duration of time for delivering molecules 
like peptides, proteins, nucleic acids, and nanoparticles. But there are some drawbacks, like the receptors getting fully occupied, 
other natural molecules competing for those receptors, and the receptors sometimes getting less active, which can create complexity 
with how well the mechanism  get through. So, it's really important to get the right number of tags and use special antibodies or 
peptides that only target those specific receptors for RMT to work well.(1,18,21,34) 
Adsorptive-mediated transcytosis (AMT) works by using electrostatic interactions instead of specific ligand-receptor binding. The 
inside surface of the brain's blood vessel cells has a negative charge because of molecules like glycocalyx and membrane 
phospholipids. So, any compounds with a positive charge, like molecules or tiny carriers, canbind to this surface without needing a 
specific cross matching, which then starts the process  to get the molecules inside and move across.AMT is not as selective as 
receptor-mediated transcytosis (RMT), but it can move more compounds and doesnot have problems with receptors getting fully 
occupied. Scientists have studied this a lot with positively charged proteins, cell-penetrating peptides, and tiny charged 
nanoparticles. But, if something has too much positive charge, it can attract large numbersof plasma proteins, get eliminated out 
swiftly by our body's immune system, and even be toxic. So, systems based on AMT need to find a good balance between having 
enough positive charge to interact with our brain's blood vessels and being safe for our whole body as well.(12,14,38,44) 

 
Fig no. 2 (32) 
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Stimuli-responsive or smart delivery systems are like the next level of brain-targeting strategies. They're built to change their 
physical and chemical properties or release drugs when they sense specific alterations inside or outside the body. Inside, that could 
be changes in pH, redox gradients, enzyme activity, or inflammation. Outside, it might be light, ultrasound, magnetic fields, or 
temperature.For instance, pH-sensitive nanoparticles can let them in your bloodstream but then released their drugs in the slightly 
acidic environment of sick brain tissue or inside cells. Redox-responsive systems use the higher glutathione levels inside cells to 
trigger drug release right where it's needed. Magnetic nanoparticles can even be guided across the blood-brain barrier with external 
magnets, helping them pile up in the desired site. These smart systems make treatments work better and help avoid side effects and 
toxicity throughout the body.(5,45,50) 
 

VI.   THERAPEUTIC APPLICATIONS AND TRANSLATIONAL PROGRESS 
CNS disorders, like those neurodegenerative diseases and brain tumors, are some of the most challenging conditions in modern 
medicine. That's because they're very complex and the blood-brain barrier (BBB) makes it hard for drugs to get to the brain and to 
provide effect for cure. Old-school drug treatments mostly just help with symptoms, not actually fixing the disease itself. Lots of 
developments are really into new ways to deliver genes and RNA, hoping to fix diseases at their core and offer lasting relief. In 
diseases like Alzheimer's, Parkinson's, Huntington's, ALS, and SMA, there's growing proof that gene therapies and RNA-based 
methods can go straight for the bad genes or protein clumps. Gene therapy tools, like viral vectors (think AAVs) and non-viral 
molecules like lipid nanoparticles, have been tweaked to get past the BBB better and boost how much the brain takes in. Cool new 
CRISPR/Cas9 systems, ASOs, and microRNAs let us fine-tune gene expression, which means we might be able to fix disease-
causing mutations and cut down on the toxic proteins linked to neurodegeneration. RNA therapies, like ASOs, siRNAs, and mRNA 
delivery, are looking very good for real-world use in its practical application. For instance, Spinraza (nusinersen) and Qalsody 
(tofersen) are already being used clinically for spinal muscular atrophy and ALS, showing that RNA molecules can totally work for 
brain and nerve problems. These treatments use the basic Watson-Crick pairing to shut down bad genes or boost good ones, which is 
great because regular small molecule drugs often can't get enough into the brain to perform their function. Gene and RNA therapies, 
like those using mRNA, lookvery good for brain tumors and other CNS cancers. They possess the capability to suppress oncogenic 
agents or stimulate the body's intrinsic defense mechanisms. We're seeing some gradual progress with mRNA, where it can 
reprogram immune cells or drop tumor suppressor genes right into the cancer cells. Although, tiny nanoparticles help deliver these 
treatments better, right where they're needed, and releasing them slowly. Even tinier carriers like liposomes and exosomes are being 
used to get these therapeutic nucleic acids across the brain's protective barrier and keep them from breaking down. In animal 
studies, these treatments have shown a lot of promises, cutting down on bad proteins and making the vehicles work better. But 
getting these new treatments out to everyone who needs them is still tough. We're encountering snags such as immune reactions to 
the delivery mechanisms, unintended side effects, and production scalability. Researchers are exploring innovative methods, like 
intranasal gene delivery to the brain, to bypass the blood-brain barrier without surgery. This could broaden accessibility and make 
treatments available to a larger population. A large number of clinical trials are happening right now, checking out gene and RNA 
therapies for brain disorders, which look good for getting them approved. Like, the AMT-130 gene therapy for Huntington's recently 
showed it could really slow down the disease in people who got it, which is a huge step forward. To get these therapies out there, we 
need to keep working on better delivery, sharper targeting, and a deeper dive into how our brains work.(5,8,27,29,33,34,41) 
 

VII.   SAFETY, CHALLENGES AND FUTURE PERSPECTIVES 
Even though scientists made big strides in creating advanced drug delivery systems to get past the blood-brain barrier (BBB), safety 
and toxicity are still huge barriers for using them in clinical application. Nanocarriers – molecules like lipid nanoparticles, polymer 
systems, inorganic nanomaterials, and biomolecule-based vectors – can mess with biological systems in ways we don't always 
expect. Their size, how they're charged on the surface, what they're made of, and what they break down into all really affect where 
they go in the body, how cells take them up, and if they'll be toxic. If compounds that don’t break down build up in the brain or 
other organs, it could cause brain inflammation, oxidative stress, or long-term cell damage, which is a big worry for long-term 
treatments for brain diseases. Another huge issue is how they affect the immune system. Nanoparticles with modified surfaces, 
targeting molecules, or repeated doses can trigger immune responses, making them eliminate out of the blood faster or causing 
allergic reactions. Even natural carriers such as exosomes, typically well-tolerated by the body, may exhibit batch-to-batch 
variability and unforeseen biological effects contingent upon their origin. Also, strategies that temporarily affect with the BBB's 
integrity—like focused ultrasound or chemical permeabilizers—need to be very carefully tuned to keep toxins, pathogens, or 
inflammatory substances from getting into our brain.  
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From a regulatory angle, the rules for nanomedicines that target the BBB are still being figured out. The current toxicology 
guidelines are mostly for regular drugs and might not fully catch the risks specific to nanomaterials, like how they move through our 
body differently, protein corona forming, and where they end up long-term. Regulatory folks want tons of lab, animal, and human 
safety data, but the differences between animal BBB models and human ones make it difficult to assess risk. Manufacturing 
hurdles—like making enough, making it the same every time, keeping it sterile, and quality control—also slow down getting 
regulatory approval and using them in clinics. Super precise engineering and designs inspired by nature are totally changing how we 
get drugs across the blood-brain barrier. Intelligent nanocarriers, which respond to various stimulus, are garnering significant 
interest. They are engineered to precisely release their therapeutic payload in response to specific triggers such as pH fluctuations, 
enzymatic activity, redox potential, or external modalities like ultrasound and magnetic fields. These methodologies have the 
potential to substantially enhance therapeutic efficacy and mitigate adverse effects by enabling targeted and spatiotemporally 
controlled drug delivery.At the same time, scientists are getting constantly interested in delivery systems that mimic biology, 
especially compounds like membrane-coated nanoparticles and exosomes. These compounds use our body's own transport methods, 
which means they're better at being recognized by cells, avoiding our immune system, and getting through the blood-brain barrier. 
Although, new ways to tweak things genetically and chemically have led to delivery systems with special ligands that can 
specifically target pathways like those for insulin, transferrin, and low-density lipoprotein receptors. All these cool new ideas are 
really pushing us towards smarter, more effective ways to get drugs to the brain in a clinical setting. (5,9,27,28,42,51)
 

VIII.   CONCLUSIONS 
The blood-brain barrier is a major obstacle when it comes to treating brain disorders, cause it's super selective and protective. While 
crucial for maintaining cerebral homeostasis, the BBB severely limits drug penetration, thereby necessitating the development of 
sophisticated delivery strategies. This review emphasizes how a deeper comprehension of the BBB's structural integrity, transport 
mechanisms, and molecular interactions has enabled the creation of delivery systems designed to overcome these biological 
obstacles. 
Recent advancements in molecular drug delivery, including lipid-based systems, polymeric carriers, inorganic nanocarriers, and 
biomolecule platforms, demonstrate considerable potential for transcending the BBB and enhancing therapeutic efficacy. A very 
new recent advancement in the research field for molecular vehicles to cross BBB is a peptide molecule with 4 amino acids which 
are discovered and are under trial procedure, if its outcomes are beneficial in relation to brain disorders, so it can be applicable for 
vast variety of disorders across the globe for everyone. 
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