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Abstract: Targeted drug delivery system (TDDS) has emerged as a promising approach to improve therapeutic 

efficacy by delivering drugs selectively to diseased tissues while minimizing systemic toxicity. Originating from Paul 

Ehrlich's "magic bullet" concept, targeted drug delivery has evolved remarkably with advances in nanotechnology, 

biotechnology, and material science, giving rise to sophisticated nanomedicine-based platforms. This review 

summarizes the fundamental principles of targeted drug delivery, including passive, active, and stimuli-responsive 

targeting strategies, and discusses the influence of biological barriers and carrier properties on drug distribution and 

therapeutic performance. Major delivery systems such as liposomes, polymeric nanoparticles, dendrimers, micelles, 

solid lipid nanoparticles, nanostructured lipid carriers, and biomimetic nanocarriers are critically reviewed with 

respect to their design, advantages, limitations, and clinical applications. Recent developments in ligand-mediated 

targeting, antibody–drug conjugates, gene and RNA delivery, and multifunctional nanocarriers are also highlighted. 

Furthermore, the review addresses key challenges affecting the clinical translation of TDDS, including limited 

targeting efficiency, formulation stability, large-scale manufacturing, regulatory approval, safety concerns, and cost-

effectiveness. Emerging technologies, including artificial intelligence-assisted formulation design, precision 

medicine, and personalized nanomedicine, are expected to overcome these limitations and accelerate the development 

of next-generation targeted therapeutics. Overall, this review provides a concise overview of the evolution of targeted 

drug delivery systems from the "magic bullet" concept to advanced nanomedicine and outlines future opportunities 

for improving disease management through safer, more effective, and patient-centered drug delivery strategies. 
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Introduction 

Drug delivery technology has progressed significantly 

during the last 70 years. Modern pharmacy relies 

heavily on carrier-based medication delivery methods, 

particularly those using nanometer-sized particles. 

These carriers have significant benefits over standard 

drug delivery methods, successfully resolving disease 

treatment problems.1,2 The term "target" refers to a 

specific organ, cell, or collection of cells that requires 

medical attention for acute or chronic problems. 

Targeted drug delivery is an intelligent medication 

delivery system that efficiently provides patients with 

their medications. Drug delivery encompasses the 

techniques, formulations, methods, and processes used 

to move medicinal substances into the body to 

accomplish therapeutic effects.3 the ultimate purpose 

of medication delivery research is to assist patients by 

creating clinically viable formulations that have 

improved dramatically over the previous several 

decades, resulting in the creation of diverse 

therapeutic formulations that improve patient 

compliance and convenience.4 The typical drug 

delivery method absorbs the medication across a 

biological membrane, while the targeted release 

system delivers the drug in a dose form.5 the 

development of innovative targeted drug delivery 

systems has received significant focus in the last 

several years. These systems provide focused, 

regulated, and sustained distribution while meeting 

practical needs and enhancing the therapeutic 

effectiveness of both new and existing drugs.6 

Targeted drug delivery system advantages of this 

system over traditional ones include excellent 

solubility and reduced complexity. The medication has 

excellent absorption, a longer half-life, and requires 

less volume for distribution. These medications have 

higher specificity and therapeutic index compared to 

traditional drug delivery methods.7 Targeted drug 
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delivery selectively delivers medication to the site of 

action, avoiding non-targeted organs, tissues, or cells. 

This differs from traditional drug delivery systems. 

Prevents the medication from having any detrimental 

effects on healthy tissue by maintaining the body's 

required levels of plasma and tissue drug. Prevents the 

medication from having any detrimental effects on 

healthy tissue by maintaining the body's required 

levels of plasma and tissue drug.8 Paul Ehrlich, a 

microbiologist, presented the idea of medication 

delivery in the form of a magic bullet, which inspired 

the design of targeted delivery systems. These 

medications combine two or more medicines into a 

single dosage for sequential loading dosage and a 

maintenance dose, both of which are administered in a 

sustained-release manner. 9 Targeted drug delivery 

systems integrate many fields of research, this 

approach utilizes molecular biology, pharmacology, 

the science of polymers, and biological conjugation 

chemistry to deliver a drug to a specific location rather 

than distributing it throughout the entire body or 

organ. Therapeutic compounds' pharmacokinetics, 

pharmacodynamics, particular toxicity, 

immunogenicity, and biorecognition must all be 

monitored and adjusted by targeted drug 

administration.10 Since the 1960s, liposomes, polymer 

micelles, dendrimers, drug nanocrystals, drug-

polymer conjugates, and drug-protein conjugates have 

been referred to as "nanoparticles that."11 

 
 

Figure. 1 Targeted drug delivery 

The Concept of the Magic Bullet 

The idea of precisely delivering medications to the 
exact location where they would have the desired 

effect originates with the "magic bullet" theory.12 A 

hundred years ago, Paul Ehrlich proposed the idea of 

using "magic bullets" to target a virus in a way that 

wouldn't damage the host organism. The concept was 

very motivating for cancer treatment analysts.13 

Screening for toxic pharmaceuticals was the first 

phase in Ehrlich's two-step process for his magic bullet 

concept, followed by making toxic drugs more 

targeted and less harmful.14 He clearly imagined a 

world where finding a treatment would be simple 

using compounds that were highly selective for the 

harmful germs and completely inert toward the host. 

The phrase "magic bullet" comes from the fact that this 

would have an adverse effect on the parasite within the 

host plant while having almost little negative impact 

on the host tissue.15 The magic bullets of a shooter 

target the enemies precisely; therefore, Ehrlich 

expected site-specific solutions to learning how to fire 

magic bullets. Nanometer-scale devices, or 

"nanomedicines," as they are now called, were 

developed as a result of this fascinating idea, which 

inspired researchers to study the topic for over a 

century.16 The Ehrlich magic bullet idea states that 

medications should only interact with the target 

molecule and go straight to their anticipated locations 

in the body. Nevertheless, get to their destinations, 

pharmaceuticals must navigate intricate pathways and 

interactions, and they may interact with several 

targets, leading to adverse consequences tragically, 

without these route interactions, no medicine or drug 

delivery method has ever directly reached the 

physiological goal. The medication is a "magic 

shotgun" a "magic bullet," since it interferes with 

several targets. We still have a long way to go before 

we can achieve the magic bullet goal.17 additionally, 

the potential to significantly increase drug 

concentration in target compartments without 

negatively affecting non-target compartments, 

reduced drug amount, which lowers treatment costs, 

and easier drug-administration techniques are all 

encouraging benefits of targeted drug delivery. Drug 

targeting often results in improved efficacy, modified 

pharmacokinetics, regulated biodistribution, increased 

localization specificity, reduced toxicity, reduced 

dose,  and  improved  patient  compliance.12 

 
Figure. 2 Reasons of drug targeting 

Characteristics of targeted drug delivery systems.18 

 It should be nontoxic, biocompatible, 

biodegradable, and physiochemical stable In 

vitro-in vivo 

 Restrict medication distribution to obtain 

target cells, tissues, or organs and should 

have uniform capillary distribution. 

 Controllable and predictable rate of drug 

release. 

 Drug release does not impact the drug 

activity. 
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 A dose of medication released that is 

therapeutic. 

 Very little medication seeps out while in 
transport. 

 The carriers used must be easily 

biodegradable. 

 The delivery mechanism should be 

inexpensive, reproductive, and easy to 

prepare.  

 

Creation of drug delivery systems 

 

 

 

 

 

 

 

 

 

Figure. 3 Creation of drug delivery systems 

Targeted medication is required.19 

Targeted drug delivery system implies a particular 

organ or a cell or group of cells, which is a chronic or 

urgent disease that needs treatment. A drug carrier is 

one of the particular molecules required for successful 

delivery of loaded medicine to a pre-selected location. 

The medication carrier should be biodegradable or 

easily removed from the body without any problem. 

Targeted drug delivery system is preferred over 

traditional drug delivery system due to unsatisfactory 

drug performance in terms of pharmacodynamics, 

pharmacokinetics, pharmaceuticals, and 

Pharmacotherapeutics (refer to Figure no. 4 ) 

Targeting medications to a specific location using 

optimal drug delivery system. 

 

Basic principles and applications of targeted drug 

delivery systems. 

Drug targeting's basic principle is to minimize the 

drug's concentration in the nontargeted area while 

delivering a high concentration to the targeted spot. 

This idea helps to maximize the therapeutic benefits of 

the medication while reducing adverse effects brought 

on by greater dosages, nontarget concentrations, and 

multitarget interactions.20 

 

Figure. 4 Targeted medication is required. 

Additionally, targeting reduces undesirable 

interactions between the medicine and 

bioenvironmental aspects that influence drug access 

to certain bodily regions.21 Drug targeting 

encompasses the pharmacological carrier, the location 

of the target, and the coordinated behavior of the drug. 

The drug's target is the particular organ, cell, or cluster 

of cells in an acute or chronic illness that has to be 

treated. The carrier is a specifically designed molecule 

or system that is necessary for the loaded medicine to 

be transported efficiently toward certain locations.22 A 

drug-targeting complex should ideally be In vitro and 

in vivo physicochemical stability, biochemically inert, 

biodegradable, biocompatible, atoxic, and 

nonimmunogenic. Additionally, it need to be fast and 

simple to remove from the body. Have a predictable 

and regulated pattern of drug release, be fairly easy, 

repeatable, and economical to prepare, and have little 

drug leakage while in transit.23 
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Figure. 5 Types of targeted drug-delivery systems 

Various approaches are used to help target specific 

body sites, as depicted in.24 

 

Figure. 6 Active and Passive Targeting 

Passive targeting is the term for medication 

administration that focuses on systemic circulation. 

This technique relies on the body's natural response to 

the physicochemical properties of the drug or drug-

carrier system, resulting in the accumulation of the 

drug or drugs at the targeted site of interest, such as 

tumor tissue.25 nanoparticles guided to enter blood 

vessels more often at the illness location when utilized 

as carriers in passive targeting, which offers the 

chance for substantial drug buildup at the intended 

location. Slow lymphatic drainage or the enhanced 

permeability and retention effect facilitates this 

process. Conversely, a particular ligand-receptor 

interaction known as "active targeting" occurs during 

extravasation and blood circulation.26 The main factor 

is the biological interaction between target cells and 

the ligands attached to nanoparticles. Many ligand 

types, including proteins, polysaccharides, nucleic 

acids, peptides, and tiny molecules, have been used for 

this purpose.27 Tumors are defined by significantly 

impaired vascular architecture and insufficient 

lymphatic drainage, as shown by the elevated 

permeability and retention effect. These tumor 

features are expected to make tiny nanocarriers perfect 

for inactive targeting of anticancer medications, as 

they are smaller than normal blood vessel spaces and 

can readily reach and quickly detect malignancies. 

Consequently, recent studies have shown that the 

interendothelial gaps on tumors do not contribute to 

the transport and deposition of nanoparticles into solid 

tumors. According to one, endothelial cells allow up 

to 97% of nanoparticles to enter tumors during active 

processes.28 these studies imply that the enhanced 

permeability and retention effect in clinical settings 

involving cancer patients has not yet been validated. 

Active transport pathways, as opposed to more passive 

ones like the enhanced permeability and retention 

effect, are anticipated to be superior for the absorption 

of targeted nanoparticles from the circulation into the 

tumor microenvironment.29 Even while developing 

targeted nanoparticles has many potential advantages, 

especially in cancer chemotherapy, the efficacy of 

current nanodrugs is not noticeably better than that of 

the original pharmacological treatments. Because of 

the intricate relationships between tumor 

pathophysiology and nanodrug size, this results in 

inadequate and insufficient penetration of nanodrugs 

into tumor tissue. Some of the proven methods for this 

include surface modification, dimensional alteration, 

carrier charge inversion, and remodeling the 

microenvironment of tumor tissues, encouraging 

nanodrug penetration into tumors. Cancer treatment 

still faces several obstacles, and effective tumor 

targeting is far from complete, despite promising 

penetration-enhancing techniques. As a result, higher 

treatment effectiveness, less adverse effects, and more 

bioresponsive Drug delivery and targeting systems are 

needed.30 

First-, Second-, Third-, and Fourth-Order 
Targeting.31 

First order targeting: The drug carrier system is 

distributed to the target location or organ's capillary 

bed. For example, the brain ventricles, peritoneal 

cavity, multiple cavities, lymphatics, etc. 

Second order targeting: It consists of delivering 

medications to targeted cells, including tumor cells or 

Kupffer cells. 

Third order targeting: Third-order targeting refers to 

the intracellular localization of the drug-carrying unit 

by endocytosis or receptor-based ligand-mediated 

drug carrier system entrance, in which drug release or 

gene delivery to the nucleolus is caused by lysosomal 

breakdown of the drug complex. 

 

Figure. 7 Levels of active drug targeting 

Local and Systemic Targeting 
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Locally targeted systems are useful targeting 

techniques whose main objective is to deliver the 

medication to the local location for the treatment of 

local illnesses. When systemic targeting is used, the 

release of these restorative systems occurs via an 

intrusive method, including the introduction of 

nanotechnological systems intravenously. Following 

the drug's diffusion inside the body, these systems 

distribute it throughout the body. The primary 

constraints of these systems derive from the 

detrimental effects of the medications on a particular 

tissue.8 

Inverse, Dual, Double, and Combination 

Targeting. 

Inverse Targeting: The reticuloendothelial system 

will become saturated with the blocking of its 

defensive mechanisms if a blank colloidal carrier 

prevents the system's natural function to reduce its 

passive drug absorption. Inverse targeting is the name 

of this method.32 

Dual Targeting:The carrier molecules in this 

targeting strategy have their own therapeutic action, 

which enhances the drug's therapeutic efficacy. For 

example, an antiviral medication may be loaded onto 

a carrier molecule with its own antiviral action, and the 

drug conjugate's net synergistic impact has been 

noted.33 

Double Targeting: Targeting a carrier system using 

both temporal and spatial approaches may be referred 

to as double targeting. When it comes to directing 

medications to certain organs, tissues, cells, or even 

subcellular compartments, spatial location 

matters.Temporal delivery, on the other hand, refers to 

managing the drug's delivery motion to the target 

location. 

Combination Targeting: Combination targeting is a 

targeted delivery technique that directly approaches a 

target using polymers, carriers, and molecularly 

specific homing devices.34 

Physical, Chemical, and Biological Targeting 

Physical targeting: Physical targeting technologies 

localize molecules to specific regions based on their 

size, content, or other characteristics that aren't 

specifically designed to bind to a biological receptor. 

This kind of targeting uses particular cues, such as 

glucose concentration, as well as environmental 

changes, such as pH, temperature, light intensity, 

electric field, and ionic strength, to localize the drug 

carrier to a predefined spot. This method has been 

discovered to be excellent for both tumor targeting and 

cytosolic delivery of genetic material or entrapped 

drugs.35 

Chemical targeting: Chemical targeting is the 

process of locating agents in specified regions by 

using site-specific Prodrug. Agents may also be 

guided to certain areas by means of enzymatic or 

chemical mechanisms that target a vehicle or regulate 

the agent's release or activity.20 

Biological targeting: Biological targeting enables 

localized agents to target certain regions by using 

proteins, peptides, antibodies, or other biomolecules 

with a particular affinity for receptors, sites, or other 

biological targets. Furthermore, vector systems, 

including cells, tissue, or other specialized promoters, 

may be used to direct gene expression to specified 

locations.36 

Location-Based and Disease-Based 

Delivering drugs to certain cells, organs, and 

organelles using location-based techniques is known 

as targeted drug delivery. The gastrointestinal tract, 

brain, respiratory tract, and intracellular targeting are 

a few instances of location-based targeting. Drug-

loaded nanocarriers, proteins, and antibodies are an 

instance of pharmacological agents that may be 

delivered intracellularly to guarantee that the 

therapeutic effect is delivered to the nucleus or certain 

organelles.37 this kind of targeting is modeled by 

floating medication delivery, where antibiotic, 

antiviral, and antifungal drugs are absorbed from very 

precise gastrointestinal tract areas. To target various 

areas, such as the colon, lymph nodes, small intestine, 

and stomach/duodenum, several oral controlled-

release techniques have been devised. While disease-

based targeted delivery is a site-specific therapy that 

targets infectious diseases and malignancies, polymer-

based medicine administration and steam-like 

dopamine-liposome conjugates show effective brain 

targeting with minimal degradation throughout 

circulation. Using a nanodrug delivery system to treat 

infections may provide a workable substitute for 

antibiotic treatment.38 it is a novel idea to design 

nanovaccines with enhanced cellular responses and 

advanced targeting. Targeting some significant 

infections for persistence inside the cell using specific 

and specialized methods is currently being explored. 

These include using antimicrobial agents to 

functionalize nanoparticles.3 

Vehicle/Carrier Systems for Targeted Drug 

Delivery. 

Drug carriers, sometimes referred to as drug vectors, 

are the most important component needed for the 

loaded medication to be successfully transported to the 

desired target. They distribute, hold, and carry the 

medication to the target's location. Through minor 

structural changes, they are able to carry out these 

particular tasks. Current drug delivery technology has 

improved by taking into account a number of 

variables, including time for the best drug delivery, 

pharmacokinetic processes, and bioavailability.39 

Targeted drug delivery systems need particular carrier 

systems based on the kind of targeting mechanism. 

With the use of a spacer moiety, targeted drug delivery 
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carriers or vehicles are specially designed vectors that 

can hold the drug within or on them by bonding, 

encapsulation, or both. Polymeric carriers that use 

these drug delivery techniques include liposomes, 

nanoparticles, lipoprotein-based carriers, and 

micelles.18 Toxic, stable, nonimmunogenic, 

biocompatible, and biodegradable drug delivery 

vehicles are desirable; they should also be simple to 

eliminate from the body and invisible to the host's 

defense mechanisms.. Additionally, the drug should be 

able to reach its destination, pass through tumor 

vasculatures and barriers when needed, have the best 

release characteristics at the target site, and (for 

nanocarriers) have little to no drug leakage before that 

target site. Additionally, carriers must have 

straightforward, repeatable, and reasonably priced 

preparation methods.40,41 The biodistribution 

characteristics of the medication and carrier material 

may be controlled to provide the best possible target 

selectivity and specificity for the drug delivery 

systems. Using both parties' physicochemical and 

biological characteristics, the biodistribution profile is 

established.42 Similarly, designing a beneficial 

nanoparticulate system requires consideration of both 

medication release and polymer biodegradation. All 

things considered, the release procedure depends on 

the matrix components' solubility, diffusion, and 

biodegradation.43 

Colloidal Carrier Systems 

Colloidal drug delivery systems are targeted vesicles 

of a specific or vesicular dose form that are 

nanoscaled. These consist of ceramics, liposomes, 

niosomes, nanospheres, and other emulsions. These 

drug carriers have the potential to modify the 

distribution pattern while dissolving or transferring the 

active treatment within or near to the target. They also 

sequester, convey, and retain the drug throughout the 

process. They are often divided into two categories: 

vesicular and microparticulate systems.44 

 
Figure. 8 Colloidal Carrier Systems 

Vesicular Carrier Systems 

Novel vesicular drug delivery systems aim to spread 
the drug in a site- and rate-controlled manner in order 

to achieve therapeutic objectives. With several 

methods of administration, these carriers have recently 

emerged for controlled and targeted drug delivery.45 

To increase the therapeutic index, solubility, stability, 

and quick degradation of pharmacological molecules, 

vesicular drug delivery methods are used.46 The most 

well-known development in vesicular carrier systems 

is nanosomes. These are tiny, vesicular carrier 

structures that transport medications to the intended 

location. They come in a variety of forms, including 

ethosomes, liposomes, niosomes, and transferosomes. 

Each of these vesicular carriers is a generation of 

nanosomes, and they differ from one another in terms 

of their composition and vesicular properties during 

manufacture, storage, and preparation conditions, and 

intended therapeutic uses. The table provides a 

summary of these compositional and structural 

variations.47 

Table. 1 Differences in nanosomal vesicular carriers 

Nanosome Main 

compone

nt 

Uses Special 

propert 
ies 

Liposomes Phospholipi

ds scattered 

across an 

aqueous 

solution. 

used for 

targeted 

drug 

administr 

ation via 

the mouth, 

skin, and 

lungs 

Unstable, 

requires 

particular 

preparation 

and storage 

Niosomes Charge-

inducing 

substances, 

cholesterol, 

and 

nonionic 

surfactants 

Both 

lipophilic 

and 

amphiphilic

drug carrier 

No special 

preparation 

or storage is 

needed; it is 
stable. 

Transferos 

omes 

A buffer 

solution  is 

made up 

of color, 

phosphatidy

lcholine, 

surfactants, 

and a little 

bit of 

alcohol. 

Use deeper 

layers of 

the 

epidermis 

to give 

medication 

Transderm

ally. 

Ultra 

flexible 

and 

deformable 

vesicles. 

Ethosomes High 
amounts of 
water, 
cholesterol, 
phospholipid
s, alcohol, 
and dye. 

Controlled 

transdermal 
delivery. 

Soft and 

novel 

vesicle. 
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Liposomes 

Liposomes are lipid-bilayer-structured, simple, tiny, 

nanoscale lipoidal vesicles. The aqueous core of these 

bilayers is completely encased in a lipid-molecule-

based membrane, allowing for the effective 

entrapment of both hydrophilic and lipophilic drugs. 

Lipophilic drugs are captured by the bilayer 

membrane, whereas hydrophilic medications get 

trapped in the central aqueous core.48 

Liposomes are made to be used in pulmonary, topical, 

and targeted oral drug delivery.49 Liposomes are made 

up of several layers and internal and exterior 

components. Typically, liposomes are composed of 

water, hydrophilic polymer-conjugated lipids, 

cholesterol, and natural or synthesized phospholipids. 

Generally speaking, cholesterol is employed to 

decrease the permeability of water-soluble compounds 

across the membrane while increasing bilayer stability 

and membrane fluidity. Liposomes offer a unique 

benefit since the lipid membrane is formed from 

physiological lipids, reducing the possibility of 

toxicity.50,51 They may be made as semisolid 

preparations (gel, cream), solid forms (dry powder), or 

liquid dose forms (suspension). Additionally, they 

may be used topically or given parenterally.52 

following systemic (often intravenous) 

administration, liposomes simply collect within the 

body because of their tiny size and extended 

circulation, which allow them to extravasate. The 

similarities between lipid vesicle bilayers and natural 

membranes, along with lipid vesicles' ability to adjust 

and mix with the fluid nature of cell membranes, 

support the use of liposomes in topical applications. 

Because of their moisturizing and restorative 

properties, liposomes were first used in the 

dermatological sector.48 
 

 

 

 

 

 

 

 

 

Figure. 9 Liposomes  

 

 

 

 

 

 

Niosomes 

Niosomes are a new type of nanometric drug delivery 

system. The medicine is contained in vesicles made of 

two layers of nonionic active surface agents, as the 

name suggests. Since they are nonionic, they are less 

harmful and improve the drug's therapeutic index by 

concentrating their effects on certain cells, which 

makes them appealing drug delivery systems. The 

physicochemical characteristics of liposomes and 

niosomes are comparable, with little difference based 

on the manufacturing techniques and bilayer 

composition. Niosomes are mostly made up of 

surfactants, while liposomes are made up of 

phospholipids. Since niosomes are greatly more stable 

than liposomes, they don't need any particular 

preparation or storage conditions. This may lower the 

cost of production.53 simply put, liposomes and 

niosomes' limited skin permeability, vesicle 

dissolution, drug leakage, aggregation, and fusion 

make them unsuitable for transdermal delivery. Newly 

created carrier systems called transferosomes 

overcome these obstacles and are able to effectively 

deliver drugs with both large and low molecular 

weights via the transdermal route.54 

Figure.10 Niosomes  

Transferosomes 

The Latin word "transfere," which means "to carry 
across," and the Greek word "soma," which means 

"body," give rise to the term "carrying body." 

Phosphatidylcholine and an edge activator combine to 

form a special kind of liposome called a 

transferosome. The specialized, ultradeformable 

(ultraflexible) lipid supramolecular aggregates known 

as transferosomes have the ability to pierce human 

skin.55 An aqueous compartment within and an 

exterior lipid bilayer containing edge-activator 

surfactants like sodium cholate, Span 80, and Tween 

80 make up their structure. They act as penetration 

enhancers, facilitating drug penetration of the stratum 

corneum and beyond by disrupting its highly 

organized intercellular lipids. 56 They act as medicinal 

delivery systems for proteins and peptides, including 

insulin, bovine serum albumin, and vaccines. Their 
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benefits include improved site specificity, reduced 

doses for skin diseases, and improved overall drug 

safety. Their excellent penetration and flexibility make 

them useful for the effective delivery of nonsteroidal 

anti-inflammatory drugs such as diclofenac and 

ibuprofen.57 

Ethosomes 

Other vesicular carriers that are used in medication 

delivery include ethosomes. They are less effective in 

penetrating biological membranes, especially the skin, 

but they can do so more easily than liposomes. 

Composed of phospholipids, water, and alcohol 

(ethanol and isopropyl alcohol), they are mostly 

utilized for transdermal administration of medications. 

Hydrophilic and impermeable drugs may be 

administered transdermally using ethersomes, which 

are primarily employed to substitute liposomes in the 

transdermal drug administration method.58 

Microparticulate Systems 

A microparticulate drug delivery system allows for the 

prolonged, controlled delivery of drugs. "The particles 

having a diameter in the 1-1000 μm size range" is a 

good way to describe microparticles. Albumin 

microspheres were proposed by Kramer in 1974 as a 

novel drug delivery system. Drugs may be delivered 

using microparticulate systems in solids, liquids, and 

gases. The resulting microparticles may be delivered 

ocularly, intramuscularly, pulmonaryly, 

intraperitoneally, intra-organically, nasally, etc., or 

directly to the site of action. A microparticulate drug 

delivery system may be used to deliver proteins, 

nucleic acids, and vaccinations. Microparticles shield 

the drug from its environment.59 They thus serve a vital 

role as drug delivery system working to reduce 

adverse effects and increase the bioavailability of 

traditional medications. Microparticulate systems 

includes microparticles, nanoparticles,, and magnetic 

microspheres.60 

Polymeric Carriers for Targeted Drug Delivery 

System 

They are widely used in medicine delivery because 

they have unique properties that no other material has 

been able to match.. Polymer advancements have 

produced a number of novel drug delivery systems, 

and careful investigation of bulk and surface 

characteristics has helped to improve the 

effectiveness, safety, and efficiency of medical 

treatment. In advanced drug delivery systems, 

polymers are crucial because they may be utilized as 

excipients and to aid in delivery, enabling targeted and 

controlled drug release. 61 A biodegradable polymer is 

used to create micro- and nanospheres, which allow 

for controlled medication release at specific locations. 

Polymeric nanocarriers, including poly(D,L-lactide-

co-glycolide), have shown encouraging 

pharmacokinetics at the cellular and whole-body 

levels.62 Generally speaking, polymer-based drug 

nanocarriers have the potential to significantly 

improve the solubility of hydrophobic medications, 

reduce their cytotoxicity to healthy tissue, prolong the 

time that medications remain in the bloodstream, 

facilitate the entry of nanoparticles, and improve the 

effectiveness of use. Studies on the usage of synthetic 

polymers such as polyethers, polyamides, and 

polypeptides have been more prevalent in the drug 

delivery field, despite current research on natural 

polymers like dextran and chitosan.63 The use of 

amphiphilic polymers, which include both hydrophilic 

and hydrophobic blocks, as dendrimers, micelles, and 

nanomicelles—polymeric carriers—in drug 

administration has been extensively studied. In water, 

amphiphiles have the most common and long-lasting 

shapes, such as micelles and vesicles made of 

polymers.64 Hydrophilic medications are encased in 

the hydrophobic core of polymeric micelles, which are 

nanostructures with a hydrophilic exterior. In the 

meanwhile, hydrophilic medications may be contained 

within the aqueous interior of polymeric nanovesicles, 

which have bilayer structures with an aqueous core 

that separates the core from the external medium and 

integrates the hydrophobic molecules inside the 

membrane. Thus, hydrophilic and hydrophobic 

medications, including proteins, genetic material, and 

chemotherapeutic medicines, may be transported via 

polymeric vesicles.65 physically entrap drug molecules 

in the hydrophobic core of polymeric micelles which 

are composed of a hydrophilic outer surface and a 

hydrophobic interior core encapsulation functional 

groups are not required. By chemically coupling the 

micelles with amphiphilic polymers, which prevents 

early drug release, loading may be improved. 

Transporting compounds with low or no water 

solubility via the hydrophobic core may increase the 

therapeutic window of lipophilic drugs. The formation 

of hydrophobic drug emboli following intravenous 

injection is further inhibited by this. Micelles are also 

known for their extended in vivo circulation and 

decreased chance of rapid drug clearance, both of 

which encourage drug accumulation at cancer cells. 

Polymeric micelles are an important new 

nanomedicine with innovative clinical diagnostic and 

therapeutic applications because of these 

characteristics.66 

The Greek word "dendron," which signifies 

tree, meros, or branch, is the source of the term 

"dendrimer." In 1978, Buhleir and associates 

synthesized and reported the first compounds having 

molecular cavity topologies that were "cascade" and 

"nonskid chain-like." These molecules were 

eventually recognized by Buhleir and associates as the 

first forms of dendritic polymers.. Buhleir and 

colleagues later identified these molecules as the first 
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types of dendritic polymers. 67 Dendrimers are an 

additional kind of polymeric carrier used for 

medication targeting. These are well-articulated, 

structurally multibranched macromolecules with 

monodispersed globular components. Each of the 

three main parts of dendrimers the exterior surfaces 

with functional groups, internal branching units, and 

the focal point—has a distinct purpose. (their function 

is described in Table 2) Drugs that are polar or apolar 

are retained within dendrimers via hydrophobic 

fragmentation or electrostatic contact, respectively. 

Covalent coupling of drug molecules to exterior 

groups or noncovalent coupling to the interior cavity 

of dendrimers may occur via physical contact. Two 

examples of materials that may be connected by 

electrostatic contact are gene plasmids and nucleic 

acids. The covalent bond gives a more stable 

formulation for medication delivery. The nature of the 

relationship determines the medications' release.27 The 

critical nanoscale design parameters—particle size, 

shape, surface, flexibility/rigidity, architecture, and 

elemental composition—must be carefully taken into 

account for a successful. 68 

Table. 2 Structural components of dendrimers. 

Structural 
Components 

Description/Function 

Focal point 

(core) 

The dendrimers core may consist of 
a polymeric substance, 

nanoparticle, or tiny molecule. 

Free (void) 

spaces 

These are empty spaces that might 

be used to carry or encapsulate 

medications between the core and 
internal branchings. 

Interior 

branching 

Dendrimer core and outer-surface 

groups are connected by 

Multibrnched globular units with 

covalently structured interior 

functional groups. 

Exterior 

groups 

These are the exterior hydrophilic or 

hydrophobic surface groups that 

make  up  the  dendrimer-drug 
complex's cover. 

Dendrimer– 
drug linkage 

The drug's covalent or noncovalent 
connection with the dendrimer. 

 

Monoclonal Antibodies and Fragments 

Protein molecules called monoclonal antibodies are 

produced using recombinant DNA technology from 

hybridoma cells. A specific kind of monoclonal 

antibody is called a monoclonal antibody when used 

therapeutically. Monoclonal antibodies are defined as 

"monospecific antibodies that are produced by 

identical immune cells that are all clones of a unique 

parent cell." The use of monoclonal antibiotics as 

therapeutic agents to treat a range of chronic 

conditions, such as cancer and infectious diseases, is 

becoming more popular. They may be combined with 

radioisotopes, cytokines, bacterial   toxins, 

chemotherapeutic medications, and enzymes that 

target tumors to increase their lethal effects.69 

Current Developments, Obstacles, and Prospects 

Monoclonal antibodies are defined as "monospecific 

antibodies that originate from similar immune cells 

that are all copies of a unique parent cell.". The use of 

monoclonal antibiotics as therapeutic agents to treat a 

range of chronic conditions, such as cancer and 

infectious diseases, is becoming more popular. They 

may provide regulated release and shield the drug 

from the outside environment. Nanotechnology has 

been used in a number of nanomedicine domains, 

including  imaging, diagnostics,  and drug/gene 

delivery. By covalently binding to a drug via a linker, 

antibody-drug conjugates, often referred to as 

immunoconjugates, are being studied as potential 

replacements for recombinant antibodies. prevents 

damage to nontargeted organs by enabling the 

specificity of monoclonal antibodies to target potent 

drugs to specified regions. Additional advancements 

include metal  and magnetic  nanoparticles, 

nanoemulsions,  nanocapsules,  smart  capsules, 

cyclodextrins, microspheres, nanotubes, nanoshells, 

quantum dots, hydrogels, and natural and synthetic 

polymeric nanoparticles that are being studied for 

local and systemic targeting..70 

Misconceptions 

There are unsettling realities about targeted 

drug delivery that are misunderstood and ignored. The 

first is that targeting is merely a random distribution 

rather than being precise. Second, there is still some 

evidence linking targeted administration to the theory 

of receptor overexpression. Third, the Enhanced 

Permeability and Retention impact improves delivery; 

however, it is not as precise as targeted delivery. 

Fourth, getting to the tumor tissue does not always 

imply better delivery; there may be drug release before 

reaching the target region.71 

Complex Manufacturing Processes 

To create tailored medications, further steps in 

chemical synthesis and purification are needed. 

Among the associated challenges are longer deadlines, 

more costs, and additional quality control and 

regulatory processes. Nanocarrier design presents 

several related issues, including toxicity, 

biocompatibility, sensitivity, and scalability.25,72 

Tumor Heterogeneity 

The enormous variation both inside and across tumors 

adds to the difficulty. Additionally, there are stroma 

linked to the tumor and metastases, including 

fibroblasts and tumor-associated macrophages.73 

Barely Predictable Practical Outcomes 

The effectiveness of drug-targeting methods is still 
hotly contested in practice. The success of these 
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strategies is only anticipated due to the lack of 

clinically transferable models, highly specialized 

targets, and targets chosen with spatial and temporal 

expression that is in line with interventional needs.74 

Barriers in Clinical Translation 

The clinical translation of nanomedicines into human 

medicine faces significant challenges due to the 

unproven Enhanced Permeability and Retention effect 

in human oncology, the lower-than-anticipated 

accumulation of nanoparticles within tumors despite 

active targeting strategies, and the need to carefully 

consider, modify, and control various factors during 

the preparation and delivery of nanomedicines.29 

Targeting using nanoparticles is dependent on a 

number of physicochemical parameters, including 

hydrophobicity, surface modification, surface charge, 

and particle size. The toxicity of nanoparticles is 

currently poorly understood, and there are still several 

issues with targeted administration and selective 

binding that need to be resolved. Taking these issues 

into account today and with the development of 

nanoparticles in the future might result in a new, more 

successful paradigm for research and treatment.75 

Advances in Clinical Extrapolation 

The clinical expansion of targeted drug delivery 

systems has not yet been shown to be effective. This is 

only possible with sophisticated methods, repeatable 

carrier preparation techniques, and thorough and in-

depth preclinical testing.74 

Theranostic Approach 

Nanomedicine's future is to combine targeted therapy 

and diagnostics into a single, centralized treatment 

system. This novel theranostic technique offers the 

potential for a highly selective, effective, and 

moderately sensitive treatment of cancer and other 

chronic diseases, which also results in more 

customized chemotherapy and improved patient 

outcomes.17 

Cell-Specific Delivery 

Receptor-targeted delivery holds great promise for the 

development of novel drug delivery methods for cell-

specific distribution, improved biological products, 

and the identification of fresh therapeutic targets.76 

Standardization, Good Laboratory Practice, and 

Advanced Models 
The creation of targeted strategies needs to be 
continuously assessed in view of the growing 

knowledge of various post-administration activities. 

The rapid development of clinical translation will be 

accelerated by creating more accurate and predictive 

preclinical animal models, implementing standardized 

norms and excellent laboratory practices, improving 

our knowledge of carcinoma biology, and finding real 

biomarkers.73 

Precision Medicine (Engineering Precision 

Nanoparticles) 

The field of cancer chemotherapy has seen significant 

development because of precision medicine, which 

optimizes medication systems and designs for specific 

patients. Improving a drug's pharmacological and 

pharmacokinetic qualities without sacrificing its 

desired impact at the molecular targets is called 

accurate medicine. It is possible to precisely change a 

medication's absorption properties, how it acts in 

target and nontarget tissue, and how it is delivered in 

synergistic drug combinations.75 The development and 

optimization of more focused lipid-based, polymeric, 

and inorganic nanoparticles may be able to overcome 

biological obstacles to efficient medication 

administration, which vary depending on the patient 

and the disease. By overcoming the many biological 

barriers present in various patient groups and illnesses, 

these created and optimized nanoparticles are ushering 

in the age of precision medicine.Among the 

prospective uses of nanoparticles in precision 

medicine are intracellular targeting, gene editing, and 

immunoactivation or suppression.78 

From Nanoparticles to Nanorobots 

Self-powered and computer-controlled, pharmacytes 

and nanorobotic drug delivery systems may distribute 

drugs to specific parts of the human body with digital 

precision, timing, and accuracy. It is not always 

necessary to endocytose; nanorobots might use 

transmembrane mechanical nanoinjectors to avoid 

penetrating a target cell. A potential development in 

the engineering area of medical nanorobotics will be 

the design, manufacturing, and therapeutic use of 

pharmacytes when nanomedicine is applied.27 

 

Conclusion 

In the medical sciences, targeted drug delivery is 

emerging as one of the most innovative techniques for 

disease detection and treatment. The more 

sophisticated form of Paul Ehrlich's "magic bullet" 

idea is nanomedicine. Targeted-delivery 

nanomedicines may be made from a wide range of 

nanoparticles. Among the most promising advances in 

medicine for the diagnosis and treatment of deadly 

diseases. Conjugated polymers, polymeric micelles, 

liposomes, dendrimers, and polymeric nanoparticles 

all have special structural properties that make it easier 

for medications to connect to them efficiently for 

targeted distribution. Many challenges related to 

drug-targeting strategies for clinical usage have been 

discovered, studied, and overcome, especially in the 

context of tumor treatment.. It may be possible to 

bring safer nanomedicine by combining 

multidisciplinary research, technical advancements, 

and experience. 
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