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Recent developments in Drug Delivery Systems (DDS) that make use of 

nanotechnology have drastically changed therapeutic techniques, by improving the 

efficacy and defining treatment strategies. The construction of Nano carriers, such as 

liposomes, nanoparticles and dendrimers, is made possible by nanotechnology and 

enhances the physiochemical properties like bioavailability, compatibility as well as 

dissolution and solubility of the drugs. These techniques have designed to target 

particular tissue or cells with a controlled release, minimizing the unwanted effects and 

optimizing therapeutic results. Advancement in surface modification, targeting ligands 

and multifunctional platforms have contributed to an even greater degree of precision 

of drug delivery. This paper examines nanotechnology using DDS highlights current 

advancements in gene therapy, cancer treatments and managements of chronic illnesses. 

The combination of cutting-edge materials and biocompatible polymers, and 

technologies like microfluidics and 3D printing. These developments transformed 

therapeutic approaches and signify a major shift in the way medications are 

administered.  By incorporating these revolutionary approaches, the future of DDS 

promises more tailored and effective therapy alternatives. In the end, enhancing 

patient’s outcomes in a healthcare environment that is becoming more complex. 
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INTRODUCTION 

Nanotechnology is a panned engineering method 

for transforming particulate matter into physical 

state. The molecular scale having a well define 

range which covers from 1 nm to 100 nm that has 

become a game changer in drug delivery systems 

(DDS).[1] The shortcomings of traditional 

approaches include limited solubility, rapid 

metabolism and non-specific adverse effects. 

Through the facilitation of creation of novel drug 

carriers that improves therapeutic efficacy and 

safety nanoparticles is addressing these issues. 

Therapeutic drugs pharmacokinetic and 

pharmacodynamics characteristics can be 

https://www.ijpsjournal.com/
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enhanced by engineering nanomaterials such as 

liposomes, polymeric nanoparticles, nanocrystals 

and dendrimers.[2] 

Some major reasons led to the need of 

nanotechnology in the drug delivery system can be 

described below: - 

➢ Its compact size facilitates easier insertion 

into tissues and increased accumulation in 

specific regions, including tumor tissues or in 

the site of mechanism sites. 

➢ The interactions between nanoparticles and 

mammalian cells is a popular choice for 

diagnostics and medical imaging purpose. It 

indicates the scenario of internal organs and 

tissues by interacting with their 

physiochemical properties.[3] 

➢ Targeting ligands can be used to functionalize 

nano carriers, enabling targeted distribution to 

particular cells or tissues. 

➢ Due to their ability penetrate tissues and be 

readily absorbed by cells, nanostructures 

enable the effective delivery of medications to 

their intended locations of actions. According 

to reports nanostructures are 15-250 times 

larger than of micro particles in the 1-10 um 

range.[4] 

One of the field of science that is expanding the 

fastest and most rapidly in nanotechnology, which 

has seen tremendous advancements in a wide 

range of applications. It can be applied in the 

context of biomedicine evolvement, which results 

the procurement of techniques like tissue 

engineering, treatment moreover instruments 

enhancement in diagnostics field. The idea of 

nanoparticle assisted medication delivery systems 

for illness therapy, as well as contribution of 

nanotechnology in specific biological disciplines 

with an emphasis on medicine, selected biological 

fields with a focus on medicine and the concept of 

nanoparticle enabled drug delivery systems for 

disease treatment. 

Objectives 

These following could serve as primary mantra for 

integrating nanotechnology into drug delivery 

system: - 

➢ To detect the improvement of drug delivery 

precision to targeted tissues or cells by 

lowering side effects and increasing efficacy.  

➢ Evolved systems maintain therapeutic levels 

and minimize toxicity, they enable to 

controlled medication release throughout time. 

➢ To develop nano carriers that can effectively 

cross the barriers such as blood-brain barriers 

to reach the targeted sites.  

➢ By employing nano carriers, poorly soluble 

medications can become more soluble and 

bioavailable, improving their ability to be 

absorbed by body. 

➢ To create targeted treatments based on genetic 

variables. 

➢ To investigate the drug’s pharmacokinetics 

and pharmacodynamics. 

➢ To enable the delivery of various medications 

or therapeutic agents through combination 

therapy, thereby promoting synergistic effects 

and improving treatment outcomes. 

➢ Medication delivery systems should be 

equipped with imaging capabilities to enable 

real-time tracking of medication distribution 

and therapeutic response.  

Nanocarriers in Drug Delivery 

Drugs and genes can be delivered to specific 

locations within the body by means of 

nanocarriers, which are nanoscale delivery 

devices. These adaptable carriers come in the form 

of liposomes, nanoparticles, dendrimers and 

micelles with special qualities appropriate for a 

particular use. Drugs can be more effectively 

administered because nanocarriers improve the 

stability, solubility and bioavailability of the 

encapsulated medications, their controlled and 

focused release can be tailored minimize negative 

effects and maximize treatment outcomes.[5] In 

cancer treatment, nanocarrier can carry 
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chemotherapy directly to the tumor location an can 

minimize the harm to the surrounding healthy 

tissue. The utilization of nanocarrier signifies a 

substantial development in drug delivery 

technologies enabling more individualized and 

successful medical interventions. 

➢ Types of Nanocarriers 

Different physiochemical characteristics of 

nanoparticle include charged surfaces, the capacity 

to aggregate the potential to conjugate additional 

groups to the surface and controlled synthesis that 

makes it easier to achieve desired sizes and shapes. 

These characteristics of nanoparticles can be more 

reactive 

Type Silent features Advantages Application 

 

 

“Liposomes” 

Liposomes are spherical bilayer 

structure having the ability to cell 

membrane. Used in the 

transportation of nutrients and 

drugs. 

• Can encapsulate both 

hydrophilic and 

hydrophobic drugs[6] 

• biodegradable and 

biocompatible dosage form 

• can be used in  target 

specific tissues 

• Drug delivery 

• Gene therapy 

• Vaccine 

delivery 

 

 

“Dendrimers” 

These are artificial 

macromolecules which has a 

combination of compact 

molecular structure and many 

functional groups. 

• It can be oriented in various 

sizes and shapes 

• Having high drug loading 

capacity 

• Drug delivery 

• Gene therapy 

• Medical 

Imaging 

 

 

“Polymeric 

Nanoparticles” 

Polymeric nanoparticles are 

biocompatible, biodegradable and 

are nanocapsule and nanosphers 

in shape, plays a vital role in 

therapeutic and receptor mediated 

drug delivery.[7] 

• It is biocompatible 

• Can encapsulate both 

hydrophilic and 

hydrophobic drugs 

 

• Drug delivery 

• Gene therapy 

• Medical 

Imaging 

 

 

“Metal 

Nanoparticle” 

Metal nanoparticle are chemically 

stable due to its resistance to 

oxidation behavior, less denser, 

properties overcome by 

sedimentation issue 

• Having unique optical and 

magnetic features 

• Can be functionalized with 

targeting ligands 

• Medical 

Imaging 

• Cancer 

therapy 

• Biosensors 

 

“Solid Lipid 

Nanoparticles” 

Solid lipid nanoparticle are 

spherical in shape and are positive 

charge at low PH and at neutral at 

physiological PH.[8] 

• Encapsulated both 

hydrophilic and 

hydrophobic drugs 

• It is biocompatible 

• Drug delivery 

• Cosmetics 

Table 1 – Nanoparticle type, silent features, advantage and application 

 

 
Fig- Diagram of different types of Nanoparticles.[9] 

➢ Functionalization of Nanocarriers Nanocarriers are extremely small particles at the 

nanoscale that have become highly useful 
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instruments in many domains, particularly 

bioimaging and medication delivery. The 

technique of functionalizing nanocarriers is 

essential for drug delivery systems (DDS) 

selectively and efficacy. Functionalization is used 

to optimize their performance for certain 

applications.[10] 

Functionalization of nanocarriers allows for the 

targeted and regulate release of medicines, it is 

essential for improving DDS. In order to enhance 

the interaction of nanocarriers such as liposomes, 

nanoparticles and dendrimers with certain 

biological targets, this techniques entails altering 

with surfaces.[11] Researchers can connect 

different ligands such as peptides and antibodies, 

using methods like covalent bonding polymer 

coating, and the addition of functional groups. By 

guiding the medications to their intended 

locations, this focused method not only maximizes 

therapeutic efficacy but also decrease negative 

effects by minimizing exposure to healthy 

tissue.[12] It is possible to create functionalized 

nanocarriers that react to particular stimuli, 

including PH variations which would enable 

controlled medication release in response to the 

microenvironment.[13] 

The development of intelligent, multipurpose 

nanocarriers is advancing research and could 

change personalized medicine by improving 

treatment efficacy and customizing it to the 

demands of each patient. 

Targeted Drug Delivery 

Targeted drug deliveries is an innovative approach 

that aims to deliver therapeutic agents specifically 

to the desired site of action while minimizing 

exposure to healthy tissues. This approach 

improves patient outcomes by enhancing therapies 

and lowering side effects.[14]   Nanotechnology has 

greatly aided in development of targeted delivery 

systems by enabling the creation of sophisticated 

drugs carriers that can successfully navigate 

intricate biological settings.[15] 

➢ Mechanisms of Targeted Drug Delivery 

The two main targeting strategies used in targeted 

medicine delivery mechanisms are active and 

passive. In order to enable selective absorption by 

receptor mediated endocytosis, the active target 

makes uses of ligand such as antibodies or peptides 

coupled to nanocarrier, which binds precisely to 

the receptor on the targeted cells. On the other 

hands passive targeting makes use of the increased 

permeability and retention (EPR) effect, which 

causes tumor tissue’s leaky blood channels to 

collect nanoparticles.[16] Furthermore, medications 

can be released by stimuli responsive systems in 

response to particular environmental cues, 

including changes in temperature or PH. When 

combined, these processes minimize side effects 

and increases treatment success, especially in 

cancer therapy.[17]  

➢ Active Targeting  

By employing ligands that specifically attach to 

target cells, active targeting in drug delivery is a 

complex strategy that improves the specificity and 

effectiveness of medical treatments. With this 

technique the surface of drug carriers such as 

liposomes or nanoparticles is modified with 

specialized ligands (such as peptides, antibodies or 

small molecules) that binds and recognize 

receptors that are overexpressed on sick cells, 

especially cancer cells.[18] The drugs loaded 

carriers is swallowed by receptor mediated 

endocytosis after the ligand binds to its matching 

receptor, guaranteeing that the therapeutic agent 

enters the targeted cells directly. This focused 

technique reduces systemic exposure, which 

lowers the possibility of side effects, while 

simultaneously increasing the local concentration 

of the drug at the intended spot. To improve 

treatment efficacy, folate-conjugated 

nanoparticles for instance can specifically target 

cancer cells that overexpress folate receptors.[19] 

Moreover, stimuli responsive release systems 

which allows medications to be delivered in 



Souvik Kundu, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 11, 26-37 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                30 | P a g e  

reactions to particular environmental triggers like 

PH shifts or temperature fluctuations can be 

coupled with active targeting. All things 

considered active targeting is a major 

breakthrough in drug delivery technology that 

could lead to better treatment outcomes across a 

range of illness, especially in personalize medicine 

and oncology.[20] 

 

Fig- Mechanism of Target Delivery via Passive and 

Active Targeting.[21] 

➢ Passive Targeting 

In order to improve the accumulation of 

therapeutic agents in particular tissues, especially 

cancers, passive targeting in drug delivery makes 

use of the inherent qualities of nanoparticles and 

eliminates the need for activate targeting 

procedures. This method is based mostly on the 

vasculature surrounding tumors. Poorly structured 

blood arteries in tumor tissue are frequently more 

permeable than those in healthy tissues, which 

facilitate the easier extravasation of nanoparticles. 

Furthermost, these nanoparticles are retained in 

tumors due to ineffective lymphatic drainage, 

which raise the local concentration of the 

medications that are administered. Nanoparticles’ 

biodistribution and clearance rates are greatly 

influenced by their size, shape and surface 

properties, smaller particles have a propensity to 

circulate in the bloodstream for longer periods of 

time and to infiltrate tissue more successfully.[22] 

For systemic medicines, passive targeting is 

especially helpful since it eliminates the need for 

intricate changes to the drug carrier, streamlining 

the formulation and manufacturing procedures. 

Although passive targeting has the potential to 

greatly increase the amount of medication that 

accumulates in tumors, it is important to remember 

that this approach may not ensure selectively 

because it may also harm healthy tissues. Thus, 

formulation optimization is the main focus of 

ongoing research in order to optimize therapeutic 

effectiveness while minimizing side effects.[23] 

Controlled Released 

The goal of controlled release medication delivery 

systems is to maximize treatment effectiveness 

while reducing negative effects by releasing 

therapeutic substances at a predefined rate. These 

systems decrease the frequency of dosage and 

increase patient compliance by preserving steady 

medication concentrations in the bloodstream. 

Materials like hydrogels, microspheres and 

biodegradable polymers are frequently used in 

techniques including diffusion, polymer 

breakdown and osmotic pressure.[24] This strategy 

is especially helpful for long-term illness like 

diabetes and cancer, when stable medication 

dosages are essential. In spite of difficulties in 

formulation and variations in patient’s reactions, 

controlled release technologies are major 

development in contemporary medicine. 

➢ Mechanism of controlled release 

In drug delivery systems, regulated release 

mechanisms are essential for optimizing 

pharmacokinetics and attending targeted 

therapeutic effects. Diffusion is one of the main 

mechanisms by which drug molecules move from 

high concentration inside a polymer matrix to a 

lower concentration outside.[25] The characteristics 

of the polymers, which control the rate of release 

such as its porosity and permeability can have an 

impact on this process. Another technique is 

polymer degradation, in which the medication is 

gradually released from its capsule as the polymer 
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matrix gradually degrades over time. 

Biodegradable polymers which can safely 

disintegrate in the body and minimize the need for 

surgical removal, are especially well suited for this 

procedure. Another efficient method is osmotic 

pressure, which works by using osmotic gradients 

to control the release of medications across semi-

permeable membranes.[26] 

Furthermore, several systems employ 

environmentally responsive mechanisms, in which 

the release of a drug is initiated in response to 

particular stimuli, such as variations in PH, 

temperature or the existence of particular 

enzymes.[27] These cutting-edge technologies cam 

improve targeted delivery by releasing 

medications selectively at predetermined bodily 

locations. In general, by comprehending these 

mechanisms scientists may create drug delivery 

systems that are more efficient and can customize 

release profiles to suits the specific requirements 

of different therapeutic applications.[28] 

 
Fig- Contribution of Nanoparticle in controlled 

release.[29] 

➢ PH responsive drug delivery system 

PH responsive drug delivery systems that use PH 

fluctuations to control the release of medicinal 

drugs. These systems make use of polymers that in 

reaction to PH changes modify their swelling or 

solubility.[30] This enables tailored medication 

release in particular setting including the 

gastrointestinal tract or acidic tumor tissue. 

Through selective medication release in regions 

where PH deviates from physiological baselines, 

these devices maximize therapeutic benefit while 

reducing systemic adverse effects. This focused 

strategy is essential helpful for cancer treatments 

and other situations where accurate medication 

administration is essential to better patient 

results.[31] 

➢ Temperature sensitive System 

Advanced controlled release methods such as 

temperature-sensitive drug delivery systems, 

adjust the release of the therapeutic agents based 

on the temperature variations. By utilizing 

thermoresponsive hydrogels or other smart 

polymers, these systems demonstrative notable 

alterations in their properties when exposed to 

particular thresholds.[32] Drugs are retained in a 

swelled condition by the polymers at lowest 

temperatures by a phase shift. This method can be 

especially helpful in the treatment of cancer as 

localized heating can maximize therapy.[33] All 

things considered temperature-sensitive systems 

provide better targeting less side effects and more 

control over drug release profiles all of which lead 

to the treatments that are ultimately more 

successful and complied with patients.[34] 

➢ Enzyme responsive system 

Enzyme-responsive drug delivery system are 

novel forms of controlled release that release 

medicinal drugs when certain enzymes are 

activated. These systems combine medications 

with a polymer matrix or bind them together with 

linkages that are sensitive to enzymes, which are 

frequently connected to specific tissues or illness 

and releases the medicine that has been 

encapsulated at the intended location.[35] This 

focused strategy is particularly useful in cancer 

therapy since drugs can be released when tumor-

specific enzymes are activated. Enzyme-

responsive systems offer a promising approach for 

optimal treatment results by increasing therapeutic 

efficacy and reducing side effects, while also 

decreasing systemic exposure and improving 

specificity. 

Combination Therapy 
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Combination therapies that use DDS based on 

nanotechnology ae a revolutionary way to treat 

complex diseases, including cancer. Multiple 

therapeutic medicines can be delivered 

simultaneously by incorporating them into 

nanocarriers, such as liposomes, nanoparticles and 

dendrimers through their complimentary modes of 

action.[36] This approach can greatly increase the 

effectiveness of treatment. Combining targeted 

medicines with conventional chemotherapeutics 

helps overcome obstacles such drug resistance and 

enables a more through attack on cancer cells 

because these carriers are nanoscale, the 

pharmacokinetics of the medications are improved 

and leading permeability and retention inside 

tumor tissue. This is important because it 

maximizes therapeutic effect while reducing 

systemic toxicity.[37]    

Nanotechnology based combination therapy are 

being investigated more and more outside of 

oncology, in areas such as infectious diseases 

where co administration of several antimicrobial 

drugs can successfully address drug resistance 

concerns, because smaller dose of each medication 

can be used in medications.[38] This novel method 

not only increase the effectiveness of therapies but 

also lowers the possibility of unfavorable side 

effects, but creating these sophisticated systems is 

not without its difficulties.  

Formulating stability, biocompatibility and 

regulatory approval are the three areas that need to 

be carefully considered. In order to ensure both 

safety and efficacy future research will concentrate 

on improving these combination medicines for 

particular therapeutic uses.[39] Combination 

medicines have the potential to completely 

transform treatment as we refine nanotechnology 

and continue to decipher the complexity of disease 

causes.  

➢ Mechanism of Combination Therapy 

Combination therapy works by combining many 

therapeutic agents in a way that maximizes overall 

treatment efficacy while reducing the probability 

of drug resistance. This strategy is based on the 

idea that distinct medications can target diverse 

disease pathways or mechanisms can target 

diverse disease pathways or mechanisms of 

actions, resulting in a more through attack on the 

underlying illness.[40] In the treatment of cancer, it 

is possible to simultaneously interrupt cell 

proliferation and induce apoptosis in cancer cells 

by combining targeted medicines that inhibit 

specific growth factor receptors with 

chemotherapeutics that destroy DNA. Compared 

to the use of a single medication, this multifaceted 

approach makes it more difficult for tumors to 

develop resistance.[41] 

Combination therapy, which targets many 

components of the pathogen’s life cycle or mode 

of action functions similarly in the case of 

infectious disorders. Antiretroviral medications 

are used in combination to target multiple stages 

of viral replication in HIV treatment, resulting in a 

considerable improvement in both viral 

suppression and patient outcomes. Furthermore, 

combination therapy may enable the use of lower 

dosage of each medication, which lowers the risk 

of adverse effects and improves patient 

adherence.[42] Combination therapy works by 

combining the advantages of advantage of 

different medications to create a more potent and 

effective treatment plan that may be tailored to the 

unique characteristics of different diseases and in 

the end improve patient outcomes.[43] 
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Fig- Mechanism of Combination Therapy[44] 

Nanotechnology challenges in drug delivery 

system 

➢ Biocompatibility and Toxicity 

➢ Stability and storage 

➢ Manufacturing  

➢ Targeting Efficiency 

➢ Cost of development 

• Biocompatibility and Toxicity- In 

nanotechnology, biocompatibility and toxicity 

are important considerations, especially for 

medication delivery systems. Testing 

nanoparticles extensively to assess how they 

interact with biological systems is necessary to 

ensure their safety for human usage. For the 

development of safe and effective 

nanomedicine applications in health care.[45] 

• Stability and storage-  Stability and storage 

pose major issues, especially for medication 

delivery systems, because of their potential 

sensitivity to environmental influences, 

nanoparticle require stable formulations in 

order to retain their integrity and effectiveness 

over time. Sufficient storage conditions are 

essential to guarantee their therapeutic 

efficacy.[46] 

• Manufacturing- It takes precise methods to 

regulate the size, shape and surface properties 

of nanoparticles during the manufacturing 

process. Techniques such as top-down 

techniques, sol-gel procedures and chemical 

synthesis are crucial. The use of innovative 

materials, electronics and medication delivery, 

consistency and scalability are essential.[47] 

• Targeting efficiency- Improving medications 

delivery results requires optimizing the 

targeting effectiveness of nanoparticles. 

Nanoparticles can enhance localization and 

lesson off-target effects by utilizing ligands 

that bind exclusively to target cells and by 

improving surface characteristics. To increase 

specificity and produce more effective 

therapeutic interventions, design and 

engineering methodologies must advance.[48] 

• Cost of development- The major obstacles to 

nanotechnology’s whispered adoption 

especially in DDS is its high development 

costs. Accessibility may be restricted by high 

costs related to research, specific materials and 

regulatory compliance. To advance 

nanomedicine and makes its advance 



Souvik Kundu, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 11, 26-37 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                34 | P a g e  

nanomedicine and make sure its advantages 

are felt by a larger number of people it is 

imperative to strike a balance between creative 

methods and economical production 

solutions.[49] 

FUTURE PERSPECTIVES   

Future developments in nanotechnology for 

medication delivery systems have the potential to 

completely change the therapeutics techniques. 

Nanoparticles based target medicine delivery 

holds the potential to increase treatment precision 

and decrease negative effects while increasing 

efficacy, recent advancements in nanocarrier 

technology including liposomes, dendrimers and 

polymeric nanoparticle will be persistent 

therapeutic effects with controlled release and real 

time patient adaptation. Furthermore, the 

customize therapy in the integration of smart 

nanoparticles that react to physiological stimuli 

like PH or temperature changes. Improvements in 

diagnostics will make it possible to identify illness 

early and intervene promptly with customized 

monotherapy. These systems will be improved by 

the development of biocompatible and 

biodegradable materials, addressing safety and 

regulatory issues will become more important as 

research advances. 

CONCLUSION 

This analysis concludes by highlighting the 

revolutionary potential of nanotechnology in the 

number of domains, especially materials, research, 

medication delivery system and environmental 

applications. Nanomaterial’s special material 

allows for creative solutions that improves 

sustainability, accuracy and efficacy. 

Nanotechnology can greatly promote healthcare 

technology and environmental sustainability by 

promoting innovation and guaranteeing 

responsible development. Nanotechnology is an 

important field for ongoing research and 

investment because it has the potential to 

transform industries and improve quality of life 

globally and applied further. 

REFERENCES 

1. C. Murugan, K. Rayappan, R. Thangam, R. 

Bhanumathi, K. Shanthi, R. Vivek, R. 

Thirumurugan, A. Bhattacharyya, S. 

Sivasubramanian, P. Gunasekaran, S. Kannan. 

Combinatorial nanocarrier based drug delivery 

approach for amalgamation of anti-tumor 

agents in breast cancer cells: an improved 

nanomedicine strategy. Sci Rep. 

2016;6:34053. 

2. J. Wu, A. Deng, W. Jiang, R. Tian, Y. Shen. 

Synthesis and in vitro evaluation of pH-

sensitive magnetic nanocomposites as 

methotrexate delivery system for targeted 

cancer therapy. Mater Sci Eng C Mater Biol 

Appl. 2017;71:132–40. 

3. J. Lin, Y. Li, H. Wu, X. Yang, Y. Li, S. Ye, Z. 

Hou, C. Lin. Tumor-targeted co-delivery of 

mitomycin C and 10-hydroxycamptothecin via 

micellar nanocarriers for enhanced anticancer 

efficacy. RSC Adv. 2015;5:23022–33. 

4. Q. Xia, Y. Zhang, Z. Li, X. Hou, N. Feng. Red 

blood cell membrane-camouflaged 

nanoparticles: a novel drug delivery system for 

antitumor application. Acta Pharm Sin B. 

2019;9:675–89. 

5. P. Simone, M. Alberto. Caution should be used 

in long-term treatment with oral compounds of 

hyaluronic acid in patients with a history of 

cancer. Clin Drug Invest. 2015;35:689–92. 

6. K. Hadinoto, A. Sundaresan, W. S. Cheow. 

Lipid-polymer hybrid nanoparticles as a new 

generation therapeutic delivery platform: a 

review. Eur J Pharm Biopharm. 2013;85:427–

43. 

7. D. Sivadasan, M. H. Sultan, O. Madkhali, Y. 

Almoshari, N. Thangavel. Polymeric lipid 

hybrid nanoparticles (PLNs) as emerging drug 

delivery platform—A comprehensive review 



Souvik Kundu, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 11, 26-37 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                35 | P a g e  

of their properties, preparation methods, and 

therapeutic applications. Pharmaceutics. 2021. 

8. B. Vigani, S. Rossi, G. Sandri, M. C. 

Bonferoni, C. M. Caramella, F. Ferrari. Recent 

advances in the development of in situ gelling 

drug delivery systems for nonparenteral 

administration routes. Pharmaceutics. 2020. 

9. S. Hua. Physiological and pharmaceutical 

considerations for rectal drug formulations. 

Front Pharmacol. 2019;10:1196. 

doi:10.3389/fphar.2019.01196. 

10. B. Singh, R. K. Khurana, B. Garg, S. Saini, R. 

Kaur. Stimuli-responsive systems with diverse 

drug delivery and biomedical applications: 

recent updates and mechanistic pathways. Crit 

Rev Ther Drug Carrier Syst. 2017;34:209–55. 

11. M. Khule, S. Vyavahare. A review: in-situ gel 

drug delivery system. 2021;9:2455–6211. 

12. R. Bashir, M. Maqbool, I. Ara, M. Zehravi. An 

insight into novel drug delivery system: in situ 

gels. TANG [Humanitas Med]. 2021. 

13. R. Bashir, A. Majeed, T. Ali, S. Farooq, N. 

Khan. Floating oral in-situ gel: a review. J 

Drug Deliv Therapeut. 2019;9:442–8. 

14. A. Padhan, B. K. Nanda, B. C. Behera. 

Floating oral in-situ gel, a comprehensive 

approach of gastro-retentive drug delivery 

system: a review. Int J Pharm Sci Res. 

2019;10:4026–39. 

15. R. Sheshala, Y. Y. Kok, J. M. Ng, R. R. S. 

Thakur, K. Dua. In situ gelling ophthalmic 

drug delivery system: an overview and its 

applications. Recent Pat Drug Deliv Formul. 

2015;9:237–48. 

16. Y. Wu, Y. Liu, X. Li, D. Kebebe, B. Zhang, J. 

Ren, J. Lu, J. Li, S. Du, Z. Liu. Research 

progress of in-situ gelling ophthalmic drug 

delivery system. Asian J Pharm Sci. 

2019;14:1–15. 

doi:10.1016/j.ajps.2018.04.008. 

17. A. Paul, K. M. Fathima, S. C. Nair. Intra nasal 

in situ gelling system of lamotrigine using ion 

activated mucoadhesive polymer. Open Med 

Chem J. 2017;11:222–44. 

18. M. Agrawal, S. Saraf, S. Saraf, S. K. Dubey, 

A. Puri, U. Gupta, P. Kesharwani, V. 

Ravichandiran, P. Kumar, V. G. M. Naidu, U. 

S. Murty, Ajazuddin, A. Alexander. Stimuli-

responsive in situ gelling system for nose-to-

brain drug delivery. J Control Release. 

2020;327:235–65. 

19. M. M. Mehanna, A. T. Mneimneh. 

Formulation and applications of lipid-based 

nanovehicles: spotlight on self-emulsifying 

systems. Adv Pharm Bull. 2021;11:56–67. 

20. J. Baloch, M. F. Sohail, H. S. Sarwar, M. H. 

Kiani, G. M. Khan, S. Jahan, M. Rafay, M. T. 

Chaudhry, M. Yasinzai, G. Shahnaz. Self-

nanoemulsifying drug delivery system 

(SNEDDS) for improved oral bioavailability 

of chlorpromazine: in vitro and in vivo 

evaluation. Medicina (Kaunas). 2019;55. 

21. S. Dokania, A. K. Joshi. Self-

microemulsifying drug delivery system 

(SMEDDS)–challenges and road ahead. Drug 

Deliv. 2015;22:675–90. 

22. S. S. Lokhande, N. N. Phalke, V. N. Raje, S. S. 

More. An update review on recent 

advancements in multiple emulsion. Int J Res 

Sci Innov. 2018;5:90–96. 

23. N. Parmar, N. Singla, S. Amin, K. Kohli. Study 

of cosurfactant effect on nanoemulsifying area 

and development of lercanidipine loaded 

(SNEDDS) self nanoemulsifying drug 

delivery system. Colloids Surf B 

Biointerfaces. 2011;86:327–38. 

24. M. A. Rahman, A. Hussain, M. S. Hussain, M. 

A. Mirza, Z. Iqbal. Role of excipients in 

successful development of self-

emulsifying/microemulsifying drug delivery 

system (SEDDS/SMEDDS). Drug Dev Ind 

Pharm. 2013;39:1–19. 

25. N. A. Azmi, A. A. M. Elgharbawy, S. R. 

Motlagh, N. Samsudin, H. M. Salleh. 



Souvik Kundu, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 11, 26-37 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                36 | P a g e  

Nanoemulsions: factory for food, 

pharmaceutical and cosmetics. Processes. 

2019;7. 

26. H. S. Rahman, H. H. Othman, N. I. Hammadi, 

S. K. Yeap, K. M. Amin, N. A. Samad, N. B. 

Alitheen. Novel drug delivery systems for 

loading of natural plant extracts and their 

biomedical applications. Int J Nanomed. 

2020;15:2439–83. 

27. A. Vincy, S. Mazumder, Amrita, I. Banerjee, 

K. C. Hwang, R. Vankayala. Recent progress 

in red blood cells-derived particles as novel 

bioinspired drug delivery systems: challenges 

and strategies for clinical translation. Front 

Chem. 2022;10. 

28. P. B. Patil, S. K. Datir, R. B. Saudagar. A 

review on topical gels as drug delivery system. 

J Drug Deliv Therapeut. 2019. 

29. T. Hanley, R. Vankayala, C. H. Lee, J. C. 

Tang, J. M. Burns, B. Anvari. 

Phototheranostics using erythrocyte-based 

particles. Biomolecules. 2021;11. 

30. J. Liu, T. Zheng, Y. Tian. Functionalized h-BN 

nanosheets as a theranostic platform for SERS 

real-time monitoring of MicroRNA and 

photodynamic therapy. Angew Chem Int Ed 

Engl. 2019;58:7757–61. 

31. C. Jose, K. Amra, C. Bhavsar, M. Momin, A. 

Omri. Polymeric lipid hybrid nanoparticles: 

properties and therapeutic applications. Crit 

Rev Ther Drug Carrier Syst. 2018;35:555–88. 

32. E. Pérez-Herrero, A. Fernandez-Medarde. 

Advanced targeted therapies in cancer: drug 

nanocarriers, the future of chemotherapy. Eur 

J Pharm Biopharm. 2015;93:52–79. 

33. H. Choudhury, B. Gorain, M. Pandey, R. K. 

Khurana, P. Kesharwani. Strategizing 

biodegradable polymeric nanoparticles to 

cross the biological barriers for cancer 

targeting. Int J Pharm. 2019;565:509–22. 

34. M. Rizwanullah, M. Alam, Harshita, S. R. Mir, 

M. M. A. Rizvi, S. Amin. Polymer-lipid hybrid 

nanoparticles: a next-generation nanocarrier 

for targeted treatment of solid tumors. Curr 

Pharmaceut Des. 2020;26:1206–15. 

35. A. Mohanty, S. Uthaman, I. K. Park. 

Utilization of polymer-lipid hybrid 

nanoparticles for targeted anti-cancer therapy. 

Molecules. 2020;25. 

36. M. Srinivasarao, P. S. Low. Ligand-targeted 

drug delivery. Chem Rev. 

2017;117(19):12133–64. 

37. R. Santos, et al. A comprehensive map of 

molecular drug targets. Nat Rev Drug Discov. 

2016;16(1):19–34. 

38. S. Soares, J. Sousa, A. Pais, C. Vitorino. 

Nanomedicine: principles, properties, and 

regulatory issues. Front Chem. 2018;6:1–15. 

39. A. K. Jain, S. Thareja. In vitro and in vivo 

characterization of pharmaceutical 

nanocarriers used for drug delivery. Artif Cells 

Nanomed Biotechnol. 2019;47(1):524–39. 

40. A. Kumar, C. K. Dixit. Methods for 

characterization of nanoparticles. Adv 

Nanomedicine Deliv Ther Nucleic Acids. 

2017:44–58. 

41. Y. Guichard, et al. Cytotoxic and genotoxic 

evaluation of different synthetic amorphous 

silica nanomaterials in the V79 cell line. 

Toxicol Ind Health. 2016;32(9):1639–50. 

42. R. G., H. Xie. Nanoparticles in daily life: 

applications, toxicity and regulations. J 

Environ Pathol Toxicol Oncol. 

2018;37(3):209–30. 

43. V. Francia, K. Yang, S. Deville, C. Reker-

Smit, I. Nelissen, A. Salvati. Corona 

composition can affect the mechanisms cells 

use to internalize nanoparticles. ACS Nano. 

2019;13(10):11107–21. 

44. D. Rosenblum, N. Joshi, W. Tao, J. M. Karp, 

D. Peer. Progress and challenges towards 

targeted delivery of cancer therapeutics. Nat 

Commun. 2018;1–12. 



Souvik Kundu, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 11, 26-37 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                37 | P a g e  

45. S. Zhang, H. Gao, G. Bao. Physical principles 

of nanoparticle cellular endocytosis. ACS 

Nano. 2015;9(9):8655–71. 

46. J. Shah, S. Singh. Nanoparticle-protein corona 

complex: composition, kinetics, physico-

chemical characterization, and impact on 

biomedical applications. In: Issues in 

Toxicology, no. 40. The Royal Society of 

Chemistry; 2019. p. 1–30. 

47. V. Forest, M. Cottier, J. Pourchez. 

Electrostatic interactions favor the binding of 

positive nanoparticles on cells: a reductive 

theory. Nano Today. 2015;10(6):677–80. 

48. J. K. Fard, S. Jafari, M. A. Eghbal. A review of 

molecular mechanisms involved in toxicity of 

nanoparticles. Adv Pharm Bull. 

2015;5(4):447–54. 

49. S. Goel, M. J. DeCristo, A. C. Watt, H. 

BrinJones, J. Sceneay, et al. CDK4/6 inhibition 

triggers anti-tumour immunity. Nature. 

2017;548:471–5. 

 
 

HOW TO CITE: Durgamadhab Das, Ayshwarya Purkait, 

Souvik Kundu, A Brief Review Upon Recent 

Advancement of Drug Delivery Systems Incorporated 

with Nanotecnology; Modern Era Approaches, Int. J. of 

Pharm. Sci., 2024, Vol 2, Issue 11, 26-37. 

https://doi.org/10.5281/zenodo.14028413 


