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Abstract: Nanotechnology is one of the most important resOarch fields and is widely being used in various subareas of
medicine like prevention, mitigation, prevention, and therapy. It has enabled novel drug applications with particle
dimensions ranging from 1 to 100 nm. The physical, biological, and chemical properties of various active pharmaceutical
ingredients could be improved. Nanoparticles provide a greater advantage over conventional drug delivery systems and
enhance drug performance by enhancing solubility, bioavailability, surface area, and dissolution rate, and by reducing
dose, inter-patient variability, and fed or fasted state variability. Nanosystems have various types, such as carbon
nanotubes, dendrimers, liposomes, metallic nanoparticles, nanocrystal quantum dots, polymeric micelles, and polymeric
nanoparticles. Nanomedicine serves various benefits in the prevention of premature drug degradation, improvement of
drug intracellular permeability, enhancement of tissue absorption, and interaction with the organic and biological
environment. The current review provides updated advances in the field of nanomedicine, promising aspects of
nanotechnology in drug delivery, and types of nanoparticles that can serve in the treatment of diseases as novel carriers.
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INTRODUCTION

Nanotechnology

Nanotechnology is widely used for numerous applications
in agriculture, fiber and textiles, space forensic science,
and medical therapeutics (Haleem et al., 2023).
Nanotechnology is widely used in various subareas of
medicine, like prevention, mitigation and therapy. It has
enabled novel drug applications with particle dimensions
ranging from 1 to 100 nm (Shrestha et al., 2020). The
physical, biological and chemical properties of various
active pharmaceutical ingredients have been improved
using nanotechnology (Abid gt al., 2022).

However, both biodegradable and non-biodegradable
systems can be manufactured, but biodegradable is used
most frequently to enhance the therapeutic efficacy of
various agqueous, soluble, insoluble, and bioactive drugs by
improving solubility, bioavailability, and retention time.
Besides its beneficial effects, it also comes with safety and
toxicity concerns as it has the potential to provoke strong
immune responses, enhanced production of reactive
oxygen species, disturbances of cellular components,
highly stable systems that hinder drug distribution to
desired sites and mechanism of interaction of these systems
to cellular level isn’t clearly understood yet. (Zhang et al.,
2020)

*Corresponding author: e-mail: lecturer.pharm962@tuf.edu.pk

History

The firstydrug delivery system based on nanotechnology
was lipid vesicles, which were then named liposomes in the
1960s (Park et al., 2022). Subsequently, several other
inorganic and organic methods for the delivery of drugs
were developed. For the delivery of macromolecules, the
first polymer system for controlled release was described
in 1976 (Zhang et al., 2019). In 1980, the first complex
system for drug delivery capable of cell-specific targeting
and responding to pH changes for drug release was
developed (Aghdam et al., 2019). The concept of stealth
liposomes (long-circulating liposomes) was explained in
1987 (Sharma et al., 2021). Then the role of PEG in
increasing the circulation time of liposomes and their use
in polymeric nanoparticles was established in 1990 and
1994 (Ibrahim et al., 2020). These discoveries paved the
way for the development of doxorubicin liposomes and the
approval of Doxil® for the treatment of AIDS in 1995.
Doxorubicin was encapsulated in PEGylated liposomes to
reduce its toxicity by making it site specific, enhanced
efficacy by enhancing drug stability, and enhanced its
circulatory time by reducing its uptake by phagocyte
system (Chowdhury et al., 2022). Another liposome based
nano-formulation approved by FDA is Daunoxome®which
contains daunorubicin for the treatment of karposi’s
carcinoma. However PEGylated liposomes were highly
stable which reduces the release of drugs in tumor cells
thus reducing its cytotoxic potential.
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Table 2.1: Nanosystem features and functions

Types Size (nm) Features Medicinal agents Function Refrences
Carbon Diameter  Single walled or multiple  Anthracycline Enhanced solubility (Law Simon et
Nanotubes (0.5-3) walled nanotube are anticancers i.e. and permeability al 2024)

Length formed from crystalline dauxorubicin across cell, used as (Yaghoubi &
(20-1000) carbon sheets. These carrier for peptide Ramazani,
crystals have unique and gene delivery. 2020)
electrical properties and
remarkable strength.
Dendrimers <10 Comprises of three parts Chemotherapeutic
core, branch, surface, agents ie.
monodisperse system  Bortezomib,
highly branched docetexal,
produced by process of trastuzumab
controlled
polymerization.
Liposomes 50-100 Phospholipid  vesicles, Anti-diab (Yan et al,
enhanced entrapment  glibenc , 2023)
efficiency, i protein (Lietal., 2019)
biocompatible. long circu Y,
Quantum 2-95 Semi-conducting Color imaging of (Joshi et al,
dots material  size hepatic cells for long  2019)
term, immunoassay, (Nasrollahi et
breast cancer cell al., 2020)
surface labeling, and
receptor-mediated
endocytosis.
Metallic <100 plated Diagnostic  assay, (Khurshid et
nanoparticles drug or gene al., 2024)
nanoparticles of delivery, (Du et al,
doxorubicin ~ to enhancement of 2018)
reduce radiotherapy,
cardiotoxic reduction of toxicity
effects of
doxorubicin
Polymeri 0 High efficiency of drug Anticancer drug Active and passive (Cheng et al.,
miscells ntrapment, biostability, docetaxel targeted drug 2023)
payload. delivery, long (Kotta et al.,
circulatory, 2022)
diagnostic value. (Atanase,
2021)
Polymeric 10-1000 Biocompatible, Analgesics  i.e. Sustained and (Beginesetal.,
nanoparticles biodegradable, Drug morphiceptic, controlled drug 2020)
protection. kyotorphin delivery, surface (Hartl, Adams,
Nerve growth modified and stealth & Merkel,
factors for nanoparticle for 2021)
alzeimer’s  and active/passive
parkinson’s delivery of drugs.
disease
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Table 2.1: Classification of nanoparticles
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Types Characteristic

Applications References

Carbon nanotube are included
in this class. Fullerenes has
nanomaterial of globular
shape i.e. carbon’s allotropic
forms.

Carbon-based

Metal Made up of metal precursors
having unique optoelectrical
properties e.g. Ag, Cu

Ceramics Non-metallic inorganic solids

can be found forms as porous,
dense, amorphous, hollow
forms, polycrystalline.

Semiconductor  Possess properties of
metals/non-metals. With
bandgap tuning alteration

exist in their properties.
Organic nanoparicles, mostly
nanospheres, they are matrix
particles solid in nature other
molecules being adsorbed at
surface.

Spherical in diameter ranging
from 10-1000nm, matrix
lipophillic molecules and
core of lipids.

Polymeric

Lipid based

Diameter rangij
30nm, types
includes inorg
liposom a
nan

Nano vaccines
nanovaccine
ic, polymeric,
virus like

(Cabaleiro et al., 2020)
(Raj et al., 2021)

Support medium for catalyst, for
environmental remediation as gas
adsorbents.
Anticancer
docetaxel

Gold nanoparticles are used for high
resonance SEM imaging,

drugs i.e. paclitaxel,

(Jamkhande et al., 2019)
(Sharma et al., 2021)

(Paul & Sharma, 2020)
Chan, Li, ang, &
iao, 2022)

Imaging, photocatalysis,
photodegradation of dyes, catalysis
Iron oxide based nanoparticles, with

(Hossain, et al., 2023)
any, 2

Copper sulphide nan
transdermal drug deli

Begines et al., 2020)
(Dilliard &  Siegwart,
2023)

(Kumar, 2019)
(Hany, 2020)

(Gheibi Hayat &
Darroudi, 2019)

nanoparticle are used for
of vaccine because of its

immune status, increased
llular uptake, efficient traceability
nd low cost

Methods for
preparing
nanoparticles

performed polymer

Interfacial
polymerization

Emulsion
polymerizarion

emulsification/solvent
evaporation

Double emulsification
and evaporation
method

Emulsification/solvent
diffusion

Salting out with
synthetic polymers

solvent displacement

Fig. 2.1: Method of nanoparticle preparation

Pak. J. Pharm. Sci., Vol.38, No.2, March-April 2025, pp.001-010



Nanotechnology, nano-systems and applications of nanoparticles in novel drug delivery - a comprehensive review

There are various types of nanosystems which holds
significant potential (Zhang et al., 2020). More than two
dozen therapeutic products based have been approved for
clinical use to date. The dominant classes among first-
generation products are polymer-drug conjugates and
liposomal drugs with improved therapeutic efficacy
(Haleem et al., 2023).

Emerging nanosystems

Different emerging nanosystems have been designed and
are being used to overcome the potential drawbacks
associated with various drug delivery techniques.
Representative systems are carbon nanotubes, dendrimers,
liposomes; quantum dots and metallic nanoparticles
(Seaberg et al., 2021). Nanosystems serve as potential
carriers for anticancer drugs i.e. dauxorubicin,
methrotrexate, anti-inflammatory drugs and steroidal drugs
i.e. dexamethasone and also have potential in reversing the
multidrug resistance in chemotherapy (Faheem et al.,
2020).

There are various types of nanosystems has been
developed, their features and functions described in the
table 2.1

Nanoparticles

Various materials at the nanoscale level have Deen
produced, which include materials of size lessfthan 100 am
called nanoparticles (Joseph et al., 2023). €ore-shell
nanoparticles are made up of three layers: one is an @uter
layer called a surface layer, the other is a Shell layerpand
the third is a nanoparticle called a/€ore, which carries drug
substances for their delivery at target site, for sequence
controlled delivery and pratection ef sensitive drugs i.e,
peptides and hormonesg(Khan, Saeed, and Khan, 2019)
Polymeric nanoparticles are one of theiinnovative delivery
systems for the delivery of medicinal “plaftssgFhey are
colloidal systems that\serve the function of controlled
delivery at the target Site, of drug action) (Kianfar, 2021).
There aregwo approaches to,forming: top-down or bottom-
up. The Ndispersion of ““polymersgforms polymeric
nanoparticles, “andmthe polymerization of monomers,
respectively (Abid ‘et akh;, 2022). The drug formulation
depends on thejsuitable palymeric system chosen, which

has higher encapsulation” efficiency and enhanced
bioavailability. The desired nanoparticle-based
formulations  are\yéchieved through computational

modeling. The encapsulation efficiency of polymeric
nanoparticles is higher than that of other nano-formulation
systems. Such systems are superior to traditional drug
delivery in terms of therapeutic impact, targeted delivery,
and controlled drug release (Dang and Guan 2020). To
make drug delivery targeted, they must be persistently
circulated in blood circulation; thus, the surface is modified
by the coating with hydrophilic polymers to repel plasma
proteins and protect them from opsonization and
macrophages of MPS (mononuclear phagocytic system)

organs (Fang et al., 2023). Protein-based nanoparticles can
be used for targeted therapies for various organs such as
the lungs (Carrasco-Esteban et al., 2021), cardiovascular
system (Banik et al., 2019), boosting the immune system
via vaccination (Kheirollahpour et al., 2020), liver (Bottger
et al., 2020), breast (Kunde and Wairkar, 2022), heart
(Banik et al., 2019), kidneys (Huang et al., 2021) and
spleen (Afshari-Kaveh et al., 2021). Careful designing of
these systems is required concerning the site of target,
nature of the concerned drug, and route of administration.
Biological barriers are dependention theytarget site, tissue,
and circulation. Surface charge plays an important role
when it comes to the interalization at the cellular level; it
determines whether they willicluster with or‘adhere to red
blood cells or interaCt™with othemcharged membranes in
vivo. Cationic charge on the surface is,most favorable as it
enhances the interaction between biolagicalésurfaces with
these systems, and hencegtheysinternalize'at a greater rate
and exteft (Kianfar, 2021).

Advantages,over conventional BDS

Nangparticlesh, provide ay ‘greater advantage over
conventional ‘drug delivery” systems and enhance drug
performance by<€nhapcing solubility, bioavailability,
surface area, and dissolution rate and by reducing dose,
inter-patient variability, and fed or fasted state variability
(Sultana et al., 2022). The actual target in drug delivery
systems other than ordinary DDS is to improve and
enhanceptite release of active ingredients in drugs at
specifi¢'sites at the required rate and dose. Poorly soluble
supstances that have a short half-life show better solubility
and an enhanced half-life. This is actually due to the
sustained release of the drug at the target site, which in turn
reduces the number of doses needed to attain maximum
concentration (Hami 2021). Another advantage is for
patients, as they feel ease and comfort as therapeutic
performance is better maintained through this than with
conventional DDS. It also has the advantage of having a
having a first-pass effect on ordinary DDS, specifically in
the metabolism of water-insoluble drugs (Duan et al.,
2020). Another unique technical aspect in the DDS is its
targeting capability to only affected tissue which enhances
the therapeutic effect. These unique points make
nanotechnology as a DDS more superior in the research
and drug development processes (Y usuf et al., 2023).
The degradation of a drug (either through enzymes or
chemicals) can be prevented in which drugs are absorbed
or encapsulated (Moller et al., 2019). These particles can
act as drug carriers or adjuvants in vaccines by entrapping
or dissolving active ingredients in them. In comparison
with ordinary drug delivery systems, nanomaterials have
the advantage of being very small with greater surface area,
due to which they can make entry into cells easily. It also
enhances many factors of drug delivery, including
absorption and stability, making it superior to common
drug delivery systems (Macedo et al., 2020). Instead of
common drug delivery systems, the well-controlled and
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steady release of drugs for longer periods happens both
during transportation and at the target site. It also improves
distribution as well as clearance from the targeted site of
the drug, making it more efficacious with a reduction in
side effects (Li et al., 2020).

Classification of nanoparticles

Nanoparticles are simple molecules whose sizes range
from 1-100 nm in size. There are various subtypes
depending on their nature and size. With the advancement
of techniques of electron microscopy, nano- and micro
fever swept across the world of science (Modena et al.,
2019). Interest has been developed in the preparation of
particles having variable properties depending on the size,
shape, and structure of these particles. They are different
types: particles having a uniform structure and comprised
of various elements (solid-lipid), particles with chemical
and physical properties (Janus particles), empty interior
particles (hollow particles), coated outer layer and solid
inner particles (core-shell particles), reverse bumpy balls
(encapsulated cores with shells), and nanorattle type (yolk-
shell) (Mourdikoudis et al., 2021). They are classified
based on size, morphology, and chemical properties. They
can be widely classified as one-dimensieh
(chemical/biological sensors), two-dimension (cafbon
nanotubes), and three-dimension (dendrimers and g@antum
dots). They can also be classified based on theigfChenical
characteristics. Some well-known classes onfthe basis\of
chemical and physical characteristics mentioned in table
2.2.

Methods for preparation

Methods used for the preparation @f nanoparticles can be
classified into two main categories,based on the use of;
monomers or polymersgOnenof them is polymerization
(emulsion and intérfacial), while Wthe othel is
polymerization (emulsification, solvent displacement,
solvent diffusion, salting out, and doubje emulsification)
(Jamkhande et al., 2019). They can be formed by
various ethods, including solvent /displacement or
precipitationig,coacervation, Jok,_ionic gelations, the
polymerizatign“method, solvent'evaporation, spontaneous
emulsificationy, and:‘sekvent diffusion. The solvent
displacement or #precipitation method is the most
appropriate method used for poorly soluble drugs. By
optimizing various formulation parameters, one can
effectively control\ith€é size of the nanosystem and the
release profile of the drug (Herdiana et al., 2022).

Nanomedicine

Since 1965, more than 50 nanomedicines had approved by
FDA and are used clinically. They are available for
intravenous or oral administration (Germain et al., 2020).
FDA approved nanomedicines include protein, liposomes,
micelle, polymer and inorganic nanoparticles (Abdel-
Mageed et al., 2021). Application of nanoscience to
prevent, diagnose and treat diseases has progressed

Maham Ashraf et al

remarkably. The process of development evokes greater
challenges than any other nano-system (Zhang et al.,
2020). Nano-drug delivery reduces the cost and toxicity of
various therapeutic formulations (Vega-Vasquez et al.,
2020).

Nanomedicine enhances the specificity, efficacy, and
therapeutic index of drugs. It serves various benefits in the
prevention of premature drug degradation, improvement of
drug intracellular permeability, enhancement of tissue
absorption, and interaction with the organic/biological
environment (Pelaz et al., 2017). Using nanotechnology in
medicine, one can achieve: (1) enhanced delivery of poorly
aqueous soluble drugs i.e. Rapamycin which is an
immunosuppressant is formulated in nanocrystals
(RUPAMUNE®) (2) intracellular drug delivery of
macromolecules to sites of action i.e. Intérleukin IL-2
receptor/diphtheria texingor T-cell lymphoma are protein
based ndnoparticles (ONTAK®) (3) transcytosis of drug
particles across tight barriers of endothelial and epithelial
layers i.e. jLrastuzumab Emtansine for metstatic breast
cancer are protein based nanoparticles (kadcycla®) (4)
targeted drug delivery in cells and tissues i.e. paclitaxel in
breast cancer are protein based nanoformulation
(Abraxane®) (5) combination therapy co-delivery of two or
more therapeutic modalities i.e. two antiretroviral
medication cabotegravir and rilpivirine (Cabenuva®) (6)
visualization of drug delivery sites by combination of
therapeutic agents with imaging modalities i.e. iron oxide
nanoparticles in anemia in patients with chronic renal
disease (feraheme®) (Zhang et al., 2020) (7)
nanomedicine based controlled and targeted vaccine
delivery i.e. SARS-COV-2 vaccine®. Besides the
advantages of there are also various challenges and
drawbacks associated with its development i.e. lack of
safety and efficacy characterization methods, lack of
toxicity evaluation data for each type of formulation, lack
of regulatory guidelines. The approval process by FDA is
same as other drugs. The FDA has issued guidelines to
industries regarding nanotechnology use in nanomedicine
formulation, which encourages manufacturers to consult
with FDA regarding any scientific and regulatory issue.
(Thapa and Kim, 2023)

Ethical and regulatory affairs

Regulatory guidelines are crucial in developing nano-drug
delivery systems and their applications. FDA regulates
these Nanosystems as drugs or devices based on their
therapeutic use. EMA (European Medicine Agency)
regulations provide guidelines on the safety, efficacy, and
quality of the systems. ISO provides standard guidelines on
biocompatibility, characterization, and toxicity of nano
formulations. GMP (good manufacturing practice) and
GLP (good laboratory practice) guidelines by WHO and
environmental regulations should be followed while
manufacturing these systems. Various other regulatory
bodies are there that provide guidelines regarding the safe
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and effective use of Nano drug delivery systems including
the National Nanotechnology Initiative (NNI), the
International Council on Nanotechnology (ICON), and the
American Society for Testing and Materials (ASTM).
Ethical considerations must be taken into account while
using nano drug delivery systems i.e. informed patient
consent must be taken briefing them about benefits and
potential risks, and ensuring that these systems are
accessible and affordable for all patients. (Csoka, Ismail,
Jéjart-Laczkovich, and Pallagi, 2021)

CONCLUSION

Nanotechnology has proven various benefits in drug
delivery. Nanoparticles can also be employed for targeted
drug delivery with slight structural modifications.
Nanomedicine serves various benefits in the prevention of
premature drug degradation, improvement of drug
intracellular  permeability, enhancement of tissue
absorption, and interaction with the organic and biological
environment. This can be achieved by formulating site-
specific nanoparticles, releasing drugs on demand,
reducing toxicities, and allowing new combinatorial
treatments. Hence allowing medicine to be used faf
therapeutic purposes with precision, it is a promising
approach with significant potential in the neargfuture.
Despite of its advantages it offer challenges a8 well in
respect of safety, toxicity, immunogenicity, cest
effectiveness and oxidative stress induction_ It is often
associated environmental pollution i.e. Nano airipellution
inhaled nanoparticles can cause ser@us health hazards to
human lungs. Therefore researches must be carried to
manufacture nanomedicine efficiently and effectively.

Future scope

Nanomedicine’s futurgi'scope is*promising and vast/with
potential medicinal /' applications. Future,, therapeutic
perspectives includel gene therapy, infectiots disease,
cancer chemotherapy, régenerative medicine (neurological
and CVS disorder), personalized medicine and diagnostic
perspectivespinclude the “developmentfof biosensors for
disease monitering, upgraded tmaging procedures, and the
developmentfof portable devices. However, challenges
needed to be addresSed andiepportunities in this field are
significant to realizing its full potential.

REFERENCES

Abid N, Khan AM, Shujait S, Chaudhary K, Ikram M,
Imran M and Magbool M (2022). Synthesis of
nanomaterials using various top-down and bottom-up
approaches, influencing factors, advantages, and
disadvantages: A review. Advances in Colloid and
Interface Science, 300: 102597.

Abdellatif AA, Younis MA, Alsharidah M, Al Rugaie O
and Tawfeek HM (2022). Biomedical applications of
quantum dots: overview, challenges, and clinical

potential. International journal of nanomedicine, VOL
?7? 1951-1970.

Abdel-Mageed HM, AbuelEzz NZ, Radwan RA and
Mohamed SA (2021). Nanoparticles in nanomedicine: a
comprehensive updated review on current status,
challenges and emerging opportunities. Journal of
microencapsulation, 38(6): 414-436.

Altammar KA (2023). A review on nanoparticles:
characteristics, synthesis, applications, and
challenges. Frontiers in microbiology, 14: 1155622.

Aghdam MA, Bagheri R, Mosafer J, Baradaran B,
Hashemzaei M, Baghbanzadeh A and Mokhtarzadeh A
(2019). Recent advances on thermosensitive and pH-
sensitive  liposomes employed in  controlled
release. Journal of controlled release, 315: 1-22.

Afshari-Kaveh M, Abbasalipourkabir R, Nourian A and
Ziamajidi N (2021). The protective effects of vitamins
A and E on titanium dioxide nanoparticles (nTiO2)-
induced oxidative stress in the spleen tissues of male
Wistar rats. Biological Trace Element Research, 199:
3677-368.

Banik B, Surnar B, Askins BW, Banerjee M and Dhar S
(2019). Dual-targeted synthetic nanoparticles for
cardiovascular diseases. ACS applied materials and
interfaces, 12(6): 6852-6862.

Bangham AD, MM Standish and JC Watkins (1965).
Diffusion of Univalent lons Across the Lamellae of
Swollen Phospholipids. J. Mol. Biol. 13: 238-252

Banik B, Surnar B, Askins BW, Banerjee M and Dhar S
(2019). Dual-targeted synthetic nanoparticles for
cardiovascular diseases. ACS applied materials and
interfaces, 12(6): 6852-6862.

Bottger R, Pauli G, Chao PH, Fayez NA, Hohenwarter L
and Li SD (2020). Lipid-based nanoparticle
technologies for liver targeting. Advanced drug delivery
reviews, 154: 79-101

Begines B, Ortiz T, Pérez-Aranda M, Martinez G,
Merinero M, Arglelles-Arias F and Alcudia A (2020).
Polymeric nanoparticles for drug delivery: Recent
developments and future
prospects. Nanomaterials, 10(7): 1403.

Bozzuto G and A Molinari (2015). Liposomes as
nanomedical devices. Int. j. of nanomed. 10:975.

Bottger R, Pauli G, Chao PH, Fayez NA, Hohenwarter L
and Li SD (2020). Lipid-based nanoparticle
technologies for liver targeting. Advanced drug delivery
reviews, 154: 79-101.

Carrasco-Esteban E, Dominguez-Rullan JA, Barrionuevo-
Castillo P, Pelari-Mici L, Leaman O, Sastre-Gallego S
and LoOpez-Campos F (2021). Current role of
nanoparticles in the treatment of lung cancer. Journal of
Clinical and Translational Research, 7(2): 140.

Castro KCD, Costa JM and Campos MGN (2022). Drug-
loaded polymeric nanoparticles: a review. International
Journal of Polymeric Materials and Polymeric
Biomaterials, 71(1): 1-13

Pak. J. Pharm. Sci., Vol.38, No.2, March-April 2025, pp.001-010


file:///F:/Faizan%20Khalil/Faizan%20Khalil/13358-6-12-2024.docx%23_ENREF_3%23_ENREF_3
file:///F:/Faizan%20Khalil/Faizan%20Khalil/13358-6-12-2024.docx%23_ENREF_3%23_ENREF_3

Chowdhury N, Chaudhry S, Hall N, Olverson G, Zhang QJ,
Mandal T and Kundu A (2020). Targeted delivery of
doxorubicin liposomes for Her-2+ breast cancer
treatment. Aaps Pharmscitech, 21: 1-12.

Cabaleiro D, Hamze S, Fal J, Marcos MA, Estellé P and
Zyta G (2020). Thermal and physical characterization of
PEG phase change materials enhanced by carbon-based
nanoparticles. Nanomaterials, 10(6): 1168.

Cheng Z, Ma J, Yin L, YuL, Yuan Z, Zhang B and Du Y
(2023). Non-invasive molecular imaging for precision
diagnosis of metastatic lymph nodes: opportunities from
preclinical to clinical applications. European Journal of
Nuclear Medicine and Molecular Imaging, 50(4): 1111-
1133.

Chandrakala V, Aruna V and Angajala G (2022). Review
on metal nanoparticles as nanocarriers: Current
challenges and perspectives in drug delivery
systems. Emergent Materials, 5(6): 1593-1615.

Dang Y and Guan J (2020). Nanoparticle-based drug
delivery systems for cancer therapy. Smart Materials in
Medicine, 1: 10-19.

Debnath SK and Srivastava R (2021). Drug delivery with
carbon-based nanomaterials as versatile nanocarriers:
progress and prospects. Frontiers in Nanotechnology, 3,
644564

Dias AP, da Silva Santos S, da Silva JV, Parise-Filho R,
Ferreira El, EI Seoud O and Giarolla J (2020).
Dendrimers in the context of
nanomedicine. International journal of
pharmaceutics, 573: 118814.

Duan Y, Dhar A, Patel C, Khimani M, Neogi S, Sharma P
and Vekariya RL (2020). A brief review on solid lipid
nanoparticles: Part and parcel of contemporary drug
delivery systems. RSC advances, 10(45): 26777-26791

Faheem A M and Abdelkader DH (2020). Novel drug
delivery systems. In Engineering drug delivery systems,
VVOL?? (pp. 1-16).

Guimardes D, Cavaco-Paulo A and Nogueira E (2021).
Design of liposomes as drug delivery system for
therapeutic applications. International journal of
pharmaceutics, 601: 120571.

Germain M, Caputo F, Metcalfe S, Tosi G, Spring K,
Aslund AK and Schmid R (2020). Delivering the power
of nanomedicine to patients today. Journal of
Controlled Release, 326: 164-171.

Gagliardi A, Giuliano E, Venkateswararao E, Fresta M,
Bulotta S, Awasthi V and Cosco D (2021).
Biodegradable polymeric nanoparticles for drug
delivery to solid tumors. Frontiers in pharmacology, 12:
601626.

Gu M, Zhang L, Hao L, Wang K, Yang W, Liu Z and Li X
(2023).  Upconversion  Nanoplatform  Enables
Multimodal Imaging and Combinatorial
Immunotherapy for Synergistic Tumor Treatment and
Monitoring. ACS Applied Materials and
Interfaces, 15(18): 21766-21780.

Maham Ashraf et al

Germain M, Caputo F, Metcalfe S, Tosi G, Spring K,
Aslund AK and Schmid R (2020). Delivering the power
of nanomedicine to patients today. Journal of
Controlled Release, 326: 164-171.

Hami Z (2021). A brief review on advantages of nano-
based drug delivery systems. Annals of Military and
Health Sciences Research, 19(1):

Hu M, Li X, You Z, Cai R and Chen C (2024).
Physiological barriers and strategies of lipid- based
nanoparticles for nucleic acid drug delivery. Advanced
Materials, 36(22): 2303266.

Huang Y, Wang J, Jiang K and Chung EJ (2021).
Improving Kkidney targeting: The influence of
nanoparticle physicochemical properties on kidney
interactions. Journal of Controlled Release, 334: 127-
137.

Hossain N, Mobarak MH, Mimona MA, Islam MA,
Hossain A, Zohura FT and Chowdhury MA (2023).
Advances and significances of nanoparticles in
semiconductor applications—A review. Results in
Engineering, 19: 101347

Herdiana Y, Wathoni N, Shamsuddin S and Muchtaridi M
(2022). Drug release study of the chitosan-based
nanoparticles. Heliyon, 8(1):

Haleem A, Javaid M, Singh RP, Rab S and Suman R
(2023). Applications of nanotechnology in medical
field: a brief review. Global Health Journal, 7(2): 70-
7.

Ibrahim M, Ramadan E, Elsadek NE, Emam SE, Shimizu
T, Ando H and Ishida T (2022). Polyethylene glycol
(PEG): The nature, immunogenicity, and role in the
hypersensitivity of PEGylated products. Journal of
Controlled Release, 351: 215-230.

Joseph TM, Kar Mahapatra D, Esmaeili A, Piszczyk L,
Hasanin MS, Kattali M and Thomas S (2023).
Nanoparticles: Taking a unique position in
medicine. Nanomaterials, 13(3): 574.

Jamkhande PG, Ghule NW, Bamer AH and Kalaskar MG
(2019). Metal nanoparticles synthesis: An overview on
methods of preparation, advantages and disadvantages,
and applications. Journal of drug delivery science and
technology, 53: 101174,

Kargozar S, Hoseini SJ, Milan PB, Hooshmand S, Kim
HW and Mozafari M (2020). Quantum dots: a review
from concept to clinic. Biotechnology Journal, 15(12):
2000117.

Kunde SS and Wairkar S (2022). Targeted delivery of
albumin  nanoparticles for breast cancer: A
review. Colloids and Surfaces B: Biointerfaces, 213:
112422.

Klibanov AL, K Maruyama VP Torchilin and L Huang
(1990). Amphipathic polyethyleneglycols effectively
prolong the circulation time of liposomes. FEBS
letters. 268(1): 235-237.

Kharwade R, Kazi M, Mahajan N, Badole P, More S,
Kayali A and Kaleem M (2024). Mannosylated
PAMAM G2 dendrimers mediated rate programmed

Pak. J. Pharm. Sci., Vol.38, No.2, March-April 2025, pp.001-010

7



Nanotechnology, nano-systems and applications of nanoparticles in novel drug delivery - a comprehensive review

delivery of efavirenz target HIV viral latency at
reservoirs. Saudi Pharmaceutical Journal, Vol??:
102154.

Kotta S, Aldawsari HM, Badr-Eldin SM, Nair AB and Yt
K (2022). Progress in polymeric micelles for drug
delivery applications. Pharmaceutics, 14(8): 1636.

Lima T, Bernfur K, Vilanova M and Cedervall T (2020).
Understanding the lipid and protein corona formation on
different sized polymeric nanoparticles. Scientific
reports, 10(1):

Macedo AS, Castro PM, Roque L, Thomé NG, Reis CP,
Pintado ME and Fonte P (2020). Novel and revisited
approaches in nanoparticle systems for buccal drug
delivery. Journal of Controlled Release, 320: 125-141.

Mourdikoudis S, Kostopoulou A and LaGrow AP (2021).
Magnetic nanoparticle composites: synergistic effects
and applications. Advanced Science, 8(12): 2004951.

Moller K and Bein T (2019). Degradable drug carriers:
Vanishing mesoporous silica nanoparticles. Chemistry
of Materials, 31(12): 4364-4378.

Mittal P, Saharan A, Verma R, Altalbawy FM, Alfaidi MA,
Batiha GES and Rahman MS (2021). Dendrimers: a new
race of pharmaceutical nanocarriers. Bio. Med.
Research International, 2021(1): 8844030.

Norizan MN, Moklis MH, Demon SZN, Halim NA,
Samsuri A, Mohamad IS and Abdullah N (2020).
Carbon nanotubes:  Functionalisation and their
application in chemical sensors. RSC advances, 10(71):
43704-43732.

Khurshid 1, Singh H, Khan A, Ahmed Mir M, Farooq B,
Shawl Al and Muzamil S (2024). Metallic Nanoparticles
for Imaging and Therapy. In Functional Smart
Nanomaterials and Their Theranostics
Approaches,VOL??: (pp. 65-86).

Kumar R (2019). Lipid-based nanoparticles for drug-
delivery systems. In Nanocarriers for drug delivery.
VOL??: (pp. 249-284).

Kumar R (2019). Nanotechnology based approaches to
enhance aqueous solubility and bioavailability of
griseofulvin: a literature survey. Journal of Drug
Delivery Science and Technology, 53: 101221.

Law SSY, Kuzumoto M, Fujita S, Fujigaya T and Numata
K (2024). Carbon nanotubes functionalized with o-
aminoisobutyric acid-containing peptide increase gene
delivery efficiency in plant mitochondria. Polymer
Journal, Vol??: 1-10.

Lara-Ochoa S, Ortega-Lara W and Guerrero-Beltran CE
(2021). Hydroxyapatite nanoparticles in drug delivery:
physicochemistry and applications. Pharmaceutics,
13(10): 1642

Modena MM, Riihle B, Burg TP and Wuttke S (2019).
Nanoparticle characterization: what to
measure? Advanced Materials, 31(32): 1901556.

Pelaz B, Alexiou C, Alvarez-Puebla RA, Alves F, Andrews
AM, Ashraf S and Parak WJ (2017). Diverse
applications of nanomedicine. ACS nano, 11(3): 2313-
2381.

Perumal S, Atchudan R and Lee W (2022). A review of
polymeric micelles and their
applications. Polymers, 14(12):

Park H, Otte A and Park K (2022). Evolution of drug
delivery systems: From 1950 to 2020 and
beyond. Journal of Controlled Release, 342: 53-65.

Paul W and Sharma CP (2020). Inorganic nanoparticles for
targeted drug delivery. Biointegration of medical
implant materials, VOL:?? 333-373.

Raj S, Khurana S, Choudhari R, Kesari KK, Kamal MA,
Garg N and Kumar D (2021, February). Specific
targeting cancer cells with nanoparticles and drug
delivery in cancer therapy. In Seminars in cancer
biology, 69: 166-177).

Rosenkranz AA, Slastnikova TA, Georgiev GP, Zalutsky
MR and Sobolev AS (2020). Delivery systems
exploiting natural cell transport processes of
macromolecules for intracellular targeting of Auger
electron emitters. Nuclear Medicine and Biology, 80:
45-56.

Rabiee N, Ahmadi S, Afshari R, Khalaji S, Rabiee M,
Bagherzadeh M and Webster TJ (2021). Polymeric
nanoparticles for nasal drug delivery to the brain:
relevance to  Alzheimer's disease.  Advanced
Therapeutics, 4(3): 2000076.

Sharma S, Parveen R and Chatterji BP (2021). Toxicology
of nanoparticles in drug delivery. Current pathobiology
reports, VOL?? 1-12

Shah S, Dhawan V, Holm R, Nagarsenker MS and Perrie
Y (2020). Liposomes: Advancements and innovation in
the manufacturing process. Advanced drug delivery
reviews, 154, 102-122.

Sidhu AK, Verma N and Kaushal P (2022). Role of
biogenic capping agents in the synthesis of metallic
nanoparticles and evaluation of their therapeutic
potential. Frontiers in Nanotechnology, 3: 801620.

Shoukat R and Khan MI (2021). Carbon nanotubes: A
review on properties, synthesis methods and
applications in micro and nanotechnology. Microsystem
Technologies, VOL?? 1-10

Shrestha S, Wang B and Dutta P (2020). Nanoparticle
processing: Understanding and controlling
aggregation. Advances in colloid and interface
science, 279: 102162.

Sanchez A, Mejia SP and Orozco J (2020). Recent
advances in polymeric nanoparticle-encapsulated drugs
against intracellular infections. Molecules, 25(16):
3760.

Sultana A, Zare M, Thomas V, Kumar TS and
Ramakrishna S (2022). Nano-based drug delivery
systems: Conventional drug delivery routes, recent
developments and future prospects. Medicine in Drug
Discovery, 15: 100134.

Sharma, Parshant Kumar et al. Year?? "Nanotechnology
and its application: a review." Nanotechnology in cancer
management (2021): 1-33.

Pak. J. Pharm. Sci., Vol.38, No.2, March-April 2025, pp.001-010



Seaberg J, Montazerian H, Hossen MN, Bhattacharya R,
Khademhosseini A and Mukherjee P (2021). Hybrid

nanosystems for biomedical applications. ACS
nano, 15(2): 2099-2142.
Sailaja 1, Baghel MK and Shaker 1A (2021).

Nanotechnology based drug delivery for HIV-AIDS
treatment. In AIDS Updates-Recent Advances and New
Perspectives. IntechOpen. VOL?? ISSUE?? PP??

Tao Y, Chan HF, Shi B, Li M and Leong KW (2020).
Light: a magical tool for controlled drug
delivery. Advanced Functional Materials, 30(49):
2005029.

Terna AD, Elemike EE, Mbonu JI, Osafile OE and Ezeani
RO (2021). The future of semiconductors nanoparticles:
Synthesis, properties and applications. Materials
Science and Engineering: B, 272: 115363.

Uzair B, Liagat A, Igbal H, Menaa B, Razzaq A,
Thiripuranathar G and Menaa F (2020). Green and cost-
effective synthesis of metallic nanoparticles by algae:
Safe methods for translational
medicine. Bioengineering, 7(4): 129.

Wang D, Jiang Q, Dong Z, Meng T, Hu F, Wang J and
Yuan H (2023). Nanocarriers transport across the
gastrointestinal barriers: the contribution to oral
bioavailability via blood circulation and lymphatic
pathway. Advanced Drug Delivery Reviews, 203:
115130.

Wang B, Wang C, Yu X, Cao Y, Gao L, Wu C and Zou Z
(2022). General synthesis of high-entropy alloy and
ceramic  nanoparticles in  nanoseconds. nature
synthesis, 1(2): 138-146.

Yan A, Chen X, He J, Ge Y, Liu Q, Men D and Li D (2023).
Phosphorothioated DNA Engineered Liposomes as a

General Platform for Stimuli- Responsive Cell-
Specific  Intracellular  Delivery and  Genome
Editing. Angewandte Chemie International

Edition, 62(25): e202303973.

Yusuf A, Almotairy ARZ, Henidi H, Alshehri OY and
Aldughaim MS (2023). Nanoparticles as drug delivery
systems: a review of the implication of nanoparticles’
physicochemical properties on responses in biological
systems. Polymers, 15(7): 1596.

Zhang A, Jung K, Li A, Liu J and Boyer C (2019). Recent
advances in stimuli-responsive polymer systems for
remotely controlled drug release. Progress in Polymer
Science, 99: 101164.

Zhang C, Yan L, Wang X, Zhu S, Chen C, Gu Z and Zhao
Y (2020). Progress, challenges, and future of
nanomedicine. Nano Today, 35: 101008.

Khan I, Saeed K and Khan | (2019). Nanoparticles:
Properties, applications and toxicities. Arabian journal
of chemistry, 12(7): 908-931.

Thapa RK and Kim JO (2023). Nanomedicine-based
commercial formulations: Current developments and
future  prospects. Journal of Pharmaceutical
Investigation, 53(1): 19-33.

Maham Ashraf et al

Atanase LI (2021). Micellar drug delivery systems based
on natural biopolymers. Polymers, 13(3): 477.

Chan MH, Li CH, Chang YC and Hsiao M (2022). Iron-
based ceramic composite nanomaterials for magnetic
fluid hyperthermia and drug delivery. Pharmaceutics,
14(12): 2584.

Csoka I, Ismail R, Jojart-Laczkovich O and Pallagi E
(2021). Regulatory considerations, challenges and risk-
based approach in nanomedicine development. Current
Medicinal Chemistry, 28(36): 7461-7476.

Dilliard SA and Siegwart DJ (2023). Passive, active and
endogenous organ-targéted lipid<_and polymer
nanoparticles for delivery. of genetic “drugs. Nature
Reviews Materials,8(4): 282-300.

Du Y, Xia L, Jo AfDavis RM}Bissel P, Ehrich MF and
Kingston DGF(2018), Synthesisyand eyaluation of
doxorubicig=loaded gold nanoparticlesf” for tumor-
targetedgdrug deliverygBiosonjygate;ehemistry, 29(2):
420-480.

GheibiiHayat SM and Darroudi M (2019). Nanovaccine: A
novel“a@pproach in immunization. Journal of cellular
physiologynz34(8): 12530-12536.

Hany, A. (2020)2A review on nanoparticles in transdermal
drug  deliveryay, Polymers at  variance  with
semiconductors ‘and lipids. Int. J. Eng. Appl. Sci.
Technol., 5: 27-36.

Hartl N, Adams F and Merkel OM (2021). From adsorption
to'eovalent bonding: Apolipoprotein E functionalization
of‘polymeric nanoparticles for drug delivery across the
plogd—brain barrier. Advanced Therapeutics, 4(1):
2000092.

Khan I, Saeed K and Khan | (2019). Nanoparticles:
Properties, applications and toxicities. Arabian journal
of chemistry, 12(7): 908-931.

Kumar V, Khan | and Gupta U (2020). Lipid-dendrimer
nanohybrid system or dendrosomes: evidences of
enhanced encapsulation, solubilization, cellular uptake
and cytotoxicity of bortezomib. Applied Nanoscience,
10: 4049-4062.

Li Y, Lu A, Long M, Cui L, Chen Z and Zhu L (2019).
Nitroimidazole derivative incorporated liposomes for
hypoxia-triggered drug delivery and enhanced
therapeutic efficacy in patient-derived tumor xenografts.
Acta biomaterialia, 83: 334-348.

Maritim S, Boulas P and Lin Y (2021). Comprehensive
analysis of liposome formulation parameters and their
influence on encapsulation, stability and drug release in
glibenclamide liposomes. International journal of
pharmaceutics, 592: 120051.

Nasrollahi F, Sana B, Paramelle D, Ahadian S,
Khademhosseini A and Lim S (2020). Incorporation of
graphene quantum dots, iron, and doxorubicin in/on
ferritin nanocages for bimodal imaging and drug
delivery. Advanced Therapeutics, 3(3): 1900183.

Thapa RK and Kim JO (2023). Nanomedicine-based
commercial formulations: Current developments and

Pak. J. Pharm. Sci., Vol.38, No.2, March-April 2025, pp.001-010



Nanotechnology, nano-systems and applications of nanoparticles in novel drug delivery - a comprehensive review

future  prospects. Journal  of
Investigation, 53(1): 19-33.

Yaghoubi A and Ramazani A (2020). Anticancer DOX
delivery system based on CNTs: Functionalization,
targeting and novel technologies. Journal of Controlled
Release, 327: 198-224.

Zhang C, Yan L, Wang X, Zhu S, Chen C, Gu Z and Zhao
Y (2020). Progress, challenges, and future of
nanomedicine. Nano Today, 35: 101008.

Pharmaceutical

S

10

Pak. J. Pharm. Sci., Vol.38, No.2, March-April 2025, pp.001-010



