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ABSTRACT

Inthe past fewyears,dendrimer-based drugdelivery systems have gotten a lot of attention because of their unique structure,
which lets scientists precisely control how drugs are encapsulated, released, and targeted. These nanomaterials have a
highly twisted, tree-like structure thatlets them hold a lot of drugs, have their surfaces functionalised, and be able to target
specific spots. This makes them perfect for making medicinal agents more effective and safer. Recent improvements to
dendrimer-based drug delivery methods have focused on making them more stable, biocompatible, and able to cross
biological boundaries, like the blood-brain barrier, so they can get to disease areas more effectively. One important area of
progress is making dendrimers with different surface changes that make it easier to send drugs to specific cells or tissues.
When targeting ligands like peptides, antibodies, and aptamers are attached to dendrimer surfaces, it has been shown that
the selectivity can be improved and off-target effects can be reduced. Adding dendrimers to other nanoparticles, like
liposomes or micelles, has also created mixed systems that take advantage of the best parts of multiple delivery platforms,
making drug transport even more effective. Dendrimer-based drug administration has come a long way, but there are still
some problems that need to be solved. There are problems with making dendrimers where the size, structure, and surface
qualities can't be precisely controlled. They may also be poisonous because they have a lot of charged surfaces. Another
problem is that making dendrimers on a large scale for business use is hard. Also, they need a lot ofin vivo tests to see how
safe and useful they are in the long run. Itis important to solve these probl ems so that dendrimer-based systems can reach
their full promise in clinical settings, especially for cancer therapy, gene transfer, and other focused medicines. ..
Keywords:Dendrimer-based drug delivery, nanostructures, targeted drug delivery, surface functionalization,
biocompatibility, drug encapsulation.
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INTRODUCTION which lets us, encapsulate, deliver, and control the release

A constant task in biological research is to find better ways
to deliver drugs. This is especially true when it comes to
creating treatment methods that work well and are safe.
Nanotechnology has become a very interesting area in the
last few decades, and it has changed the way drugs get to
their targets inside the body. Dendrimers are one type of
nanomaterial that has gotten a lot of attention because they
have special qualities that make them perfect for drug
delivery. Dendrimers arelarge moleculesthat looklike trees
and have a central core with repeated growing units and
functional groups on their surface that can be changed
easily for different uses. Their special structure gives us a
lot of control over their size, form, and surface features,

of healing agents more effectively. Dendrimers vary from
other nanoparticles in that their perfect structure makes
them very regular, which is a crucial determinant of their
behaviour in the body and drug interaction strength. The
very complicated construction results in a large surface
area. Many functional groups may therefore link, which
allows one to mix with medications, target ligands, or
imaging agents.

Dendrimers may be functionalized and used for several
purposes including medical imaging, gene therapy, and
medication administration. Their size and structure may
alsobealtered duringmanufacturing to ensurethey canpass
cellular barriers and accumulate at the target site of action,
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therefore enhancing medical efficacy and reducing adverse
effects. Dendrimer-based drug delivery systems offer great
potential for treating illnesses like cancer, where it may be
difficultto transport large volumes of medicinal substances
directly to tumour sites while simultaneously limiting
systemic damage to a minimal. Dendrimers may be altered
to include anticancer medications akin to chemotherapy
medicines. By adding particular ligands to their surface that
bind to receptors overexpressed in tumours, these
medications may be administered only to cancer cells.
While reducing the negative consequences of conventional
chemotherapy, such as damaging healthy cells, targeted
drug delivery is a concept that may considerably enhance
the outcomes of treatment.

Other applications for dendrimer-based devices have been
investigated other from cancer therapy. They may be
utilised, for instance, in gene delivery—the process by
which certain cells get nucleic acids such as DNA or RNA.
Dendrimers' great adaptability helps them to retain both
hydrophobic and hydrophilic medications [1]. This implies
that they may be used for a greater spectrum of therapeutic
substances including proteins, peptides, and small
compounds. Because they can contain drugs in a stable
form, they can also control release, which means that the
drug is given over a longer period of time. This can help
patients stick with their treatment and improve results. Even
though they have a lot of promise, developing dendrimer-
based drugdelivery methodsis not easy. Even though the
process of making dendrimers is well known, it is hard to
do and costs a lot of money, which makes it hard to use on
a large scale in business. Figure 1 shows how dendrimer
structures easily carry drugs to specific areas that need
treatment
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Figure 1: Illustrating Dendrimer-Based Drug Delivery
Dendrimers have a high surface charge density, which can
be a problem because these molecules may interact with

biological membranes and proteins in ways that aren't
wanted. Changes to the surface can make something less
poisonous and more biocompatible, but more study is
needed to make sure that these changes work inside living
things [2]. Also, the long-term security of dendrimer-based
systems is still a problem, since they need to be able to
handle the hard conditions inside the body while still
working properly. Another big problem is getting drugs to
the right cells or organs and letting them work properly.
Dendrimers can be designed to deliver drugs specifically,
but we still need better ways to control the release profile
and make sure the drugs are givenat the right time and in
the right amount.

RELATED WORK

Over the last several years, a lot of research has been
conducted on dendrimer-based drug transport systems;
significant advances have been achieved to enable them
improved performance and more use. Scientists first
largely focused on creating controllable dendrimers with
size and form [3]. Particularly, Tomalia etal.'s 1985 study
on dendrimers was one of the first to explore biomolecules
with an accurate structure and many branches. Scientists
might investigate how medications could be carried via
dendrimers in light of this new finding. The emphasis
shifted throughout time to add various surface groups to
dendrimers to improve their ability to enclose medications,
maintain stability, and distribute them to the correct
location. Many efforts have gone into improving the
targeting accuracy of dendrimer-based systems. How to
concentrate drug delivery by adding ligands such as
peptides, antibodies, and aptamers to dendrimer surfaces
has been much investigated. Studies have shown that these
surface modifications to dendrimers enable them to bind
especially to particular receptors overexpressed on the
surface of cancer cells [4]. This helps more medications to
goto the cancerlocation and minimizes effects not intended
for there. Many different kinds of cancer, including ovarian
and breast cancer, have foliate receptors. Targeting these
receptors has been accomplished using dendrimers bonded
to folic acid. Thisapproach hasshowed potential in animal
models for raising the therapy index of cancer treatments.
More recent studies have also looked at how to mix
dendrimers with other nanoparticles to make drug delivery
methods that are better than both of them. Table 1 is a
summary of connected work that shows methods, main
results, problems, and the area of study that needs to be
done.

Table 1: Summary of Related Work

Approach Key Finding Challenges Scope

Dendrimer for | Enhanced drug accumulation at | Scalability of synthesis, | Potential in targeted cancer

Cancer Therapy tumor site, reduced toxicity potential toxicity issues therapies, combination drug
delivery
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Dendrimer for Gene | Safe non-viral gene delivery | Endosomal escape | Gene therapy for genetic

Delivery with controlled release mechanism, stability of | diseases, RNA interference
complex treatments

Dendrimer for | Improved interaction with | Toxicity at high | Antimicrobial resistance

Antimicrobial microbial membranes, effective | concentrations, risk of | treatments, novel antibiotics

Therapy against resistant bacteria resistance development

Dendrimer for Drug
Release Control [5]

Controlled and sustained drug
release profile

Premature drug release,
variability in  release
profiles

Sustained-release therapies
for chronic conditions

Hybrid Dendrimer- | Enhanced drugloading,stability, | Complex synthesis process, | Cancer treatment, drug
Liposome Systems and prolonged circulation time | potential for aggregation | delivery with enhanced
stability
Surface Modification | Improved drug targeting by | Optimizing ligand | Personalized medicine,
for Targeting attaching ligands to dendrimer | attachment, avoiding | improving cancer treatment
surface immune responses specificity
PEGylation of | Reduced toxicity, improved | PEGylation affecting | Wider clinical applications,
Dendrimers circulation and stability in vivo | dendrimer targeting | reducing immunogenicity
properties
Dendrimers for | Efficient delivery and gene | Efficient siRNA | Cancer treatment, gene-
siRNA Delivery silencing in cancer cells encapsulation, low release | based therapies
rate
Dendrimer for | Targeted delivery to inflamed | Toxicity at high doses, | Treatment of autoimmune
Inflammation tissues, reduced systemic side | selective targeting | diseases, chronic
Treatment [6] effects challenges inflammation
Dendrimer-Based Improved immune response, | Production scalability, | Vaccine development,
Vaccine Delivery antigen presentation optimizing antigen delivery | personalized vaccines
Dendrimer for Drug | Improved solubility, | Managing release profiles | Improvement in oral drug
Solubilization bioavailability, and stability of | for drugs with different | delivery, cancer treatment
hydrophobic drugs solubilities applications

RECENT DEVELOPMENTS
BASED DRUG DELIVERY

A. Applications in Cancer Therapy
Dendrimer-based drug delivery systems have showna lot of
promise in cancertherapy becausethey canmake anticancer
drugs work better while causing less harm to the body as a
whole. One of the best things about dendrimers for treating
cancer is that they can contain drugs that don't dissolve
easily in water, which makes them more stable and easy to
use in the bloodstream. Dendrimers can also be modified
with targeted ligands that bind to cancer-specific receptors
[7]. This lets drugs onlyreach tumour cells and tissues. This
ability to target is especially helpful for chemotherapy,
since regular treatments tend to hurt good cells, which can
cause side effects like hair loss, sickness, and organ
damage. By guiding the drug to the tumour, dendrimers
increase the concentration of the drug where it's needed
most, which means that regular cells are less likely to be
hurt [8].

Researchers have shown that dendrimer-based methods can
carry different anticancer drugs like doxorubicin, paclitaxel,
and cisplatin more effectively, with better metabolism and
fewer side effects. For example, dendrimer-conjugated
paclitaxel has been shown to make the drug more stable and
keep itinthe bloodstream longer, which means that more of
the drug builds up at the tumour site. Additionally,
dendrimers can be used

IN DENDRIMER-

to give combination treatments, which include putting two
or more drugs inside the same dendrimer that work in
different ways. This method improves the effectiveness of
treatment by targeting multiple paths that help cancer cells
grow and become resistant to treatment [9]. Even though
these results look good, problems still need to be fixed with
how dendrimer-based systems are made, how toxic theyare,
and how they can be scaled up for them to be successfully
used in patients.

B. Dendrimers in Gene Delivery

It looks like dendrimer-based devices could be a good way
to deliver genes, especially for genetic conditions and gene
therapy. Dendrimers can hold nucleic acids like DNA,
RNA, and siRNA, which makes them a useful tool for
sending healing genetic material to cells that need it. In
contrast to viral vectors, which can be unsafe because they
can cause immunogenicity and insertional mutagenesis,
dendrimers are a safer option because they allow for
controlled release of genes without viruses. Because
dendrimers have a lot of surface area, they can connect
many functional groups, such as cationic molecules, which
improve the electrostatic interaction between the negatively
charged nucleic acids and the dendrimer, making
encapsulation more effective [10].

C. Role in Anti-inflammatory and Antimicrobial Therapies
Because they may affect how the immune system responds
and interacts with microorganisms, dendrimers are also
under research for use in anti-inflammatory and
antibacterial therapies. Dendrimer-based approaches may
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be created to convey biologics or anti-inflammatory
medications straight to the site of inflammation when
employed for anti-inflammatory uses [11]. This enables
targeted therapy that reduces adverse effects generally
throughout the body. One may alter dendrimers to include
compounds such as non-steroidal anti-inflammatory
medications (NSAIDs) or corticosteroids [12]. These
molecules then are meticulously moved to swollen tissues.
This concentrated approach not only increases the efficacy
of the medications as medicine but also reduces the usual
adverse effects of broad anti-inflammatory therapy, such as
damage of the digestive system and a weaker immune
system. In antibiotic therapy, dendrimers have been
investigated to examine if they may combat bacterial, viral,
and fungal illnesses [13]. Because dendrimers have a
cationic surface charge, they strongly interact with the
negatively charged surfaces of bacteria membranes. This
breaks down the membranes and kills the cells.

CHALLENGES IN
DELIVERY

A. Stability and Biodegradability Issues

Making sure that dendrimer-based drug delivery methods
are stable and break down naturally in the bodyis one of the
hardest parts of using them. When dendrimers are made,
they are usually very stable so that the drug inside doesn't
break down whileit's in circulation. But this stability canbe
a problem. Because dendrimers are stable, they can keep
their shape and keep drugs in the bloodstream for longer.
However, this stability canalso cause them to build up in
tissues, which can be harmful. Because biological
processes don'talways find it easy to break down dendrimer
structures, having them in the body fora long time could be
bad. To help with these problems, researchers have looked
into using biodegradable dendrimers [14]. These can break
down into harmless byproducts after delivering the drug.
Controlling the breakdown process is important to make
sure that the dendrimers break down at the right time and in
the right place, letting the drug out in a controlled way.
Getting this amount of control over decline is still a big
problem, though [15]. Dendrimers with a lot of surface
charge may also associate with cell membranes, which
could damage or kill cells without meaning to. Surface
changes can help lower these harmful effects, but more
study is needed to make dendrimers biodegradable and
make sure they don't build up in organs like the liver or
kidneys, where they can do long-lasting damage.

B. Manufacturing Challenges

The process of making dendrimer-based drug delivery
systems is difficult, and the difficulties in creating these
nanomaterials make it hard to make them on a large scale
and sell them. Most dendrimers are made using a step-by-
step process that repeats several times and uses chemical
reactions to create thebranching structure. This givesexact
control over the dendrimer's size and structure, but it also
makes the production process expensive, time-consuming,
and hard to do. Often, the multi-step synthesis needs very
pure reagents, carefully controlled reaction conditions, and

DENDRIMER-BASED DRUG

careful cleaning up after the synthesis, all of which add to
the cost and difficulty [16].

C. Cost and Scalability Concerns

Costs for making dendrimers go up because of the need for
highly pure chemicals, special tools, and strict quality
control measures. Because of this, the high prices of
making dendrimer-based systems might make them too
expensive for some uses, like drug administration on a big
scale. Also, making dendrimer chemistry work on a larger
scale is still a problem. As we already said, the stepwise
repeated synthesis method used for dendrimers is hard to
scale up because each reaction step needs to be very precise
and complicated. Some people have tried to make the
synthesis process faster by using automatic systems or
different synthetic routes. However, these ideas are still
being tested and might not be ready for large-scale
production yet. Dendrimer-based drug delivery systems
may only be used in a few specific situations until more
scalable and cost-effective ways of making them are found.
This is especially true for specialised therapies like targeted
cancer treatment or gene therapy, where the benefits of
precise drug delivery outweigh the costs.

MATERIALS AND METHODS

A. Materials Used

1. Drugs and Therapeutic Agents

Drugs like paclitaxel, doxorubicin, and cisplatin have been
successfully injected into dendramer devices to treat cancer.
These medications can be administered exclusively to the
target location and remain from breaking down too rapidly
in the circulation when they are combined with dendrimers.
This lowers the overall negative effects and increases the
therapy's efficacy. Targeting ligands such as antibodies or
peptides allows the surface of the dendrimer to be altered,
therefore providing even more targeted drug transportation
to cancer cells. This increases the drug's efficiency.
Delivering biologics including proteins, enzymes, and
nucleicacids (DNA, RNA, siRNA), dendrimers have also
showed great potential. Dendrimers are highly surface area
objects with several possible practical uses. This allowsone
to stabilise and condense macromolecules often broken
down under physiological conditions. In gene therapy,
dendrimers may deliver DNA or RNA to certain cells,
therefore enabling gene expression or gene silencing.
Dendrimers have been employed, for example, to deliver
siRNA to cancer cells to quiet oncogenes.

B. Preparation of Dendrimer-Drug Complexes

1. Synthesis of Dendrimers

Dendrimers need a sequence of well under control, repeated
chemical processes. These responses enable its extremely
branching, tree-like construction to be precisely built.
Usually the initial phase in the procedure is selecting a core
molecule, the fundamental building component for the
dendrimer. Then adding expanding units progressively
increases the core's size. Every branch generates outward-
reaching multiple limbs. This methodical development
guarantees a distinct, consistent size and form for the
dendrimer. Making dendrimers usually involves using the
different approach among others. Under this approach, the
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core molecule repeatedly interacts with monomeric units to
produce the outwardly growing structure of the dendrimer.
With this approach, one can exactly regulate the dendrimer
production. The count of branching layers also known as
"generations" added to the core defines the generation. Still
another often used technique is convergent synthesis.
This approach creates the whole structure by first
independently building the dendrimer's branches then
connecting them at the centre. While the convergent
approach may be superior in eliminating faults and
contaminants, the divergent technique makes it simpler to
manage the overall size and construction. Changing the core
molecule and branching units allows one to alter the size,
surface charge, and functional groups ofthe dendrimer. For
instance, dendrimers such as Polyamidoamine (PAMAM)
are constructed using amine groups that may be altered
subsequently to enable their use in drug administration.
Dendrimers have among its advantages the ability to be
controlled during manufacturing. This distinguishes them
from conventional nanoparticles and permits regulated
release of medicinal substances, improved absorption, and
targeted drug delivery.
2. Drug Loading Methods
Depending on the kind of medicine and the desired method
of drug release, dendrimers may be loaded with helpful
medications in many different ways. Two major methods
pharmaceuticals are loaded are covalent bonding and
physical confinement. This approach efficiently captures,
within the inner regions of the dendrimer, a broad spectrum
of medicines including both tiny and big compounds. The
medication simply gets caught in the structure of the
dendrimer; no chemical modification is required. This
makes the technique adaptable and somewhat simpleto use.
For instance, drugs that don't like water can be put inside
the hydrophobic part of dendrimer molecules, and drugs
that do like water can be added to the outside of dendrimers.
The best thing about physical packaging is that it can hold
a lot of drugs without changing their chemical structure.
One problem with physical packaging, though, is that the
drug might be released too soon, which means it might not
be right for all medicinal uses.
Step 1. Drug Loading Efficiency (Physical Encapsulation)
The drug loading efficiency (DLE) in physical
encapsulation can be expressed mathematically as:

Amount of Drug Loaded
(mg)
%) =
DLE (%) Total Amount of Drug Added
(mg)
* 100
Where:

- Amount of Drug Loaded is the actual amount of drug
encapsulated in the dendrimer.

- Total Amount of Drug Added is the amount of drug
introduced to the dendrimer formulation.
Step 2. Drug Loading Efficiency (Covalent Bonding)

For covalent bonding, the drug loading efficiency is
similarly calculated butinvolves the covalent bond strength
between the drug and dendrimer:
Step 3. Amount of Drug Loaded (Physical Encapsulation)

The total amount of drug loaded in the dendrimer through
physical encapsulation can be calculated by the difference
between the initial amount of drug and the amount that is
free or unbound:

Amount of Drug Loaded
= Total Drug Added
— Amountof Free Drug

Where:

- Free Drugis the drug that remains outside the dendrimer
or is not successfully encapsulated.

Step 4. Amount of Drug Loaded (Covalent Bonding)

In the case of covalent bonding, the drug loading is
determined by the number of successful covalent
interactions between the dendrimer surface and drug
molecules:

Amount of Drug Loaded
= Total Drug Added
— Unconjugated Drug

Where:

- Unconjugated Drug refers to the drug that has not
formed covalent bonds with the dendrimer.

Step 5. Drug Release Rate (Physical Encapsulation)

The drug release rate from a dendrimer-drug complex
through physical encapsulation is typically govemed by
Fick's Law of Diffusion:

-0 (89

Step 6. Drug Release Rate (Covalent Bonding)
For covalentbonding, the drug releaserate can be slower
and often follows a degradation or hydrolysis model:
dc
)= n
(dt) k€
C. Characterization Techniques

1. Size, Morphology, and Surface Charge

DLS operates by tracking variations in light scattering as
particles pass through a solution. This approach especially
helps one investigate the stability of dendrimer solutions as
itallows one to locate particles that stay together throughout
time. DLS measurements provide a range of values thatis
crucial for ensuring consistent dendrimer-based
formulation construction. Both Scanning Electron
Microscope (SEM) and Transmission Electron Microscope
(TEM) are really excellent imaging techniques that can
clearly display the surface characteristics and form of
dendrimers.

2. Drug Loading Efficiency and Release Studies

Drug loading efficiency is the amount of drug that can be
added to the dendrimer. It is usually given as a fraction of
the total drug weight compared to the weight of the
dendrimer. Several tools, such as UV-Vis
spectrophotometry, high-performance liquid
chromatography (HPLC), or fluorescence spectroscopy, can
be used to find out. Figure 2 shows different
characterisation methods that are used to study the qualities
and behaviour of materials

IJDDT, Volume 16 Issue 1s, 2026

Page:38



Dendrimer-Based Drug Delivery: Recent Developments and Challenges.

Characterization
Techniques

Thermal
Analysis

Microscopy <

Figure 2: Illustrating Characterization Techniques

To find out how much drug has been correctly put into the
dendrimer, the drug concentration is tested both before and

after the dendrimer is added. The main goal of release
studies is to figure out how the drug is released from the
dendrimer system over time. This is very important for
making sure that the drugis given in a controlled and long-
lasting way. To make the studies more like what happens in
real life, they can be done in a variety of physiological
settings, such as changing pH, temperature, or the presence
of enzymes. The in vitro diffusion study is a common way
to check how drugs are released.

VI. Result and Discussion

New developments in dendrimer-based medicine delivery
have shown a lot of promise, especially for cancer
treatment, genetransfer,and killing microbes. Studieshave
shown that dendrimers can effectively contain a wide range
of medicinal agents, making them more stable,
bioavailable, and soluble. By adding targeted proteins to
them, scientists have made it easier for drugs to get to sick
cells while minimising side effects. But there are still
problems with making the process work better for larger
amounts, making sure it breaks down naturally, and dealing
with possible poisoning issues

Table 2: Drug Loading Efficiency and Release Profile

Dendrimer Type Dl‘l.lg. Encapsulation | Cumulative  Drug R.elease Half-
Efficiency (%) Release (%) at 24hrs | Life (hrs)

PAMAM 85 55 6

PPI 75 48 5

g;rg(riirémer Liposome 92 70 ]

PEGylated PAMAM | 88 63 7

Table 2 shows important factors that affect how well
different types of dendrimers load drugs and how they
release those drugs. PAMAM dendrimers can encapsulate
drugs 85% of the time, and they release 55% of those drugs
over the course of 24 hours. The half-life of these releases
is 6 hours. The graph in Figure 3 shows how the drug is
encapsulated, released, and has a half-life for each type of
dendrimer.

EEE Encapsulation Efficiency (%)
mmm Drug Release at 24hrs (%)
mmm Release Half-Life (hrs)

80

60 -

40

20

S K & &

Figure 3: Trends in Drug Encapsulation, Release, and
Half-Life Across Dendrimer Types

The results show that the drug was loaded pretty well, but
the release profile shows that it was released at a modest
rate compared to other dendrimers. At 24 hours, PPI
dendrimers have a slightly lower encapsulation efficiency
(75%), a lower drug release (48%), and a shorter release
half-life (5 hours). This means that the drug maybe released
more quickly butmay not be as stable in circulation. Figure
4 shows how the drug is encapsulated, how fast it is
released, and how long its half-life is different types of
dendrimers
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Figure 4: Comparison of Drug Encapsulation, Release,
and Half-Life for Different Dendrimers

Liposome and Dendrimer There is no doubt that hybrid
systems are the best because they have the best capsule
efficiency (92%), the best total drug release (70% at 24
hours), and the longest release half-life (8 hours). This
means that the combination system is more stable and has
controlled release qualities, which means it can be used for
long-term drug transport. Finally, PEGylated PAMAM
dendrimers have a good balance with 88% drug packaging
efficiency, 63% drug release at 24 hours, and a 7-hour half-
life. This shows that they could be used in clinical settings
where long-lasting drug release is needed.

Table 3: Size, Surface Charge, and Stability

Dendrimer Type Size (nm) Surface Zeta  Potential | Stability (at
yp Charge (mV) | Stability (hrs) 37°C) (%)

PAMAM 4.5 35 72 98

PPI 6.2 28 60 92

Dendrimer-Liposome

Hybrid 5.8 40 90 95

PEGylated PAMAM | 4.7 38 75 96

The table shows some important facts about the different
kinds of dendrimers, like their size, surface charge, zeta
potential stability, and their ability to stay stable at 37°C.
They are only 4.5 nm wide and have a positive charge of
+35 mV on their surface. This mix, along with a zeta
potential stability of 72 hours and high stability (98%) at
37°C, shows that it is very stable in physiological settings
and works well for drug transport.

Size-PAMAM

Size-Dendrimer-Liposome Hybrid

Zeta-Ds

Q
@
& =
s 5
2 :

S 3

St

Figure 5: Cumulative Impact of Size, Surface Charge,
Zeta Potential Stability, and Stability at 37°C for
Different Dendrimers
PPI dendrimers havea slightly bigger size (6.2 nm) and a
lower surface charge (+28 mV). Size, charge, zeta potential,

and stability all have an effect on dendrimers, as shown in
Figure 5. They are less stable at 37°C and for 60 hours at a
lower zeta potential. This shows that PPI dendrimers may
be more likely than PAMAM to become unstable or clump
together over time. it is very stable in physiological
circumstances. At 37°C, the combination system is 95%
stable, which makes it more stable than other systems and
shows promise for controlled drug release. PEGylated
PAMAM dendrimers are very small (4.7 nm) and have a
surface charge of +38 mV. They are also very stable, with a
zeta potential stability of 75 hours and a stability of 96% at
37°C. This means they are very stable and can be used in
biological settings.

CONCLUSION

Dendrimer-based drug delivery methods look like a good
way to make different drugs work better in the body. They
have a special structure that helps drugs stay inside, stay
stable, and release slowly. This makes them very useful for
specific medicines. Adding specificligands to the surface
of dendrimers allows for targeted drug delivery, which
lowers side effects in the body as a whole and improves
drug accumulation at the site of the disease. In cancer
therapy, dendrimer-drug complexes have shown big
improvements in how well drugs dissolve, how stable they
are, and how well they target cells. These are all very
important for lowering theside effects of chemotherapy and
improving treatment outcomes. Dendrimers have shown
promise as safe and effective drivers for nucleic acids,
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providing an option to virus vectors in gene transfer. Their
ability to protect genetic material and release it in a
controlled way opens up new ways to use gene therapy and
RNA-based medicines. Dendrimers have also been shown
to work well in anti-inflammatory and antimicrobial
treatments. Changesto their surfaces make it easier for them
to interact with microbial membranes and inflamed tissues.
Even with these improvements, there are still some
problems that need to be solved.

REFERENCE

1. Li, H.; Zha, S.; Li, H.; Liu, H.; Wong, K.L.; All,
A.H. Polymeric Dendrimers as Nanocarrier Vectors for
Neurotheranostics. Small 2022, 18, €2203629.

2. Kesharwani, P.; Jain, K.; Jain, N.K. Dendrimer as
nanocarrier for drug delivery. Prog. Polym. Sci. 2014, 39,
268-307.

3. Wang, J.; Li, B.; Qiu, L; Qiao, X.; Yang, H.
Dendrimer-based drug delivery systems: History,
challenges, and latest developments. J. Biol. Eng. 2022, 16,
18.

4. Mignani, S.; Shi, X.; Rodrigues, J.; Tomas, H.;
Majoral, J.P. Dendrimer nanoplatforms for veterinary
medicine applications: A concise overview. Drug Discov.
Today 2022,27,1251-1260.

5. Sathe, R.Y.; Bharatam, P.V. Drug-dendrimer
complexes and conjugates: Detailed furtherance through
theory and experiments. Adv. Colloid Interface Sci. 2022,
303,102639.

6. Chis, A.A.; Dobrea, C.; Morgovan, C.; Arseniu,
AM.; Rus, LL.; Butuca, A.; Juncan, AM.; Totan, M.;
Vonica-Tincu, A.L.; Cormos, G.; et al. Applications and
Limitations of Dendrimers in Biomedicine. Molecules
2020, 25, 3982.

7. Song, J.; Zhang, B.; Li, M.; Zhang, J. The current
scenario of naturally occurring indole alkaloids with
anticancer potential. Fitoterapia 2023, 165, 105430.

8. Sindhoor, M.S.; Naveen, N.R.; Rao, G.K.; Gopan,
G.; Chopra, H.; Park, M.N.; Alshahrani, M.M.; Jose, J.;
Emran, T.B.; Kim, B. A spotlight on alkaloid

nanoformulations for the treatment of lung cancer. Front.
Oncol. 2022, 12,994155.

9. Wang, Y.; Xu, Y.; Liu, Z. A review of plant
antipathogenic constituents: Source, activity and
mechanism. Pestic. Biochem. Physiol. 2022, 188, 105225.
10. Shete, A. S. , Bhutada, Sunil, Patil, M. B. , Sen,
Praveen H. , Jain, Neha & Khobragade, Prashant(2024)
Blockchain technology in pharmaceutical supply chain :
Ensuring transparency, traceability, and security, Journal of
Statistics and Management Systems ,27:2,417-428, DOL:
10.47974/JSMS-1266

11. Ghanbari-Movahed, M.; Kaceli, T.; Mondal, A.;
Farzaei, M.H.; Bishayee, A. Recent Advances in Improved
Anticancer  Efficacies of Camptothecin Nano-
Formulations: A Systematic Review. Biomedicines 2021, 9,
480.

12. Min,L.; Han,J.-C.; Zhang, W.; Gu, C.-C.; Zou, Y.-
P.; Li, C.-C. Strategies and Lessons Learned from Total
Synthesis of Taxol. Chem. Rev. 2023, 123, 4934-4971.
13. Stage, T.B.; Bergmann, T.K.; Kroetz, D.L. Clinical
Pharmacokinetics of Paclitaxel Monotherapy: An Updated
Literature Review. Clin. Pharmacokinet. 2018, 57, 7—-19.
14. Niznansky, L.; Osinova, D.; Kuruc, R.; Hengerics
Szabo,A.;Szoradova, A.; Masar,M.; Niznanska, Z. Natural
Taxanes: From Plant Composition to Human Pharmacology
and Toxicity. Int. J. Mol. Sci. 2022, 23, 15619.

15. Li, T.; Akinade, T.; Zhou, J.; Wang, H.; Tong, Q.;
He, S.; Rinebold, E.; Valencia Salazar, L.E.; Bhansali, D,
Zhong, Y.; et al. Therapeutic Nanocarriers Inhibit
Chemotherapy-Induced Breast Cancer Metastasis. Adv. Sci.
2022,9,e2203949.

16. Goel, A. Current understanding and future
prospects on Berberine for anticancer therapy. Chem. Biol.
Drug Des. 2023

17. Khurana, B.; Dhanker, R. (2025). Biotoxic impact
of distillery effluent on broccoli and termites. Journal of
Entomological Research, 49(4), 987-991.
https://doi.org/10.5958/0974-4576.2025.00170.2

IJDDT, Volume 16 Issue 1s, 2026

Page: 4 1



