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ARTICLE INFO ABSTRACT
Published: 25 Mar 2026 In terms of public health, central nervous system (CNS) illnesses play a critical role.
Keywords: One of the most frequent CNS illnesses is epilepsy. Epilepsy is a chronic condition that
CNS, epilepsy, dendrimers, causes significant morbidity and death. Many individuals worldwide suffer from
Novel delivery, epilepsy, and the reasons of this condition are yet unknown. Epilepsy affects roughly 50
Carbamazepine million individuals worldwide. Antiepileptic medications are often used in the treatment
DOL: of epilepsy, however the problem with these treatments is the development of drug
10.5281/zen0do.19216646 resistance, and antiepileptic drugs may be taken orally or intravenously. These therapies,

however, are not always successful. Drugs used to treat epilepsy, on the other hand,
must be supplied properly and securely in order to preserve the brain. As a result, novel
delivery methods are required to administer medications at doses found to have great
therapeutic effectiveness in epilepsy while minimising negative effects. In light of this
knowledge, new therapeutic options are required. Dendrimers are one such therapeutic
option which can help to active site specific and more successful results. Hence, in
present article we have summarized the epilepsy condition, dendrimers and its use in
epilepsy in brief.

INTRODUCTION Epilepsy is a neurological disorder that produces
seizures in various areas of the brain due to
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aberrant electrical activity. This condition has
neurological, cognitive, psychological, and social
consequences, and it affects about 50 million
individuals worldwide (1). Estimates of worldwide
prevalence and incidence of epilepsy differ by
nation. While it is more prevalent in low-income
nations than in high-income countries, there is a
considerable rise in the number of patients in
infancy compared to old age (2). The fatality rate,
however, is minimal. Unintentional injury and
suicide were shown to be among the fatalities
caused by epilepsy (3). These findings indicate
that the patients' psychological well-being is
impacted by the disease's prognosis.

Seizures, according to the World Health
Organisation (WHO), are the result of excessive
electrical discharges in a group of brain cells.
These discharges may occur in many areas of the
brain. Seizures triggered by these discharges may
occur anywhere from once per year to many times
per day. According to the International League
Against Epilepsy (ILAE) categorization, epilepsy
may be defined as any of the following conditions:

1. At least 2 times to provoke the occurrence of
seizure in 1 day

2. Seizure occurring in the next 10 years and
their probability (having at least a 60% chance
of seizures)

3. Diagnosis of epilepsy syndrome (4,5)
1. Pathology of Epilepsy

Extreme and unexpected electrical activity in the
brain is the underlying mechanism of epileptic
seizures (6). This abnormal state in the brain may
be detected in a variety of brain areas, including
the temporal, frontal, parietal, and occipital-lobe
(7,8). Although the aetiology of epilepsy is not
fully understood, various causes are suspected. In
addition to brain injury, stroke, brain tumours,
brain infections, or birth abnormalities (6), genetic
changes are considered to have a significant
influence in the disease's incidence (9). Epilepsy
research based on genetic variables is continuously
continuing. For example, based on the findings of
sample isolation from patients with infantile-onset
seizures, it is believed that the condition is caused
by a mutation in the PCDHI9 gene (10).
Cerebrovascular problems, cortical development
anomalies, and metabolic diseases are also linked
to epilepsy pathophysiology (11).

Seizure types (seizure onset) Cause
Focal Generalised Unknown Structural
@ Genetic
& Epilepsy types
B Infectious
s < Focal Generalised Combined, Unknown
= generalised,
R and focal Metabolic
{} Immune
Epilepsy syndromes Unknown

Fig.1:- showing the general pathophysiology of epileptic symptoms.

2. Diagnosis of Epilepsy
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Anamnesis should be used to determine if the
individual experienced an epileptic seizure, the
description of the attack, and the mix of symptoms.
Electroencephalography (EEG), long-term video
electroencephalography (EEG), high-resolution
MRI, and neurophysiological testing are all
required for a proper diagnosis. EEG is now
widely used in the non-invasive diagnosis of
epilepsy. Aside from anamnesis, EEG is the most
significant supplementary diagnostic procedure,
and it should be conducted on any patient
suspected of having a seizure. EEG and video EEG
give information regarding deep brain activities
and disease processes (12). Existing approaches
for detecting seizures rely on simulations to extract
features from EEG recordings. Stimulants are used
during EEG to analyse epileptic results (13). As a
result, flash stimuli in the EEG utilised for
diagnosis are among the major elements that cause
seizures. PET and SPECT scans, functional MRI,
MR spectroscopy, magnetoencephalography, and
the Wada test are all options (14). The magnetic
resonance imaging (MR) approach is utilised to
determine seizure onset locations (15). Nuclear
Medicine Examinations Nuclear medicine
imaging technologies such as SPECT and PET are
utilised to locate the epileptic focal prior to
surgery. Tc99m HMPAO and Tc-99m ECD are the
radiopharmaceuticals utilised in SPECT. F-18
FDG is the most often used radioactive substance
for PET imaging, and F-18 flumazenil (FMZ) also
displays the seizure region, although in a more
restricted area than FDG (16). Neuroimaging may
be used to identify structural abnormalities that
may be causing epilepsy. The chosen imaging
1S magnetic resonance imaging
(MRI). The MRI approach may be employed in
individuals who have a focused onset based on

examination

their history, symptoms on examination, or EEG
(17).

3. Treatment of epilepsy
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It is critical to assess the seizure type, frequency,
and risk of recurrence in those who have epilepsy.
Treatments attempt to eliminate or lessen the
incidence of seizures while improving the patient's
quality of life (18,19). Antiepileptic medications
are often utilised in therapy. One of the primary
issues in therapy is drug resistance (19). However,
antibiotic resistance reduces the chance of illness
recovery. Alternative therapeutic options, in
addition to medication therapy, are being explored.
Epilepsy surgery is one of these techniques.
Surgery may be an option for controlling focal
seizures altogether. Individuals who do not react to
drugs may have three kinds of surgery: vagus
nerve stimulation, anterior thalamic stimulation,
and stimulation responsive to the closed-loop (18).
Vagus stimulation (20), deep brain
stimulation (21), responsive neurostimulation
(22), and the ketogenic diet (23) are some other
therapy options. However, the medications used to
treat epilepsy are just supportive, and the disease's
healing impact is minimal. Although different
ways have been shown to reduce the incidence of
seizures, these strategies need to be improved. In
at-risk individuals, antiepileptogenic medicines
are used to prevent epilepsy before the first seizure
occurs.-modifying novel medicines are also

nerve

required to manage continued severe seizures
linked with worsening underlying illness (24-27).

4. Novel treatment : dendrimers

Dendrimers are nanosized macromolecules with a
hyper-branched globular shape that are often
employed for drug delivery. Dendrimers, in
contrast to typical polymer nanovehicles, are
monodisperse and have well-defined chemical
structures. Furthermore, the unique structure of
dendrimers allows them to load medicinal
medicines through covalent conjugation or
electrostatic adsorption (28). Dendrimers are the
size of a swarm of biological structures. For

3088 | Page



Ankita Tripathi, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 3, 3086-3098 | Review

example, generation 5 (G5) polyamidoamine
(PAMAM) dendrimers (5.5 nm in diameter) are
about the same size and shape as haemoglobin
(29). Dendrimers are made up of a central core (a
single atom or group of atoms), generations of
repeating building units linked to the core, and
functional groups on the surface. Dendrimers'
physiochemical and biological properties are
therefore  governed by  three
components: core, building blocks, and functional
groups. To produce a dendrimer, two main
synthetic approaches are used: divergent and
convergent. Dendrimers are built from the core to

structural

the shell, generation by generation, in the
divergent method, while compounds are built from
the peripheral to the centre in the convergent
approach.

Surface groups may have positive, negative, or
neutral charges, which is useful in identifying
potential dendrimers as drug delivery carriers (30).
Dendrimers ended with positively charged
functional groups often induce anionic cell
membrane destabilisation and even cell lysis,
resulting in poor biocompatibility, while neutral or
anionic charged dendrimers display reduced
hemolysis (31). To address this problem, surface
functionalization such as PEGylation may affect
zeta-potential, blood retention, and even
distribution in vivo. Gene therapy is a promising
method for many illnesses; nevertheless, it still
faces certain challenges, such as the difficulty of
free gene molecules to penetrate target cells in
vivo (32). To produce stable dendriplexes, the
cationic dendrimers electrostatically attach the
negatively charged polynucleotides. After cellular
absorption, dendriplexes are released through a
"proton sponge" function in endosomes,
promoting gene expression in cells (33,34).
Dendrimers, as gene delivery carriers, may shield
gene molecules from biodegradation, allow
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nucleic acids to enter cells more easily, and keep
gene molecules biologically active.

Fig.2:- Commonly used dendritic macromolecules
in drug delivery: (a) A schematic diagram
revealing the three components of a dendrimer
molecule and chemical structures of (b)
polyamidoamine (PAMAM), (c¢)
polypropyleneimine (PPI), (d) poly-l-lysine (PLL)
dendrimers, and (e) carbosilane dendrimers; (f)
examples of cores of phosphorus (PPH)
dendrimers, (g) glycodendrimers, and (h) Janus
dendrimers. Fig. b-h is reproduced with
permission from References (35-39).

5. Dendrimers and its derivatives
5.1. Dendrimers made from PAMAM

The term  "polyamidoamine  dendrimers"
(PAMAM) is traditionally used to describe
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dendrimers that have (i) a core (the earliest core
was an ethylenediamine core), (ii) branches made
up of amide groups emanating from a branching
point that forms the walls of cavities, and (iii)
amine functional groups on the periphery (Figure
1b). Concurrently, there is a wide range of
PAMAM dendrimers with various surface groups
(40). PAMAM dendrimers, one of the most
thoroughly researched dendrimers, include interior
cavities and peripheral functional groups that may
be changed to encapsulate agents or other cargos
for biomedical purposes. Dendrimers, as
dendrimer creator Donald Tomalia has suggested,
might be used as nano-agents against tumours,
germs, and viruses (41). However, one worry with
the usage of PAMAM, particularly those with
positively charged groups, is their in vitro
cytotoxicity, which is concentration and
generation dependent. PAMAM dendrimers of G5
or lower generation are deemed harmless (42).
Surface modification using PEG was used to
address this limitation. PAMAM has the most uses
in the area of drug delivery, antibacterial, antiviral,
and antioxidant agents for diagnostics, and
medication targeting when compared to other
dendrimers.

5.2. PPI Dendrimers

The earliest known dendrimer commercially
utilised for medication delivery 1s
polypropyleneimine (PPI). It is made up of
diaminobutane and propyleneimine repeat units
(Figure Ic). Because diaminobutane (DAB) is a
component of PPI, DAB-dendrimer is the second
most often used acronym for polypropyleneimine
(40). PPI's amino terminal groups give appropriate
water solubility. PPI dendrimers may thereby
increase the water solubility of hydrophobic
substances entrapped in the PPI's hydrophobic
inner cavities. The positively charged surface of
PPI, on the other hand, often destabilises cell
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membranes and promotes cell lysis. Another issue
is that PPI has a lower drug loading capacity than
PAMAM (43). PPI/drug complexes are less stable
than PPI alone. PEGylation and acetylation of
surface groups have been selected as surface group
modifications. Acetylation is chosen due to its
great effectiveness and penetration. Furthermore,
PEG chain steric hindrance may alter the
interaction of surface functional groups with
medicinal molecules (44).

5.3. PLL Dendrimers

Poly-l-lysine (PLL) dendrimers (also known as
dendri-grafted poly-l-lysine or DGL) are
dendrimers made up of lysine residues (Figure 1d).
These dendrimers have higher biocompatibility,
lower cytotoxicity, easier enzymatic breakdown,
and subsequent excretion of low molecular weight
metabolites (45). Furthermore, the ability to add
stimuli responsiveness when needed by including
certain amino acid sequences of PLL dendrimers
1s highly intriguing (46). Gene delivery has made
considerable use of PLL dendrimers and its
variants. When compared to PLL dendrimers, the
higher generation of PLL demonstrates superior
gene transfection, while the typical linear
poly(lysine) exhibits poorer gene transfection
efficacy and increased cytotoxicity.

5.4. Carbosilane Dendrimers

A variety of carbosilane dendritic macromolecules
with hydrophobic scaffolds and excellent thermal
stability have also been created using extensive
silicon chemistry (47). The use of silicon
chemistry to synthesise dendrimers is prevalent
due to the fact that nucleophilic molecules may
easily access electrophilic silicon (Si+) (48).
Notably, the advantage of carbosilane dendrimers
is connected with the low polarity and high energy
of the C-Si bond, which confers strong
hydrophobicity  (49).

Despite  having a
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hydrophobic structure,  carbosilane
dendrimers may be transformed into hydrophilic
molecules by surface functionalization with polar
moieties. Reactive groups such as Si-H, Si-Cl, Si-

CH=CH2, and Si-CH2CH=CH2 may aid in the

core

introduction of many additional fascinating
inorganic, organic, and organometallic
substituents, leading to an increase in

pharmaceutic applications (40).
5.5. PPH Dendrimers

Phosphorus (PPH) dendrimers, which are
synthesised specifically for drug delivery systems
(DDSs), are also of particular interest in the
cationic dendrimer family. PPH dendrimers, or
dendrimers with phosphorus atoms at each
branching point, have a particular position in the
chemistry because of their comparatively simple
production and the rich chemical variety, which is
due in most instances to the presence of reactive
end groups (aldehydes or P(S)CI2 groups) (37).
Such dendrimers may have a hydrophilic surface
and a hydrophobic backbone, allowing them to
interact with cell membranes and be internalised
(50,51). Recent studies have demonstrated that
PPH dendrimers have enormous promise in
biological applications. Such dendritic materials
have been shown to impact amyloid peptide and
Tau protein aggregation in neurodegenerative
disorders (52). Furthermore, the ability of PPH
dendrimers to transport anticancer siRNAs to
target cells (53) and gene therapy for HIV
infection (54) has been revealed.

5.6. Janus Dendrimers

"Janus" dendrimers, also known as bow-tie
dendrimers, diblock dendrimers, co-dendrimers,
and "surface-block" dendrimers, are a relatively
novel family of amphiphilic dendrimers for
pharmaceutical applications. They are
characterised by two dendrimeric wedges with
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distinct terminal groups. The name "Janus" alludes
to the ancient God of gates and doorways, who is
usually represented with a two-faced head looking
in opposing directions (55). Janus dendrimers'
broken symmetry allows for the formation of
sophisticated self-assembled materials and the
presentation of new sets of characteristics that are
now unthinkable for homogeneous or symmetrical
dendrimers. As a result, Janus dendrimers, whose
characteristics are closely related to the two
separate peripheral surface groups, are very
attractive. Because of their biofunctionality and
thermal characteristics, these Janus dendrimers are
gaining attention in self-assembling and medicinal
applications (56).

5.7. Linear-Dendritic Block Copolymers

With the creation of dendrimers,
amphiphilic block copolymer, linear-dendritic
block copolymers (LDBC), has emerged. They are
made up of linear chains that are covalently
bonded to the dendrimer. The majority of LDBCs
participate in the conversion of hydrophobic
dendrons to hydrophilic linear chains (57). The
amphiphilic copolymers may self-assemble in
aqueous solution to create a stable core-shell
structure with distinct properties from typical
micelles (e.g., reduced critical micelle
concentration (CMC) and longer blood stability)
(58). In terms of architecture, copolymers can be
split into six prime groups: AB diblock linear-

a new

dendritic copolymers which contain the linear A
block and dendritic B block, ABA triblock linear-
dendritic copolymers which employ B as the linear
block and A as the dendritic block, linear-
hyperbranched polymers, side chain functional or
dendronized linear-dendritic copolymers, multi-
arm star copolymers, and linear-dendrimer-grafts
polymers (58).

5.8. Dendrimers of Other Types
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Aside from the aforementioned LDBC
dendrimers, which are members of the hybrid
dendrimer family, a plethora of additional
dendrimers with well-defined nanoscopic size and
an abundance of functional terminal groups are
now accessible. Core shell (tecto) dendrimers (a
polymeric architecture with highly ordered
structure achieved through controlled covalent
attachment of dendrimer building blocks) (59),
peptide dendrimers (60), glycodendrimers (61),
PAMAM-organosilicon (PAMAMOS)
dendrimers  (consists of hydrophilic and
nucleophilic PAMAM interiors and hydrophobic
organosilicon (OS) exteriors) (62), and others are
among these.

6. Recent advancement
6.1. Carbamazepine dendrimers

Carbamazepine (CBZ) 1is an antiepileptic
medication that may potentially be used to treat
neurodegenerative illnesses such as Alzheimer's.
However, owing to its poor solubility,
unfavourable pharmacokinetic profiles, and many
adverse effects, its usage has been restricted.
PAMAM dendrimers, ethylenediamine core,
generation 4.0 (amine terminal groups) and 4.5
(carboxylate terminal groups) (DG4.0 and DG4.5)
polymers may enhance drug solubility through
complexation. As a result, the goal of this study
was to produce and characterise complexes
between CBZ and dendrimers. Both DG4.0 and
DG4.5 facilitated the integration of 20 molecules
of CBZ into their hydrophobic pockets per
dendrimer. The complexes DG4.0-CBZ and
DG4.5-CBZ were shown to be stable for 90 days
at 37 °C and resistant to lyophilization, allowing
for regulated drug release. The nanotoxicity of the
complexes was further examined ex vivo (human
red blood cells), in vitro (N2a cell line), and in vivo
(zebrafish). In the ex vivo model, no hemolytic
impact was seen. In terms of in vitro toxicity, the
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DG4.5-CBZ complexes dramatically decreased
the free drug's toxicity. Furthermore, DG4.5-CBZ
had neither neurotoxicity or cardiotoxicity in
zebrafish larvae. Finally, a stable and
biocompatible drug delivery system capable of
complexing the CBZ based on the DG4.5 has been
designed. This accomplishment illustrates the
benefits of utilising negatively charged dendrimers
in nanomedicine.(63)

6.2. Naloxonazine complex dendrimers

The goal of this work was to see whether the host
dendrimer DAB-Am-16 could be used as a drug
carrier to shorten the time it took for the
encapsulated naloxonaxine to form an irreversible
covalent link with the 1-opioid receptor (resulting
in a pharmacologically selective action). The tail-
flick test was used to assess the efficiency of the
dendrimer-naloxonazine nanocomplex (DNC) in
antinociception generated by convulsions induced
by  intraperitoneal (IP) injection  of
pentylenetetrazole. We discovered that animals'
tail-flick latencies increased after convulsions.
Furthermore, acute DNC pre-treatment (10
minutes), but not naloxonazine alone, reduced
post-ictal analgesia compared to control pre-
treatment. However, whereas naloxonazine
administration 24 hours before PTZ reduced post-
ictal antinociception, DNC failed to counteract
tonic-clonic analgesia.
Furthermore, whether provided 10 minutes or 24
hours before PTZ, naloxonazine, DAB-Am-16
dendrimer, or DNC had no effect on seizure
severity according to Racine's index.(64)

seizure-induced

6.3. Click chemistry-based dendrimers

Neurological illnesses have a high death rate and
place a significant cost on society. Because of the
difficulty to transport effective medications across
the blood-brain  barrier, therapeutics for
neurological ineffective.

illnesses are often
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Previous studies have identified generation 4
hydroxyl-terminating polyamidoamine
(PAMAM) dendrimers as a viable drug delivery
platform due to its excellent functionality,
biocompatibility, = and  adaptability. = The
development of click chemistry and CuAAC
(copper-catalyzed azide-alkyne cycloaddition)
reactions allows for the simple and regulated
conjugation of medicines and biocompatible small
molecules onto dendrimers. CuAAC click
reactions are high-yielding and broad in scope,
producing regiospecific products and only easily
removed byproducts. It has been identified as an
appropriate method for synthesising promising
dendrimer nanomedicine with a high degree of
functionality and customisation for the possible
treatment of neurological illnesses. Building on
this promise, we developed a CuAAC click
reaction-based technique for attaching medicines
of interest to G4 PAMAM-OH dendrimers. We
specifically investigated the use of click chemistry
to synthesise (1) dendrimer-PBA (4-phenylbutyric
acid) conjugate for the potential treatment of ALD
(adrenoleukodystrophy) and (2) dendrimer-VPA
(valproic acid) conjugate for the potential
treatment of epilepsy. The synthesis
characterization of dendrimer-drug conjugates will
be covered in this section.(65)

and

6.4. Dendrimers as bio imaging

Dendrimer science is a newer discipline of
nanotechnology that focuses on non-linear
macromolecules known as dendrimers. These
hyperbranched polymers have monodispersity, a
well-defined structure, and, depending on the kind
of dendrimer, excellent biocompatibility. Because
a dendrimer may encapsulate or surface conjugate
guest molecules, it can be used as a delivery agent
in life sciences. Dendritic polymers have been
widely researched as traditional fluorophore
carriers for bioimaging based on fluorescence. The
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complexation of organic dyes with these
macromolecules increases their solubility and
cellular absorption. Furthermore, it aids in
overcoming other limitations in their use for
photobleaching, such as their lack of specificity or
cytotoxicity. Dendrimer's protective
characteristics are particularly useful for usage
with quantum dots, which have a high optical
potential but include heavy metals that may harm
biological items. Fluorescent probes based on
dendrimers have been extensively used in in vitro
and in vivo bioimaging. Non-traditional intrinsic
fluorescence (NTIF) of dendrimers is an intriguing
phenomena. Some of them exhibit pH and oxygen-
dependent
conjugation with other particles. Although NTIF is
not completely understood, efforts have been
made to use it for bioimaging. This phenomenon
has enormous promise since it allows dendrimers
to function as both a delivery and diagnostic

tool.(64)

fluorescence in the absence of

6.5. Dendrimers fluorescent imaging

The discovery of fluorescent proteins and
synthetic ~ compounds whose fluorescence
characteristics are modulated by the environment
allows for the minimum disturbance of
physiological and pathological processes in
biological systems. There are several tiny organic
dyes available that are commonly employed to
evaluate physiologically relevant characteristics.
Unfortunately, their use is hampered by a variety
of constraints resulting from their employment in
the biological environment. As a result, we offer a
new dendrimer-based design that leads to
multifunctional ~ sensing  components  that
potentially solve several of these issues. There are
reports of use in vitro, in live cells, and in vivo. In
specifically, we image extracellular pH in the brain
for the first time in a mouse epilepsy model. The
authors feel that the suggested design may be a
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helpful and new tool in fluorescence imaging that
can be used in combination with a wide variety of
sensing dyes and experimental settings.(65)

CONCLUSION

Finally, the involvement of dendrimers in anti-
epileptic medicines offers tremendous promise
and possibility for enhancing epilepsy treatment
techniques. Dendrimers, with their distinct
structural traits and customizable qualities,
provide a multimodal approach to improving anti-
epileptic medication administration,
bioavailability, and therapeutic effectiveness.

Dendrimers address medication  solubility,
stability, and targeting concerns by their capacity
to encapsulate, protect, and regulate drug release.
Their adaptable surface functions allow for
particular interactions with biological systems,
allowing for tailored medication administration to
epileptic foci while minimising off-target effects.
Furthermore, dendrimer-based therapeutic
formulations have the potential to reduce concerns
with dosage frequency and adverse responses,
enhancing patient compliance and overall quality

of life.

While the promise of dendrimers in anti-epileptic
medication delivery is obvious, further study is
needed to optimise formulations, understand
pharmacokinetics, and prove long-term safety and
effectiveness. Furthermore, the development of
dendrimer-based epilepsy medicines should entail
multidisciplinary cooperation among
pharmaceutical scientists, chemists, neurologists,
and other relevant professionals.

Dendrimers are anticipated to play an increasingly
important role in revolutionising the landscape of
anti-epileptic medication therapy in the future
years as our knowledge of dendrimer technology
increases and their applications grow. As more
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targeted and efficient drug delivery systems are
developed, the possibility of providing more
personalised and effective therapeutic
interventions for epilepsy patients becomes a
tantalising possibility, offering hope for improved
seizure management and, eventually, improving
their overall quality of life.
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