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Abstract

Aquasomes are an advanced class of smart Nano carriers that have gained considerable attention
in recent years due to their unique capabilities in targeted and controlled drug delivery. These
systems are characterized by a distinctive three-layered architecture comprising an inorganic or
polymeric core, a stabilizing carbohydrate coating, and an outer layer of bioactive molecules.
Unlike conventional drug delivery systems, Aquasomes preserve the structural and functional
integrity of therapeutic agents such as proteins, peptides, enzymes, and nucleic acids, owing to

their sugar-based coating that prevents denaturation.

This review comprehensively discusses the fundamental design principles, fabrication techniques,
and mechanisms of drug loading and release associated with Aquasomes. It further highlights
recent research advancements, potential therapeutic applications across various diseases, and the
advantages of Aquasomes over traditional Nano carriers. Finally, the review addresses current
limitations and explores future prospects in the clinical translation of Aquasomes-based drug

delivery systems.

Keywords : Aquasomes, Nanocarrier, Smart drug delivery, three-layered architecture,

structural and functional integrity, clinical translation
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Introduction

Aquasomes represent an invaluable tool in targeted drug delivery, which is really a Nano-
technological based therapeutic. These Novel Nano-carrier systems are unique because of their

three-layered structure which consists of [1]
Three basic layers [2]
A. Core
B. Carbohydrate coating
C. Drug immobilisation

a) Core (like ceramic core, e.g., calcium phosphate material, polymers substrate, etc.) — phase

stability.
b) A carbohydrate-based coating (like cellobiose, trehalose, oligosaccharides, etc.) — helps protect

sensitive bioactive molecules from dehydration and denaturation.
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Figure no 1: Structure of Aquasomes

c) An outer layer containing the adsorbed therapeutic agents (which can be drugs, proteins,

peptides, antigens, nucleic acids) without major modification to their native structure.
History and Evolution of Aquasomes [3,4]

Aquasomes first explained by nir Kossovsky et al. (1996) werle proposed as novel approaches
for the delivery of antigenic drugs and haemoglobin. Their early experiment introduced

Aquasomes as self-assembling nanostructures featuring a unique surface modification process,
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which enabled the immobilisation of bioactive agents without molecular denaturation (commonly
observed in polymer/lipid-based pharmaceuticals) by self-preserving them from physical and

Chemical degradation, thereby preserving their native structural integrity and biological activity.
Ancient Era[4]
In the ancient era, earlier related concepts in medicine involved nanoscale:
(a) Fine powders (such as Ayurvedic Bhasma)
(b) Unani Kushtas with nanoparticle-like properties

But these were not scientifically proposed as Aquasomes and lacked the structured
design and self-assembly process described by Kossovsky. Thus, Kossovsky’s work represents the

seminal and original proposal of Aquasomes as a smart Nano carrier for targeted drug delivery.
Aquasomes

Aquasomes resemble “bodies of water” due to their water-like carbohydrate coating that

maintains an aqueous environment essential for fragile molecules.

They have demonstrated successful delivery of insulin, haemoglobin, enzymes, viral antigens, and
gene therapy vectors, while also protecting these molecules from degradation by physical or

chemical factors. Their size typically ranges from 60-300 nm, allowing efficient cellular uptake.

[5]
Self-assembly

Self-assembly is a process, either natural or synthetic, in which individual components
such as molecules, nanoparticles, or macromolecules organize into structured, functional
arrangements. This organization occurs without any external direction and results from specific
intermolecular forces, including Hydrogen bonding, Van der Waals forces, electrostatic
interactions, hydrophobic interactions. The process typically leads to thermodynamically stable

configuration.

Self-assembly is fundamental in many biological systems, such as the formation of DNA
double helix and lipid bilayers, and is widely utilized in nanotechnology for building advanced

material and targeted delivery systems.[1,6]
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Principle of Self-assembly[6,7]
The principle of self-assembly govern as three main physicochemical process
a) Interaction between charged groups
b) Hydrogen bonding and dehydration effect

¢) Structural stability
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Figure no 2: Advantage of Aquasomes [2,5,8]
Preparation methods|S,9]

Most common cores are ceramic materials such as calcium phosphate, brushite, diamond,

tin oxide. Cores are usually prepared by techniques such as

a) Co-precipitation — For calcium phosphate, this involves reacting solutions like
disodium hydrogen phosphate and calcium chloride under controlled conditions.

Sonication can be applied during precipitation to enhance nanoscale formation.
b) Sonication — Used to create or further disperse the core particles.

¢) Other methods — Nanocrystalline formation, plasma condensation, or use of

dendrimer (polyamidoamine) assisted method are also reported for core synthesis.
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2. Carbohydrate coating

The dried or suspended core particles are coated with carbohydrates such as lactose, trehalose,

sucrose, or cellobiose.

Coating is typically performed by dispersing the ceramics in aqueous carbohydrate solution
under sonication,then isolating the coated particles by filtration and either freeze-

drying[lyophlization]

Sometimes,irreversible adsorption is encourage thoroughly lypholization or by adjusting

solvent conditions[2,3,10]

Calcium Phosphate Core
{Brushlle) Polyhydroxy Drug
Compound Absorp:uon
Hydroxyapal:t
Coating
Ceram:c diamond
Coat
Drug

Figure no 3: Formulation of Carbohydrate coating
3. Drug loading

The coated cores are exposed to the drug or bioactive molecule solution usually under

gentle agitation at controlled temperature and pH

Drug adsorption occurs onto the carbohydrate-coated core via physical adsorption

followed by futhur filtration and freeze-drying to recover final drug-loaded aquasomes[10,11]
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4.Alternate methods: [12]
a) Dendrimer method

using poly(amidoamine) dendrimers in simulated body fluid for core

formation,particularly helpful for inducing crystal growth with specific size or properties
b) precipitation/ co-precipitation variation

Condition can be modified depending on the core and drug requriments
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Figure no 4: Characterization of Aquasomes[13]

APPLICATION OF AQUASOMES AS NANOCARRIER [14]

1.Delivery of Gene

Gene delivery using Aquasomes as carriers employs a multi-layered nanostructure
designed to protect and efficiently transport genetic material into target cells. Aquasomes consist
of a solid ceramic core, typically made of biocompatible materials like calcium phosphate or

hydroxyapatite, which provides structural stability needed for carriers.[15]
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This core is coated with a layer of hydroxyl oligomers that preserve the gene’s biological
activity and prevent degradation. The gene of interest is adsorbed onto this protective layer, and
an additional carbohydrate coat acts as a natural stabilizing shield, preventing the three-

dimensional structure of the gene from degradation.

Viral membrane proteins or other targeting molecules can be added to the carbohydrate
layer to facilitate specific cellular uptake. This architecture ensures that the gene remains stable,

avoids denaturation, and is released in a controlled manner inside the target cells.

Aquasomes thus offer a promising platform for intracellular gene delivery, enabling
effective delivery of DNA, siRNA, and mRNA for therapeutic purposes with enhanced stability
and targeting capabilities.[6,15]

2.Delivery of Antigen[16]

There are various adjuvants that can be used to improve delivery of antigens and boost

immune responses. Aquasomes have a carbohydrate coating with functional groups.

One key structural step in study involved creating a modified diamond nanoparticle,
which was then used as a core for antigen delivery. In this approach, diamond particles were coated

with cellobiose, serving as a stabilizing layer that stores antigen conformation.

The resulting Aquasomes have large surface areas, making them ideal for carrying and
stabilizing antigens and proteins. Diamonds are chosen due to their high surface energy and
colloidal properties, making them suitable as a core for cellobiose coating and effective binding

with protein substances.
3.Delivery of insulin

Aquasomes have significantly advanced insulin delivery by providing a novel, three-
layered nanocarrier system that preserves the functional and structural integrity of delicate
proteins like insulin. These carriers are composed of a solid ceramic core, usually calcium
phosphate or hydroxyapatite, which is coated with carbohydrates such as trehalose, cellobiose,
or pyridoxal-5-phosphate. The carbohydrate layer not only stabilizes insulin during adsorption
but also acts as a dehydroprotectant, preventing denaturation and enzymatic degradation. In

experimental studies using albino rats,[17] insulin loaded on aquasomes demonstrated a more
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prolonged and controlled release than conventional carriers, resulting in a sustained reduction in
blood glucose levels, especially in formulations coated with pyridoxal-5-phosphate.
Furthermore, aquasomes are capable of adsorbing insulin molecules without affecting their
three-dimensional conformation, representing a major advantage for therapeutic protein
delivery. This unique approach to insulin administration holds promise for better patient
outcomes due to the stability, bioactivity, and controlled release properties offered by aquasome

technology[19,20]

4.Delivery of vaccine

Aquasomes represent an advanced approach in nanomedicine, designed to mimic
human biological systems for safer, more efficient vaccine and therapeutic delivery. These self-
assembled nanostructures feature a solid ceramic core coated with a carbohydrate layer, enabling
the adsorption and protection of bioactive molecules without altering their three-dimensional
conformation—an essential characteristic for effective immune responses. Humanized
aquasomes can be tailored with biorecognition molecules such as human antibodies or membrane
proteins, thereby enhancing their compatibility and functional performance when administered

to humans.

Key benefits of aquasomes for vaccine delivery include sustained and controlled antigen
release, strong elicitation of both cellular and humoral immunity, and improved stability of
sensitive biomolecules in physiological conditions. Their non-covalent binding mechanism
preserves the activity and integrity of the loaded vaccines, reduces degradation, and allows for
targeted intracellular delivery. These features make humanized aquasomes highly promising for
future applications in personalized medicine, gene therapy, and biologics, though ongoing

research continues to ensure their safety, efficacy, and scalability for human use.[8,21]
Aquasomes in targeted drug delivery

Targeted drug delivery is a modern approach that improves treatment by directing
medicines specifically to the exact site where they need to work. Aquasomes, because of their
unique structure and surface properties, are emerging as highly promising carriers for this

purpose[22]. Their ability to recognize and bind to particular cells or tissues makes them ideal
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for precise and efficient drug delivery. This not only reduces unwanted side effects but also

ensures better therapeutic results, opening new possibilities for personalized medicine[23]

Principles

The principle involed in the targeted drug delivery using aquasomes deprnds mainly on two

Processes

a)

b)

a) Surface modification

b) Enhanced permeation and retention effect

Surface modification

Aquasomes can be engineered by attaching targeting molecules, such as
recognize and bind to specific receptors or antigens present on the surface of target cells or
tissues. By incorporating such ligands, aquasomes gain the ability to selectively interact
with the intended cells. This selective targeting improves drug uptake and ensures that the

drug accumulates efficiently at the desired site.[24]

Enhanced permeation and retention time

Aquasomes can make use of the Enhanced Permeation and Retention (EPR)
effect, which is usually seen in tumor tissues and inflamed areas. Because these
pathological sites have leaky blood vessels, aquasomes can easily pass through and build

up there due to their small size. This results in longer retention at the target site.[25]
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Challenge of Aquasomes

e Aquasomes have a lot of problems, such as complicated and time-consuming synthesis
processes, being sensitive to environmental factors like temperature and pH that can cause
drug leakage and instability, not being able to hold enough drug if the concentration isn’t
controlled, releasing poorly soluble drugs too quickly, which can be toxic, and having
problems with leaching and aggregation during long-term storage.

e Also, making them can be costly, and their ability to deliver drugs to target sites isn’t
always great. To move Aquasomes forward as effective smart Nano carriers for targeted

drug delivery, these problems must be solved.[26]

Evolving Applications and Emerging Trends[27]

Aquasomes are innovative tri-layered nanoparticles—featuring a ceramic or polymeric core, a
carbohydrate coating, and an outer drug layer—that preserve biomolecular integrity and enable
controlled release. Recent studies demonstrate that Aquasomes are playing increasingly versatile

roles in pharmaceutical delivery systems.
1. Dual and Multi-Drug Delivery Systems

A 2024 study showcased Aquasomes co-loaded with bovine serum albumin (BSA) and
hydrophobic drugs (like coumarin-153, warfarin, ibuprofen), enabling simultaneous release of

both bioactive proteins and small-molecule drugs.
2. Topical and Antibiotic Delivery Enhancements

Aquasomes loaded with the antibiotic cefprozil monohydrate demonstrated impressive

characteristics—including high drug loading (99.08%) and sustained release (56% in 8 hours, near
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complete release after 12 hours)—suggesting strong potential for treating skin and soft tissue

infections.
3. Dermatological and Psoriasis Applications

Recent research focuses on frameworks such as curcumin-loaded Aquasomes optimized through
quality-by-design for enhanced stability and skin delivery, including topical treatments for

psoriasis.
4. Precision Synthesis & Surface Engineering

Current investigations emphasize precise control over aquasome synthesis—optimizing particle
size, drug loading, and release kinetics—and exploring surface modifications to enable targeted

delivery toward specific tissues or biomarker-expressing cells.
5. Broader Therapeutic Potential

Comprehensive reviews highlight that aquasomes are versatile platforms applicable for shielding
and delivering peptides, proteins, nucleic acids, and hydrophobic drugs, with advantages like

enhanced stability, improved bioavailability, and targeted release.
6. Theranostic and Novel Disease-Focused Uses

Aquasomes have been evaluated for roles in conditions such as ovarian cancer, hemophilia A, and
hepatitis, serving as theranostic (therapy + diagnostic) agents that offer structural stability,

protection of fragile molecules, and deeper capillary penetration.

Marketed product in aquasomes in different dosage form[28]

Dosage Form Example Primary Use Bioavailability / Half-life
Drug/Agent

Injectable Insulin aquasomes | Diabetes mellitus | Sustained hypoglycemic effect;

(Parenteral) (hydroxyapatite prolonged activity vs. free insulin
core) (exact BA/half-life not reported)
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Topical / Dermal | Curcumin aquasomes | Anti- Enhanced dermal permeation
inflammatory, and stability; no systemic PK
antioxidant

Oral / Buccal Oral insulin | Diabetes mellitu Improved  protection from

aquasomes enzymatic degradation; BA <5%

in rats; extended effect
Hydroxyapatite-based oral
insulin studies (2000s)

Marketed products in aquasomes approved by FDA|[29]

Trade Name | Marketed name Manufacturer reference
Herceptin Herceptin Genetech,Amgen | 30
Hylecta,Herzuma,Kanjinti,ontruzant

Luveris Luveris, Pergoveris MerckEurope 30
B.V, EMD Serono

Thyrogen Thyrogen Genzyme 30

Ovidrel Ovitrelle, Pregnyl Mereck, EMD | 30
Serono

Cerezyme Cerezyme Genzyme, Sanofi | 30

Activase Activase,Cathflo,Cathflo Activase Boehringer 30
Ingelheim

Myozyme Lumizyme, Myozyme Genzyme, Sanofi | 30

Novoseven Niastase RT, Novoseven sevenfact Novo Nordisk 30

Raptiva Raptiva Serono  Europe | 30
limited

Epogen/ Epoetin Alfa Hexal, Eporatio,Eprex | Amgen, Johnson | 30

procrit and Johnson

PAGE NO : 98



International Journal Of Educational Research 132 (2025)

Future prospectives of aquasomes

Looking ahead to the future of healthcare, aquasomes shine as a beacon of hope, promising to
transform drug delivery systems in remarkable ways. These self-assembled, tiny structures offer a
sophisticated platform to efficiently deliver a wide range of drug molecules. At the core of
aquasomes is their unique ability to encapsulate various compounds like viral antigens and insulin
within a protective carbohydrate coating. This not only preserves the delicate structure of these
molecules but also boosts their biological effectiveness, paving the way for more successful

treatments.

What makes aquasomes even more exciting is their potential when combined with biosensors. This
combination moves beyond simple drug delivery, turning aquasomes into powerful diagnostic
tools. They can help examine soft tissues in diseases such as cancer, enabling earlier detection and

more personalized treatment plans.

In the context of the ongoing COVID-19 pandemic, aquasomes offer promising possibilities. Their
capability to slowly release antigens inside the body could be key to fighting the virus by
encouraging a steady production of specific antibodies, thereby strengthening immunity.
Additionally, aquasomes natural ability to transport oxygen is particularly beneficial for patients
suffering from respiratory distress, a common symptom in severe COVID-19 cases. By
maintaining essential oxygen levels, they could help ease breathing difficulties and lessen the

severity of the illness.

Looking forward, the potential of aquasomes seems limitless. From targeted drug delivery and
advanced diagnostics to addressing global health challenges, their versatility and effectiveness
hold the promise to fundamentally change modern medicine. As researchers continue to unlock
their capabilities, aquasomes stand ready to lead us into a new era where healthcare is more precise,

effective, and personalized.
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Conclusion

Aquasomes are an exciting and innovative type of tiny drug carrier designed to deliver medicines
exactly where they are needed in the body. Their special three-layer structure helps protect delicate
and fragile drugs like proteins and genes, keeping them stable and effective until they reach their
target. Because of their small size and protective coating, aquasomes can release drugs slowly and
accurately, minimizing side effects and improving treatment results. They offer hope for better
therapies by safely carrying a wide range of important medicines in ways that traditional carriers
can’t match. As research continues, aquasomes look set to become an important tool for delivering

advanced treatments more efficiently and gently in the future.

This version uses simple language, speaks directly about benefits, and emphasizes hope and
progress to engage readers. It sounds natural and less technical while keeping the essential points

clear.
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