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ABSTRACT 

The use of nanotechnology in drug delivery is spreading rapidly. The nanocarriers have been used for the 

enhanced delivery of a range of drugs. Nanoparticles (NPs) are tiny materials having size ranges from 1 to 

100 nm. They can be classified into different classes based on their properties, shapes or sizes. The different 

groups include fullerenes, metal NPs, ceramic NPs, and polymeric NPs. NPs possess unique physical and 

chemical properties due to their high surface area and nanoscale size. This review is provided a detailed 

overview of the NPs with distinct nature or ceramic nanoparticles called as “aquasomes” for the delivery of 

drug and its advantages, properties, objectives, method of preparation, characterization, application and fate 

inside the body. 
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INTRODUCTION:  

Nanotechnology is a known field of research since 

last century. Since “nanotechnology” was 

presented by Nobel laureate Richard P. Feynman 

during his well famous 1959 lecture “There’s 

Plenty of Room at the Bottom
1
”, there have been 

made various revolutionary developments in the 

field of nanotechnology. Nanotechnology 

produced materials of various types at nanoscale 

level. Nanoparticles are wide class of materials 

that include particulate substances, which have 

one dimension less than 100 nm at least
2
. 

Depending on the overall shape these materials 

can be 0D, 1D, 2D or 3D
3
. The importance of 

these materials realized when researchers found 

that size can influence the physiochemical 

properties of a substance. NPs are not simple 

molecules itself and therefore composed of three 

layers i.e. (a) The surface layer, which may be 

functionalized with a variety of small 

molecules, metal ions, surfactants and polymers. 

(b) The shell layer, which is chemically different 

material from the core in all aspects, and (c) The 

core, which is essentially the central portion of the 

NPs and usually refers the NPs itself
4
. Owing to 

such exceptional characteristics, these materials 

got immense interest of researchers in 

multidisciplinary fields
5
. 

Some of the challenges faced by pharmaceutical 

field in most of drug delivery systems include poor 

bioavailability, in vivo stability, solubility, 

https://www.sciencedirect.com/science/article/pii/S1878535217300990
https://www.sciencedirect.com/topics/chemistry/fullerene
https://www.sciencedirect.com/science/article/pii/S1878535217300990
https://www.sciencedirect.com/topics/chemistry/nanoparticle
https://www.sciencedirect.com/topics/chemistry/metal-ion
https://www.sciencedirect.com/topics/chemistry/surfactant
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intestinal absorption, sustained and targeted 

delivery to site of action, therapeutic effectiveness, 

side effects, and plasma fluctuations outside 

therapeutic window
6-8

. Nanoscale particles can 

travel through the blood stream without 

sedimentation or blockage of the 

microvasculature. Small nanoparticles can 

circulate in the body and penetrate tissues such as 

tumors. Nanoparticles have already been used to 

deliver drugs to target sites for cancer therapeutics 
9
 and deliver imaging agents for cancer 

diagnostics 
10

. In addition, nanoparticles can be 

taken up by the cells through natural means such 

as endocytosis. The reason why these NPs are 

attractive for medical purposes is based on their 

important and unique features, such as their 

surface to mass ratio that is much larger than that 

of other particles, their quantum properties and 

their ability to adsorb and carry other compounds. 

NPs have a relatively large (functional) surface 

which is able to bind, adsorb and carry other 

compounds such as drugs, probes and proteins. 

Due to the size of nanostructures, they are able to 

penetrate into tissues and are taken up by cells, 

allowing efficient delivery of drugs to sites of 

action. The uptake of nanostructures was found to 

be 15-250 times greater than that of microparticles 

in the 1-10μm range 
11

. It provides drug delivery 

carriers, as well as treatment and management of 

chronic diseases which include cancer, 

HIV/AIDS
12, 13

. Various methods employed for 

the preparation of NPs use polymers and 

encounter difficulties such as the compatibility of 

solvents and other constituents and the polymers 

and co-polymers with the active principle and 

biological fluids and factors of the collection 

system
14

. Kossovsky proposed a system to prepare 

nanoparticles transporting the so-called 

aquasomes, whose particle size (lower than 1000 

nm), is appropriate to parenteral administration 

because it prevents the obstruction into the 

bloodstream capillaries 
15, 16

. 

NPs are versatile nanocarriers as these can be 

fabricated from the polymer or ceramics. 

Polymeric nanoparticles can be made from 

biologicals such as albumin/gelatin or from 

organics such as acrylates. Likewise ceramic NPs 

can be fabricated from crystalline carbon and 

calcium phosphate core. Ceramic NPs are ceramic 

based, spherical, nano-size carriers that consist of 

a hydroxyapatite core whose surface is non-

covalently modified by oligosaccharide on which 

bioactive material/ drug are further adsorbed. 

These carbohydrate stabilized ceramic NPs are 

also known as ‘’aquasomes.” The particle size of 

aquasomes is lower than 1000 nm which is 

suitable for parentral administration
17

.Some 

researchers have extended the research about the 

route of administration for aquasomes from 

parentral to oral
18

. Aquasomes are like “bodies of 

water" and their water like properties protect and 

preserve fragile biological molecules, and this 

property of maintaining conformational integrity 

as well as high degree of surface exposure is 

exploited in targeting of bioactive molecules like 

peptide and protein hormones, enzymes, antigens 

and genes to specific sites. These three layered 

structures are self-assembled by non covalent and 

ionic bonds. These carbohydrate stabilize 

nanoparticles of ceramic are known as 

“aquasomes”. The pharmacologically active 

molecule incorporated by co-polymerization, 

diffusion or adsorption to carbohydrate surface of 

pre formed NPs. Aquasomes discovery comprises 

a principle from microbiology, food chemistry, 

biophysics and many discoveries including solid 

phase synthesis, supramolecular chemistry, 

molecular shape change and self assembly 
19, 20

.  

ADVANTAGES 

1. These systems act like a reservoirs to 

release the molecules either in a 

continuous or a pulsatile manner, avoiding 

a multiple-injection schedule.  

2. These nanoparticles offer favorable 

environment for proteins thereby avoiding 

their denaturalization. This property is due 

to the presence of inorganic cores, which 

are coated with polyhydroxyl compounds 

and these are responsible for their 

hydrophilic behavior. 

3. Aquasomes increases the therapeutic 

efficacy of pharmaceutically active agents 
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and protects the drug from phagocytosis 

and degradation.  

4. Multilayered aquasomes conjugated with 

biorecognition molecules such as 

antibodies, nucleic acid, peptides which 

are known as biological labels can be used 

for various imaging tests.  

5. Enzyme activity and sensitivity toward 

molecular conformation made aquasome 

as a novel carrier for enzymes such as 

DNAses and pigment/dyes.  
6. Aquasomes-based vaccines offer many 

advantages as a vaccine delivery system. 

Both cellular and humoral immune 

responses can be elicited to antigens 

adsorbed onto the surface of aquasomes 
21, 

22, 23. 

PROPERTIES OF AQUASOMES 

1. Aquasomes with water like properties 

provides a platform for preserving the 

conformational integrity of bioactive 

substances. 

2. These systems deliver their contents 

through a combination of specific 

targeting, molecular shielding and slow 

sustained release. 

3. Calcium phosphate is biodegradable in 

nature and its degradation can be achieved 

by monocytes and osteoclasts. 

4. These carriers also protect the 

drug/antigen/protein from harsh pH 

conditions and enzymatic degradation, 

thus requiring lower doses. 

5. The structure stability of aquasomes and 

their size avoids its clearance by 

reticuloendothelial system or degradation 

by other environmental challenges. 

6. Mechanism of aquasomes is controlled by 

their surface chemistry and delivers their 

contents through the combination of 

specific targeting, molecular shielding, 

slow and sustained release process
23

.  

OBJECTIVES OF PREPARING 

AQUASOMES 

The main objective of preparing aquasomes is to 

protect bio-actives. Various other carrier system 

are there like prodrugs and liposomes but they 

have disadvantage that they are prone to undergo 

destructive interactions between drug and carrier, 

so in that condition in aquasomes can be termed as 

a important carrier. In aquasomes carbohydrate 

coating prevents destructive denaturing interaction 

between drug and solid carriers. Aquasomes 

maintains molecular confirmation and optimum 

pharmacological activity. An active molecule 

possess qualities like unique three-dimensional 

conformation, a freedom of internal molecular 

rearrangement which is induced by molecular 

interactions, freedom of bulk movement but 

protein undergo irreversible denaturation when 

desiccated, even unstable in aqueous state. In the 

aqueous state pH, temperature, solvents, salts 

cause denaturation thus bio-activity face many 

biophysical constrain and hurdles. In such case, 

aquasomes with natural stabilizers like various 

polyhydroxy sugars act as dehydroprotectant 

aiding in maintaining water like state thereby 

preserves molecules in dry solid state 
24, 25, 27 

 

 

Figure 1 Objectives
26     

Figure 2 Aquasome
20

 

COMPOSITION OF AQUASOMES
27-30

  Core material 
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Ceramic and polymers are most widely 

used core materials. Polymers such as 

albumin, gelatin or acrylate are used. 

Ceramic such as diamond particles, 

brushite (calcium phosphate) and tin 

oxide are used. 

Coating material 

Coating materials commonly used are cellobiose, 

pyridoxal 5 phosphate, sucrose, trehalose, 

chitosan, citrate etc. Carbohydrate plays important 

role act as natural stabilizer, its stabilization 

efficiency has been reported. Beginning with 

preformed carbon ceramic nanoparticle and self 

assembled calcium phosphate dihydrate particles 

(colloidal precipitation) to which glassy 

carbohydrate are then allowed to adsorb as a 

nanometer thick surface coating a molecular 

carrier is formed. 

Bioactive 

They have the property of interacting with film 

via non covalent and ionic interactions. 

MATERIAL USED AND ITS 

IMPORTANCE
31-34

  

Polymers and ceramic can be used for preparation 

of nanoparticles core. Albumin, gelatin or 

acrylates are polymers used and diamond 

particles, brushite, and tin oxide core are ceramics 

used in preparation of aquasomes Ceramic 

materials are mostly used because ceramics are 

structurally the most regular materials known for 

core, being crystalline high degree of order 

ensures. 

Bulk properties of ceramic will be preserved 

because any surface modification will have only 

limited effect on nature of atoms below surface 

layer. The surface will exhibit high level of 

surface energy that will favor the binding of 

polyhydroxy oligomer surface film. Within a very 

less time the freshly prepared particles possess 

good property of adsorbing molecules. Second 

step followed by coating of carbohydrate 

epitaxially over nanocrystalline ceramic core. The 

commonly used coating materials are cellobiose, 

pyridoxal-5-phosphate, sucrose and trehalose, 

presence of carbohydrate film prevents soft drug 

from changing shape and being damage when 

surface bound. Thirdly bioactives molecules 

adsorbed which possess property of interacting 

with film via non-covalent and ionic 

interactions
27

. 

METHOD OF PREPARATION OF 

AQUASOMES 

The method of preparation of aquasomes involves 

three steps by using principle of self assembly
37-40

. 

1. Preparation of the core: The first step is the 

preparation of the ceramic core. The 

method of preparation of ceramic core 

depends on the selection of the materials 

for core. These ceramic cores can be 

prepared by colloidal precipitation and 

sonication, inverted magnetron sputtering, 

plasma condensation and other processes. 

Ceramic materials were widely used 

because ceramics are structurally the most 

regular materials known for the core. The 

high degree of order in ceramics occurs 

being crystalline ensures that any surface 

modification will have only a limited 

effect on the nature of the atoms below the 

surface layer and thatswhy the bulk 

properties of the ceramic will be 

preserved. The high degree of order also 

ensures that the surfaces will exhibit high 

level of surface energy that will favor the 

binding of polyhydroxy oligomeric surface 

film. The precipitated cores are centrifuged 

and then washed with distilled water to 

remove sodium chloride formed in the 

reaction. The precipitates are resuspended 

in distilled water and filtered through a 

fine membrane, than collect the particles 

of desired size. Calcium phosphate and 

diamond are the two most commonly used 

ceramic cores. The equation for the 

reaction is as follows;  

2 Na2HPO4 + 3 CaCl2 + H2O → Ca3 

(PO4)2 + 4 NaCl + 2 H2 + Cl2(O) 

2. Coatings of the Core: In second step on the 

surface of ceramic core is coated by 

carbohydrate. There are number of 

methods to enable the carbohydrate 
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(polyhydroxy oligomers) coating to adsorb 

epitaxially on to the surface of the nano-

crystalline ceramic cores. The processes 

generally entail the addition of 

polyhydroxy oligomer to a dispersion of 

meticulously cleaned ceramics in ultra 

pure water, sonication and then 

lyophilization to promote the largely 

irreversible carbohydrate adsorption on 

ceramic surface. Excess and readily 

desorbing carbohydrate is removed by stir 

cell ultra-filtration. The coating materials 

are generally preferred are cellobiose, 

citrate, pyridoxal-5-phosphate, sucrose and 

trehalose.  

3. Loading of drug: The surface modified 

nano-crystalline cores provide the solid 

phase for the subsequent non-denaturing 

self assembly for broad range of drugs. 

The drug can be loaded by partial 

adsorption electron microscopy. Scanning 

electron microscopy were used for 

morphological characterization and the 

size distribution study. 

CHARACTERIZATION OF AQUASOMES
42-

44
 

Aquasomes are characterized for their structural, 

morphological properties, particle size 

distribution, and drug loading capacity. 

Characterization of ceramic core 

Size distribution 

Scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM) are 

generally used for morphological characterization 

and size distribution analysis,. Core, coated core, 

as well as drug-loaded aquasomes are analyzed by 

above techniques. Mean particle size and zeta 

potential are determined by using photon 

correlation spectroscopy. 

Structural analysis 

For structural analysis FT-IR method can be used. 

Using the KBr sample disk method, the core as 

well as the coated core can be analyzed by 

recording their Infrared spectra in the wave 

number range 4000–400 cm–1; the characteristic 

peaks observed are then matched with standard 

peaks. Identification of sugar and drug loaded 

over the ceramic core can also be confirmed by 

FT-IR spectrum analysis of the sample. 

Crystallinity 

The prepared ceramic core can be analyzed for its 

crystalline or amorphous behavior using X-ray 

diffractometry. In this technique, the X-ray 

diffraction pattern of the sample is compared with 

the standard diffractogram than interpretations are 

made. 

Characterization of coated core 

Carbohydrate coating 

Sugar coating over the ceramic core can be 

confirmed by concanavalin A–induced 

aggregation method (determines the amount of 

sugar coated over core) or by anthrone method 

(determines the residual sugar unbound or residual 

sugar remaining after coating). Furthermore, the 

adsorption of sugar over the core can also be 

determined by measurement of zeta potential. 

Glass transition temperature 

Differential Scanning Calorimeter can be used to 

analyze the effect of carbohydrate on the drug 

loaded to aquasomes. Differential Scanning 

Calorimeter studies have been used to study glass 

transition temperature of carbohydrates and 

proteins. The transition from glass to rubber state 

can be measured using a Differential Scanning 

Calorimeter analyzer as a change in temperature 

upon melting of glass. 

Characterization of drug-loaded aquasomes 

Drug payload 

The drug loading can be evaluated by incubating 

the basic aquasome formulation (i.e., without 

drug) in a known concentration of the drug 

solution for 24 hours at 4°C. The supernatant is 

then separated by centrifugation for 1 hour at low 

temperature in a refrigerated centrifuge at high 

speed. The drug remaining in the supernatant 

liquid after loading can be estimated by any 

suitable method of analysis. 

In vitro drug release studies 

The in vitro release kinetics of the loaded drug is 

determined to study the release pattern of drug 

from the aquasomes. In this known quantity of 

drug-loaded aquasomes can be incubated with in a 
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buffer of suitable pH at 37°C with continuous 

stirring. Samples can be withdrawn periodically 

and centrifuged at high speed for certain lengths 

of time. Equal volumes of medium must be 

replaced after each withdrawal. The supernatants 

are then analyzed for the amount of drug released 

using suitable method. 

In-process stability studies 

SDS-PAGE (sodium dodecyl sulphate 

polyacrylamide gel electrophoresis) can be used to 

determine the stability and integrity of protein 

during the formulation of the aquasomes
20

. 

Applications of aquasomes 

1. Aquasome for the delivery of viral antigen. 

2. Aquasome as red blood substitutes. 

3. Aquasomes for conformationally specific 

delivery eg insulin 

4. Aquasome for oral delivery of acid labile 

drugs eg sarratiopeptidase. 

5. Aquasome for delivery of enzymes rg 

DNAase 

6. Aquasome as oxygen carrier. 

7. Aquasome useful in delivery of dyes and 

pigments 

Fate of Aquasomes 

1. Since aquasomes are biodegradable 

nanoparticles, so that they will be more 

concentrated in liver and muscles. Since 

the drug is adsorbed on to the surface of 

the system without further surface 

modification as in case of insulin and 

antigen delivery, they may not find any 

difficulty in receptor recognition on the 

active site so that the pharmacological or 

biological activity can be achieved 

immediately, in normal system, the 

calcium phosphate is a biodegradable 

ceramic  

2. Biodegradation of ceramic in vivo is 

achieved essentially by monocytes and 

multicellular cells called osteoclasts 

because they intervene first at the 

biomaterial implantation site during 

inflammatory reaction. Two types of 

phagocytosis were reported. when cells 

come in contact with biomaterial; either 

calcium phosphate crystals were taken up 

alone and then dissolved in cytoplasm after 

disappearance of the phagosome 

membrane or dissolution after formation of 

heterophagosomes. Phagocytosis of 

calcium phosphate coincided with 

autophagy and the accumulation of 

residual bodies in the cell.  

3. Monocytic activities can be modulated by 

many soluble factors and are increased by 

IFN-g (interferon gamma) or 1, 25 

dihydroxy cholecalciferol. Other cytokines 

can also contribute to inflammatory 

mechanism and may be involved in the 

biodegradation process
35

. 

CONCLUSION  

Aquasomes have given a new hope for the 

pharmaceutical Scientists to deliver 

pharmacologically activecompounds. Within the 

large pool of peptide/ harmone drugs are a 

considerable number of candidates with the 

potential for delivery via these carriers.  
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