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 The advent of non-live vaccines such as whole organism killed vaccines and subunit vaccines 
have opened a new avenue for the need of efficient adjuvant systems as the
eliciting sufficient protective and long lasting immune response (1). As per the description of Cox 
and Coulter (2), there are five modes of action of adjuvants namely immuno
presentation, cytotoxic T-lymphocytes inducti

The immuno-modulation includes the regulation of cytokine network for better stimulation of 
immune system. The antigen presentation indicates the presentation of antigen to immune cells 
such as antigen presenting cells in the native immunogenic conformation. Activation of cytotoxic 
T-lymphocytes is required for intracellular pathogens such as
protozoal pathogens, viruses etc. The antigen targeting indicates the capability of adjuvants to
deliver to antigen presenting cells. The depot generation refers to storage of antigens near the site 
of injection, and slow and continuous release of antigen into the systemic circulation leading to 
long term maintenance of immune response. Different adj
mentioned mechanisms of action. In the recent years, the nanoparticle based vaccine adjuvant 
systems have gained centrestage (3). It is assumed that most of the nanoparticle based vaccine 
adjuvant systems utilizes the mechanism of efficient depot formation and improved antigen 
targeting (4). 

Methods of preparation of nanoparticles

The method of preparation of nanoparticles varies with the chemistry of compounds. However, 
they can be broadly classified as bottom
involves breakdown of bigger particles into smaller size particles such as exposure of high energy 
radiation (e.g. ultrasonic waves) (Fig. 1). On the other hand, the bottom
aggregation of molecules from the individual molecular stage up to the stage when the particle 
size reaches up to 50 to 100 nm (Fig. 2)

The methods of synthesis of nanoparticles can be broadly classified into three categories,
physical, chemical and biological method
electron beam lithography, ion implantation, vapour phase synthesis and spray pyrolysis. The 
chemical method includes co-precipitation method, chemical reduction of metal salts, micro
emulsion method, pyrolysis, phytochemical method, sono
solvo-thermal method and phytochemical method. The biological methods include the use of 
micro-organisms, plant extracts, or the industrial wastes for synthesis of nanoparticles (6). The
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live vaccines such as whole organism killed vaccines and subunit vaccines 
have opened a new avenue for the need of efficient adjuvant systems as the former is incapable of 
eliciting sufficient protective and long lasting immune response (1). As per the description of Cox 
and Coulter (2), there are five modes of action of adjuvants namely immuno

lymphocytes induction, antigen targeting and depot generation

modulation includes the regulation of cytokine network for better stimulation of 
immune system. The antigen presentation indicates the presentation of antigen to immune cells 

cells in the native immunogenic conformation. Activation of cytotoxic 
lymphocytes is required for intracellular pathogens such as Salmonella

protozoal pathogens, viruses etc. The antigen targeting indicates the capability of adjuvants to
deliver to antigen presenting cells. The depot generation refers to storage of antigens near the site 
of injection, and slow and continuous release of antigen into the systemic circulation leading to 
long term maintenance of immune response. Different adjuvants follow one or more of the above 
mentioned mechanisms of action. In the recent years, the nanoparticle based vaccine adjuvant 
systems have gained centrestage (3). It is assumed that most of the nanoparticle based vaccine 

mechanism of efficient depot formation and improved antigen 

Methods of preparation of nanoparticles: 

The method of preparation of nanoparticles varies with the chemistry of compounds. However, 
they can be broadly classified as bottom-up and top-down methods (5). The top
involves breakdown of bigger particles into smaller size particles such as exposure of high energy 
radiation (e.g. ultrasonic waves) (Fig. 1). On the other hand, the bottom-up method involves the 

lecules from the individual molecular stage up to the stage when the particle 
size reaches up to 50 to 100 nm (Fig. 2). 

The methods of synthesis of nanoparticles can be broadly classified into three categories,
physical, chemical and biological methods. The physical method includes Arc discharge method, 
electron beam lithography, ion implantation, vapour phase synthesis and spray pyrolysis. The 

precipitation method, chemical reduction of metal salts, micro
yrolysis, phytochemical method, sono-chemical method, sol

thermal method and phytochemical method. The biological methods include the use of 
organisms, plant extracts, or the industrial wastes for synthesis of nanoparticles (6). The
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live vaccines such as whole organism killed vaccines and subunit vaccines 
former is incapable of 

eliciting sufficient protective and long lasting immune response (1). As per the description of Cox 
and Coulter (2), there are five modes of action of adjuvants namely immuno-modulation, 

on, antigen targeting and depot generation. 

modulation includes the regulation of cytokine network for better stimulation of 
immune system. The antigen presentation indicates the presentation of antigen to immune cells 

cells in the native immunogenic conformation. Activation of cytotoxic 
Salmonella, Mycobacterium, 

protozoal pathogens, viruses etc. The antigen targeting indicates the capability of adjuvants to 
deliver to antigen presenting cells. The depot generation refers to storage of antigens near the site 
of injection, and slow and continuous release of antigen into the systemic circulation leading to 

uvants follow one or more of the above 
mentioned mechanisms of action. In the recent years, the nanoparticle based vaccine adjuvant 
systems have gained centrestage (3). It is assumed that most of the nanoparticle based vaccine 

mechanism of efficient depot formation and improved antigen 

The method of preparation of nanoparticles varies with the chemistry of compounds. However, 
down methods (5). The top-down method 

involves breakdown of bigger particles into smaller size particles such as exposure of high energy 
up method involves the 

lecules from the individual molecular stage up to the stage when the particle 

The methods of synthesis of nanoparticles can be broadly classified into three categories, viz. 
s. The physical method includes Arc discharge method, 

electron beam lithography, ion implantation, vapour phase synthesis and spray pyrolysis. The 
precipitation method, chemical reduction of metal salts, micro-

chemical method, sol-gel method, 
thermal method and phytochemical method. The biological methods include the use of 
organisms, plant extracts, or the industrial wastes for synthesis of nanoparticles (6). The 
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factors that influence the nanoparticle formation includes pH, temperature, type of buffer used, 
concentration of molecules, and time and speed of stirring (6,7). The nanoparticle synthesis 
requires standardization in each laboratory set up using design of experiments (DOE) such as full 
factorial design, Taguchi design of experiments or response surface methodology (RSM) that 
involves different levels of above mentioned factors. The DOEs based on Taguchi’s method (8–
11) and RSM (12–15) are commonly used for process optimization as these are less time-
consuming and economical. The bottom up method appears to be more convenient for biological 
purposes as these are biomolecule friendly. On the other hand, the use of ultrasonic waves may 
lead to degradation of loaded biomolecules on the nanoparticles. The nanoparticles are quite 
unstable given to their higher surface to volume ratio and consequently possessing higher surface 
energy. As per the second law of thermodynamics, the molecules that possess higher energy are 
unstable (16) because of which the particles tend to aggregate leading to formation of bigger 
particles. The nanoparticle aggregation can be prevented by incorporation of surfactants that 
stabilizes the nanoparticle and prevent their aggregation (17–19) such as c-TAB, citric acid, poly-
venyl alcohol etc. 

Classification of nanoparticle based adjuvants: 

The nanoparticle adjuvants are classified as inorganic nanoparticles, polymeric nanoparticles, 
liposomes and virus like particles (4). The inorganic nanoparticles commonly used are calcium 
phosphate nanoparticles (20–22), aluminium hydroxide nanoparticles (23), silica nanoparticles 
(24), gold nanoparticles (25), etc. The inorganic nanoparticles are comparatively easy to prepare. 
They protect the vaccine antigen from degradation and efficient delivery to antigen presenting 
cells. The important hitch in the use of inorganic nanoparticles includes the possibility of toxicity. 
The calcium phosphate nanoparticles are reported to interfere with cell cycle of cultured human 
ovarian granulosa cells and consequently induced apoptosis (26). However, no report of infertility 
induced by calcium phosphate nanoparticle could be found by the author. There is a report of 
induction of immunotoxicity by the silica nanoparticles (27). The polymeric nanoparticles are 
basically the carbohydrate based nanoparticles that have wide applications in vaccine and drug 
delivery system for last three decades. Among the various polymers, the chitosan (28) and poly-
lactide co-glycolide (PLG) (29,30) are most commonly used. These polymers are biodegradable 
and do not pose any deleterious residual effect in the host. The poly-lactide co-glycolide degrades 
into lactic acid and glycolic acid, both of which are normal constituent of the body. The chitosan 
is mainly degraded by lysozymes to non-toxic oligosaccharides that can be utilized by the host or 
can be excreted from the body (31). Another advantage of poly-lactide co-glycolide microparticle 
and chitosan nanoparticle is that their functional groups can be modified to manipulate their 
behaviour inside the host and their capability to carry the vaccine antigen (4). The liposome based 
nanoparticles are second widely used vaccine delivery systems. These liposomes assume 
bilayered vesicles upon hydration forming an aqueous core (Fig. 3). The antigens can be loaded 
into the aqueous core of the liposomes. The liposomes get merged with the cell membrane 
antigen presenting cells of the host releasing the entrapped antigen into the cytoplasm that further 
follows the path of MHC and intact antigen display for stimulation of cell mediated immunity and 
humoral immunity, respectively (Fig. 4). The virus like particles (VLPs) are non-infectious viral 
membranes that does not contain the genetic materials. These VLPs can be fused with multiple 
antigens or purified epitopes of vaccines for use as multi-epitope vaccine that can be used to 
immunize against many infectious agents (32). 

Conjugation of nanoparticles with vaccine antigen: 

The conjugation of vaccine antigens to nanoparticles is influenced by various factors such as 
hydrophobicity, surface charge of nanoparticle and antigen, pH of the conjugation medium, 
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temperature, speed of stirring and ratio of conjugating nanoparticle and
conditions for proper conjugation require prior knowledge of nature of antigens and the 
nanoparticles. For instance, the conjugation efficiency would be poor if the antigen is 
hydrophobic (such as bacterial outer membrane proteins) a
as calcium phosphate nanoparticles). Similarly, the conjugation of the purified proteins are used 
as a vaccine antigens having generally negative charge and the nanoparticles having negative 
surface charge would lower the conjugation efficiency. The optimum conditions for conjugation 
can be determined by the DOEs mentioned above. Some of the processes require the antigen 
incorporation during the formation of nanoparticles (33) or may be incorporated later. In the later
approach, antigens are loaded into the nanoparticles simply by physically reacting them. This 
approach appears to be biomolecule friendly as in this approach the antigen is not exposed to 
extreme conditions. 

Conclusion: 

The use of nanoparticles as a vaccine adjuvant has brought a new revolution in the field of 
adjuvant technology. They have a vital role to play as vaccine and drug delivery systems. 
However, the concerns related to toxicity due to nanoparticles should be a

Fig 1. Synthesis of nanoparticles using top

Fig 2. Synthesis of nanoparticles using bottom
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temperature, speed of stirring and ratio of conjugating nanoparticle and antigens. The optimum 
conditions for proper conjugation require prior knowledge of nature of antigens and the 
nanoparticles. For instance, the conjugation efficiency would be poor if the antigen is 
hydrophobic (such as bacterial outer membrane proteins) and nanoparticles are hydrophylic (such 
as calcium phosphate nanoparticles). Similarly, the conjugation of the purified proteins are used 
as a vaccine antigens having generally negative charge and the nanoparticles having negative 

the conjugation efficiency. The optimum conditions for conjugation 
can be determined by the DOEs mentioned above. Some of the processes require the antigen 
incorporation during the formation of nanoparticles (33) or may be incorporated later. In the later
approach, antigens are loaded into the nanoparticles simply by physically reacting them. This 
approach appears to be biomolecule friendly as in this approach the antigen is not exposed to 

The use of nanoparticles as a vaccine adjuvant has brought a new revolution in the field of 
adjuvant technology. They have a vital role to play as vaccine and drug delivery systems. 
However, the concerns related to toxicity due to nanoparticles should be addressed

 

Fig 1. Synthesis of nanoparticles using top-down method

 

Fig 2. Synthesis of nanoparticles using bottom-up method
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antigens. The optimum 
conditions for proper conjugation require prior knowledge of nature of antigens and the 
nanoparticles. For instance, the conjugation efficiency would be poor if the antigen is 

nd nanoparticles are hydrophylic (such 
as calcium phosphate nanoparticles). Similarly, the conjugation of the purified proteins are used 
as a vaccine antigens having generally negative charge and the nanoparticles having negative 

the conjugation efficiency. The optimum conditions for conjugation 
can be determined by the DOEs mentioned above. Some of the processes require the antigen 
incorporation during the formation of nanoparticles (33) or may be incorporated later. In the later 
approach, antigens are loaded into the nanoparticles simply by physically reacting them. This 
approach appears to be biomolecule friendly as in this approach the antigen is not exposed to 

The use of nanoparticles as a vaccine adjuvant has brought a new revolution in the field of 
adjuvant technology. They have a vital role to play as vaccine and drug delivery systems. 
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Fig 3. Formation of liposomes by hydration

Fig 4. Delivery antigen loaded in the liposomes to the antigen presenting cell and subsequent 
presentation of antigen through MHC class II and MHC independent pathway
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