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ABSTRACT 

The development of effective vaccines against Typhoid fever remains a global health priority, especially in regions with a 
high burden of the disease. In this study, we worked on the preparation, optimization, and characterization of recombinant 
Typhoid (Ty21a) antigen-encapsulated Eudragit-coated dextran nanoparticles. These nanoparticles serve as a novel 
platform for the delivery of the Ty21a antigen, offering potential improvements in vaccine stability and efficacy. The 
synthesis process was systematically optimized to achieve ideal nanoparticle size, morphology, and surface properties 
using various formulation parameters. Physicochemical characterization confirmed the production of well-defined 
nanoparticles with efficient Ty21a antigen encapsulation. In vitro release studies revealed sustained and controlled 
antigen release from the Eudragit-coated nanoparticles, indicative of their potential for providing long-lasting immune 
stimulation. This research signifies the potential of recombinant Typhoid antigen-encapsulated Eudragit-coated dextran 
nanoparticles as a promising platform for next-generation vaccines, offering enhanced immunogenicity and controlled 
antigen delivery, with substantial implications for global health initiatives targeting Typhoid fever. 
Keywords: Antigen, Controlled release, Immunogenicity, Optimization. Nanoparticles, Vaccine. 
 
Received 23.09.2023        Revised 07.10.2023                       Accepted 21.10.2023 
 
INTRODUCTION 
Vaccines have played a vital role in preventing infectious diseases, with three main categories in use for 
human immunization: live-attenuated, inactivated, and subunit vaccines. However, the evolution of gene 
therapy technologies has ushered in a new era in vaccinology, exemplified by the recent development of 
mRNA vaccines, such as those for COVID-19. Live-attenuated vaccines contain weakened forms of 
pathogens, either viral or bacterial, capable of replication within a host to initiate an immune response. 
Notable examples include the MMR (Measles, Mumps, and Rubella), chickenpox, rotavirus, seasonal 
influenza, and oral polio vaccines [1]. In contrast, inactivated vaccines, like inactivated polio and hepatitis 
A vaccines, involve pathogens rendered noninfectious to stimulate immunity. While both vaccine types 
have demonstrated clinical safety and have been in use for decades, they exhibit limitations such as the 
need for multiple doses, suboptimal immunity, less-than-desirable immunogenicity, potential 
inflammation, uncontrolled replication, and the risk of reversion to a pathogenic state for attenuated 
vaccines [2]. 
Subunit vaccines consist of non-living antigens, including specific antigen proteins or epitopes capable of 
recognizing and binding to antibodies or T-cells. These vaccines offer several advantages, such as cost-
effectiveness, stability, and safety, resulting in lower immunogenicity and fewer adverse reactions when 
compared to live-attenuated and inactivated vaccines. Examples of subunit vaccines include the hepatitis 
B and pertussis vaccines. Subunit vaccines can be further categorized into protein-based, polysaccharides, 
conjugates, and toxoids [3]. 
In the protein-based category, a specific protein from the antigen is used to stimulate an immune response. 
Polysaccharide subunit vaccines mimic the polysaccharide capsules of infectious bacteria, triggering an 
immune response [4]. However, both protein-based and polysaccharide subunit vaccines are susceptible 
to denaturation and degradation due to changes in pH or the presence of proteolytic enzymes. Conjugate 
subunit vaccines can evoke responses similar to polysaccharide subunit vaccines but often include a carrier 
protein to extend protective immunity. Notable examples include the diphtheria and tetanus vaccines. 
Toxoid vaccines consist of inactivated bacterial toxins and are considered safe and stable against 
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pathogens, as seen in the diphtheria and tetanus vaccines [5]. It is important to note that subunit vaccines 
generally exhibit weaker immunogenicity compared to live-attenuated vaccines. In the present study we 
have worked on the preparation, optimization and characterization of recombinant typhoid (Ty21a) 
antigen encapsulated eudragit coated dextran nanoparticles [6]. 
 
MATERIAL AND METHODS 
Dextran, and Eudragit S100 were purchased from SD fine chemicals, Mumbai. Typhoid (Ty21a) antigen was 
procured from Merck, Mumbai. Bovine Serum Albumin was purchased from Qualigens Pharma Private 
Limited, Mumbai. Dialysis membrane were procured from Himedia (Mumbai, India). All the other chemicals 
used were of analytical grade. Double distilled water (DDW) was used throughout the study wherever needed. 
Identification of Antigen for Protein using Bradford reagent by UV Spectroscopic Method 
In the present study Bovine Serum Albumin (BSA) was used as model antigen and Recombinant Typhoid 
(Ty21a) Antigen was used as candidate antigen. BSA is a useful antigen because of its low cost, high purity 
and ready availability for investigation of immunogenic properties of carrier associated, covalently linked 
or the entrapped macromolecular antigen within the carrier. Since Typhoid (Ty21a) Ag is very expensive 
molecule, it was thought worthwhile to use it after optimization and characterization of the formulation. 
Absorbance spectra of the Bradford reagent and the Bradford reagent bound to 20μg of BSA standard. The 
free reagent has an absorbance peak of 595nm (Figure 1). The unbound dye partially overlaps with the 
bound form of the reagent and thus leads to the nonlinear response of the Bradford assay [7]. 

 
Figure 1: Absorbance Spectra of Bradford Reagent Complex with protein (Absorbance Peak at 595 

nm) 
Table 1: Preparation of standard curve of BSA using Bradford protein Estimation method 

S.No. Concentration 
(µg/ml) Absorbance Regressed 

Absorbance 
Statistical 

Parameters 
1. 10 0.632 0.6378  

 
 

Equation of line 
Y = 0.0405x + 0.4353 

R2 = 0.9972 

2. 20 0.869 0.8403 
3. 30 1.054 1.0428 
4. 40 1.246 1.2453 
5. 50 1.455 1.4478 
6. 60 1.592 1.6503 
7. 70 1.803 1.8528 
8. 80 2.093 2.0553 
9. 90 2.247 2.2578 

10. 100 2.492 2.4603 
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Figure 2: Standard curve of BSA by using Bradford reagent at λmax 595nm. 

Formulation of Dextran nanoparticles  
The dextran-based nanoparticles were prepared by the process as follows: 5.0 mg dextran was dissolved 
in 50 ml deionised water at 25°C under gentle stirring and nitrogen bubbling, then the solution of a 
designated amount of CAN (cerium ammonium nitrate) in1.25 ml 0.1 N nitric acid and a designated amount 
of AA(Acrylic acid) were successively added. Twenty minutes later, MBA (N, N-Methylene bisacrylamide) 
was added and the reaction was kept at 30°C for 4 h. Thereafter, 1 M NaOH was added to neutralize the 
reaction system [8].  
Finally, the reaction solution was dialyzed against deionised water for 3 days using the membrane bag with 
a 14,000 cut-off molecular weight (MWCO) to remove the un-reacted monomers and the un-grafted PAA. 
One ml (1mg/ml) of BSA Solution for loading on dextran nanoparticles was added and stirred at 900 rpm 
for 4hrs. The final aqueous solution was lyophilized to get solid nanoparticles and same procedure was 
followed for the preparation of typhoid antigen loaded dextran nanoparticles. For investigating the 
influence of the ratio of reagents on the resultant nanoparticles, several kinds of nanoparticles were 
developed under different ratios of reagents. In order to explore the mechanism of this one-step synthesis 
and investigate the importance of the complexation of AA and dextran during synthesis, N-
isopropylacrylamide (NIPAM) was chosen as a substitute of AA in the synthesis of dextran based 
nanoparticles. NIPAM is also a monomer but has not complexation with dextran.  
Eudragit coating on dextran nanoparticles 
The coating dispersion consisted of 2 % of coating material (Eudragit S 100) were dissolved in organic solvent ratio 
(2:1) acetone: ethanol. A polymer solution was prepared by dissolving 0.8 g of Eudragit solution in 100 ml of 
acetone and ethanol (ratio 2:1). Dextran nanoparticles (0.8 g) was suspended in the polymer solution using 
ultra sonicator (40 KHz) to break up any agglomerates in the polymer and nanoparticles suspension [9]. 
 The enteric coating on the nanoparticles bearing BSA and Ty Ag was performed by using Supercritical Anti 
solvent process. The enteric coating solution was prepared as reported by The enteric coating solution was 
prepared by first making milky latex of Eudragit-S 100 using organic solvent (acetone: ethanol, ratio 2:1). After 1 
hour Triethylamine citrate (60%) was added and stirred was continued for 30 min. Talc was added to the milky 
latex as an antitacking agent. Throughout the coating process the coating dispersion was stirred using a magnetic 
stirrer. Then the nanoparticles were dipped in coating solution then filtered and dried the coated formulation [10].   
Optimization of formulation 
Process variable on the basis of particle size and entrapment efficiency 
Different formulations of nanoparticles were prepared using different concentration of Acrylic acid (AA) 
e.g., 0.1, 0.3, 0.5, 0.7 and 0.9. Formulations were characterized by transmission electron microscopy (TEM) 
for shape and size. At concentration 0.5% w/v AA, particles were having size about 192±34 nm. and 
entrapment efficiency was found to be 68±2.7 % [11].  
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Table 2: Effect of AA concentration on the particle size 
FORMULATION 

CODE A1 A2 A3 A4 A5 

DEXTRAN: AA 
(w/v) 5:0.1 5:0.3 5:0.5 5:0.7 5:0.9 

PARTICLE SIZE (nm) 486±25 266±25 192±34 280±30 370±30 
% ENTRAPMENT 54±2.3 61±1.6 68±2.7 71±3.1 62±2.4 

 

 
Figure 3: Optimization of AA Concentration 

Different stirring time was used to optimize nanoparticles size and entrapment efficiency. Different 
formulations were developed by stirring for 30, 60, 90, 120 and 150 min. and characterized for size and 
entrapment efficiency [12].  

Table 3: Effect of stirring time on the particle size 
FORMULATION CODE A3a A3b A3c A3d A3e 
STIRRING TIME  (min) 30  60  90    120 150 
PARTICLE SIZE (nm) 780±30 470±30 380±30 192±33 281±30 

% ENTRAPMENT 28±1.7 48±3.2 61±3.3 68± 2.2 69±3.4 
 

 
Figure 4: Optimization of Stirring Time 
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Optimization of Coating Materials 
The core: coat ratio was optimized in terms of particle size. The core: coat ratio was varied from 1: 5 to 1: 
25. The results are given in table 4 and graphically presented in Figure 5. 

Table 4: Effect of core: coat ratio on particle size and shape on Eudragit coated dextran 
nanoparticles 

 

 
Figure 5: Optimization of Core: Coat Ratio 

Final Optimized Formulas  
The final formula obtained after optimizing AA concentrations, core: coat ratio, stirring time and stirring 
speed (Table 5). 

Table 5: Final optimized formula of Eudragit coated dextran nanoparticles 
FORMULATION 

CODE 
AA 

CONC. 
Coat:coat 

ratio 
STIRRING 

TIME 
STIRRING 

SPEED 
PARTICLE 

SIZE 
% 

Entrapment 
A3d41 0.5 (1: 5) 120 min. 1600 rpm 203±33 nm. 71±1.7 

 
Characterization of Nanoparticles 
Transmission Electron microscopy (TEM) 
TEM was performed with an accelerating voltage of 100 kV. A drop of the sample was placed on a carbon 
coated copper grid to leave a thin film on the grid. The film was negatively stained with 15 
phosphotungustic acid. A drop of the staining solution was added on the film and the excess of the solution 
was drained of with a filter paper. The grid was allowed to air dry thoroughly and samples were viewed on 
TEM [13].  
Zeta (ζ) potential  
The zeta potential of the polymer and nanoparticles was deduced from the electrophoretic mobility of the 
particles by Doppler Electrophoresis (Zetasizer Nano serie.Malvern Instrument Ltd., Worcestershire, UK) 
in HEPES buffer pH 7.4 after suitable dilution (1/ 200 (v/v)) of the different nanoparticles suspension [14].   
Size measurement 
The hydrodynamic mean diameter and the size distribution of the nanoparticles were determined at 25 0C 
by quasielastic light scattering using a Zeta Nanosizer (Malvern instrument, UK). The scattered angle was 
fixed at 900. The derived count rate (kcps) was 38128.5250 [14]. 
Loading Efficiency of BSA Loaded Nanoparticles 
The amount of protein entrapped in the nanoparticles was calculated from the difference between the total 
amount added to the loading solution and the amount of non-entrapped protein remaining in the 
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S.No. Formulation Code Core:coat ratio Particle size 
(nm) % Entrapment 

1 A3d41 (1: 5) 28440 65±2.3 
2 A3d42 (1:10) 30446 67±1.9 
3 A3d43 (1:15) 32452 691.5 
4 A3d44 (1:20) 34458 711.1 
5 A3d44 (1:25) 36464 730.7 
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supernatant. BSA concentrations in the supernatant were measured by the Bradford protein assay method. 
Aliquot of the resulting nanoparticles suspension was then separated by centrifugation for 20 min. The 
supernatant was then separated from the nanoparticles. The amount of non-entrapped protein remaining 
in the supernatant was measured by the Bradford protein assay method. A non-loaded nanoparticles 
suspension was used as a blank [15]. 
In Vitro Release Studies 
 Nanoparticles equivalent to 10 mg of drug from each batch were taken into a 250 ml conical flask and 100 
ml of pH 1.2 and pH 7.4 phosphate buffer saline was added to it, then the flask was kept in a metabolic 
shaker and the shaker was adjusted to 80 horizontal shakes per minute at 37ºC ± 0.5ºC. Ten ml of the 
medium was withdrawn at various time intervals of 1, 2, 4, 8, 16, 24 hrs and replaced by the same volume 
of phosphate buffer saline. The samples were diluted suitably with methanolic PBS and the drug released 
was estimated in each batch by UV spectrophotometer at 595 nm [16].  
 
RESULTS AND DISCUSSION 
The dextran nanoparticles were successfully prepared by one step synthesis and ion-cross linking method 
using AA as a cross linker. Formula for Nanoparticles preparation was obtained after optimizing the particle 
size and entrapment efficiency by AA concentration, Stirring time, Stirring speed. The aim of optimization 
was to prepare polymer nanoparticles with a particle size suitable for uptake by antigen presenting cells 
and the cells of Gut-associated lymphoid tissue (GALT) along with spherical shape and the highest antigen 
loading. 
The process variables (amount of dextran, stirring time and % AA) were optimized with respect to mean 
particle size, shape and % entrapment efficiency. The size of nanoparticles decreased slightly first with the 
increase in amount dextran, then further increase in the amount of dextran causes increase in particle size. 
The size of nanoparticles were decreased with the increase in AA concentration but the excess AA was 
difficult to neutralize the reaction by  1 M NaOH , hence medium  concentration of AA was selected that 
showed optimum size of nanoparticles. The optimized formulations was found to be (A3) for dextran and 
AA concentration (5:0.5), formulations (A3d) for stirring time (120 min.) and formulations (A3d4) for 
stirring speed (1600 rpm). 
The nanoparticles was characterized for there size, shape, zeta potential and size distribution by 
Transmission Electron Spectroscopy (TEM) for size, Scanning Electron Microscopy (SEM) for shape, Zeta 
Nanosizer for Zeta potential and size distribution. The size of the palin and coated nanoparticles in TEM 
study was found to be of range 150-282 nm, and the average size of the nanoparticles was 207.67 nm 
(Figure 6). The % loading efficiency was a very important consideration to make the process economically 
acceptable. The optimum loading efficiency was found to be 71±1.7%. 

 
Figure 6: Transmission Electron Microphotograph of Eudragit Coated Dextran Nanoparticles 

 
The average size of the nanoparticles was found to be 216 nm. The polydispersity index of the nanoparticles 
was 0.331 (count rate (kcps) was 169.4) (Table 6 and figure 7).   

Table 6: Zeta potential of Dextran Nanoparticles 

S. No. Formulation Zeta 
Potential 

Particle size 
(nm) 

P.D.I 

1. Dextran Nanoparticles -11.7±0.3 208±34 0.331 

2. Eudragit  coated dextran 
nanoparticles -14.1±0.2 267±30 0.353 
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Figure 7: Graph of size distribution by intensity 

The zeta potential of the final Nanoparticles formulation was found to be negative (Table 6 and Figure 8).  
The zeta potential value is an important particle characteristic as it can influence both particle stability as 
well as particle absorption. Zeta potential values, being positive or negative, tend to stabilize particle 
suspension. The electrostatic repulsion between particles with the same electric charge prevents the 
aggregation of the spheres. Absorption, on the other hand, can be promoted by a negative zeta potential 
value. 

 
Figure 8: Graph of zeta potential distribution 

In-vitro release profile was determined in PBS (pH 1.2 and pH 7.4) and shown in table 7 and presented in 
figure 9. A regular pattern of antigen release was monitored during 24hrs. The formulations showed 
continuous release in case of coated formulation at pH 7.4 and very poor release of antigen in case of pH 
1.2. This showed coated formulation protects the antigen from acidic pH and release the antigen to the 
targeted M-cells of the intestine region. In-vitro release studies showed that around 20 % of the loaded 
protein was immediately released into PBS pH 7.4 which may be due to surface associated antigen release. 

 
Table 7: In vitro % Release 

Time   (hrs) 
% Release 
pH 1.2 pH7.4 
DNPs ED.DNPs DNPs ED.DNPs 

1 3±0.87 0.3±0.42 5±0.89 11±0.72 
2 8±0.93 0.5±0.79 11±0.63 13±0.75 
4 13±1.29 1±1.37 25±1.25 27±1.43 
8 22±1.93 3±0.15 47±1.21 52±1.14 
16 31±1.32 7±1.12 56±0.98 61±1.73 
24 39±0.16 13±1.24 64±0.81 75±0.87 

DNPs (dextran nanoparticles); ED.DNPs (Eudragit coated dextran nanoparticles) 
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Figure 9: Graph of In vitro % Release 

CONCLUSION 
In the research of new materials to obtain nanoparticles, we prepare a family of hydrophobically modified 
dextrans with the aim to use these materials for drug delivery applications.The solubility of modified 
dextrans in organic solvents depends on there HLB,i.e.on the substitution ratio and the hydrophobicity of 
grafted alkyl chains. Concerning the enzymatic degradation of chemically modified dextrans. The oral could 
provide a suitable route for priming and boosting. Antigen for oral delivery can take many different forms 
including whole cells (virus, bacteria) surface proteins, synthetic peptide as well as DNA. Orally 
administration offers attractive alternative since it is possible to use smaller doses and to deliver the 
formulation to the appropriate site (GALT-Gut associated lymphoid tissue). In addition, because of the 
properties of the common intestinal immune system, the oral route can act as an inducer and effector site 
for the intestine, lungs and vagina. Hence, oral vaccines have an important role in the prophylaxis of 
Typhoid diseases. 
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