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1. INTRODUCTION 

 

Global cirrhosis cases have recently manifested 

a significant increase, including Indonesia. This disease 

can be caused by chronic hepatitis B infection, which is 

able to develop further into terminal hepatocellular 

carcinoma. According to the World Health Organization 

(WHO), various limitations are associated with the treat-

ment of this virus and existing intramuscular vaccines 

which contain HBsAg are less effective against patients1. 

The intramuscular vaccine is generally less effective in 

developing countries with a large population, such as 

Indonesia because it is more expensive and requires 

services from experts2. Therefore, designing and develo-

ping an oral vaccine, instead of intramuscular vaccine, 

using a combination of hepatitis B surface antigen (HBsAg) 

and hepatitis B core antigen (HBcAg) will hopefully 

improve hepatitis vaccine’s effectiveness in developing 
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ABSTRACT 
 

Chronic hepatitis B infection is one of main factors of cirrhosis primary cause, which can develop into 

hepatocellular carcinoma. Medically, there are various disadvantages associated with administering hepatitis B 

vaccine through injection, include pain, reduced patient compliance, higher production costs, and inadequate mass 

vaccination. Therefore, it is necessary to develop an oral vaccine. This study aims to develop and characterize 

oral vaccine through combination of Hepatitis B Surface Antigen (HBsAg) and Hepatitis B Core Antigen (HBcAg) 

encapsulated within chitosan alginate. The vaccine formula was prepared by ionic gelation method that consists 

of HBcAg (marked as MPS) and a combination of HBcAg and HBsAg (which is marked as MPC) microparticles. 

Examined parameters include loading efficacy, particle characteristics, anti-HBcAg immune response, ALT & 

AST, and liver histology. It was found that loading efficacy of MPS and MPC were 82.5±9.57 and 75.0±11.78%. 

The mean particle size (Z-average), polydispersity index (PdI), and zeta potential of MPS and MPC were 4,869±739 

nm and 8,712±2,110 nm, 0.32±0.032 and 0.37±0.088, -7.50±1.82 mV and -2.10±1.59 mV, respectively. The 

Hepatitis B core antibody (HBcAb) started forming on the 35th day after first vaccination. The results show that 

both AST and ALT serum were in normal range. Therefore, antigen dose given in this study had no pathological 

effects on liver histology. Furthermore, based on its parameters such as loading efficacy, PdI, zeta potential, particle 

size, FTIR, and formation of HBcAb from the 35th day after vaccination, it concluded that combination of HBcAg 

and HBsAg is safely encapsulated within microparticles (MP) chitosan alginate. 
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countries. This can also be a starting point to develop 

hepatitis therapeutic vaccine in the near future. 

Furthermore, as both HBsAg and HBcAg antigens/ 
proteins are degradable in digestive system3, optimized 

methods should be designed to ensure effective immune 

responses towards the mucosal barrier. Czerkinsky and 

Holmgren stated alternatives to improve vaccination 

delivery methods through oral route4, by modification 

on formulation and vaccine delivery system, which is 

adopted in this study by combining both HBcAg and 

HBsAg encapsulated in chitosan alginate. 

Polysaccharide polymers are widely used in vaccine 

development as antigen carriers due to their intrinsic, 

biocompatible, biodegradable, non-toxic, and safe immu-

nomodulating characteristics. Chitosan is a natural poly-

saccharide that has potential as carrier of HBcAg and 

HBsAg for oral vaccination. The cationic load and the 

mucoadhesive properties of chitosan make it an ideal 

candidate as an agent to deliver the vaccine into mucosal 

tissue and acting as a paracellular transport5-6. Addi-

tionally, despite the feasibility of vaccine encapsulation 

design and well functioned-chitosan as vaccine carrier 

as stated by Islam et al.7, chitosan also increases the 

immune response in mucosal vaccination8. 

On the other hand, chitosan microparticles have 

limited ability in controlling the release of encapsulated 

antigens due to the presence of an ammonium group, 

which makes it dissolve readily under acidic conditions. 

This characteristic limitation can be solved by coating 

with acid-resistant anionic polysaccharide polymers, 

such as sodium alginate, which has a carboxylic group9. 

Coating process of chitosan microparticles (MP) using 

alginate is easily processed using light stirring10. Fur-

thermore, alginate-coated chitosan acts as an antigen 

carrier in delivering mucosal vaccines to prevent degra-

dation. According to Borges study, intranasal/oral delivery 

of recombinant HBsAg using nanoparticles (NP) and 

chitosan alginate with or without cytosine-guanine 

oligodeoxynucleotide (CpG ODN) as an adjuvant demon-

strates an efficient humoral immune response in mice6. 

Single chitosan combined with alginate induces the 

body’s immunity and increases humoral, cellular, and 

mucosal immune effects11-13. In vivo studies showed that 

the antibody response towards administration with NP 

chitosan is higher than those without NP chitosan12. 

Furthermore, chitosan alginate nanoparticles also act as 

effective adjuvants for hepatitis B when it was admi-

nistered subcutaneously in mouse models11. In this study, 

some characterization of chitosan alginate encapsulation 

was carried out to prove the intact formation between 

combination of HBcAg and HBsAg and the encapsulants 

during oral vaccine delivery. 

 

2. MATERIALS AND METHODS 

 

2.1. Experimental Materials 

2.1.1. Materials 

 

This research was carried out using chitosan with 

medium molecular weight (75-85% deacetylated) (Sigma), 

sodium tripolyphosphate (Sigma), CaCl2 (Sigma), com-

mercial recombinant HBcAg (Fitzgerald), HBsAg 

(Indofarma), mice feed (Indofeed), Elisa Kit (EMIGA-

Thermo Scientific), BCA kit assay (Thermo Fisher 

Scientific), ketamine (Agrovet market), xylazine (Inter-

chemie), anti-mouse IgG (whole molecule) (Sigma), 

Na2CO3 (Sigma), NaHCO3 (Sigma), NaCl (Sigma), 

Tween 20 (Sigma), aquabidest (Ikapharmindo), Skim 

milk (Sunlac), Mouse Hepatitis B Virus Core Antibody 

ELISA Kit (Colorimetric) from Novus Biologicals, 

ASAT (GOT) & ALAT (GPT) FS* (IFCC mod.) from 

DiaSys, and ultrapure water (Milli-Q, Merck). 

 

2.2.2. Animals 

 

This study was conducted using SPF male BALB/c 

mice strains that were 7 to 8 weeks old, weighing 18-25 

g, and purchased from PT Bogor Life Science and Tech-

nology (BLST)-IPB. The animals used were adapted for 

14 days at room temperature of 25-28°C and 12 hours 

light/dark cycle. Furthermore, the mice were feed with 

INDO FEED® at amount of 15 g/100 g of body weight 

and provided free access to water. Ethical approval was 

obtained from The Animal Ethics Committee, Faculty 

of Veterinary Medicine, The IPB University (authoriza-

tion No.149/KEH/SKE/VIII/2019). 

 

2.2. The Preparation of Chitosan Microparticles 

 

Chitosan microparticles were manufactured using 

modified Borges method14. This process was carried out 

by dissolving 0.25% (w/v) chitosan (Sigma) in 1% (v/v) 

acetic acid (Merck) at a constant stirring rate of 700 rpm. 

After the dissolution process, the substance was mixed 

with sodium tripolyphosphate (STPP) solution (Sigma) 

using a peristaltic pump and sonicated with amplitude 

20%. Then followed by centrifuging the solution at 

13,000 rpm for 20 minutes, pellet re-suspended in ultra-

pure water, and repeated centrifugation at 30,000 rpm 

for 10 minutes, and re-washed with ultrapure water. The 

solution was stored at -80°C and freeze dried. The 

chitosan microparticles were measured to determine the 

Z average using Malvern Zetasizer. 

 

2.3. Antigen Encapsulation 

 

Encapsulation was performed on MPS (HBcAg) 

and MPC (combination of HBcAg and HBsAg) in a ratio 

of 1:0.215. Chitosan microparticles were dissolved in PBS 

pH 7.4 with a concentration of 4 mg/mL. Furthermore, 

10 μg/mL of HBcAg or a combination of HBcAg and 

HBsAg consisting of 10 μg/mL and 2 μg/mL was added. 



N. Ekawati et al.  Pharm Sci Asia 2022; 49(5), 454-463 

 
456 

The solution was further incubated in a rotator at 4°C 

for two hours and centrifuged for 20 minutes at 13,000 

rpm. The resulted supernatant was collected and used to 

determine the loading efficacy. Meanwhile the pellets 

were resuspended in PBS pH 7.4, sonicated with ampli-

tude 40% for 10 seconds then mixed gently with 10 mg/ 

mL sodium alginate solution. Furthermore, the resus-

pended pellets were centrifuge for 20 minutes at 13,000 

rpm then the supertanat was discarded. The pellets were 

resuspended with 0.524 mM CaCl2, then treated by soni-

cation of 40% amplitude for 10 seconds. It was further 

re-centrifuged to obtain the antigen encapsulated within 

chitosan alginate. 

 

2.4. Particle Characterization 

 

Particle characterization was carried out by deter-

mining the loading efficacy, particle size (Z average), 

polydispersity index (PdI), and zeta potential using 

particle size analyzer, SEM and FTIR analyses (Fourier 

transform infrared spectroscopy)2,6,13-14,16. 

 

2.4.1. Loading Efficacy (%) 

 

Loading efficacy of vaccine formulation of MPS 

(HBcAg microparticles) and MPC (HBcAg and HBsAg 

microparticles) was determined by quantifying free 

antigen remaining in the supernatant after antigen 

encapsulation in chitosan particles (Method 2.3). The 

mixture was centrifuged at 15,000 rpm for 20 minutes 

then protein concentration determination using the BCA 

kit assay (Thermo Fisher Scientific). The loading efficacy 

values were calculated using the following formula6,13. 

 

Loading Efficacy (%) = 

 

 
 

2.4.2. Particle Size Analyzer 

 

The microparticles size (Z average), PdI, and zeta 

potential were determined using PT DKSH’s Malvern 

Zeta sizer, with each sample dissolved in PBS, poured 

into a cuvette, and measured on a Malvern zeta sizer, 

UK. 

 

2.4.3. Scanning Electron Microscopy (SEM) Analysis 

 

SEM analysis was performed to determine the mor-

phological shape of the samples according to manual of 

the equipment. Encapsulated samples (chitosan alginate 

microparticles, MPS, and MPC) that have been freeze 

dried glued to the specimen stub using a double-sided 

silver tape. Specimen was coated with Au using an ion 

coater, then placed at the sample holder of SEM (JEOL 

JSM-IT200, Japan). The equipment was set in a vacuum 

(0 Pa) and voltage 15 kV. Samples morphology was 

observed in 5,000 magnification times. 

 
2.4.4. Fourier Transform Infrared Spectroscopy (FTIR) 

Analysis 

 

Fourier transform infrared spectroscopy (FTIR) 

analysis was performed according to instrument manual. 

Chitosan alginate microparticles, MPS, and MPC were 

dissolved in 1 mL PBS pH 7.4. Samples in 200 µL of 

volume was poured into potassium bromide platform, 

had it covered, then analyzed with FTIR (Bruker, Ger-

many) to determine sample’s function groups. 

 

2.5. In vivo Assay 

 

BALB/c mice (Mus musculus) were randomly 

divided into 5 groups containing 5 mice in each group. 

Group A is normal control, group B was given HBcAg 

without encapsulation, group C was given HBcAg 

microparticles (MPS), group D was given combination 

of HBcAg and HBsAg without encapsulation, and group 

E was given combination of HBcAg and HBsAg micro-

particles (MPC). 

 

2.5.1. Immunization 

 

Immunizations were given 9 times (days 0, 1, 2, 14, 

15, 16, 28, 29, and 30) by oral administration at a dose 

of 1 µg/0.1 mL per 20 g body weight (BW) of mice for 

HBcAg. Furthermore combination of HBcAg and HBsAg 

at amount of 1.0 µg and 0.2 µg/0.1 mL, respectively, 

were administered to 20 g BW of mice. The volume of 

each oral administration was adjusted to the mice body 

weights at a maximum limit of 0.2 mL. Blood collections 

were carried out 4 times (days 0, 21, 35 and 51), using 

hematocrit tubes (Marienfeld) from orbital veins after it 

was anesthetized, using ketamine-xylazine at a dose of 

1% mice BW. Furthermore, blood collection was carried 

out in the morning before feeding. Sera were separated 

by centrifugation at 6,000 rpm for 10 minutes and stored 

at -80°C until upcoming bioassay. 

 

2.5.2. Antibody Anti-HBcAg Detection 

 

Anti-HBc screening was performed to ensure the 

expression of anti-HBc antibody (HBcAb) in the serum 

of experimental animals after vaccination. Anti-HBcAg 

detection was done in accordance with the kit protocol 

from Mouse Hepatitis B Virus Core Antibody ELISA Kit 

(Colorimetric) NBP2-6004 (Novus Biologicals) with a 

slight modification. The measurement used ELISA 

(Enzyme-Linked Immunosorbent Assay) technique with 

competitive ELISA method. Samples were collected using 

a serum separator tube (SST) and allowed to clot for two 
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hours at room temperature or overnight at 4°C before 

centrifugation for 15 minutes at 1000 × g. The microtiter 

plate provided in this kit was pre-coated with HBcAg 

(antigen), while the serum samples were pipetted into 

the wells with HBcAb conjugated Horseradish Peroxi-

dase(HRP). A substrate solution was added into the 

wells, and we can observe the color development. Then 

continued to washing process to remove any unbound 

reagent. The color development was stopped, and the 

intensity was measured. Calculation was made through 

the valence of mouse HBcAb samples compared to con-

trol. Meanwhile, ODsample/ODnegative ≤0.3 is interpreted as 

Positive, and ODsample/ODnegative>0.3 is interpreted as 

Negative. 

 

2.5.3. Measurement of Aspartate Transaminase (AST) 

and Alanine Transaminase (ALT) 

 

Both ALT and AST activities were measured by 

spectrophotometric techniques using the ASAT (GOT) 

& ALAT (GPT) FS* (IFCC mod.) kit from DiaSys with 

modifications. Measurements of ALT and AST were 

performed on serum samples of post-vaccination. The 

first step was done by preparing serum samples by cen-

trifugation of serum samples at 6,000 rpm at 4°C for 5 

minutes. Then followed by preparation of mono-reagent 

ALT and AST separately. Mono-reagent is prepared by 

mixing reagent 1 and reagent 2 by ratio of 4:1. The mono-

reagent was put into a microplate followed by mixing 

the sample (serum or calibration solution) in a ratio 

10:1. The mixed solution (mono-reagent+sample) in the 

microplate then transferred to the Thermo Multiskan EX 

Microplate Photometer. Samples were measured at 340 

nm, 334 nm and 365 nm waves. Measurements were 

carried out 3 times with an interval of 1 minute for each 

OD reading. Measurements of enzyme activities (ALT 

and AST) were completed by plotting sample’s the 

absorbance values to a calibrator. 

The value of ALT/AST activity was obtained from 

∆A/min×factor = enzyme activity [U/L] or using the 

following formula: 

 

 
 

2.5.4. Preparation of Liver Histology 
 

The liver specimens were fixed in 4% formalin 

solution for ≥24 hours and stored in paraffin. Further-

more, 4 µm of tissue slices were routinely stained with 

haematoxylin & eosin (HE), while the overviews of 

liver tissue were analyzed descriptively. 
 

2.6. Statistical Analysis 

 

Data were presented as mean±SD. Meanwhile, the  

significance tests were performed using the t-test to 

compare the Z average, PdI, zeta potential, and loading 

efficacy of MPS and MPC. One-way ANOVA test was 

used to determine the AST and ALT data followed by 

Post Hoc LSD. The difference is considered significant, 

assuming the value of p<0.0517. Anti-HBc antibody 

screening data and histological features were analyzed 

statistically and descriptively using the SPSS 23 software. 

 

3. RESULTS AND DISCUSSION 

 

Selection of chitosan as a carrier agent is performed 

to deliver protein to the target, while alginate is added 

to control the release of antigen in the gut. Before using 

this substance for in vivo tests, the microparticles need 

to be characterized to measure loading efficacy, particle 

size, distribution, zeta potential, morphological shape, 

and FTIR. 

 

3.1. Particle Characterization 

 

3.1.1. Loading Efficacy 

 

The loading efficacy is measured using a BCA kit 

in 4 samples with 3 repetitions. Results show that the 

vaccine formula with a single MPS antigen (HBcAg 

microparticles) have loading efficacy of 82.50±9.57% 

and the HBcAg and HBsAg combination microparticles 

(MPC) is 75.00±11.78%. Furthermore, the t-test statistical 

test results show no significant difference between the 

means of two formulas with a value of p=0.36. This value 

is greater than the results obtained by Soares in 2018 

which stated that encapsulated HBsAg in chitosan coated 

with alginate, namely 77.1±3.0% is lower than the loading 

efficacy of HBsAg18. Another comparable experiment 

done by AbdelAllah and his colleagues in 2016 about 

formulation HBsAg in Aluminum suspension coated 

with chitosan and sodium alginate were having loading 

efficacy at 89.73±3.67%. On the other hand, another study 

reveals loading efficacy of HBsAg encapsulated into NP 

chitosan alginates microparticles is 85.90±4.70%13. 

 

3.1.2. Particle Size Analyzer 

 

In this study, the average of particle size (Z average), 

polydispersity index (PdI), and zeta potential of particles 

values were obtained by Zeta sizer (Malvern Instruments, 

UK), as shown in Table 1. Based on the statistical ana-

lysis results of their variability in MPS and MPC, it is 

known that p value for each parameter is 0.271, 0.226, 

and 0.823 for Z average, PdI and zeta potential, respec-

tively, which means that there is no significant difference. 

In preliminary studies carried out by Borges and 

Sarmento, the particle sizes of ovalbumin and insulin 

loaded in chitosan alginate were 700-4,000 nm14,19. The 

average particle size has a coefficient of variance (COV)  
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Table 1. Measurements results of Z average, PdI and zeta potential of samples (n=3). 
 

Groups Z Average (nm) PdI Zeta potential (mV) 

HBcAg 1,046.00  ±     93.00 0.6640 ± 0.0060 -0.025 ± 0.02 

HBcAg and HBsAg 3,455.00  ±   980.23 0.4630 ± 0.1658 -8.840 ± 2.70 

Chitosan Alginate 1,731.00  ±       5.56 0.9150 ± 0.0760 +3.040 ± 0.47 

MPS 4,869.00  ±   739.40 0.3246 ± 0.0320 -7.500 ± 1.82 

MPC 8,712.00  ± 2110.00 0.3770 ± 0.0882 -2.100 ± 1.59 
 

Note: MPS=HBcAg microparticles and MPC=combination of HBcAg and HBsAg microparticles 

 

value <30%, which is homogeneous. However, for the 

combination of HBcAg and HBsAg without encapsulation 

and MPC, a high COV value range of 20<COV<30 is 

obtained in the Gomes classification20. In addition, pre-

vious studies carried out by encapsulating lysozyme and 

BSA was in the range of 700-800 nm. 

Original size of chitosan particles was known to 

have the Z average at 123.83±2.70 nm with a PdI of 0.44± 

0.01. However, encapsulation causes an increase of its 

size from nano to micro range, where the largest size was 

belonged to MPC (combination of HBcAg and HBsAg) 

counted at 8,712±2,110 nm. The result shows that encap-

sulation with chitosan alginate leads to the increase in 

particle size because chitosan alginate without antigens 

has a micro-size of 1,731 nm. Besides, the molecular 

weight of HBcAg is 21 kDa, while HBsAg is 24 kDa, 

the combination between the two leading to doubling size 

of HBcAg microparticles. Polydispersity index (PdI) of 

MPS and MPC showed a value <0.5, which indicates 

that the value of distribution size is within recommended 

range in the tool manual and in line with the PdI values14,16. 

A zeta potential above +30 mV or below -30 mV is 

considered as stable and it shows the information on the 

surface charge of the particles21. The zeta potential value 

of microparticles chitosan alginate was +3.04, which 

indicates less stable condition and in line to previous 

report21. The results also illustrate that HBcAg without 

encapsulation has a zeta potential of -0.025, supported 

by a PdI value >0.5. Therefore, the particles are less 

homogeneous and easy to form sedimentation16,22. Com-

bination of non-encapsulated HBcAg and HBsAg, MPS 

and MPC produce a zeta potential -8.84, -7.50, and -2.10 

mV, respectively. The results show that a single HBcAg 

antigen or combination of HBcAg and HBsAg has nega-

tive surface charge. Both formulas have a negative charge 

on the surface and the isoelectric point of the two antigens 

when dissolved in PBS at a pH of 7.4. Although the zeta 

potential value is not above +30 mV or below -30 mV21, 

the PdI is <0.5, which indicate a narrow particle size 

distribution within the recommended range16. 

 

3.1.3. Scanning Electron Microscopy 

 

Chitosan alginate microparticles have spherical 

shape with smooth surface14. The results of morpholo-

gical analysis was carried out using SEM with 5,000 

magnification times showed that the shape of chitosan 

alginate (A) is spherical and similar to previous research14. 

Meanwhile, for HBcAg microparticles/MPS (B), the 

shape is irregular with a bumpy surface and so does the 

combination of HBcAg and HBsAg microparticles/ 

MPC’s morphology (C), as shown in Figure 1. 

 

3.1.4. FTIR Analysis 

 

FTIR analysis was carried out to provide informa-

tion on chemical bonds, molecular structure, and solubi-

lity of polymers in a multicomponent system23. FTIR 

spectrum of alginate was at 3,415 cm-1 (OH), 2,931 cm-1 

(CH), 1,618-1,605 cm-1 (COO- asymmetric stretching), 

1,417-1,412 cm-1 (COO- symmetrical stretching), and 

900-1,400 cm-1 (CO or OCO)14,24. Meanwhile, chitosan 

has strong peaks at 3,400-3,200 cm-1 (OH, NH, and inter-

molecular hydrogen bonds), 1,655-1,633 cm-1 (Amide), 

and 1,089-1,065 cm-1 (CO)25. Chitosan alginate has strong 

peaks at 3,565-3,400, 1,651-1,643, and 1,072 cm-1, respec-

tively23,26. The FTIR spectrum in the range of 2,170-

2,000 cm-1 shows linear CO bonds27. The shifting peak 

from 1,610 to 1,643 cm-1 was due to the overlap between 

chitosan amide group and carboxyl alginate23. 

 

 

Figure 1. The results of morphological analysis of samples under SEM magnified 5000 times (A) Morphological form of chitosan alginate (B) 

Morphological form of HBcAg/MPS microparticles (C) Morphological forms of combination between HBcAg and HBsAg/MPC microparticles. 
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Figure 2. The FTIR Analysis Results. 

 
Table 2. The FTIR Analysis Result of Chitosan alginate, MPS and MPC. 
 

Chitosan alginate vibration (cm-1) MPS vibration (cm-1) MPC vibration (cm-1) Prediction of Assignment 

3368 3340 3397 O-H, N-H stretch 

2138 2135 2137 C=O linear 

1652 1643 1646 C=O Amide 

1070 1071 1070 C-O 
 

Note: MPS=HBcAg microparticles and MPC=combination of HBcAg and HBsAg microparticles 

 

Furthermore, results of FTIR analysis are shown in 

Figure 2. The chitosan alginate (red) spectrum depicts 

several bands at 3,368, 2,138, 1,652, and 1,070 cm-1. The 

MPS (yellow) and MPC (blue) spectrum show similar 

absorption patterns with a slight uptake shift, at 3,340, 

2,135, 1,643, and 1,071 cm-1 for MPS and 3,397, 2,137, 

1,646, and 1,070 cm-1 for MPC. Functional group assump-

tions from the results of the FTIR analysis shown in 

Table 2. The band at 3,390-3,340 cm-1 indicates a vibra-

tional strain of hydroxyl group with an increase of band’s 

shape, which overlaps the hydroxyl group of amines in 

the presence of an intermolecular hydrogen bond in line 

with previous study23,26. Another spectrum at 2,138-2,135 

cm-1 acts as a vibrational strain of linear CO27. The pre-

sence of absorption bands at 1,652-1,643 cm-1 originates 

from C=O vibration of amide group, whereas the C-O 

bonds in chemical structures are evidenced by the pre-

sence of peaks in fingerprint region at 1,070 cm-1 23,26. 

 

3.2. In vivo Assay 

 

3.2.1. Antibody Anti-HBcAg Screening 

Antibody screening was done using semi-quanti-

tative ELISA kit to ensure the antibodies were properly 

formed. This assay is well known for its high sensitivity 

and excellent specificity for detecting mouse antibody 

with no significant cross-reaction or interference between 

HBcAb and its analogues. The bioassay used serum 

samples without any dilution. Therefore, the results of 

anti-HBc measurements out of subject experiments after 

administration of various antigens groups are, shown on 

Table 3. All subjects in the group B (HBcAg) showed 

HBcAb (positive) in their blood starting on the 35th day 

after first vaccination. Further observation of the anti-

body on days 51st confirmed a slight decrease, in 80% of 

subject group. Meanwhile in group C (MPS/MP HBcAg) 

shows a different response. 80% of all tested animals 

were able to produce anti-HBc antibodies detected on the 

51st day after vaccination. This result is quite similar to 

group E (MPC/MP HBcAg and HBsAg). The antibody 

was detected on days 51st after vaccination, but only in 

60% of group population. Group D (HBcAg and HBsAg 

without encapsulation) was found to show a good 
adaptive response by producing HBcAb detected on the 
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Table 3. The results of HBc antibodies detection in serum by ELISA. 
 

Groups Anti-HBc days to 

 21 35 51 

A (-) (-) (-) 

B (-) (+) 100% (+) 80% 

C (-) (-) (+) 80% 

D (-) (+) 100% (-) 

E (-) (-) (+) 60% 
 

 

Note: A=normal, B=HBcAg, C=MPS/MP HBcAg, D=HBcAg and HBsAg, E=MPC/MP HBcAg and HBsAg. (Percentage positive = ∑ positive/n) 

 

35th day after vaccination, but then extremely decreased 

on days 51st. However, all of these results might differ 

when more animals were added to the experiment or 

increase the antigen doses. 

Antibody expression in the form of anti-HBc con-

firms the formation of antibodies (HBcAb) against the 

presence of HBcAg in the serum of tested animals as 

response to hepatitis B virus for successful encapsula-

tion. The administration of single and combined antigens, 

with and without encapsulation showed that these anti-

gens were able to provide an adaptive immune response 

marked by positive HBcAb (+) and distinguishable from 

the normal group, which was proven to be HBcAb 

negative (-) on the 21st, 35th and 51st days after antigen 

administration. A positive anti-HBcAg value of single 

or combined administration with HBsAg on day 51 

indicates that the encapsulation could elicit immune 

response over a prolonged period. Therefore, research 

and development are still needed to determine the doses 

as well as the time and amount of antigen administered 

using optimized encapsulation techniques. 

The immune response-ability of tested animals was 

carried out for 51 days to determine stability and type of 

immune response, especially the adaptive type. In this 

study, animal groups were injected with a single form of 

HBcAg (B) and combination form of HBcAg and HBsAg 

(D). Research outcomes showed that all subjects (100%) 

in both groups presented antibodies (HBcAb) on the 35th 

day, but then decreased on the 51st day, as shown in 

Table 3. Anti-HBc or HBcAb is antibody in the form of 

immunoglobulin IgM or IgG and specific to the presence 

of HBcAg. Our study in agreement with previous report 

which demonstrated that BALB/c mice immunized with 

single HBcAg or in combination with IFNα-2b showed 

humoral immune response on the 35th day28. The oral 

administration of the vaccine candidate in this study was 

similar to HBcAg-based vaccine study administered via 

nasal route. In phase I of the clinical trial process con-

ducted by NASVAC HBcAg+HBsAg-based vaccine via 

the nasal route, healthy adult males showed a significant 

immune response in the form of anti-HBc formation 30 

days after vaccination29-30. 

Different results were obtained for antigen encap-

sulated with chitosan alginate. Group C that were admi-

nistered with encapsulated HBcAg (MPS) and combina-

tion of HBcAg and HBsAg with encapsulation (MPC/ 

group E) showed 80% and 60% of population developed 

anti-HBc on days 51st, respectively. This result relates to 

the size of the microparticles which affected the absorp-

tion power and the time needed to deliver antigens to site 

of action (intestines) and target cells (hepatocytes). Hence, 

this causes target cells need longer while responding to 

a series of specific antibody formations. According to 

Eldridge et al. and Singh et al., particle size affects 

absorption by Peyer’s intestinal patches31-32. Therefore, 

the delivery power and the resulting immune response 

become smaller32. 

This study confirms that the HBcAg (exogenous) 

antigen has the potential to elicit immune response, 

whether it is administered alone or in combination with 

HBsAg. In addition, the immune response formed using 

specific antibodies (HBcAb) in the group of animals 

given the encapsulated antigen proves the ability of 

chitosan and alginate to be administered as oral vaccine. 

 

3.2.2. AST and ALT Enzyme Activity in Blood 

 

A substance or antigen must meet several require-

ments to be used as a vaccine candidate. One of such 

requirements is its ability to remain stable and safely 

tolerated by the body. A toxicity test on the liver (hepa-

totoxicity) is one method commonly used to determine 

antigen’s safety. Hepatotoxicity is a state of dysfunction 

or the impact of liver damage by antigens or toxic 

exogenous compounds that can be seen through liver 

damage biomarkers analysis (ALT and AST). 

The activity of ALT and AST in the serum of the 

tested animals showed some fluctuations. Most of the 

enzyme activity increase in immunized group is propor-

tional to the duration of experimental animals were kept, 

which is shown in Figure 3. This means that the greater 

and stronger the antigen is given to the subject, the 

higher the immune response generated. Interaction bet-

ween antigens and immune cells causes inflammation, 

thus, inflammation will increase the activity of inflam-

matory enzymes marker in the liver. 

The measurement of control group activity (A) 

after 51 days of treatment illustrates that the average 

ALT and AST values are 89.21 U/L and 157.05 U/L, 

respectively. The data presents an increase in ALT and 

AST values of B, C, D, and E treatment groups, which 

are recorded at 115.61 U/L: 229.36 U/L, 95.10 U/L: 260.01
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Figure 3. The ALT and AST activities of animal subject during treatment on day 21, 35 and 51 after first vaccination. A=normal, B=HBcAg, 

C=MPS/MP HBcAg, D=HBcAg and HBsAg, E=MPC/MP HBcAg and HBsAg. 

 

U/L, 106.23 U/L: 166.65 U/L, and 101.21 U/L: 270.91 U/L. 

Based on statistical analysis results, comparison between 

control (A) and treatment groups (B, C, D, and E) showed 

that there was no significant difference in the mean of 

ALT (p>0.05) between control (non-vaccinated) and all 

immunized groups. Meanwhile, the AST value showed 

a significant difference (p<0.05) between the control 

group (A) and the treatment groups (HBcAg, MP HBcAg, 

and MP HBcAg and HBsAg). Furthermore, change in 

AST level does not fully referring the condition of liver 

but an increase of AST enzyme activity in blood damages 

the liver cells, and the cardiovascular system. Hepato-

toxicity biomarkers are usually a manifestation of the 

increase of hepatic enzymes in serum, which consists of 

AST and ALT of which secreted in parallel33-34. 

The unchanged value or deviation of ALT and AST 

(as shown in Figure 3) in each group that was adminis-

tered with antigens is because they were within the 

normal range limit. According to experiment conducted 

in 2009 by Murray and his colleagues, ALT and AST 

levels in hepatic pathological conditions increases up to 

10-100 times of the normal value because the liver trans-

aminase enzymes are released into circulatory system. 

Normal ALT range in mice blood is 17-77 U/L, however, 

according to preliminary studies, within 25-200 U/L is 

also categorized as normal range. On the other hand, the 

range of normal AST levels in mice’s blood is 54-298 

U/L, while in other literature, a range of 70-400 U/L is 

categorized as normal value36-37. Sharon (2015) stated 

that the level of liver infection is grouped based on the 

increase in hepatic enzyme activity. In small animal 

groups, an increase of enzyme activity above normal 

reference range is considered mild if it is less than 3 times 

of upper reference range, considered as moderate when it 

is 3-9 times, and severe when it increases above 10 times38. 

 

3.2.3. Liver Histology after Vaccination 

 

In addition to biological markers, assessment of 

toxicity effect from an exogenous compound on liver 

function is determined by analyzing liver tissue under 

microscope (histopathology overview). This helps the 

diagnosis of a pathological condition obtained from the 

response of antigen-target cell interactions. In this study, 

all liver tissue specimens were prepared from cross-

sectional slices of mice liver on the 51st day after vacci-

nation. One specimen represented the treatment group, 

as shown in Figure 4. 

The liver tissue in control subject (A) shows hepa-

tocyte cells and a few immune cells in physiological 

conditions. Meanwhile, normal infiltration indicated a 

small number of inflammatory neutrophil cells, with 

lymphocytes and plasma cells illustrated in the multifocal 

parenchyma area. In the treatment groups (B, C, D, and 

E), the overview of liver tissue shares similar morpho-

logy between groups given a single and combined antigen. 

The four test groups showed the presence small numbers 

of macrophages in the multifocal parenchyma area. The 

description of histological picture confirms that liver 

function conditions is in accordance with previous nor-

mality seen on ALT and AST values. 

The presence of macrophages in hepatocytes is used 

to induce a cellular immune response, which starts with 

naive T lymphocytes activated through the CD4+Th-1 
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Figure 4. Histology of liver specimens of mice after the 51st day of vaccination with magnification 40x. A=normal, B=HBcAg, C=MPS/MP 

HBcAg, D=HBcAg and HBsAg, E=MPC/MP HBcAg and HBsAg. 

 

cell activation pathway. This process leads to cytotoxic 

T cells and macrophage activation, which tend to elimi-

nate intracellular pathogens or cells affected by the given 

antigen. Furthermore, the presence of antigen-induced 

from the vaccine candidate can be controlled, both in 

terms of dose and amount of administration, to generate 

cellular and humoral immune responses without causing 

significant hepatocyte damage. 

The result of this study is similar to administration 

of a non-adjuvant recombinant vaccine consisting of 

HBcAg and HBsAg. It could form cellular and humoral 

immunity, as well as a strong antibody (Ab) against 

HBcAg, such as HBcAb. The intranasal and subcutaneous 

routes of vaccine administrations provide stability and 

safety to subjects by administering multiple doses39. 

 

4. CONCLUSION 

 

Based on the parameters of loading efficacy, PdI, 

zeta potential, particle size, FTIR, and antibody presented 

(anti-HBc), it was concluded that the combination of 

HBcAg and HBsAg can be encapsulated in micropar-

ticle chitosan alginate. Furthermore, the formation of 

HBcAb appeared on the 35th day after the first vaccina-

tion. The ALT and AST enzyme activity is still within 

normal range. In addition to histological mice’s liver 

observation, we found that administration of HBsAg and 

HBcAg antigens encapsulated by chitosan alginate to 

mice via oral route aided the adaptive immune response 

without causing liver damage. 
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