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Abstract: Problem statement: Hepatitis B is a major public health problem, ikij 1-2 million
people annually, despite the introduction of areffe vaccine in 1982. Approximately 400 million
persons worldwide have chronic hepatitis B. Thidus to problems associated with vaccine delivery,
stability and cost. Hence the present challengéaiccinology is to develop safer, cheaper and easy-t
deliver forms of vaccines. A novel needle-free matcine will be an ideal tool to fight with thidest
killer diseaseApproach: Hence a study was conducted with the aim of foatinud and evaluating an
effective oral HBsAg vaccine. HBsAg-loaded microsms were prepared by microencapsulation
using albumin as polymer and sodium taurocholatpesimeation enhancer. Bacitracin and aprotinin
were incorporated as protease inhibitors. Afteritro studies, optimized drug-loaded microspheres
were encapsulated in hard gelatin capsules whiate feether enteric coated with cellulose acetate
phthalateln vivo experiments were conducted in rabbits. Controugravas administered with 20 pg
of HBsAg intramuscularly and the test groups weveg different formulations of oral vaccine as per
the current vaccination schedule of 0, 1 and 6 h®ntmmunogenicity was compared with IM
injected vaccine control grouResults. HBsAg microspheres with albumin as polymer andthaain

as protease inhibitor induced immune response sgp#tific antibodies and cell mediated immunity
better than the formulation with aprotinin as pas inhibitor (p = 0.047). Vaccine-related adverse
events were absent in all immunized rabbits. Bdsematological, biochemical and physical
parameters were within normal limit€onclusion: The stability exhibited by this vaccine at room
temperature can be extremely useful to overcoménttemplete vaccine coverage due to cold chain
requirement. Impressive large logistical advantageselimination of blood-borne infections are othe
major benefits, which may have a great impact avbal HBsSAg immunization acceptance and
compliance and on hepatitis B disease burden.
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INTRODUCTION exposure to infectious agents. It is recognizedhas
most cost-effective  method for controlling and
From birth, human beings have been exposed to eradicating  microbial infections. In  general,
continuous stream of microorganisms that have thémmunization programs have led to the elimination/o
potential to harm their bodily processes. In thétlé®a control of several different infectious diseaseduding
with microbial invaders, their body tries to defetgelf  small pox, polio, measles, rubella, haemophilus
by the immune system. So the primary function &f th influenzae type B disease, pertussis, tetanus and
immune system is protection of the body. Immunediphtheria (Rosenthal and Zimmerman, 2006).
system can be primed for this defense through Despite the introduction of effective vaccines
immunization. The objective of immunization is to against a variety of microbial pathogens, manyatiss
provide long-lasting immunologic protection againstremain unconquered even with today’s state-of-the-a
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techniques. This may be attributable to issuegconomically feasible approach to mass vaccination
associated with vaccine delivery methods, stabdity (Giudice and Campbell, 2006). Impressive logistical
room temperature and the high cost of all immuigzat advantages of orally administered vaccines were
regimen. For e.g., a very effective vaccine wadlavie  exemplified by two National vaccination Days in $99
for hepatitis B infection since 1982 and yet thigedse is when 121 million Indian children were vaccinated
a major public health problem even today (Borgesl.,  against polio at 650,000 centers (Bloom and Widdus,
2008). About 400 million people are chronicallyaofed 1998). The number of worldwide polio cases has
globally (Simaniet al., 2009). Every year, 1-2 million declined 99.7% in 2004, largely due to the usehef t
deaths are reported particularly from cirrhosis andSabin oral polio vaccine ( Giudice and Campbeld&0
carcinoma of the liver caused by hepatitis Biwi However it has been shown that it is very diffictdt
(Lai et al., 2003). Hepatocellular carcinoma ranks fifth obtain a protective immune response following oral
in overall frequency (fifth in men and eighth inmwen)  vaccination, the live-attenuated polio vaccineslmimg
and fourth in annual mortality rate (Kew, 2002). Soone of the few exceptions (Holmgren and Czerkinsky,
there is a need for improvement in the managemient ®005). For this reason, only few vaccines currently
chronic hepatitis B virus infection and vaccinatisn approved for human use are being administeredyorall
likely to be the cheapest and potentially the most Unfortunately the preparation of a single oral
beneficial treatment. formulation is not an easy task. The most important

At this juncture, there is an urgent need to feirth obstacle related to the efficacy of oral immunizatis
improve vaccine research. The present challenge ithe adverse environment of the gastrointestinadt tra
Vaccinology is to develop better, safer, cheapasjez- rich in acids and enzymes, which are capable of
to-administer forms of vaccines. Most traditional destroying the antigen. Still we have hopes to have
vaccines are not cost-effective as they requirectiid  ideal oral formulation with developing key techngikes
chain. “Cold chain” refers to the materials, equgmtn  in this 21st century. Last century has contributeahy
and procedures required to maintain vaccines within innovative delivery technologies. Some of thoset pas
specific temperature range (often 2-8°C) from iheet and present technologies are microencapsulation
that they are manufactured until they are given tdCole et al., 2007), lipid nanoparticles (Gasco, 2007;
patients (Weir and Hatch, 2004). Cold chain isJoshi and Muller, 2009), cell interior delivery (Tago-
estimated to cost vaccine programs g|0ba||yTI’8:ni and Storrie, 2007), ultrasound m_ediated _drug
between 200 and 300 million dollars y¢@es, 2004). ~ delivery (Frenkel, 2008),  DNA vaccine carriers

Currently, sterile manufacturing and trained (Hassettet al., 1999), thiomers (Bernkop-Schnurch,
personnel are indispensable for vaccine administrat 2005), TLR agonists (Baldwiet al., 2009), plant-based
The needles and syringes used for vaccination posgiccines (Howard, 2004 ), cell-based drug delivery
threats for environmental issues and blood-borndPierige et al., 2008), lectin-mediated drug targeting
infections. Studies have shown that 20-80% of newBi€s et al., 2004), liposomes drug delivery (Huang,
hepatitis B infections are due to unsafe injection 2008).

(Alam et al., 2007). Needle-phobia which is commonly __The technique of microencapsulation is widely
seen in children and in some adults, is anothdofao applied in pharmaceutical industries to obtain the

refrain from vaccination. Increasing concern Overcontrolled release of drug (Et al., 2008). It promises

bioterrorism also favor needle free vaccine deliver ?Im _|8_c|:_reasef n shelfl-lhfg of la vacml?_e a_nd oﬁ;dneht
research (Levine and Sztein, 2004). Hence developme exibility of  controfled release Kkinetics of  the

. " : . administered drug. Microspheres have received atgre
of a new generation of vaccines that can be effelsti

dmini 4 b imol . d . Ideal of attention as antigen carriers for oral
administered by simple, economic and practicalyyministration due to their reported ability to fe the

immunization procedures is essential. _antigen denaturation by bile salts, loW pnd high

A novel needle-free ora_l_vaccme will be an ideal|gyels of degradative enzymes in the gut and imest
solution to tackle the hepatltls B menace. Becafse While Ce|ebrating the success of oral po"o drops i
the many advantages of needle-free vaccine deliverynass immunization programs, there is an urgent need
public health organizations like World Health for developing an effective oral vaccine against
organization, the Global Alliance for Vaccines andhepatitis B, which is a major killer disease in the
immunization and the Centers for Disease Contrdl andeveloped and developing countries. This may
Prevention support this novel idea. Oral vaccin@geh overcome the shortcoming of compliance in the
the advantages of ease of storage, dispensation aedisting effective intramuscular HBsAg vaccine and
consumption. It has been recognized as the onlynake it a success story in the field of Vaccinology
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Hence this study was performed aiming tothe HBsAg in the well. After washing to remove the
formulate a needle-free oral vaccine for hepaflis residual sample, HBSAg conjugate to peroxidase was
infection and evaluate its effectiveness by comnmgari added. After this second incubation and washing, an
the immunogenicity of intramuscular and oral enzyme substrate containing a chromogen was added.
administered vaccine groups vivo. Other major This solution will develop a blue colour, if thengale
objective was stability studies to evaluate thedfiof  contains anti-HBs. The blue color changes to yellow

different storage conditions. after blocking the reaction with sulphuric acid. eTh
intensity of color is proportional to the concetita of
MATERIALSAND METHODS anti-HBs present in the test preparation. The dlasare

was taken at 450 nm in the ELISA reader. The
Materials and suppliers. Bovine serum albumin and concentration of antibodies in the sample was
Aprotinin  from Sigma-Aldrich Chem, Co. USA, calculated by interpolation from the calibratioma
Hepatitis B surface antigen from Shantha Biotech Pv
Ltd. Hyderabad, Bacitracin from Hi-Media Detection of Hepatitis B surface Antigen (HBsAQ) by
Laboratories Pvt. Ltd., HBsAg and anti HBs kitsrfro ELISA test: Bioelisa HBsSAg color is a direct
Ranbaxy Laboratories, Interferon gamma andimmunoenzymatic method of the sandwich type in
Interleukin 4 test kits from Ray Biotech Inc. Alther  which guinea pig anti-HBs antibodies coated to
chemicals and reagents were of analytical grade anehicroplate wells act as the capture antibody analt go
purchased from commercial vendors. anti-HBs antibodies marked with peroxidase serve as

conjugate antibodies. The samples to be analyzed we
Preparation of HBsAg-albumin microspheres. The incubated in the antibody-coated wells. After waghi
method followed for the preparation of albuminto eliminate any unbound material, goat anti-HBs
microspheres was emulsion-solvent evaporation ndethoconjugate to peroxidase was added to the wells and
as described by Thanog al. (1992). Albumin was allowed to react with the antigen-antibody complex
dissolved in distilled water at room temperaturd #tre  formed in the first incubation. After a second
aqueous solution of the drug (hepatitis B surfacencubation and subsequent washing, an enzyme
antigen) was incorporated into this solution usingsubstrate containing a chromogen was added. The
homogenizer. The oral adjuvants such as permeatiosubstrate will develop a blue color if the sampde i
enhancer sodium taurocholate and protease inhibitgrositive for HBsAg. Stop solution was added and the
such as aprotinin, bacitracin were incorporated an@bsorbance was taken at 450 nm in ELISA.
mixed uniformly using homogenizer. The dispersion
was transferred into a beaker containing 100 muidig Detection of Interferon gamma (IFN y) by ELISA
paraffin. Span-80 was used as emulsifying agerd at method: After preparing all reagents, samples and
concentration of 2%. After homogeneous, stablestandards as instructed in the test manual, the plas
emulsion was formed, Glutaraldehyde Saturatedncubated for 2.5 h at room temperature with steshsla
Toluene (GST) was added as cross-linking agent and samples in the assigned wells. After discartlieg
varying concentrations at specified time intervdlsis  solution and washing, biotinylated antibody waseatld
mixture was stirred at specified speed using @&o each well and incubated for 1 h at room tempeeat
mechanical stirrer for 5 h. The suspension wadNashing was repeated and streptavidin solution was
centrifuged and microspheres were collected, washeddded. The plate was incubated for 45 min at room
with n-hexane until the oil phase was removed. Igina temperature. Following washing, TMB one-step
the microsphers were collected, vacuum dried forsubstrate reagent was added to each well. Aftenid0
suitable time and stored in an airtight, amber o of incubation at room temperature in the dark, stop
container. solution was added and absorbance was taken a

450 nm immediately. Standard curve was plotted on
Detection and quantification of antibodiesto HBsAg  log-log graph paper. The concentration of I the
(anti HBS): test samples was calculated by interpolation from t
ELISA technique: Bioelisa anti-HBs is a direct calibration curve.
immunoenzymatic method of the sandwich type.
Samples to be analyzed were incubated in wells of ®etection of Interleukin 4 (IL 4) by ELISA method:
microplate coated with highly purified HBsAg. If a Standards and samples were pipetted into the wells
sample contains anti-HBs, it will bind specificaly  coated with antibody specific for IL 4. After incaitfon,
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the wells were washed and biotinylated anti IL 4were maintained under controlled conditions of
antibody was added. After washing away unboundemperature and humidity. They were fed balanced
biotinylated antibody, HRP-conjugated streptavides  diet. Waterad libitum was available always.

pipetted to the wells. After incubation and washing

TMB substrate solution was added. The plate was\ntjgen administration: Three groups of animals each
incubated for 30 min and stop solution was addedhaving six rabbits (age range 6-12 months) werertak
Absorbance was taken at 450 nm. Log-log paper wag,, the in vivo studies. One group was given
used to plot the standard curve and the concemtrafi  jniramuscular injection of 20 pg HBsAg which was
IL 4 was obtained by interpolation. designated as formulation 1. The enteric coated
capsules containing antigen loaded microspheres
Physicochemical characterization: The sizes of the equivalent to 40 pg HBsSAg were administered to
microspheres were determined by light microscopyovernight fasting animals. Three doses of antigerew
using calibrated eye piece micrometer. A totallmfie  administered to each group of animals. One mor#r af
200 microspheres were considered for size distohut the first dose, second dose was given. Third dese w
The entire data was analyzed for mean diametee, sizgiven after six months of first dose (vaccine sched,
range. To determine the entrapment efficiency ¢gamti 1 and 6 months). The antigen administration madalit
content) and yield, a known quantity of microspkere with other details are given in Table 1.
was triturated and kept for 48 h under mechanical

agitation in double distilled water. The resultantpg|gqq sample collection: Prior to the administration of

solution was centrifuged and supernatant solutias w antigens, 2 mL blood was drawn from the marginéh ve

diluted suitably with double distilled water. Theofein ¢ the rabbit ear and these samples were desigmated

content was estimated. The drug content was eXmessT after administering both HBsAg I/M injectionsic

as the amount of drug encapsulated in a unit wedght c4n5les, blood samples were withdrawn after 14 day

microspheres. The drug content of each sample wag,q they were designated as 1T. After administettieg

determined in triplicate and results averaged. ikl  cocond dose of both I/M and oral vaccines to the

of microspheres can be calpulated byltaking thal tot respective groups (one month after the first ddsiepd

weight of the polymer, antigen, additives and cross;amples were withdrawn on the 6th day and they were

linking agents against the total weight of the designated as 2T.

microspheres after drying. After administering the third dose of both vacsine
to the respective groups (6 months after the &oste)

In vitro drug release studies: A known quantity of blood samples were withdrawn on the 6th day ang the

drug loaded microspheres was suspended in 10 mL PB&ere designated as 3T. After one year of initialoiae

in 20 mL capacity stoppered vial which was plaaged i delivery, blood samples were collected from allbigh

shaker waterbath maintained at 37+1°C at a speednd designated as 4T (Table 2). The test parameters

setting of 25 cycles mih The release study was the samples used are given in Table 3.

carried out for a period of 36 h. Aliquots of sapwl

were withdrawn at regular predetermined timeTable 1: Experimental protocol used in theivo studies in animals

intervals, filtered and analyzed for total proteomtent Formulation route of
against appropriate blank. Groups  code Formulation administration
1 | 20 pug HBsAg I'M
2 Il 40 pg HBsAg + Albumin  Oral
In vivo evaluation: In vivo evaluation was carried out + Bacitracin + ST
for the antigen loaded microspheres. The animagsN 3 1l 40 pg HBsAg + Albumin  Oral

Zealand White Rabbits) were obtained from Sri + Aprotinin + ST
Venketeshwara Enterprices Bangalore. TheI/M: Intramuscular; ST: Sodium Taurocholate
experimental protocol for all then vivo studies was o o
approved by the Institutional Animal Ethics Jable 2: Sample designation and description

Committee (vide letter number-IAEC/KMC/06/2005- (S)imp'e designation ZDeSdcriptig”f e

. . . €ro dose berore vaccine administration
06) which is an approved body under the Council for;; 14th day after first dose
the purpose of control and supervision of experitsien >t 6th day after second dose
on animals, Ministry of Social Justice and 3T 6th day after third dose
Empowerment, Government of India. The animals?T 1 year after first dose
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Table 3: Test parameters and sample designation

Test parameters Sample designation

HBsAg OT and 1T, all samples

Anti HBs 0T, 1T, 2T, 3T, 4T, all samples
IFN-y, IL-4, HB, TLC, 0T, 2T, all samples

DLC, TP, A/G ratio

Body weight 0T, 3T, all samples

HB: Haemoglobin; TLC: Total Leucocyte Count; DLCifferential
Leukocyte Count

Reactogenicity studies: To assess the reactogenicity of
the vaccine formulations, all rabbits were physjcal
examined on all vaccination days and further foia$s
following each vaccination. They were monitored for
body temperature prior to each vaccination and3for
consecutive days.

Stability studies. Optimized drug loaded microsphere
formulations were sealed in 10 mL amber coloredsvia
and maintained in different temperature and humidit
conditions for a period of three months. At per@odi
time intervals, known amount of samples were
withdrawn and analyzed for protein content. Drug
loaded microspheres were encapsulated in hardimelat
capsule which was further enteric coated with ¢edle
acetate phthalate. The stability studies of thegerie
coated capsules were also done for a period of/eae

Finally, the capsules were analyzed for changes im

morphological characters analvitro release profiles.
RESULTS

Result (in vitro studies):

Physicochemical  characterization: The mean

diameter for albumin microspheres was found to be

23.16+3.84um. Entrapment efficiency was 61.45%

In vitro antigen release studies:
Stability studies:
In vitro antigen release studies:

88-96, 2010
« Differential Leucocyte count

Heterophils: Percentage of mean in OT was
51+5 and 484 in 2T samples (F = 9.671;
p 0.007). Statistical significance was
observed, but this is within the normal range
of heterophils in rabbits (40-70%)
Lymphocytes: OT and 2T mean values were 45
and 48 respectively (F =19.266; p = 0.001).
Normal range of lymphocytes in rabbits is 43-
80%

Monocytes: Statistical and clinical significance
was not observed (F = 0.676; p = 0.424)
Eosinophils: Pre and post vaccination results
showed statistical significance (F = 5.556;
p = 0.032). Since the values were in normal
range (0-2%) clinical significance was not
found

Total protein, albumin, globulin and A/G ratio: The
means observed for total protein in OT was 6.5 g
dL™ and in 2T, it was 6.8 g dL (F = 39.286; p =
<0.001). No change in concentration was noted in
the albumin levels (F = 0.220; p = 0.646). There
was a significant change in the globulin level (F
= 19.41; p = 0.001) and in the albumin/globulin
ratio (F = 6.612; p = 0.021)

Body weight: Body weight was taken for all
animals prior to the first dose of vaccination and
after the last dose of vaccine administration
(F =808.962; p = <0.001)

Body temperature: All groups of animals showed
normal body temperature

Statistical analysis was done by students T-test
both paired and independent

DISCUSSION

Hepatitis B is a vaccine preventable disease. The
most effective way to prevent this infection is

Result (in vivo studies): administration of hepatitis B vaccine. A comprelieas

strategy to eliminate hepatitis B virus includesvarsal
vaccination of infants at birth. Yet so far, we ktbaot
achieve the desirable result. We have to go mildhis

] qud field of exploring the effective HBsSAg vaccine to
Interleukin 4 quantitation overcome the roadblocks of compliance and coverage.
Haemoglobin estimation: Significant difference Most human pathogens enter the body through
was not observed in any of the groups (F = 1.845mucosal surfaces including respiratory, gastrotitiak

p =0.194) and genitourinary tracts and colonize these saesiog
Total Leucocyte count: Despite the statistically diseases. More than 90% of all human infectionsrbeg
significant differences between the groupsat mucosal sites. Mucosal immunization is a more
(F = 8.393; p = 0.011), clinical significance was effective way of inducing immune responses at the
not ruled out mucosal surfaces than other administrative routd su
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as injection. However, with very few exceptions, al Uniform and spherical albumin microspheres showed
currently licensed human vaccines are administesed entrapment efficiency up to 61.45%
injection. Mucosal immunization provides several The release pattern observed from different
advantages including: induction of systemic immuneformulations of albumin microspheres was biphasic,
responses, generation of protective immunity atcharacterized by an initial burst effect followeg slow
mucosal sites distant from the immunization siterelease. Around 15% of the drug was found to be
inexpensive, safe and easy administration and timuc released in the first 6 h. Thevitro antigen release from
of slower age-related immune dysfunction thanHBsAg loaded albumin microsphere Formulations A, B
systemic responses (Lekal. 2005). and C were given in Table 4 and Fig. 1. At the efd
The current strategy for the induction of a mutosa36 h, the antigen release from Formulation A, B @nd
immune response involves the use of particulatevere 52.12, 52.68 and 52.34% respectively. Thisaini
delivery systems. Formulation of antigens intoresult could be due to the loosely bound or surface
particulate carrier systems offers the potential ofembedded drug. The subsequent slow release may be
optimizing delivery to immune responsive sites andbecause of the release medium being diffused o t
also protection of the antigen against proteolyticpolymer matrix, whereby drug may have diffused @iut
degradation in the gastrointestinal tract. Différen the microspheres. The results also showed that tiser
carriers are employed for this purpose by differentho significant difference in antigen release betwee
people. In our previous study we have used chitasan different formulations of aloumin microspheres. But
the carrier (unpublished data). It has been fouvat t slight increase in antigen release is seen in cdse
chitosan is a good polymer for making HBsAg Formulation-B.
microspheres and inducing immune re§ponse. . Table 4: Cumulative percentage of drug release fimmulation A,
Present study focused on albumin as the vaccine B and C
carrier. Albumin microspheres have been extensively
investigated for drug targeting to various orga@s.(

Drug release (%)

lungs) and tissues because of their biodegradabilit Time (h) Formulation-A  Formulation-B Formulation-C
biocompatibility and ease of preparati@ehinet al., 9 e 29 9.9
2002). To prevent the degradation of antigen, pisge 3 7.46 734 722
inhibitors  like aprotinin and bacitracin were 6 14.92 15.98 15.04
incorporated.  Sodium  taurocholate ~ served  as, 18.48 1842 18.24
permeation enhancer. The emulsion solvent evaparati 15 30.75 31.34 31.00
method was used to prepare the albumin microsphere$3 35.78 35.06 35.81
HBsAg loaded albumin microspheres exhibited good?? e aaie e
morphological characteristics with smooth boundaryzg 48.46 4928 4927
and mostly spherical ones were observed by lighg3 51.16 51.12 51.04
microscopy. However occasional deformed and discret3® 52.12 52.68 52.34

: Albumin + 40 pg HBsAg; B: Albumin + 40pg HBSAg +

particles were seen. They were analyzed for mea acitracin + ST; C: Albumin + 4Qig HBsAg +Aprotinin + ST

diameter. The mean diameter for albumin microspghere
was found to be 23.16+3.8dn.

The emulsification coupled with solvent evaponatio
procedure resulted in a product yield varying fr66%
75%. The method used for collection of the micresjgh
product would have considerable influence on thal to
yield of the product. The method followed in our
experiment was centrifugation for collection of
microspheres. The washing was accomplished by
resuspending the pellet containing the encapsulated =
product and centrifugation again. This cycle repebed
number of times till a desirable product was oladin , —

Good drug loading was achieved for the different 01 3 6 9 12 1518 24 27 30 33 36

albumin formulations. Some of the antigen was tost Time (h)

the external phase during preparation and recovéry.

results also indicate that the entrapment effigieat  Fig. 1: Comparison of cumulative percentage of drug
microspheres depends on the preparation conditions. release from Formulation A, B and C
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Fig. 3: Comparison of IFN concentration of OT and
Fig. 2: Comparison of cumulative percentage drug 2T samples (pg mﬂ)
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Table 5: Cumulative percentage of drug release asfElation B, 241

B(1), B(2) and B(3) -

Percentage of cumulative drug release 23 1
Time Formulation Formulation Formulation Formulatio 227 [} Gpl
(h) B B(1) B(2) B(3) <
0 0.00 0.00 0.00 0.00 211 B Gp2
1 4.62 3.92 3.68 2.40 | 0 Gp3
3 7.34 7.02 6.94 4.82 20
6 15.98 14.48 12.32 10.28 i
9 18.12 17.12 15.16 13.16 1%
12 25.68 23.48 21.24 18.32 18 42
15 31.34 29.36 28.26 23.90 0T 2T
18 35.06 34.80 32.14 27.16
24 42.16 41.16 39.86 32.58 ] ) )
27 46.64 45.52 4232 36.34 Fig. 4: Comparison of IL 4 concentration of 0T &id
30 49.28 47.86 44.10 38.50 samples
33 51.12 49.52 47.98 40.18
36 52.68 50.24 49.32 41.84
B: Aloumin + 40 ng HBsAg + Bacitracin(SS) + ST; B(1): Measurement of specific antibody production is a

Formulation B at 442°C; B(2): Formulation B at RB(3):

Formulation Bat 4042°C/75.45%RH critical feature in vaccine design. Highest cir¢ing

antiHBs occurred in response to intramuscular

Table 6: Anti HBs of Gp 1, 2 and 3 (mIU ). injection. The antibody response was lower as
Gp 0T 1T 2T 3T 4T compared with intramuscular injection, but in both
1 073 1213.33  1455.50 1546.66 1547.33 formulations seroprotectiorr10 mIU mL™) was evident
2 0.68 42.26 48.13 49.08 4893 o1 6) The f lati f . h albumi
3 0.70 1821 20 36 2143 2018 (Table 6). The formulation of vaccine with albumin,

Gp 1: Control (IM); Gp 2: HBsAg, Albumin, Bacitra; Sodium  Dacitracin and sodium taurocholate showed sigmifica
taurocholate; Gp 3: HBsAg, Albumin, Aprotinin, Sodi  humoral immune response (F = 5.112; p = 0.047pIgri
taurocholate were conducted on HBsAg free animals for inductén

o ) immunity. The given antigen was utilized by them to
Estimation of protein content revealed that thereg;, 1ate immune response

was a decrease in the drug content of microspheres gjnce HBsAg is T cell-dependent glycoprotein,
which were stored at 40+£2°C/75£5% RH and nogefects in the Th cell function, either Th1 or Thkauld
appreciable change in drug content of the formoiati  resylt in failure of immune response to this antige
stored at RT and refrigerator. These resultgnofitro (Jafarzadeh and Shokri, 2003). Vaccination with
release studies indicate that there was no appecia HBsAg induces protective immunity through T cell
change in drug release from formulation stored &t R dependent production of anti HBs antibody. In this
and 4+2°C (Table 5 and Fig. 2). There was a diffeee  study, both Thl and Th2 responses have been
between the above formulations and formulationestor investigated in all vaccinated groups. IfFNecretion is a

at 40+£2°C/7525%RH. hall mark of Thl lymphocytes. The measurement of IF
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v production in response to specific antigen stititaeis ~ immunization of HBsAg. This needle-free vaccination
frequently used in experimental studies to evaluateequires further more elaborate clinical studies fo
immune competence. In this study, the mean titresafety and efficacy. However ‘vaccines without
observed was 3.4 pg miLin OT (Fig. 3) and 4.4 pg mt.  needles’ is desired by all both young and old. This
in 2T (F = 118.262; p = <0.001). IL 4 is secretgdTiln2  offers improved safety, better compliance and cager
cells, mast cells and a subset of NK cells. Seametif  easier and fast painless vaccine delivery and cost
IL 4 is a hallmark as well as an indicator of Th2reduction. There is no better substitute for mass
differentiation in T cells. We observed the meaertof  vaccination than the oral mode of administration.

IL 4 in OT as 20 pg mL (Fig. 4) and 24 pg mttin 2T
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