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Abstract

Polylactide (PLA) polymer particles entrapping tetanus toxoid (TT) were evaluated in terms of particle size, antigen load, dose
and additional adjuvant for achieving high and sustained anti-TT antibody titer from single point intramuscular immunization.
Admixture of polymer entrapped TT and alum improved the immune response in comparison to particle-based immunization.
High and long lasting antibody titer was achieved upon immunization withu2a-8&ize particles. Microparticles within the
size range 50-150m elicited very low serum antibody response. Immunization with very small particlegsntdand with
intermediate size range particles (104#0) elicited comparable antibody response from single point immunization but lower
in comparison to that achieved while immunizing with 248 size particles. Potentiation of antibody response on immunization
of admixture of microparticles and alum was also dependent on particle size. These results indicate the need of optimal particle
sizes in micron ranges for improved humoral response from single point immunization. Increasing antigen load on polymer
particles was found to have positive influence on generation of antibody titers from particle based immunization. Maximum
peak antibody titer of~300.g/mL was achieved on day 50 upon immunization with particles having highest load of antigen
(94 .g/mg of polymer). Increase in dose of polymer entrapped antigen resulted in concomitant increase in peak antibody titers
indicating the importance of antigen stability, particle size and load on generating reproducible immune response. Optimization
of particle size, antigen load, dose and use of additional adjuvant resulted in high and sustained anti-TT antibody titers over a
period of more than 250 days from single point immunization. Serum anti-TT antibody titers from single point immunization of
admixrure of PLA particles and alum was comparable with immunization from two divided doses of alum adsorbed TT.
© 2005 Elsevier B.V. All rights reserved.

Keywords: PLA particles; Tetanus toxoid; Particle size; Antigen load; Antibody response

1. Introduction

* Corresponding author. Tel.: +91 11 26703509; . . .
fax: +91 11 26162125, Polylactide co-glycolide (PLGA) and polylactide

E-mail address: amulya@nii.res.in (A.K. Panda). (PLA) polymer based particles have been investigated

0378-5173/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2005.05.028



150 Y.K. Katare et al. / International Journal of Pharmaceutics 301 (2005) 149-160

as an alternative vaccine delivery systdfiaes et al., influence onimmune response from single pointimmu-
1997; Cleland, 1999; Boehm et al., 200Zhey offer nization. Particle size of the polymeric formulation has
many advantages such as single point immuniza- been considered as the major parameter for generation
tion for multidose vaccines, protection of antigen in of immune response but with varied resulakaoka
vivo, flexibility of rate and profile of antigen release, et al., 1996; Coombes et al., 1996; Johansen et al.,
co-encapsulation of multiple antigens, generation of 2000, 2001; Gutierro et al., 200Rt5ame size parti-
cytotoxic T cell response and possibility of admin- cles when immunized with different routes are taken
istration by non-invasive routess(pta et al.,, 1998;  up by different antigen presenting cells thus elicit var-
Raychaudhuri and Rock, 1998; Shi etal., 2002; Boehm ied immune responseNéwman et al., 2002 Even
et al., 2002; Jones, 2003; Peyre et al., 2004m- though small size particle (gbm) are preferably taken
ited adjuvanticity of alum and it’s failure to generate by macrophagesT@bata and Ikada, 1988there are
immune response against many of the new generationreports that higher size particles (>2t) also gener-
recombinant antigens as well as weak antigens haveate antibody respons®{Hagan et al., 1993; Hilbert et
further necessitated research in the field of microencap- al., 1999. Antigen load on polymer particles and doses
sulated antigen. Extensive research has been carried ouglso influence the immune response depending on its
entrapping TT Johansen et al., 200Raghuvanshi et  route of immunization and uptake by antigen present-
al., 2002; Peyre et al., 20p3liphtheria toxoidBoehm ing cells Uchida et al., 1994 Most of the reports on
et al., 2002; Peyre et al., 2003, 2Q0Ghd hepatitis B these above parameters have been investigated using
surface antigenSingh et al., 1997a; Shi et al., 2002  oral, intradermal or intraperitonial route of immuniza-
for developing single dose vaccine. tion (Uchida et al., 1994; Uchida and Goto, 1994;
Research on controlled release vaccine delivery sys- Tabata et al., 1996; Nakaoka et al., 1996; Gutierro et
tem has mainly focused on stability and immuno- al., 2002b Carcaboso et al., 20043, Rarely all these
genic potential of the released antigdtafhuvanshi parameters important for improving the immunogenic-
et al., 1998; Weert van de et al., 2000; Schwendeman, ity of particle entrapped antigen have been studied in
2002. Itisimperative that antigenicity of the entrapped relation to each other while using intramuscular route
vaccine during polymer particle formulation should be of immunization.
preserved for generation of effective immune response.  In the present study, polylactide (PLA) entrapped
However, presentation of this immunoreactive anti- TT was used to evaluate the importance of particle char-
gen and its processing ultimately controls the mag- acteristics in terms of size, antigen load, dose and use
nitude and duration of immune response from single of additional adjuvant onimmune response from single
pointimmunization. Microparticle formulation param-  point intramuscular immunization. Combined effects
eters like particle size, load of antigen, presences of all these parameters associated with particle for-
of additional adjuvants and route of immunization mulation were evaluated and optimized taking TT as
have major influence on the quality and quantity of a model antigen for potentiation of immune response
immune response from single point immunization. from polymer entrapped antigens.
Current understanding of immune system and research
on antigen entrapped microparticles suggests that these
parameters may be very crucial for the presentation of 2. Materials and methods
antigen to immune cells and for controlling the over-
allimmune response from these particlesggarzaand  2.1. Materials
Kissel, 1992; Nakaoka et al., 1996; Igartua et al., 1998;
Cleland, 1999; Johansen et al., 2000, 2001; Gutierro  Poly b,.-lactide (PLA, 45kDa) were pur-
et al., 2002a,p Uptake of particles by antigen pre- chased from Birmingham Polymer Inc., USA. TT
senting cells, their transport in to lymph nodes and (3000 Lf/mL, protein content 8 mg/mL) was pur-
interaction with tissue play an important role in gen- chased from Serum Institute of India, Pune. Alum
eration of immune response from particulate vaccine was 2% (w/v) Alhydrolgel from Superfos Biosector,
formulation. However, there is no consistency in the Denmark. Rat serum albumin (RSA) [A-6272] and
literature regarding these above parameters and theirpolyvinyl alcohol, MW 30,000 (PVA) was from Sigma



Y.K. Katare et al. / International Journal of Pharmaceutics 301 (2005) 149-160 151

Chemicals, USA. Micro BCA protein assay kit was ferent antigen loads, formulation parameters used for
from Pierce, USA. Polyclonal antibodies to TT and 2-8um size PLA patrticles entrapping TT were used.
goatanti-TT HRPO conjugate were from Reagent Bank Different concentrations of antigens were taken in the
of National Institute of Immunology, New Delhi, India. ~ same volume of IAP during primary emulsification step
to prepare similar sized particle having different anti-

2.2. Methods gen load.

2.2.1. Preparation of polymer particles 2.2.2. Characterization of particle size and

Polylactide polymer particles were prepared using Suzface morphology
w/o/w multiple emulsion solvent evaporation method ~ Size distribution of the particles was determined
(Raghuvanshi et al., 2001 Briefly, primary emul- using GALAI-CIS-1 particle size analyzer. Surface
sion between internal aqueous phase containing Morphology was viewed by scanning electron micro-
TT and organic phase (50 mg/mL PLA solution in Scope (Jeol JSM 6100, Tokyo) after coating the particle
dichloromethane) was prepared by sonication (20 W, surface with gold—palladium.
80% duty cycle, 20 cycles) (Branson, Sonifier 450,
USA). Along with TT, emulsifier Rat serum albumin  2.2.3. Estimation of protein content of polymer
(2.5%, wiv) and lyoprotectant sucrose (10%, w/v) was particles
added to the internal aqueous phase to stabilize anti- To measure the protein content of particles, accu-
gen during microencapsulation and freeze drying steps. rately weighed particles were dissolved in acetonitrile
Resulting primary emulsion was added drop wise to to solubilize the polymer while precipitating the encap-
external aqueous phase containing 1% (w/v) PVA and sulated protein. The precipitated protein was pelleted
10% (w/v) sucrose solution in MQ water and homog- by spinning at 5000 rpm for 10 min and was dissolved
enized (10,000 rpm for 10 min) (Virtis, Cyclone 1.Q., in 1% SDS solution. The protein content of the solu-
USA) to get multiple emulsion. The multiple emulsion tion was determined by micro BCA assay. Protein was
thus obtained was stirred overnight at room temper- resolved in SDS-PAGE gel and the amount of TT in the
ature and resulting particles were collected by cen- mixture was determined by densitometry scanning of
trifugation (20,000 rpm, 20 min), washed thrice with gel picture. Antigen load was calculated as the percent
ice-cold MQ water and lyophilized to get free flowing weight of TT per unit weight of polymei(g TT/mg of
powder. Theoretical TT loading was taken 5%, inter- PLA particles).
nal aqueous phase (IAP) to organic phase (OP) ratio
was 1:20 and primary emulsion volume to external 2.2.4. Estimation of TT released from
aqueous phase (EAP) ratio was 1:4 unless otherwisemicroparticles by ELISA
specified. Micropatrticles with different sizes were pre- To measure the immunoreactivity of TT released
pared by varying energy input and organic phase to during in vitro release studies from the particles,
external aqueous phase ratio during secondary emul-following ELISA protocol was used. One hundred
sification stage. The detail formulation parameters are microlitres of anti-TT-antibody (1f.9/mL) solution in
given inTable 1 For preparing microparticles with dif-  PB pH 7.4 was loaded in wells of 96 well, flat bottom,

Table 1
Preparation and characterization of different sized microparticles

Primary emulsion Secondary emulsion OP:EAP Particle size ramgg ( Encapsulation efficiency (%) TT loag.g/mg)

Son. Stirring 1:100 50-150 30.5 26.4
Son. Hom. 1:25 10-70 42.1 36.0
Son. Hom., 1:4 2-8 60.4 53.2

Son. Son. 1:4 <2 56.8 49.3

OP, organic phase: 50 mg/mL polylactide in dichloromethane; EAP, external aqueous phase: 1% (w/v) polyvinyl alcohol and 10% (w/v) sucrose
in water; Son., sonication (30 W, 0.2 output control, 40% duty cycle), 1 min; Hom., homogenization: 5000 rpm, 5 mih;iéonogenization:
10,000 rpm, 10 min; Stirring: Thermolyne Cimarac-2 magnetic stirrer at 200 rpm, 10 min.
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Nunc immunoplate and incubated at¥7for 1 h. Plate bated for 1 h at 37C. After washing thrice with PBS-
was then washed once with PBS-T (0.1% Tween 20 in T, 100u.L of goat-anti-rat-HRPO conjugate diluted in
50 mM PBS pH 7.4) and blocked by filling the wells PBS-T was added into each welland incubated for 1 h at
with 300pL 1% BSA solution in PBS-T and incu-  37°C. Finally, 100uL of O-phenyl diamine (OPD) dis-
bating for 1 h at 37C. After washing it again with  solved in citrate—phosphate buffer (pH 4.5) along with
PBS-T, dilutions of TT, test solution and standard, in H>O», was added to each well and incubated for 20 min
PBS-T were loaded in the wells and incubated for 1 h. at room temperature. Reaction was stopped by adding
Plate was then washed thrice with PBS-T and 100 5N HySOy (50 pL/well) and the absorbance was mea-
of anti-TT-HRPO conjugate was put in the wells. After sured at492 nm. The titers of the anti-TT antibody were
1h of incubation at 37C, the plate was washed thrice defined ag.g of antibody/mL of the sera.

with PBS-T and color was developed with the help of

O-phenyl diamine (OPD)/bD> in citrate phosphate  2.2.5.4. Statistical analysis. Anti-TT antibody titers
buffer (pH 4.5). After 20 min the reaction was stopped were defined agg of antibody/mL of the sera employ-
with 50 pL/well of 5N H, SO and absorbance wasread ing affinity purified antibody as references in ELISA.

at 492 nm. Antibody titers of individual animali{(= 6) were esti-
mated in duplicates and their concentratiopg/(nL)
2.2.5. Invivo studies were determined as geometric mean. To analyze the

2.2.5.1. Animals. Immunogenicity of the microparti-  statistical significance of the antibody titers students’
cles containing TT with different stabilizers or their r-test at 95% confidence level was carried out.
combinations was evaluated in Wistar rats. Six female

out bred Wistar rats were taken in each immuniza-

tion group. Animals were maintained according to the 3. Results and discussion

guidelines established by the Institute Animal Ethics

Committee of the National Institute of Immunology, 3.1. Preparation and characterization of TT

New Delhi. loaded PLA particles

2.2.5.2. Immunization protocol. Particles containing PLA polymer was used in all the formulation as
required doses of TT were weighed and suspendedit elicits improved antibody titer in comparison to
in saline just before immunization. Immunization of hydrophilic PLGA polymers Raghuvanshi et al.,
admixture of particles and alum were carried out by 2001). Two sets of particles entrapping TT were pre-
adding 25u.L of alum (Aluminium hydroxide gel, 2%,  pared using w/o/w multiple emulsion solvent evapora-
w/v) per rat. Dose response study for microencapsu- tion method. In the first set, microparticles of different
lated antigen was carried out by dilution of particles sizes were prepared by varying energy input and
suspended in saline but containing ;25 of alum. organic phase to external aqueous phase volume ratio
Injection volume in all the case was 2p0Q. Rats were during secondary emulsification step. Four formula-
injected intramuscularly with 5Lf TT microencapsu- tions of PLA particle entrapping TT were prepared hav-
lated TT. Animals were bled at different time interval ing size ranges between 50 and 158, 10 and 7Qum,
through retro-orbital plexus and serum anti-TT anti- 2 and 8um and less than gm (Table J). Encapsula-
body titers were determined by ELISA. tion efficiency and TT load of these formulations are
presented iffable 1 These size ranges were selected to
2.2.5.3. ELISA protocol. Anti-TT 1gG antibodies in delineate the role of macrophage uptake as an essential
rat sera were estimated as reported previously (10). requirement for immune response from single point
Briefly 1 g of TT in 100uL of PB (50 mM, pH 7.4) immunization. The large size particles (50-168)
was coated in each well of 96 well flat bottom Nunc will not be taken by macrophages where as the particle
immunoplates. The plates were then washed with PBS- having size ranges 10-pdn will have very little
T and blocked with 1% BSA solution. The plates were chance to be taken up agub has been reported to
again washed with PBS-T and different dilutions of be the upper limit for phagocytosis by macrophages
rat serum in PBS-T were added to the wells and incu- (Howie et al., 1993; Horisawa et al., 2002n the
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group of 2—8.m, more than 90% of the particles have during lyophilization of proteinsliee and Timasheff,
diameter less than bm so they will be taken up by 1981 and thus was used as an excipient in the internal
antigen presenting cell¥iele etal., 200lwhere as in aqueous phase during particle formulation. Equivalent
the size group of <gm there will be further enhanced concentration of sucrose was also used in the external
cellular uptake due to submicron size ranges of aqueous phase during secondary emulsification step to
polymer particlesesai et al., 1996 All the particles take care of the osmotic imbalance. Similar strategy
used for size dependent immunogenicity experiments of osmotic balance has been reported to improve the
have appreciable TT load, thus the amount of polymer entrapment efficiency and release profile of lysozyme
injected in different groups were not very high to affect from polymer particles rinivasan et al., 20Q05TT
the antibody response. In fact the amount of particles released from the particles was immunoreactive (data
used for immunization with 2—8m microparticles not shown).
and less than @m size particle were almost same.

Second sets of particles were prepared exclusivelyto 3.2. Effect of particle size on immune response
evaluate the effect of antigen load of the PLA micropar-
ticles on antibody response. Microparticles with size Serum anti-TT IgG titers varied extensively while
ranges of 2—gm but TT loadings of 94.2, 28.2, immunizing with different sized PLA particleEig. 2).
16.7,5.8 and 1.9 TT/mg polymer were formulated.  Antibody titers from microparticles in the range of
Except for the particle size experiments, PLA particle 50-150.m were significantly lower (peak titer value
of size ranges between 2 anqu® were used in all ~ 34.24 4.6g/mL) than that obtained from smaller size
other immunization studies. Scanning electron micro- particles through out the post immunization period
graphs of the microparticles reveal spherical shape (P value< 0.05). Microparticles with size range of
with uniformly porous morphologyHig. 1). Presence  2—8um elicited highest antibody titers (peak titer value
of sucrose reduces the extent of protein aggregation 145.2+ 48.6.g/mL) and decreasing the particle size

\ccV Spot Magn Det WD F——— 20 um
00KV 20 773 SE 95 SampleE (18602) Ref 1235

Fig. 1. Scanning electron micrographs of TT entrapped PLA particles ofé+-8ize ranges.
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Fig. 2. Geometric means of Anti-TT IgG concentrations elicited by
immunization with different sizes of PLA particles entrapping TT.
PLA particles having size ranges 50-160 (-H-), 10—-70um (-0,
2-8um (-v-), <2um (-¢-) were immunized without alum (A) and
with alum (B). Two months old female wistar rats (six in each group)
were used for intramuscular immunization. Immunization dose was
5LfTT in all cases. One Lf of TT was equivalent to 2.6 of TT.

TT loads in PLA microparticles were between 26.4 and p32ng

Y.K. Katare et al. / International Journal of Pharmaceutics 301 (2005) 149-160

—_
o
o

75 1
50 A
25 1

JL-H

100 150 200
Time (Days)

250

200 1
150 1
5 100 1

50 1

50 100 150
Time (Days)

polymer, details are given ifiable 1

further (lower than 2um) resulted in lower peak anti-
body titer Fig. 2A). Anti-TT antibody titers from 2

to 8um sized particles were sustained at higher level
till 250-days study period. This suggests that optimum
particle size for eliciting antibody response is between
2 and 8um. Immunization with intermediate particle
size range (10-7@m) resulted in antibody response
(67.84+ 29.8.g/mL) higher than the larger sized parti-
cles (50-15@m) but lower than microparticles within
size range 2—Am (P > 0.95). Similar effect of particle

in the submicron range are taken up more efficiently
by the antigen presenting cells. The possible reasons
for this may be enhanced exocytosiBafyam and
Labhasetwar, 200Q3or less efficient antigen process-
ing and presentatiorBfewer et al., 2004; Fifis et al.,
2004 than the particles in the micron range. Although
enhanced uptake by antigen-presenting cells is one
of the parameters, which improve the immunogenic-
ity of particulate antigen, processing of the antigen in
cellular compartment and presentation to lymphocyte
dictates the magnitude of immune responBes(ver
et al., 2004; Fifis et al., 2004Rapid escape of nano-
sized particles from endo lysosomal compartment to
cytosol Panyam et al., 2002nakes them suitable for
cellular immune responsdréychaudhuri and Rock,
1998, which competes with generation of antibody
response through MHC class Il presentation pathways.
As both cellular and humoral immune response com-
plements each other, immunization with nanoparticles
in general elicits lower antibody titer from single point
immunization. This is indirectly supported by the fact
that most of the time nanoparticle based immuniza-
tion results in cellular immune response. Similar low
antibody response has been reported for very small
size particles (100-500 nm) in comparison to larger
size particles (1000 nm) while immunizing with BSA
loaded particlesGutierro et al., 2002b

It was also observed that very large size micropar-
ticles (50-15Qum), which are least likely to be taken
up by antigen presenting cell elicit very low antibody
response. Formulation with size ranges 10g0still
contains large populations of microparticles, which
cannot be taken up by cells however showed high
antibody response from single point immunization.
Earlier studies have reported considerably antibody
responses from microparticles of 10—-90 and 1560
(Johansen et al., 2000, 200Bingh et al. (1997a,b)
used microparticles within range 263 along with
those with less than 30m for achieving immune
responses equivalent to three doses of alum adsorbed
TT (Singh et al., 1997b Improved immune response
using large particles have also been reported for poly-
mer entrapped ovalbumir©(Hagan et al., 1993and

size on immune response has been observed previ-Influenza A vaccineHilbert et al., 1999 Improved

ously during intraperitonial immunization of polymer-
entrapped ovalbumirNakaoka et al.,

Decrease in antibody titers in the groups immu-
nized with <2um particle was surprising as particles

1996

immune response form large size particles (1070

in the present case and from many reported cases
indicated that particle phagocytosis is not absolute
requirement for achieving high serum antibody titers.
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Large size particle are preferentially attached to the using admixture of alum and <2m size particles
macrophage surfacelfrisawa et al., 2002which thus was lower (91.2£51.6 to 133.8: 31.6pg/mL) than
can act as a depot system for continuous release ofthat observed for 2—8m size particles ¥ <0.95).
the entrapped antigen from the cell surface for anti- Immunization of particles of size between 10 and
gen processing and presentation. For very large size70pm along with alum also improved the serum
particles (50—-10@.m) surface adsorption and presen- antibody titers considerably (674229.6 to 159.9%
tation of antigen will be low due to small size of the 41.6ug/mL). Inthe case of largest sized microparticles
macrophages i.e. 10—15n sizes. Immunization with  (50-150um) the improvement in antibody response
particles of the size ranges of 2gén probably helped  was the least (3424.4 to 41.9t33.4pg/mL).
both in macrophage uptake and depot formation at the Improvement in antibody titers while immunizing
cell surface resulting in high serum antibody response admixture of particles and alum was higher when

from single point immunization. the particles were in the micron range. Differential

improvement of antibody response elicited by different
3.3. Effect of co-administration of alum on sized microparticle on co-administration with alum
antibody response from different sized PLA showed that particle size influences the beneficial
particles impact of additional adjuvants. Alum forms network

type structure when used along with particles and holds

Positive role of alum in improving antibody particles in form of small clumps. Because of this, par-
response by immunization with admixture of alum ticles of micron ranges are held together by alum while
and antigen loaded microparticle has been reported getting attached to the surface of antigen presenting
previously for TT Singh et al., 1997b; Johansen et cells. This results in improved immune response while
al., 2000; Katare and Panda, 2001; Raghuvanshi etimmunization with admixture of alum and particles.
al., 2002; Katare et al., 2003Skewing of immune  Very big sized particle (50-150m size) have large sur-
response towards Th2 type due to co-administration face areain comparison to macrophage thus are neither
of alum has been suggested to be responsible fortaken up by macrophage nor get effectively attached to
improving antibody response elicited from microen- the cell surface for antigen presentation. Detail analysis
capsulated antigendghansen et al., 20R@Besides, it of alum and polymer particles association both in vitro
has been observed that amounts of antigens releasednd in vivo are under investigation to elucidate the
from microparticles in vitro in presence of alum are mechanism of potentiating effect of alum on improved
always lower than that from particles alot&are and immune response from particle based immunization.
Panda, 20011 Since polymeric formulations are always
associated with burst release of antigen, presence of3.4. Effect of antigen load on immune response
alum helps in presenting the released antigen to anti-
gen presenting cell, which otherwise could have been  Our current understanding of the mechanism of
lost in circulation. This suggests that antigen released antibody response suggests that the antigen content
from microparticles is adsorbed on to the alum in vivo of microparticles has the potential to affect immune
and presented in a better way for improved antibody response. Still there are no reports on effect of antigen
response. Apart from this, alum also helps in tissue load on elicitation of antibody titers from particle-
inflammation leading to macrophage activation thus based immunization. It has been suggested that when
enhanced the antibody response when used along withmicroparticles with lower antigen loads are used for
particle for immunization. immunization, the same antigen dose is distributed over

In the present study it was observed that the a larger number of microparticles. In such conditions,
co-administration of alum along with different sized transport of phagocytosed microparticles containing
microparticles led to differential degree of enhance- antigen to secondary lymphoid tissues become satu-
ment in antibody titersKig. 2B). Microparticles in the rated due to limited homing and transport capacity of
range 2—&w.m exhibited improved antibody titers when  the antigen presenting cells. This would create a situ-
co-administered with alum (14548843.8 to 229.6- ation of persisting rather than pulsatile antigen release
49.8p.g/mL). The enhancement of antibody titer and will help in improve immune responsépansen
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Fig. 3. Anti-TT IgG concentrations elicited by immunization of TT
loaded PLA microparticles having TT loads @fd/mg) 94.2 (H-),
28.2({)-), 16.7(-A-), 5.8 (-¥-), 1.3 (4#-). Groups of six female wis-

tar rats 2 months old were immunized with 5 Lf microencapsulated
TT along with alum intramuscularly. One Lf of TT was equivalent to
2.6p.g of TT. Geometric means of serum antibody titers are presented
with standard deviations.

et al., 2000. If this hold true, low antigen load parti-
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load of antigen delivered should be sufficiently high.
This also helps in reducing the amount of polymer for
single dose vaccine formulation. It has been previously
reported that polymer degradation products affect anti-
gen adverselyWeert van de et al., 2000so lower
concentration of antigen in polymer matrix will be
more destabilizing to the antigen and will subsequently
results in lower antibody titers. Thus polymeric parti-
cle with high antigen load is more beneficial for long
lasting antibody response from single point immuniza-
tion.

3.5. Dose response studies using TT entrapped
PLA particles

Dose response studies were carried out by immu-
nizing female wistar rats with 15, 10, 5 and 1Lf of
microencapsulated TT along with alum. Dose depen-
dent increase in antibody titers was observed at all

cles should give better immune response than particle the time points through out the 9 months study period

having high antigen load.

(Fig. 4. Maximum antibody titers of 40@g/mL was

In the present investigation, it was observed that as achieved from single point intramuscular immuniza-

the antigen load was enhanced from 1.3 to 2&4ng
of PLA particles, peak antibody titers enhanced from
135.8+53.4 to 254.6t 38.4p.g/mL. Further increase
in antigen load to 94.2g/mg enhanced peak anti-
body titers to 320.6 94.1pug/mL (Fig. 3). The titers
achieved by microparticles with higher antigen loads
(thus lower number of microparticles) resulted in
higher and more sustained antibody titers through-
out the study period. This indicates that nhumber of
microparticles within a fairly large range is not the
limiting factor in generation of immune responses par-
ticularly from intramuscular immunization. In the case
of microparticles with high antigen loads, their inter-
action with antigen presenting cells result in delivering
higher amounts of antigen inside antigen presenting
cells. This subsequently leads to generation of high
antibody titers.

It has been reported that immune response from

exogeneous antigen is dependent on concentrations

of antigen inside the antigen presenting cellglard

et al., 1996; Raychaudhuri and Rock, 1298riming

of immune response with high initial load of antigen
has been advocated for getting long lasting immune
response through activation of T cell heRlitka and
Ahmed, 1998. It was observed that for high antibody
titers from particles based immunization, the initial

tion with 15 Lf of PLA entrapped TT. Perceptible early
titers were observed on 15th day with dose as low as
1Lf of microencapsulated TT when co-administered
with alum, which were significantly higher than 10 Lf
of soluble TT ¢ <0.05); immunization with admix-
ture of PLA entrapped TT and alum thus improved
the immune response almost 100 times. Peak antibody

500
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Fig. 4. Serum anti-TT IgG concentrations elicited by immunization
with different doses of microencapsulated TT co-administered with
alum in wistar rats. TT loaded microparticles equivalent to different
dose of TT were co-administered along with alum intramuscularly to

wistar rats. Doses of microencapsulated TT immunized for different

groups of animals were 15 Lfl§), 10Lf (-®-), 5Lf (-a-) and 1 Lf
(-v-) TT. One Lf of TT was equivalent to 2y6g of TT.
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titers from particle-based immunization were observed 500 -
between 7 and 9 weeks of post immunization. o

Among the groups immunized with varying doses 2= %]
of PLA entrapped TT, peak antibody titers showed E%,, 300
larger magnitude of dose dependent enhancement at & f \
lower doses. As the antigen doses were increased, E 5 200 1 ?\i i
corresponding rate of enhancement of peak antibody g 100+ - ::i:;:ii
titers decreased. On the contrary, rate of change in
early titers, kept on increasing with increasing doses 01 Ad A bd—A—A—A—b—AA
of antigen. This implies that enhancing antigen doses 0 50 100 150 200 250 300
increases the magnitude of early titers but does not (4, Time (Days)

leads to proportionate enhancement in peak titers. A
dose dependent enhancement in the antibody titers was
observed till the end of 250 days of study period.

Antibody sustainability index, which is defined as 250
the ratio of serum antibody concentration on the last 200
day of study period to the peak titers observed in a
particular group was used to evaluate the influence of 150 7
doses onimmune response. Comparison of sustainabil- 5 100 - NN
ity indices in groups immunized with different doses __
50 - S

300

Serum anti TT IgG
conc. (ug/mil)

reveals that in the group immunized with 1 Lf antigen,
sustainability index was 0.15 while the higher doses 0-
exhibited the sustainability indices between 0.26 and
0.29. Higher doses of microencapsulated antigen leads
to better priming and makes enhanced amount of anti-
gen gvgllable _durlng post burSF period t_hus helps in Fig. 5. Comparison of anti-TT IgG concentrations from immuniza-
sustaining antibody concentrathns at higher Valu_es- tion of single doses of TT microparticles co-administered with alum
These results demonstrate that with proper formulation, and two doses of alum adsorbed TT. (A) Two doses of 5Lf alum
antibody response can be achieved in dose dependentdsorbed TT administered at day 0 and 3-; single dose of 10 Lf
manner within a fairly large range of dose. This apart microencapsulated TT co-administered with alu@-}; 10 Lf plain
from demonstrating improved immunogenicity of the TT in saline (4-). (B) Single dose of 5 Lf @-) microencapsulated

. g1mp 9 y TT co-administered with alum and two divided doses each of 2.5 Lf
gntrapped antigen at lower do_st_es also serves as quali.e.) alum adsorbed TT given on day 0 and 30.
ity control parameter for the clinical evaluation of the

0 50 100 150 200 250
(B) Time (Days)

particle-based formulation. in comparable serum antibody responge>(.95)

as observed from two doses of alum adsorbed TT
3.6. Comparison of immune response from single (Fig. 5A). Antibody titers achieved in the group immu-
dose polymer entrapped TT with two doses of alum nized with single dose microparticles based vaccine
adsorbed TT (184.644+74.88ug/mL) was higher than than the

group immunized with the first dose of alum-adsorbed

For evaluating the performance of the poly- vaccine (40.3t14.7ug/mL). However, after the
meric formulation against conventional two dose second dose of alum-adsorbed vaccine on day 30, anti-
regimen of alum adsorbed TT; two groups of rats body titers were higher (4074108.2u.g/mL) than
were immunized with single dose of 10 and 5Lf that observed with microparticles administered along
microencapsulated TT along with alum where as with alum (335.8+117.1p.g/mL). Immunization with
two other groups were administered with two doses 10Lf of soluble TT did not resulted in appreciable
each of 5 and 2.5Lf alum adsorbed TT at day O antibody titers.
and 30 Fig. 5A and B). Immunization with 10 Lf In the groups immunized with two divided doses
of PLA entrapped particles along with alum resulted (day 0 and 30) of 2.5 Lf of alum adsorbed TT vaccine
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(Fig. 5B); antibody titers before second dose were hydrophobic polymer, excipients during particle for-
considerably lower (27.39.6pg/mL) than those  mulation to reduce protein denaturation, optimal size
observed with microencapsulated antigen (168.1 and load of antigen used in this study. All of these
60.1pg/mL). After the second doses of alum adsorbed parameters acted co-operatively towards the improved
TT at day 30, antibody titers enhanced rapidly. immune response from single point immunization.
Difference in peak antibody titers between the two
groups was not significant on day 60 (20%5
48.1pg/mL for the microparticles along with alum 4. Conclusion
and 224.6t54.2p.g/mL for two divided doses of
alum adsorbed TT) as well as through out the study In the present investigation it was observed that
period P >0.95). Serum antibody concentrations were immune response from microencapsulated antigen was
slightly higher in the case of two divided doses of dependenton particle size, antigen load, dose and pres-
alum-adsorbed vaccines. ence of additional adjuvant. Thus apart from taking

Immunization with microparticles along with alum  care of protein stability problems associated with poly-
resulted in very high early titers as compared to the meric vaccine formulation, it is essential to optimize
conventional vaccination. It was observed from the these above parameters for improved and sustained
comparison of the four groups that microparticles per- immune response. Differential influence of alum on
formed better at lower dose than alum based conven-the performance of different size microparticles, along
tional vaccines. The better performance of microparti- with above observations suggests that both uptake and
cles at lower doses shows their potential as single dosesurface attachment of these particles by antigen pre-
vaccine. Such differences were not observed at higher senting cells does have a major influence on generation
antigen doses probably because of saturation of the ofimmune response. Using these inputs one could gen-
immune system. It was also observed that microparti- erate an optimal formulation, which when immunized
cles with higher peak titers elicited sustained high anti- in presence of alum elicit antibody titers comparable to
body response. Previous efforts to develop single dosetwo divided doses of alum-adsorbed vaccine. Immuno-
vaccine have utilized mixing microparticles of varying genicity of the entrapped antigen was found to be more
sizes or degradation profiles. This study demonstrated at lower dose regime indicating the suitability of poly-
that single population of microparticles having optimal mer entrapped antigen for development of single dose
size; antigen load and immunization along with alum vaccine. The results are of indication that, optimal par-
can result in high and sustained antibody responsesticle size in micron ranges, high load of antigen per unit
from single point immunization. Out of many studies amount of polymer particles and use of additional adju-
on single dose TT vaccine using biodegradable poly- vant are very important for generation of long lasting
mer particles, very few have compared the antibody immune response from single point immunization.
response from single dose polymer entrapped antigen
with that of two divided doses of alum adsorbed TT
(Kersten et al., 1996; Singh et al., 1997a,b; Johansen etAcknowledgement
al., 2001; Diwan etal., 20Q01Most of them have shown
improved antibody response from single dose polymer ~ The work is supported by the core grant of National
entrapped TT but very rarely the titers have been shown Institute of Immunology received from Department of
to be better or equal to that achieved from two divided Biotechnology, Government of India.
doses of alum adsorbed TT. In the present study we
have demonstrated that long lasting antibody response
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alum adsorbed TT can be achieved from single dose of
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