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ABSTRACT KEYWORDS
The effect of Poly , L-lactide-co-glycolic acid (PLGA) encapsulated Aeromonas hydrophila;
ODN 1668 nanospheres (NS) on innate and adaptive immune response in CpG-oligonucleotide
common carp, Cyprinus carpio against Aeromonas hydrophila is re- (ODN);
ported. PLGA-encapsulated ODN biodegradable NS did not have a sig- Cyprinus carpio;
nificant impact on particle size as expected of the particles was clearly Immune response;
positivefor non-coated and coated PLGA/ODN NS. The myel operoxidase Poly _,
(MPO) activity and serum haemolysin titre significantly increased in fish L-lactide-co-glycolic acid
injected with ODN 1668 and PLGA-encapsulated ODN 1668 groups on (PLGA).

week 4 whereas the respiratory burst (RB) activity significantly increased
when administered with ODN 1668 and PL GA-encapsulated ODN 1668
(PLGA-ODN 1668) from weeks 1 to 4. The haemoagglutinating titre was
significantly enhanced in PL GA-encapsulated ODN 1668 group on week
2 while in ODN 1668 and PLGA-encapsulated ODN 1668 groups the
increase manifested on week 4. The bacterial agglutination titre signifi-
cantly increased in ODN 1668 and PL GA-encapsulated ODN 1668 groups
on weeks 2 and 4. The cumulative mortality in ODN 1668 and PLGA-
encapsulated ODN 1668 groups were 10% each whereas it was 15% in
PLGA group. This study indicates that single administration of PLGA-
encapsulated ODN 1668 nanospheres dlicits better immune response than
PLGA or ODN 1668 aonein C. carpio against A. hydrophila.

© 2015 Trade Science Inc. - INDIA

INTRODUCTION cminlength and around 60 kg weight2®. For human

consumption 3000 years ago of this speciesand in

In many countries in the world, intensive fish 1997 produced more than 2,50,000 tonnes in
farming hasbecomeakey industry inrecent decades. Chind“®. Carp constitute an ideal candidate spe-
Cyprinus carpio is the third most frequently intro- ciesfor intensive agquaculture in many Asian coun-
duced species world-wide™ which grow up to 120 tries because of their desirable taste, rapid growth,
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and insatiable demand. It was a greater tolerance of
low oxygen levels, pollutants, turbidity, and high
salinitiesthan most native fishi®.

With the increasing scal e of aquaculture, fishes
are reared at high crowded density when environ-
mental conditions are favorable and the fish are
healthy, massmortality will occur if infectious agents
are introduced into the farms, causing great finan-
cia losses. Aeromonas hydrophilais a Gram-nega-
tive rod shaped bacterium widely distributed in
aquati c environments” which the causative agent of
motile aeromonad septicemia (MAYS), fin-tail rot,
and epizootic ulcerative syndrome (EUS) inawide
variety of freshwater fish specied®!? in Asian coun-
triesincluding China, Philippines, Thailand, and In-
diad*¥. A. hydrophila isacomplex of major disease
problem in commercia carp farming and the farm-
ers at present widely used to controlling of MAS
using antimicrobial drugsdueto unavailable of com-
mercia vaccines such an economically important
disease consideration. However, intensivefish farm-
ing antimicrobia drugsusefor their treatment which
associated with increased antibiotic resistance bac-
teria7, Although several studies have proved that
various vaccine formulations may provide protec-
tion*22 put it was strain specific and the conven-
tional vaccines are often considered ineffective due
to lack of appropriate adjuvant and/or suitable vac-
cine carrier.

In contrast to other carriers, nano and
microparticles are more stable and could elicit both
humoral aswell ascellular immunity in mammals%,
By being efficient antigen delivery vehiclesthey have
the potential advantages of reducing the number of
injections, enhancing theimmuneresponse, and mini-
mize the total antigen dose needed to achieve pro-
tection?+27, Among the two classes of carriers the
Poly ,, L-lactide-co-glycolic acid (PLGA)
nanoparticles have been widely used for controlled
delivery of peptides?, vaccing?®, native and syn-
thetic proteing?”, and nucleic acids®; indeed be-
cause of their excellent tissue compatibility, biode-
gradability, non-toxic nature application of
nanoparticles have been approved by the Food and
Drug Administration for safe use in human and ani-
mal g%,
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In fish the intra-peritoneal administration of
PLGA nanoparticlesisreported to stimulate certain
non-speci ficimmuneresponse and pro-inflammatory
cytokine production®¥. With referenceto biodegrad-
ability, the use of PLGA nanoparticles as avaccine
carrier has been investigated through oral adminis-
tration in fish such as rainbow trout(®233,

Theinnateimmune system can recognizeand dif-
ferentiate the unmethylated oligonucl eotides contain-
ing CGdinucl eotides-CpG motifs(CpG ODNS) from
the vertebrate’s methylated DNA with the help of
pattern recognition receptors (PRRs) which trigger
Immune response agai nst the perceived threat of bac-
teria infection®!. Recently CpG ODN moatifsof bac-
terial DNA are recognized as a new class of adju-
vantg®; sincethey caninduce astrong humoral and
cellular immune response with a bias towards a T-
helper type 1 (Thl) response®l. CpG ODN treat-
ment stimulated leucocyte immune activitiesin te-
leost fished®8. However, there is no report of
PLGA encapsul ated within CpG ODN infish through
intra-peritoneal administration in fishes. Hence the
present study was undertaken to evaluate the effi-
cacy of PLGA nanoparticlesencapsulated CpG ODN
nanospheres on innate and adaptive immune re-
sponses in C. carpio against A. hydrophila infec-
tion.

MATERIALSAND METHODS

Chemicals

ODNs sequence of ODN 1668 (52 -
TCCATGACGTTCCTGATGCT-32) were synthe-
sized by Bioneer Corporation, Koreaand the nucle-
otideswere underlined asindicate phosphorothioate
linkage. PLGA 50:50 co-polymer (inherent viscos-
ity 0.17 dl/gin hexafluroi sopropanol) was purchased
from Birmingham Polymer Inc. (Birmingham, AL,
USA). Polyvinyl alcohol (PVA) (87-89% hydro-
lyzed, 31000-50000 g/mol) was purchased from
Merck (Darmschtadt, Germany). The organic sol-
vents used were of HPLC grade.

Preparation of PL GA-encapsulated CpG ODN
nanospheres

PLGA microparticle encapsulated CpG ODN
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1668 nanospheres (NS) was formulated using a
double emulsion-solvent evaporation technique®
with small modification. Briefly, 50 ug of ODN 1668
dissolved in 500 pul of phosphate buffered saline
(PBS, pH 7.2) wasemulsified with 150 mg of PLGA
in chloroform solution (5% w/v) followed by
vortexing for 3 min to get aprimary emulsion. The
primary emulsion wasfurther emulsified inan aque-
ous PVA solution (15 ml, 5% w/v) toform an oil-in-
water emulsion. For preparation of nanospheres, the
emulsion was homogenized for 3 min and stirred
overnight at room temperature to allow the evapo-
ration of organic solvent. Nanospheres were recov-
ered by normal centrifugation at 5000 xg for 20 min
(SIGMA 3K 30, Germany). The process of centrifu-
gation was repeated three times to remove excess
PVA and un-encapsul ated CpG ODN. Therecovered
nanospheres suspensions were lyophilized for two
days (-80 °C and <10 mm mercury pressure
(LYPHLOCK, Labconco, Kansas City, MO) to get
lyophilized powder for further use. PLGA
microparticle encapsulated CpG ODN nanospheres
was performed by scan electron micrograph as
shownin Figure 1.

NScharacterization
NS mor phology and particle size measur ement

The NS morphology was determined by scan-
ning electron microscopy (SEM). Thesizeand size
distribution of the NSwere analyzed by alaser light-

Figure 1 :
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scattering method (M astersizer, Mavern Instruments,
UK). Particle size distributions were calculated in
the volume-weight mode and characterized as mean
diameter, and were used to determine the span of
thedistribution.

Zeta () potential analysis

The zeta ({)-potential was determined in aZeta
Plus Potential Analyzer (Brookhaven Instruments
Corporation, New York, USA).

Encapsulation efficiency

Twenty milligrams of NSwere dissolved in 0.1
M acetic acid for 18 h, and the sample was then
centrifuged for 20 min at 20,000 xg. The protein was
measured by a spectrophotometric assay, with a
Quanti Pro BCA assay kit (SigmaAldrich).

Coupling efficiency

Theamount of proteininthe NSwas quantified
with a Quanti Pro BCA assay. The amount of un-
bound ODN recovered by centrifuging and washing
the NS was subtracted from the initial amount of
protein. The fluorescence was also measured with
Fluorostar Optima equipment (BMG Labtech,
Biogen, Madrid, Spain) at 485 nm fluorescence ex-
citation and 520 nm for emission and wavelength,
respectively.

In vivo experiment

Aeromonashydrophila

PLGA nanoparticle-encapsulated CpG ODN nanospheres performed by scan electron micrograph
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A. hydrophila was associated from bacterial
haemorrhagic septicemia of goldfish (C. auratus)
in India and maintained in the laboratory!“?. It was
cultured in extract-peptone medium broth at 27 °C
overnight, then sub-cultured into new medium for
12 h. Then the bacteria were washed with PBS and
re-suspended in PBS prior to use. The desired num-
ber of bacteriawas adjusted by measuring the opti-
cal density at 600 nm, correspondingto 1.3x108 cells
mi-.

Administration protocol

Healthy common carp, Cyprinus carpio, aver-
age weight ranging from 29 to 35 g was purchased
from commercial fish farm and acclimatized with
500 L aerated cement tanks for 2 weeks in the wet
laboratory. One-third of the water was exchanged
daily and the water temperature, pH, dissolved oxy-
gen, and salinity were measured at 28.8 + 1.5 °C,
7.6+0.7,5.61+0.64 mg L', and 31.1 £ 1.1%o, re-
spectively during the experimenta period. For the
immunol ogical assay, thefishweredividedintothree
groups of 25 each intriplicate set and injected sepa-
rately each with 100 ul of PLGA, CpG ODN 1668,
and PLGA -encapsulated ODN 1668 (PLGA+ODN
1668) nanospheres. After 3 week post-injection all
groups were injected intra-peritoneally (i.p.) with
100 ul PBS containing A. hydrophilaat 1.3x10° cells
mi-%. Another two groups of 25 fish each weremain-
tained separately for controls and injected with 100
ul of PBS (C) or bacteria (I). Six fish were ran-
domly collected in each treated groupsincluding the
control groups and 0.5 ml of blood was collected
from vein at weeks 1, 2, and 4 post-infection after
anaesthetised with MS-222 (NaHCO, and tricaine
methanesul phonate; Sigma Chemicals) 1:4000 in
dechlorinated water for immunol ogical assay. Only
20 fish in each group were used separately for the
challenge study and record the cumul ative mortality
and relative percent survival (RPS) over a period
of 30 days*.

Prepar ation of anti-car p-globulin miceserum

The rabbit anti-carp globulin was prepared by
the following method of Swain et a.[“? using sera
obtained from healthy adult carp. The serum was
collected from healthy carp pooled and added with
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an equal volume of saturated ammonium sulphate
solution. They were mixed with the pooled seradrop
by drop and then placed on amagnetic stirrer over-
night at 4 °C. The sample mixture was centrifuged at
10,000 xgfor 10 min at 4 °C and the precipitate was
dissolved with 5 ml carbonate-bicarbonate buffer
(pH 9.6). Then the serawere centrifuged at 10,000
xgfor 10 minat 4 °C. Then pellet was collected and
the volume was made to 2 ml with carbonate-bicar-
bonate buffer (pH 9.6). The globulin solution was
diayzed using didysismembrane (Snakeskin, Pierce
Chemical Company, USA) with 7000 molecular
weight cut off against PBS (pH 7.2) for 72hat 4°C.
After theglobulinwas collected and raised inamice
by the following method of Lund et al.[“3),

Immunological assays

The myeloperoxidase activity was determined
with 15 pl of serum and diluted in 135 pl of Hank’s
balanced salt solution (HBSS; Ca?*, Mg** free). Af-
ter this50 ul of 20 mM, TMB (3, 30,5,50-tetra me-
thyl benzidine) and 5 mM H,O, were added. The
reaction was stopped after 2 min by adding 50 pl of
4 M sulphuric acid and the optical density (O.D.)
was read at 450 nmi*4 using UV-VIS spectropho-
tometer (Thermo Spectronic, UK). The respiratory
burst activity was measured by the reduction of ni-
tro blue tetrazolium (NBT) by intracellular super-
oxide radicals*®. For bacterial agglutination test,
two-fold serial dilutions of 25 pl fish serum was
made and an equal volume of PBS was added in
each well; then addition of 25 ul of formalin killed
A. hydrophila (1.3x108 cellsml-*suspension) in ‘U’-
shaped microtitreplates according to Beheraet al .=,
The haemaggl utination activity of serum sampleswas
carried out using a standard methods of Blazer and
Wolke“s! and Behera et al.[® using ‘U’-shaped
microtitre plates by two-fold serial dilution. The
haemolytic titre of serum was determined as de-
scribed previously™®® and Behera et al.l*3 in
haemoaggl utination titre by using fresh serafrom all
thegroups.

Satistical analysis

The statistical analysis system (SAS) software
(version 6.12) was used to analyse each data. One-
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way analysisof variancefollowed by Duncan’s mul-
tiple rangetest were done to compare the variations
in various immune parameters at p < 0.05 signifi-
cance level difference between the injected groups.
The mean standard error (+ S.E) of assayed param-
eters was calculated for each group of fish.

RESULTS

Particlesize, -potential, mor phology, coupling ef-
ficiency of PLGA/ODN NS

The best formulation for in vivo studies was se-
lected on the basis of the coupling efficiency results.
To assess the particle size and the -potentia after
ODN coupling, both parameters were measured be-
fore and after coating. The particle size and {-po-
tential of the PLGA/ODN NSarepresentedin TABLE
1. The present study there were no significant dif-
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ferences between the mean size of NS of theformu-
lations, and incorporation of the ODN did not lead
to an increase in the mean diameter of the NS. Fur-
thermore, ODN encapsulation did not have a sig-
nificant impact on particle size. As expected, the (-
potential of particles was clearly positive for non-
coated and coated PLGA/ODN nanospheres. The (-
potential varied when the NS were coated with
ODN, confirming the surface modification of PLGA/
ODN NS(TABLE 1) dueto the polycationic charge
of PLGA and ODN. The surface and shape of NS
were also examined by SEM as shown in Figure 1.
Topology and size of the microparticle as observed
by SEM analysis confirmed the smooth and spheri-
cal nature of ODN-loaded PLGA NA.

Mortality

The least cumulative mortality of 10% (RPS:
88.9%) was observed in fish injected with ODN

TABLE 1 : Variation of size, zeta potential, and coupling efficiency.

Coupling efficiency

Size (um) Zeta () potential of PLGA-ODNNS (ng/mg of NS)
Without PLGA & ODN 112 +32.12+0.18 -
PLGA 1.32 +33.27+0.23 38.3+0.5
PLGA containing ODN 1.44 +34.34+0.36 40.8+0.7

TABLE 2 : Cumulative mortality? and relative percent survival of kelp grouper after immunization with PLGA

and ODN 1668

Cumulative

Tank mor tality (%)

Groups

M ean cumulative mortality (%)

Statistical
RPS (%) ignificance (y? test)®

A 20/20=100

Control B 20/20=100

C 20/20=100

A 16/20=80

Infected B 18/20=90

C 20/20=100

A 3/20=15
B
C
A
B
C
A
B

PLGA 2/20=10
4/40=20
1/20=5
3/20=15
2/20=20
1/20=5
4/20=20
C 1/20=5

ODN

PLGA+ODN

100

90

15 83.3

P<0.05

10 88.9

P<0.05

10 88.9 P<0.05

aCumulative mortality was calculated control and immunized groups; "RPS={1-(% mortality of immunized group/% mortality of
non-immunized group)}x100; *Satistical significance is based on a comparison to results for the non-immunized group.
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1668 and PLGA-encapsulated ODN 1668
nanospheres during aperiod of 30 daysand in PLGA
group the mortality was 15% (RPS: 83.3%). In in-
fected and non-injected group the cumulative mor-
tality was 90% while no mortality was observed in
control group (TABLE 2).

Myeloper oxidase (M PO) activity

The myeloperoxidase (MPO) activity did not
significantly vary in any experimental group on first
week when compared to the control against patho-
gen. Fish injected with PLGA-encapsulated ODN
1668 nanospheres had significantly increased MPO
activity on week 2 which was not observed in other
groups. On week 4, fish injected with ODN 1668
and PLGA -encapsulated ODN 1668 nanosphereshad
significantly increased M PO activity against patho-

gen; however, the activity did not significantly in-
creasein PLGA group on week 4 (Figure 2).

Respiratory burst (RB) activity

Therespiratory burst (RB) activity was not sig-
nificantly enhanced PLGA administered group from
weeks 1 to 4; however with ODN 1668 and PLGA -
encapsulated ODN 1668 nanospheresit significantly
enhanced from weeks 1 to 4 (Figure 3).

Serum haemoagglutinatingtitre

The serum haemoaggl utinating titredid not sig-
nificantly increasein any experimental group onfirst
week when compared to the control. The titre sig-
nificantly increased more with PLGA -encapsul ated
ODN 1668 group onweek 2 than with PLGA or ODN
1668 alone. On the other hand, it significantly in-

‘I:! C ml OPLGA OODN 1668 m PLGA+ODN 1668 |

0.25 4

0.2 1

0.15 4

0.1 1

MPO (O.D. at 450 nm)

1

2 4
Weeks

Figure 2 : Myeloperoxidase (M PO) activity of C. carpio (n = 6) control (C), infected (1), and injected with PLGA,
ODN 1668, and PL GA-encapsulated ODN 1668 against A. hydrophila. Data (mean + SE; *P < 0.05) difference from

the control is indicated with asterisks
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Figure 3 : Respiratory burst (RB) activity of C. carpio (n = 6) control (C), infected (1), and injected with PLGA,
ODN 1668, and PL GA-encapsulated ODN 1668 against A. hydrophila. Data (mean + SE; *P < 0.05) difference from

the control is indicated with asterisks
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Figure 4 : Serum haemoagglutinating activity (titre) of C. carpio (n = 6) control (C), infected (1), and injected with
PLGA, ODN 1668, and PL GA-encapsulated ODN 1668 against A. hydrophila. Data (mean + SE; *P < 0.05) difference

from the control is indicated with asterisks
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Figure 5 : Serum haemolysin activity (titre) of C. carpio (n = 6) control (C), infected (I), and injected with PLGA,
ODN 1668, and PL GA-encapsulated ODN 1668 against A. hydrophila. Data (mean + SE; *P < 0.05) difference from

the control is indicated with asterisks

creased in ODN 1668 a one or PLGA -encapsul ated
ODN 1668 nanospheres on week 4 agai nst pathogen
(Figure 4).

Serum haemolysin titre

Inall the groups, the serum haemolysintitredid
not enhance significantly on first week when com-
pared to the control against pathogen. On weeks 2
and 4, it was significantly enhanced in fish injected
with ODN 1668 and PL GA-encapsulated ODN 1668
nanospheres but not in PLGA aone (Figure5).

Bacterial agglutination titre

The bacterial agglutination titre did not signifi-
cantly increase in any group on first week. On the
other hand, the bacterial agglutination titre signifi-
cantly increased in fish injected with ODN 1668

alone or PLGA-encapsulated ODN 1668
nanospheres against pathogen on weeks 2 and 4.
However, therewas no significant differencein bac-
terial agglutination titreinfish injected with PLGA
alone (Figure 6).

DISCUSSION

CpG ODN could impart particulate nature to
soluble antigens and increase their interaction with
APCs and macrophages®. It can deliver peptide
antigensto APCS“" and generate Th1 typeimmune
response, even against poor immunogens“. They
have been used to co-encapsulate the antigen(s)
which serve as an adjuvant to deliver the antigen
and stimulatory adjuvant to the sameAPC; it induces
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Figure 6 : Bacterial agglutination activity (titre) of C. carpio (n = 6) control (C), infected (1), and injected with
PLGA, ODN 1668, and PL GA-encapsulated ODN 1668 against A. hydrophila. Data (mean + SE; *P < 0.05) difference

from the control is indicated with asterisks

stronger immuneresponse when compared tothefree
antigens and adjuvantg®. CpG ODN motifs act as
an immune adjuvant inducing strong humora and
cellular immune responses with a bias towards a
Th1 responsg®®,

NS consisting of biodegradable polymer par-
ticles represent a promising antigen or protein de-
livery system and slow release for immunotherapy.
It was prove a number of advantages over conven-
tiona delivery systems. For example, the microen-
capsulation has been acts in an adjuvant capacity
viaincreased uptake by APCS® and the diameter
of the NS produced in thiswork (1 to 10 um) was
adequate to allow their uptake by professional
APCB2, In the present study, two types of NS for-
mulationsweretested: (i) PLGA and PLGA-encap-
sulated ODN biodegradable NS. Our main objec-
tivewasto determine theimmunogenicity of NSwith
ODN preparations, using fish asexperimental mode.
In the present study therewereno significant differ-
ences between the mean size of NS of the formula-
tions, and incorporation of the ODN did not |ead to
anincreasein the mean diameter of theNS. In addi-
tion PLGA -encapsulated ODN biodegradable NS did
not have a significant impact on particle size as ex-
pected of the particles was clearly positive for non-
coated and coated PLGA/ODN nanospheres.

In the present study show that PL GA-encapsu-
lated ODN 1668 resulted in asignificant increasein
the M PO activity onweek 2 whereaswith ODN 1668
alone and PLGA-encapsulated ODN 1668 groups
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the activity increased only on week 4. It is well
known that PLGA has been reported to act asavery
useful antigen delivery system in mammal since it
provideslong lastingimmunity™. Thehumoral im-
mune response of miceto PLGA-MS, on receiving
asingleinjection of MS containing OVA and CpG
oligonucleotides (M S-OVA-CpG) indicatesarobust
1gG1 and IgG2aresponse suggesting abaanced Thl/
Th2 response. The enhanced response after heter-
ologous as opposed to homologous boosting with
MS-OVA/CpG, thepotentia of PLGA-MS- and IFA-
based vaccination induced in vivo proliferation of
OVA-specific CD8* and CD4* T cellsderived from
OT-1and OT-2 miceat several timepoints after vac-
cination has been reported®™. In the present study,
the MPO activity did not significantly increase in
any experimental group on first week. The results
arein agreement when PLGA-M S containing either
tPrP or CpG-ODN aone or in combination which
failed toinduce detectableimmuneresponsein treat-
ing cancert™,

With respect to theimmune response of thefor-
mulations, the NS containing NS coval ently coupled
to the surfaceinduced respiratory burst activity was
more significantly enhanced in ODN 1668 aloneand
PLGA-encapsulated ODN 1668 nanospheres from
weeks 1 to 4 than with PLGA in this study. The
haemoaggl uti nating titrewas significantly enhanced
with PLGA-encapsulated ODN 1668 on week 2
while with ODN 1668 and PL GA-encapsulated
ODN 1668 groupstheincrease manifested on week
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4. However, the formulations of NS with encapsu-
lated ODN induced almost no serum
haemoaggl utinating titrein any group onfirst week.
Comparable results have also been reported by the
use of PLGA alonein mammal“” aswell asin fish
like rainbow trout™!. Similarly Japanese flounder
after immunization with PLGA-encapsulated DNA
vaccine had increased immune response such as Su-
peroxide dismutase assay (SOD) and respiratory
burst activities against lymphocystis disease virus
(LCDV)B, In grass carp after administration with
ODN-1826 and -2006, ODN-1670, and ODN-D
could activate macrophages, increasing the levels
of superoxide anion®”. The efficacy of PLGA par-
ticles as antigen carrier has been evaluated indicat-
ing high potenciesin activating the adaptiveimmune
responsein mammal §%8. Stimulation of theimmune
system hasbeen investigated after intramuscular and
intradermal administration of free or lipid complexed
CpG ODN aone or in combination with peptide,
protein or DNA vaccination®%%, A recent study in-
dicates that CpG-ODN 1668 might activate an al-
ternative pathway of complement in olive flounder,
which isan important innate immune factor in con-
ferring resistance against P. dicentrarchi infectionf6Y,
In rainbow trout the serum lysozyme activity was
enhanced when injected with 10 mg and 3.16 mg of
CpG ODN 21332, In common carp treated with
CpG ODN B and C activated macrophages, increas-
ing the level of production of superoxide anion and
phagocytic activity(®,

The haemoagglutinating titre was significantly
enhanced in PLGA-encapsulated ODN 1668 on
week 2 and ODN 1668 and PLGA-encapsul ated
ODN 1668 nanospheres on week 4 but not in any
other group on first week. The serum haemolysin
titre was significantly enhanced in ODN 1668 and
PLGA-encapsulated ODN 1668 groups on week 2
and 4 but not in PLGA. Similar results were aso
found when PLGA was used as carrier for peptide
vaccine in mammalg®l. Moreover, the superiority
of PLGA microspheresover alum adjuvantin élicit-
ing high antibody and immune response responses
was seen in mice through subcutaneous administra-
tion®l, The present results are in agreement with
that of rainbow trout injected with 10, 1.0, and 0.1
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mg of CpG-ODN 2133 which induced ahigher anti-
body titre!®d. Atlantic salmon after treatment with
PLGA incorporated human gammadglobulin or anti-
gen® and Japanese flounder after treatment with
PLGA-encapsulated plasmid vaccine against
LCDV[289 also produced similar results. Accord-
ingto O’Hagan et al.[*®¥, the antibody |evel sremained
high even one year after subcutaneous injection in
mice which indicate that the injectable PLGA
microparticles control the release of antigen over a
period of several weeks. CpG motifs co-encapsu-
lated into PLGA 502 induced higher antibody titres
and increased production of 1gG2a antibodies that
OVA microencapsul ated alone, being more effective
that both co-administered freely in solution. On the
contrary, co-delivery of CpG and OVA in PLGA 756
mi croparticles decreased |gG2aimproved antibody
response in miceimmunized with OVA CpG PLGA
502 in comparison with CpG simply co-adminis-
tered with the antigen(™.,

Thebacterial agglutinationtitre significantly in-
creased infishinjected with ODN 1668 and PLGA-
encapsulated ODN 1668 nanospheres on weeks 2
and 4. In the present study administration with
PLGA-encapsulated ODN 1668 nanospheres
showed encouraging resultswithout any adverse ef-
fectson fish health. Correspondingly the cumulative
mortality was 10% in ODN 1668 and PL GA-encap-
sulated ODN 1668 nanospheres while it was 15%
in PLGA indicating their potential rolein fish dis-
ease management in aguaculture. Similarly, olive
flounder injected with a high dose of CpG ODN
1668 or GpC-ODN 1720 suffered a high mortality
of 70%®Y. In Nile tilapia immunized with PBS,
PBS+ODN 21 and PBS+ODN 2007 the cumulative
mortality ranged from 70 to 60%; on the other hand
administration of QCDCR, and QCDCR+ODN 18S,
inflicted a cumulative mortality was 80% each; but
with QCDCR+ODN 2007 the observed mortality
was reduced to 20%™ indicating the species spe-
cific result as afunction of vaccine and the dosage.
In rainbow trout the CpG-ODNSs significantly en-
hance the survival against bacteria®®. Olive floun-
der administered with CpG-ODN 1668 showed a
significantly higher survival against M. avidus in-
fection(®Y. Later, Jorgensen et al.[’? reported in vivo
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enhancement of resistance against IPNV challenge
in Atlantic salmon by i.p. injection of CpG-ODN
1681 (B-class ODN). Biochemical properties, as
well as other parameters, such as release and sta-
bility, must be determined for each preparation so
that each new batch of PLGA-encapsulated NS is
characterized. The present study indicatesthat single
injection with PLGA-encapsulated ODN 1668
nanospheres elicits better immune response than
those of PLGA or ODN 1668 aone in C. carpio
against A. hydrophila. This was agreement with
PLGA microparticles as a vaccine carrier can re-
duce the number of administrations and induce both
innate and adaptive immunity in rohu®. Although
the mechanisms responsible for the protective ef-
fects of thisNSin fish are not well understood, the
fact that the components used initsformulation are
already approved for clinical usefavoursuse of this
ODN in the development of a more effective and
safer immunostimulant against disease. Further de-
tailed molecular and immunol ogical studiesare nec-
essary to confirm the efficacy in other fishes.

REFERENCES

[1] S.K.Sakia, D.N.Das; Aquat.Eco., 43, 559-568
(2009).

[2] GR.Allen; ‘Freshwater Fishes of Australia, T.F.H
Publications, Sydney, (1989).

[3] A.C.Pinto, L.L.N.Guarieiro, M.J.C.Rezende,
N.N.Ribeiro, E.A.Torreset a.; J.Braz.Chem.Soc.,
16, 1313-1330 (2005).

[4] H.W.Li, PB.Moyle; Domestication of the carp
Cyprinus carpio L., pp.287-307, in C.C.Kohler,
W.A.Hubert Ed., ‘Inland fisheries management in
NorthAmerica’, Bathesda, American Fisheries So-
ciety (1993).

[5] J.Koehn, A.Brumley, PGehrke; Managing the Im-
pacts of Carp.Bureau of Rural Sciences (Depart-
ment of Agriculture, Fisheries and Forestry — Aus-
tralia), Canberra, (2000).

[6] NSW Department of Primary Industries; http://
www.dpi.nsw.gov.au/aboutus/resources/corporate-
publications, (2005).

[7] J.Gonzalez, A.Aur6 De Ocampo, V.Anislao;
VeterinariaMéxico, 33, 109-118 (2002).

[8] A.Audgtin,D.A.Augtin; Bacterid fish pathogens. Dis-
ease in farmed and wild fish, Ellis Horwood,

flano Soienoe and flano Teohnology

Chichester, United Kingdom (1993).

[9] B.Austin, C.Adams; Fish pathogens, in B.Austin,
M.Altwegg, PJ.Gosling, S.W.Joseph Ed. The Ge-
nusAeromonas’, Singapore, Wiley, 197-229 (1996).

[10] C.Michael, B.Kerouault, C.Martin;
J.Appl.Microbiol., 95,1008-1015 (2003).

[11] S.L.Angka, T.J.Lam, Y.M.Sin; Aquaculture, 130,
103-112 (1995).

[12] B.Austin, D.A.Austin; Bacterial fish
pathogens.Diseases of farmed and wild fish, 3 Edi-
tion, Springer Praxis, Chichester, England (1993).

[13] H.Q.Chen, C.PLu; Chinese J.Zoonoses, 7, 21-23
(1991).

[14] CW.Ko, K.W.Yu, C.Y.Liu, C.T.Huang, S.H.Leu,
etal.; Sci.Total Environ., 293, 207-218 (1996).

[15] S.Schwarz, W.C.Noble; Vet.Dermatol., 10, 163-176
(1999).

[16] GVivekanandhan, K.Savithamani, A.A.M.Hatha,
P.Lakshmanaperumal samy; Int.J.Food Microbial.,
76, 165-168 (2002).

[17] M.R.Chandran, B.W.Aruna, S.M.Logambal,
M.R.Dinakaran; Fish Shellfish Immunoal., 13, 1-9
(2002).

[18] C.H.J.Lamers, W.B.Van Muiswinkel; Can.J.Fish
Aquat.Sci., 43, 619-624 (1986).

[19] PN.Loghothetis, B.Austin; Fish Shdllfish Immunoal.,
4, 239-254 (1994).

[20] S.G.Newman; Annu.Rev.Fish.Dis., 3, 145-185
(1993).

[21] M.H.Rahman, K.Kawai; Fish Shellfish Immunal.,
10, 379-382 (2000).

[22] Y.Men, C.Thomasin, H.P.Merkle, B.Gander,
G.Corradin; Vaccine, 7, 683-689 (1995).

[23] J.H.Eldridge, J.K.Staas, J.A.Meulbroek,
JR.McGhee, T.R.Tice, R.M.Gilley; Mol.Immunoal.,
28, 287-294 (1991).

[24] JH.Eldridge, JK.Staas, J.A.Meulbroek, T.R.Tice,
R.M.Gilley; Infect.Immun., 59, 2978-2986 (1991).

[25] D.J.O’Hagan, H.Jeffery, M.J.J.Roberts, J PMcGee,
S.S.Davis; Vaccing, 9, 768-771 (1991).

[26] C.D.Partidos, P.Vohra, D.Jones, G.Farrar,
M.W.Steward; J.Immunol.Methods, 206, 143-151
(1997).

[27] D.JKirby, T.Rosenkrands, E.M.Agger, PAndersen,
A.G.Coombes, Y.Perrie; J.Drug Targ., 16, 282-293
(2008).

[28] GB.O’Donnell, P.Reilly, GB.Davidson, A.E.Ellis;
Fish Shellfish Immunol., 6, 507-520 (1996).

[29] S.Sourabhan, K.Kaladhar, C.P.Sharma; Trends
Biomat.Artificial Organs, 22, 207-211 (2009).

e Tncin Pounncl e —


http://
http://www.dpi.nsw.gov.au/aboutus/resources/corporate-

NSNTAIJ, 9(3) 2015

Ramasamy Harikrishnan et al. 105

[30] M.M.Stine; Expression of pro-inflammatory
cytokinesinAtlantic salmon (Salmo salar) after in-
traperitoneal injection of PLGA [poly (D-L-lactide-
coglycolic) acid] particles., M.Sc thesis submitted
to the University of Tromso.

[31] E.C.Lavelle, PGJenkins, J.E.Harris, Vaccine, 15,
1070-1076 (1997).

[32] T.Behera, PK.Nanda, C.Mohanty, D.Mohapatra,
P.Swainaet a.; Fish Shellfish Immunol., 28, 320-
325 (2010).

[33] R.K.Scheule; Adv.Drug Deliv.Rev., 44, 119-134
(2000).

[34] A.M.Krieg; Cur.Opin.Immunoal., 12, 35-43 (2000).

[35] A.M.Krieg; TrendsImmunoal., 23, 64-65 (2002).

[36] A.C.Carrington, C.J.Secombes; Fish Shellfish
Immunol., 23, 781-792 (2007).

[37] A.C.Tassakka, M.Sakai; Aquaculture, 46, 25-36
(2005).

[38] M.Diwan, M.Tafaghodi, J.Samuel; J.Control.Rel.,
85, 247-262 (2002).

[39] R.Harikrishnan, C.Balasundaram, M.S.Heo;
Dis.Aquat.Org., 88, 45-54 (2009).

[40] D.FAmend; Dev.Biol.Standard, 49, 447-454 (1981).

[41] P.Swain, S.K.Nayak, A.Sahu, B.C.Mohapatra,
PK.Meher; Fish Shellfish Immunol., 13, 133-140
(2002).

[42] V.Lund, T.Jorgensen, K.O.Holm, GEggset; J.Fish
Dis., 14, 443-452 (1991).

[43] M.J.Quade, J.A.Roth; Vet.Immunol .Immunopathal .,
58, 239-248 (1997).

[44] D.PAnderson, A.K.Siwicki; Prog.Fish Cultu., 56,
258-261 (1994).

[45] V.S.Blazer, R.E.Wolke; Aquaculture, 37,1-9 (1984).

[46] K.D.Newman, PElamanchili, GS.Kwon, J.Samuel;
J.Biomed.Mater.Res., 60, 480-486 (2002).

[47] N.Venkataprasad, A.G.A.Coombes, M.Singh,
M.Rohde, K.Wilkinson et a.; Vaccine, 17, 1814-
1819(1999).

[48] R.K.Gupta, GR.Siber; Vaccine, 13, 1263-1276
(1995).

[49] A.M.Krieg; Biochim.Biophys.Acta BBA Gene
Struct.Expr., 1489, 107-116 (1999).

[50] W.Morris, M.C.Seinhoff, PK.Russdll; Vaccine, 12,
5-11(1994).

[51] D.T.O’Hagan, M.Singh; Expert.Rev.Vaccines, 2,
269-283 (2003).

[52] U.McKeever, S.Barman, T.Hao, P.Chambers,
S.Song et al.; Vaccine, 20, 1524-1531 (2002).

—  Fyl] Paper

[53] M.Mueller, E.Schlosser, B.Gander, M.Groettrup;
Int.J.Cancer, 129, 407-416 (2011).

[54] M.M.Stine; Expression of pro-inflammatory
cytokinesinAtlantic salmon (Salmo salar) after in-
traperitoneal injection of PLGA [poly (D-L-lactide-
coglycolic) acid] particles., M.Sc thesis submitted
to the University of Tromso (2007).

[55] R.K.Gupta, M.Singh, D.T.O’Hagan; Adv.Drug
Del.Rev., 32, 225-246 (1998).

[56] Z.Meng, J.Shao, L.Xiang; Dev.Comp.Immunol., 27,
313-321 (2003).

[57] H.Sun, K.GPoallock, J.M.Brewer; Vaccine, 21, 849-
855 (2003).

[58] M.M.Whitmore, S.Li, L.Falo Jr, L.Huang; Cancer
Immunol.Immunoth., 50, 503-514 (2001).

[59] S.K.Klimuk, H.M.Ngjar, S.C.Semple, S.Adlanian,
J.PDutz; J.Investig.Dermatol., 122, 1042-1049
(2004).

[60] K.H.Lee, K.H.Kim; Fish Shellfish Immunol., 26,
29-32 (2009).

[61] A.C.Carrington, C.J.Secombes; Fish Shellfish
Immunol., 23, 781-792 (2007).

[62] A.C.M.A.R.Tassakka, A.Sakai; Aquaculture, 242,
1-12 (2004).

[63] H.C.Ertl,|.Varga, Z.Q.Xiang, K. Kaiser, L.Stephens
et al.; Vaccine, 14, 879-885 (1996).

[64] T.Uchida, S.Goto, T.Foster; J.Pharm.Pharmacoal.,
47, 556-560 (1994).

[65] A.C.Carrington, B.Collet, J.W.Holland,
C.J.Secombes; Vet.Immunol .Immunopathol ., 101,
211-222 (2004).

[66] GB.O’Donnell, P.Reilly, G.A.Davidson, A.E.Ellis;
Fish Shellfish Immunol., 6, 507-520 (1996).

[67] D.T.O’Hagan, H.Jeffery, S.S.Davis; Vaccine, 11,
965-969 (1993).

[68] Y.Tian, J.Yu; Fish Shdlfish Immunoal., 30, 109-117
(2001).

[69] B.San Roman, J.M.lrache, S.Gomez, N.Tsapis,
C.Gamazo et al.; Eur.J.Pharma.Biopharmaceutics,
70, 98-108 (2008).

[70] J.W.Pridgeon, PH.Klesius, X.Mu, R.J.Yancey,
M.S.Kievit et d.; Vet.Immunol.Immunopathal ., 145,
179-190 (2012).

[71] J.B.Jergensen, L.H.Johansen, K.Steiro, A.Johansen;
JViral., 77,11471-1149 (2003).

flano Sclence and Nano Technology

—— e D Jonsal



