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ABSTRACT

Theefficacy of poly D, L-lactide-co-glycolic acid (PLGA)-entrapped chitin
(Cl) oninnate and adaptive immune responsein kelp grouper (Epinephelus
bruneus) against Vibrio alginolyticus was investigated at weeks 1, 2, and
4. The myeloperoxidase (MPO) activity significantly increased in chitin
(ClI) and PLGA-entrapped chitin (PLGA+CI) on week 4. The serum
haemoaggl utinating activity and haemolysin activity were significantly
enhanced in CT and PLGA+CI onweeks2 and 4. Therespiratory burst (RB)
activity and bacterial agglutination activity were increased significantly in
chitin (Cl) and PLGA -entrapped chitin (PLGA+CI) fromweeks 1to 4. The
cumulative mortality was found low in PLGA-entrapped chitin with 15%
whereas 30% and 25% in PLGA and chitin. The present results suggest
that PLGA-entrapped chitin microsphere act asimmunostimulant that en-
hance the innate and adaptive immune system in kelp grouper against V.
alginolyticus infection. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Groupersare popular and high quality marine sea
foodinAsian aguacultureand they area so good can-
didatesfor intens ve aguaculture because of their desir-
abletaste, hardiness, and rapid growthi*?. Thelarge
size of grouper brooders (30-60 kg per fish) washigh
market value (=USD 30,000 per fish)i¥. Grouper farm-
ing has suffered many diseasesincluding nervous ne-
crosisand deepy diseasd*, aswell asvibriosiscaused

by Vibrio alginolyticusand V. carcharia€®3. Tradi-
tiond disease control strategiesemploy antibioticsand
chemicd disinfectants, but these areno longer recom-
mended practices due to the emergence of bacterial
res stance, which concernsover environmenta impacts
andwildlifeprotection. Inthisregardsvaccinaionshave
been indi cated as an effective prophylactic method for
disease control in aquaculture®. They are some meth-
odological problemsinsofar asthey may be very ex-
pensive, stressful for fishaswe | aspathogen specifici?.
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Recently aremarkabl e successhasbeen achieved
with nanoparticles such as PLGA [poly(d,|-lactide-
co-glycolide)], chitin, and chitosanin aguaculture; they
are good biocompatibility, biodegradability, cellular
binding capability, antimicrobial activity, anti-cancer,
and wound healing effect™14, Inthisregards, biode-
gradable nanoparticlesareefficient drug ddlivery sys-
temsfor proteins, vaccineor peptidesthat extensively
investigated inthe last decades*>*" which are more
stable and elicit both humora aswell ascellular im-
munity in mammal 8, PLGA, chitin, and chitosan poly-
mersare aready approved by the USFood and Drug
Administration (FDA), such as biodegradabl e struc-
tures, implantable screws, pins, drug ddlivery devices,
and tissue engineering scaffoldg®?. Thenatural and
synthetic of these polymersare currently being used
biomedical application®?2, PLGA-based systemsare
promising candidate for vaccines in that PLGA
microspheres may s mplify vaccination programs, en-
hance efficiency!®24, and increase theimmunogenic-
ity of theencapsulated antigen®!. A nove typeof com-
posite microspheresof aginate-chitosan-PLGA, de-
vel oped recently for improving the stability of encap-
sulated proteins and increasing the subsequent release
drug amount?”,

Chitinisawidespread polysaccharide, poly-p(1?4)-
N-acetyl-_-glucosaminein natureafter cellulosewhich
is an insoluble, non-toxic, biodegradable, and
bi ocompatible polymer found in the exoskel etons of
crustaceansand inthe cell wallsof fungi, insects, and
yeedt. Althoughonly few sudy indicatethat PLGA, chitin
anditsderivativesespecialy chitosan havebeen shown
to possessimmunostimul ating properties such asthe
enhancestheinnate and adaptiveimmuneresponsein
fishand shellfish againgt diseases?*9. Further they can
gtimul atethe nonspecific resistanceto Escherichiacoli
infection, suppresstumour growth, show antivira and
anti-Candida albicans activities, possess adjuvant
properties (enhancing the specificimmunity) and stimu-
late cytokine production*+42 and, to our knowledge,
therewasno report have determined theeffect of PLGA
entrgpped with chitinonimmunesysteminfishthrough
intraperitoned adminigtration. Thereforeweinvestigate
for thefirst timeto eva uate PL GA-entrapped chitinon
innate and adaptive immune responsesin E. bruneus
against V. alginolyticus,
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MATERIALSAND METHODS

Chemicals

PLGA 50:50( poly(d,I-lactide-co-glycolide)] co-
polymer (inherent viscosity 0.17 dl/g in
hexafluroi sopropanol) waspurchased from Birmingham
Polymer Inc. (Birmingham, AL, USA). Chitin
(poly[1?4]-3-N-acetyl-_-glucosamine) powder purified
from crab shellswas purchased from Sigma. Polyvinyl
acohol (PVA) (87-89% hydrolyzed, 31000-50000 g/
mol) was purchased from Merck (Darmschtadt, Ger-
many). Theorganic sol ventsused wereof HPLC grade.

Preparation of PL GA-entrapped chitin microsphere

PLGA -entrapped chitin microspherewasformu-
lated us ng adoubleemul s on-solvent evaporation tech-
niqued with small modification. Briefly, diquotsof 5
ml of agueoussolutionscontaining 3% chitin (w/v) were
wasemulsified with 150 mg of PLGA in chloroform
solution (5% w/v) followed by vortexing for 3minto
get aprimary emulsion. Theprimary emulsionwasfur-
ther emulsified inan agueous PVA solution (15ml, 5%
wi/v) toform an ail-in-water emulsion. For preparation
of microparticles, theemulsonwashomogenizedfor 3
min and stirred for overnight at room temperatureto
alow theevaporation of organic solvent. Microparticles
wererecovered by normal centrifugation at 5000 xg
for 20min (SIGMA 3K 30, Germany). The process of
centrifugation wasrepested threetimesto remove ex-
cess PVA and un-encapsul ated chitin. Therecovered
microparticlesuspensonswerelyophilized for two days
(-80°C and <10 mm mercury pressure (LYPHLOCK,
Labconco, Kansas City, MO) to get lyophilized pow-
der for further use.

Vibrioalginolyticus

V. alginolyticuswasisolated from moribund olive
flounder and culturedin 50 ml tryptic soy broth (TSB)
supplemented with 2.5% NaCl for 24 hat 30 °C, and
then centrifuged at 7000 g for 15 minat 4 °C™. The
supernatant fluid wasremoved and thebacterial pellet
was re-suspended in 0.85% NaCl at 3.4x107 colony-
forming units(cfu) ml* using plate courting asthe stock
bacterial suspension stored 14 °C for challenge. The
presence of pathogen was confirmed by therelevant
biochemica and molecular (RT-PCR) testg*.
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I mmunization protocol

Healthy kel p grouper, Epinephelusbruneus (34.2
+ 2.7 g) were purchased from Jeju Island and accli-
matized inthewet |aboratory of Environmental Re-
search Ingtitute, Jg u Nationa University kept with 500
L aerated recirculation seawater. Thefishwereaccli-
matized two weeksprior to the start of the experiment
and fed with formulate diet. One-third of water was
renewed daily and the water temperature, pH, and
salinitywere26+1°C, 7.7+ 0.8, and 31.2 + 1.3%e,
respectively were measured during the experimental
period. Thefishweredivided into three groups of 25
eachintriplicate and wereimmunized/injected sepa-
rately eechwith 0.1 ml of PLGA, chitin (Cl), and com-
bined with both PLGA-encapsulated chitin
(PLGA+CI). Thevaccination wasrepeated 3timesat
2-week intervals. Another two groups of 25 fish each
were maintained separately for controlsand injected
with PBS (C) or bacteria(l). After the last vaccina-
tion, all groupswereinjected intraperitoneally (i.p.)
with 100 pl PBS containing V. alginolyticus at 3.4 x
10’ cfumi except control (C). Six fish of dl thetreated
groupsincluding the control group werebled at weeks
1, 2, and 4 post-injection and anaesthetised withM S-
222 (NaHCQ, and tricaine methanesul phonate; Sigma
Chemicals) 1:4000 in dechlorinated water for 2 min
to collect blood for immunological assay. A group 20
fish were used separately in each treatment to record
the cumulative mortaity and relative percent surviva
(RPS) over 30 days“!.

Prepar ation of anti-grouper-globulin rabbit serum

Therabbit anti-grouper globulin was prepared by
thefollowing method of Swain et .1 using seraob-
tained from healthy adult grouper. The serum was col-
lected from heal thy grouper and pool ed and added equa
volumeof saturated ammonium sul phatesol ution. They
were mixed with the pooled sera drop by drop and
then placed onamagnetic stirrer overnight at 4 °C. The
sample mixturewas centrifuged at 10,000 xg for 10
minat 4 °C and the precipitate and dissolved with 5 ml
carbonate-bicarbonate buffer (pH 9.6). Thenthesera
were centrifuged at 10,000xgfor 10 minat 4°C. Then
collect thepellet and thevolumewas madeto 2 ml with
carbonate-bicarbonate buffer (pH 9.6). Theglobulin
solution was diayzed using dialysis membrane pur-
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chased from Snakeskin, Pierce Chemical Company,
USA with 7000 molecular weight cut off against PBS
(pH 7.2) for 72 h at 4 °C. After the globulin was col-
lected and raised in aNew Zealand whiterabbit by the
following method of Lund et a7,

Immunological assays

The myel operoxidase activity was determination
with 15 pl of serum and diluted in 135 pl of Hank’s
balanced salt solution (HBSS; Ca?*, Mg?* free). After
50 ul of 20 mM, TMB (3, 30,5,50-tetra methyl benzi-
dine) and 5 mM H,O, were added. Thereactionwas
stopped after 2 min by adding 50 pl of 4 M sulphuric
acid and read the optical density (O.D) at 450 nm(“8
using UV-V IS spectrophotometer (Thermo Spectronic,
UK). Therespiratory burst activity was measured by
thereduction of nitro bluetetrazolium (NBT) by intrac-
elular superoxideradica 9. For bacterid agglutina-
tiontest, to-fold serid dilutionsof 25 pl fish serum was
made and add equal volumeof PBSineach well then
add 25 pl of formalin killed S iniae (3.7x108cfu ml*?
suspension) conducted in ‘U’-shaped microtitre plates
according to Beheraet a.?"!. The haemagglutination
activity of serum sampleswascarried out using astan-
dard method of Blazer and Wolke>” and Behera et
a 2 using ‘U’-shaped microtitre plates by serial two-
fold dilution. The haemolytictitre of serum wasdeter-
mined asdescribed previoudy® and Beheraet d.?in
HA titreby using fresh serafromal thegroups.
Satistical analysis

Thedatigtica anadysssysem (SAS) software (ver-
sion 6.12) was used to analyse in each data (SAS,
1991). One-way analysis of variance followed by
Duncan’s multiple range tests were done to compare
thevariationsin variousimmune parametersat signifi-
cancelevd of difference (p<0.05) indifferent injected
groups. The mean standard error (£S.E) of assayed
parameterswas cal cul ated for each group of fish.

RESULTS

Myeloper oxidase (M PO) activity

Themye operoxidase (MPO) activity did not sig-
nificantly increasadin any immunization groupsonweeks
1 and 2 when compared to the control against patho-
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gen. Infishimmunized with chitin (Cl) and PLGA-en-
trapped chitin (PLGA+Cl) wassgnificantly increased
the MPO activity onweek 4. However, it did not sig-
nificantly increasein PLGA onweek 4 (Figure 1).

0.09 -
008
E 0,07
§ 0.06
% 0.05
G 0.04 -
€ 0.031
g 0021

0.01

0 -

*

ECO| BPLGA ECIBPLGA+CI

1 2 4
Weeks of treatment

Figure 1 : Myeloperoxidase activity of E. bruneus (n = 6)
control (C), infected (1), injected with PLGA, chitin (CI),and
PL GA-encapsulated chitin (PLGA+CI) againg S. iniae. Data
(mean + SE; *P < 0.05) difference from the control is indi-
cated with asterisks.

Respiratory burst (RB) activity

Therespiratory burst (RB) activity did not signifi-
cantly enhancedin PLGA and chitinimmunization group
on first week against pathogen. The RB activity was
sgnificantly enhanced infishimmunization with chitin
(CT) and PLGA-entrapped chitin on weeks 2 and 4
and but not in PLGA againgt pathogen when compared
tothecontrol (Figure2).
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Figure2: Respiratory burst (RB) activity of E. bruneus(n =
6) control (C), infected (1), injected with PLGA, chitin (ClI),
and PLGA-encapsulated chitin (PLGA+CI) against S.iniae.
Data (mean + SE; *P < 0.05) difference from the control is
indicated with asterisks.

Serum haemoagglutinatingtitre

The serum haemoaggl utinating titre did not signifi-
cantly increased in any groupsonfirst week when com-
pared to the control. The haemoagglutinating titrewas
sgnificantly enhancedinfishimmunizedwith chitin (CT)
and PLGA -entrapped chitin on weeks 2 and 4 whereas
notin PLGA (Figure 3).
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Figure 3: Serum haemoagglutinating activity (titre) of E.
bruneus(n =6) control (C), infected (1), injected with PLGA,
chitin (Cl), and PL GA-encapsulated chitin (PL GA+CI) againgt
S. iniae. Data (mean + SE; *P < 0.05) difference from the
control isindicated with asterisks.

Serum haemolysin titre

Theserum haemolysintitredid not sgnificantly in-
crease any groups on fist week as compared to the
control against pathogen. 1t was significantly enhanced
onweeks2and4in chitin (CT) and PLGA-entrapped
chitinbut notin PLGA (Figure4).
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Figure4: Serum haemolysin activity (titre) of E. bruneus(n
=6) contral (C), infected (1), injected with PLGA, chitin (Cl),
and PL GA-encapsulated chitin (PLGA+CI) against S.iniae.
Data (mean + SE; *P < 0.05) difference from the control is
indicated with asterisks.

Bacterial agglutination titre

Thebacterid agglutinationtitredid not significantly
increased in PLGA a any time. On theother hand, the
bacterid agglutinaiontitresignificantlyincreasedinfish
immunization with chitin (CI) and PLGA-entrapped
chitinfrom weeks 1 to 4 when compared to the control
(Figureb).

Mortality

Thecumulativemortaity wasfound low infishim-

muni zation with PLGA-entrapped chitin with 15%

against pathogen for 30 days. However, themortality
was 30% and 25% in fishimmunization with PLGA
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and chitin. Infishinfected and non-immunization group
was 80% mortality whileno mortaity in control group
(Figure6).
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Figure5: Bacterial agglutination activity (titre) of E. bruneus
(n=6) control (C), infected (1), injected with PL GA, chitin
(Cl), and PLGA-encapsulated chitin (PLGA+CI) againgt S.
iniae. Data (mean £ SE; *P <0.05) difference from the control
isindicated with asterisks.
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Figure6: Cumulativemortality (%) of E. bruneus(n =20)

control (C), infected (1), injected with PLGA, chitin (Cl), and

PL GA-encapsulated chitin (PLGA+CI) against S.iniaefor

30days.

DISCUSSION

Themyeloperoxidase (MPO) activity significantly
increasad infishimmunized with chitin (CT) and PLGA-
entrapped chitinonweek 4. Similarly theM PO activity
wasincreased inrohu after immunization with PLGA
encapsulated outer membrane proteins (OMP) of
Aeromonashydrophilal?1. However, MPO activity did
not significantly increased in any groups on weeks 1
and 2. Therespiratory burst (RB) activity wassignifi-
cantly enhanced in the present study in chitin (CT) and
PLGA -entrapped chitin fromweeks 1 to 4 and but not
in PLGA. The present results are agreement in Japa-
neseflounder ora immunization with PLGA encapsu-
lated DNA vaccinesignificantly enhanced the RB ac-
tivity against lymphocystisdiseasevirus®l. Since O, is
thefirst product released during therespiratory burst,
O, concentration has been accepted as an accurate
parameter to quantify the intensity of a respiratory
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burst®l, Jeney and Anderson® reported that the total
number of NBT-positivecdlsin blood kept rising after
treatment with immunostimulant. Thesecdlsmight be
the neutrophilsthat till retain the capacity for produc-
tion of oxidativeradicals.

Infish, likeinmammas, theimmunesystem canbe
modul ated both in vitro and in vivo. Among the en-
hancers, the chitin has been shown enhanced immune
systeminfishwhenadministeredinvitro but toact asa
very good immunomodulator in vivo#554, Chitin and
its derivativesadministration through intravenous, in-
traperitoned or oral inmammalian andfishinvivo can
stimulate therespiratory burst®2%%, PLGA are pre-
pared from lactide and glycolide, which arecyclices-
ters of lactic acid and glycolic acids®1. PLGA
microspheres and other nanospheres are promising
ddivery systemsfor proteins, peptides, and DNA vac-
cines®. PLGA particleshave been shown to betaken
up invivo by themain antigen presenting cells (APCs)
inmammals, dendrittic cdls(DCs)*% andusng PLGA
nanoparticlesasantigen delivery vehicleshave shown
to enhance antigen-presentation efficiency by 10-100
fold®, and also increasing cytotoxic T-cell activity.
Mammalian DCs, the main APCs, showed an adju-
vant-likematurationwith express on of mgor hisocom-
patibility complex (MHC) class |l and expression of
costimul atory moleculeson DCs<timulated with PLGA
particled®. Studiesin mammalian DC also show in-
creased maturation after stimulation of PLGA
microparticlesalond®?,

PLGA particlesasantigen carrier havebeenevau-
ated and high potenciesin activating the adaptiveim-
muneresponsein mammals-3, PLGA particlesare
used for intracellular delivery of antigens, their actual
uptake by fish phagocytic cells(macrophages), theman
APC infishi®84, PLGA have shown to be phagocy-
tosed by anumber of mammalian cell$% by various
endocytic routes, like phagocytosis, pinocytosisor by
receptor-mediated endocytosis, and the process seems
to be saturabl €556, PLGA has been provento bea
very useful antigen deivery syseminmamma ssinceit
provides long lasting immunity(©267.68  PLGA
microparti cles have been found to enhance phagocyto-
sisby macrophages® and neutrophil %% in mouseand
human, respectively. Comparable results were also
found by the useof PLGA aoneinmammal®™ aswell
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asinfish, rainbow trout™. Chitin administration through
intrgperitoned injectionintrout and sdlmon sgnificantly
enhanced thelysozyme activity™73, Phagocytic activ-
ity wasincreasedintrout injection with chitinagainst V.
anguillarum®. In rainbow trout, chitin stimulated
macrophageactivities™ and in seabreamiit stimulated
the maininnateimmune responses, including respira-
tory burst, phagocytic and al so cytotoxic activities®.

The serum haemoagglutinating activity and
haemolysin activity weresgnificantly enhanced inthis
study with chitin (CT) and PLGA -entrapped chitinon
weeks2 and 4 but notin PLGA and dl groupsonfirst
week. The present resultsare agreement in rohuimmu-
nizationwith PLGA encapsulated OMPof A. hydrophila
that enhance the haemoaggl utinating titre and serum
haemolysintitré?’, Another sudy indicatesthat in Japa
neseflounder ora immunization with PLGA encapsu-
lated DNA vaccine and plasmid vaccineenhanced the
antibodly titre against lymphocystisdisease virug?-34,
Theantibody level remained high even oneyear after
injection through subcutaneousroutein micewith PLGA
microparticleswhichindicate control thereleaseof an-
tigen over aperiod of several weekd™. Similar results
were also found when PLGA was used as carrier for
peptide vaccinein mammals ™. Moreover, the superi-
ority of PLGA microspheresover dumadjuvant indic-
iting high antibody responseswas seenin micethrough
subcutaneousadministration™.

Thebacterid agglutinationtitresgnificantlyincressed
inthepresent sudy in chitin and PLGA-entrgpped chitin
fromweeks 1to 4. The present results are agreement
inrohuimmunizationwith PLGA encgpsulated OMP of
A. hydrophila?. Enhanced NK or NCC activity by
chitin has been described in mammalg4%7 and
fisht®2% in both in vitro and in vivo, respectively. On
theother hand, the bacterid agglutinationtitredid not
sgnificantly increasedin PLGA at any time. Thecumu-
lative mortality was 15% in PLGA -entrapped chitin
whereas 30% and 25% in PLGA and chitin. Based on
theresultsof the present study, it can be concluded that
theadministration of PLGA -entrapped chitin enhances
kel p grouper immuneactivity through innate and adap-
tiveimmuneresponse such asrespiratory burst, serum
haemoaggl utinating, haemoaggl utinating, and bacteria
agglutinationtitreagaingt V. alginolyticus. Themecha:
nisms by which PLGA -entrgpped chitin modul atesthe
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kelp grouper immune system remain unclear and fur-
ther detalled molecular andimmunologicd sudiesshould
be carried out.
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