Available online WWW.] OCPr.com

Journal of Chemical and Pharmaceutical Research

'A“d Phay,
P,

%,

J. Chem. Pharm. Res., 2011, 3(5):501-513

o‘nal of c/)e

O
124 o~
LTI " \g‘)‘."

P

I SSN No: 0975-7384
CODEN(USA): JCPRC5

Immunostimulatory effects of Cardiosper mum halicacubum against
Vibrio parahaemolyticuson tiger shrimp Penaeus monodon

T. Rajasekar?, J. Usharani? M. Sakthivel* and B. Deivasigamani*
‘Faculty of Marine Sciences, CAS Marine Biology, Annamalai University, Parangipettai, Tamil

Nadu, India
’Si Sankara Arts and Science College, Enathur, Kanchipuram, Tamil Nadu, India

ABSTRACT

During the past 15 years, shrimp farming, mainly based on local species such as tiger shrimp
Penaeus monodon, kuruma shrimp Mar supenaeus japonicas and the exotic species white shrimp
Litopenaeus vannamei, have been particularly badly hit by epidemics associated with viruses
and Vibrio bacteria like Vibrio alginolyticus and V. parahaemolyticus due to deteriorated
environment. Shrimp lack an adaptive immune system and rely on innate immune responses
against microbial invasion. Therefore, the health of shrimp and enhancement of its immunity are
of primary concern. Immunostimulants are agents/factors that trigger the non-specific immune
response and result in enhanced disease resistance. Several compounds have been reported to
have immunostimulation properties. Many of these are derivatives or cellular components of
bacterial, fungal or animal origin. Laminarin, barley, glucan, lactoferrin, levamisole,
lipopolysaccharides, curdlan, scleroglucan, zymosan, inulin, chitosan, p-glucans, dextran,
lentinan, krestin, saponins, herbal extracts, peptidoglycans and so forth, are some of the
examples of immunostimulants used in shrimp/fish aquaculture. This present study was
attempted to study the immunomostimulatory effects of plant extract from herbal plants on
shrimp through fed diet. The plant extract was mixed with fed diet with different concentration
and non-specific immune response and THC, Phenoloxidase, NBT and |ysozyme activity were
measured. After feed diet experiment shrimp were challenge with isolated Vibrio spp. pathogen
and cumulative survival rate were calculated.

Key words: Immunostimulatory Cardiospermum halicacubum, Vibrio parahaemolyticus,
Penaeus monodon.
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INTRODUTION

Shrimp culture is considered as one of the luceaitndustries because of the high market price
and great demand in the international market [1]rilly the past 15 years, shrimp farming,
mainly based on local species such as tiger shrifapacus monodon, kuruma shrimp
Mar supenaeus japonicas andthe exotic speciewhite shrimpLitopenaeus vannamei, have been
particularly badly hit by epidemics associated wittuses [2]and Vibrio bacteria likeVibrio
alginolyticus [3] andV. parahaemolyticus [4Jue to deteriorated environment.

Some of the insecticides and biocides used in adwae are known to accumulate and
concentrate in aquatic organisms, while antibiotitcay well induce resistance in pathogens
through mutagenesis and plasmid mediated geneféran®]. Evidence indicates that shrimp
pathogens are opportunistic agents. Disease outbega also associated with increases in the
proportion of potentially pathogenic species inViario population of cultured pond waters [6].
Shrimp lack an adaptive immune system and relynoate immune responses against microbial
invasion [7]. Therefore, the health of shrimp amthancement of its immunity are of primary
concern.

The innate immune system of shrimp consists mawfilprophenoloxidase (proPO) activating
system, clotting system, phagocytosis, encapsulaiod nodule formation, antimicrobial
peptides (AMPs) formation and cell agglutinatiomeTfirst and essential step of the internal
defence process is the recognition of invading augganisms, which is mediated by the pattern
recognition proteins (PRPs). With antigenic compdseieing recognized by PRPs, signaling
cascades start and haemocytes become activatédi8] haemocytes are involved in the
synthesis, storage and upon activation, dischafgeagnzymes and substrates of the clotting
and proPO system [9The activated haemocytes are also induced toselether proteins that
are related to defence responses, such as AMPsesoxidase [10].

In order to control the proliferation of opportumisbacteria, prophylactic chemo-therapeutants
have been commonly used and practiced in intereiumaculture. However the abuse of broad
spectrum chemo-therapeutants has resulted in amased number of antibiotic-resistant
bacteria, the transfer of these drug-resistant gémdacteria or virus infects terrestrial animals
and humans, however alterations of the bactenah fboth in sediments and in water column and
residual act as antibiotics in seafood productg. [Therefore, it is necessary to exploit a non-
chemotherapeutic method instead of the chemothetiapeethod, such as in the use of vaccine,
probiotics, immunostimulants and natural theramsutom plants [12].

Immunostimulants are agents/factors that triggermbn-specific immune response and result in
enhanced disease resistance. Several compounddéaveeported to have immunostimulation
properties. Many of these are derivatives or catl@omponents of bacterial, fungal or animal
origin. Laminarin, barley, glucan, lactoferrin, &misole, lipopolysaccharides, curdlan,

scleroglucan, zymosan, inulin, chitosgiaglucans, dextran, lentinan, krestin, saponinsbéler

extracts, peptidoglycans and so forth, are somthefexamples of immunostimulants used in
shrimp/fish aquaculture [13]. There are increasmgnber of investigations on plant extract
activities of immune enhancement and anti-microoigya. Essential oils, methanol and ethanol
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extracts are known to possess antimicrobial agtii4]. Essential oils have been traditionally
used for respiratory tract infections, and are ukede days as ethical medicines for colds [15].

Now a days, the herbal drugs popularity increasetl wsed widespread. The research is still
lagging behind to get the efficacy of plant derivaeddicines on microorganisms which induced
pathogenesis in Human beings and other animalsenere reports of various medicinal plants
that had been used for years in daily life to teiatase all over the world. There were several
reports on the antimicrobial activity of differemérbal extracts in different regions of the world
[16]. Phytomedicines derived from plants have shown gpramise in the treatment of
intractable infectious diseases [17]. A speciatdeaof higher plants is their capacity to produce
a large number of secondary metabolites [T8kre was another aspect of drugs used against the
microorganisms. The multiple drugs used againstmieroorganism had developed resistance
due to the indiscriminate use of commercial antiob@l drugs commonly used in the treatment
of infectious disease [19].

Natural plant products have been reported to prermatious activities like antistress, growth
promotion, appetite stimulation, tonic and immuimostation and to have aphrodisiac and
antimicrobial properties in finfish and shrimp lmwiture due to the active principles such as
alkaloids, flavanoids, pigments, phenolics, terpasosteroids and essential oils [20][21]. This
present study was attempted to study the immunomoistiory effects of plant extract from
herbal plants on shrimp through fed diet. The pé&titact was mixed with fed diet with different
concentration and non-specific immune responseTa#d, Phenoloxidase, NBT and lysozyme
activity were measured. After feed diet experim&mimp were challenge with isolated Vibrio
spp. pathogen and cumulative survival rate wereutatied.

EXPERIMENTAL SECTION

Plant materials

In this present investigation plant leaf suChrdiospermum halicacubum (P4) was collected
from Kanchipuram District, Tamil Nadu by using deipolythene bags. Collected leaves were
washed with distilled water and shadow dried.

Preparation and preservation of plant extract

The shadow dried plant leaves were grinded by usiixgr grinder. Approximately 400 g of the
plant materials were macerated with 80% metharmlbated for at room temperature and after
24 h filtered through Whatman filter paper No.l.eTprocedure was repeated three times to
ensure exhaustive extraction of the plant materidle extracts were pooled together,
concentrated and the solvent removed by evaporatimer reduced pressure in a rotary
evaporator at 40°C []. Then extracts were driedrbégze-drying and kept in a freezer at —20°C,
until used for further studies.

Feed preparation and experimental design

To study the innate immune responses, four diftereoncentration of plant extradt.
halicacubum mixed with pellet feed based on the experimentewesigned.

Group 1: Commercial shrimp pellet (Control)

Group 2: 0.1% of crude plant extract with commercial pellet
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Group 3: 0.5% of crude plant extract with commercial pellet
Group 4: 1% of crude plant extract with commercial pellet

Experimental diets were produced by combining consiakshrimp pellets with powdered
cured plant extract and 50% gelatin (Knox) to mal four diets: (1) 0% Control commercial
(containing 1% carrier ), (2) 0.1% , (3) 0.5%, 4%. Dry components were ground to a powder
using a mortar and pestle. Gelatin, dissolved g §®nl* in boiling water, was cooled to 25°C
and mixed at 50% v/w with the powdered diet. Theulitng paste was spread evenly on
aluminum foil and cooled at 4°C until solid. Pedlatere then cut to approximately 0.5%m
cubes and stored in sealed plastic bags at 4°@Goftwnger than 7 days prior to use.

Experimental shrimp

Black tiger shrimgP. monodon (n=160) were obtained from a commercial farm irk&ihi area,
Tamil Nadu, India and was acclimated to the lalmwgatcondition for 5 days before the
experimental period. During this period, shrimp vied twice daily with a commercial pellet
feed. Intermoult stage shrimp was used for theystdthe moult stage was identified by
examination of the uropoda in which partial reti@ctof the epidermis could be distinguished.
All the experimental shrimp were morphologicalleidified for symptoms (shrimp reddishness,
antenna rot, spots in carapace, gill colorationumegband loose shells) and healthy shrimp were
used for experiments. Shrimp ranged in weight frét5 to 19 g were used in these
experiments. During the experiments, water (tentpezapH, salinity) conditions were observed
as 20 — 28°C, 7.8- 8.0, and 22 9@4espectively.

Thelmmunostimulatory activity -l mmunological parameters

Haemolymph collection

Haemolymph was collected with an insulin syring&wd8 gauge needle from the ventral region
of the cephalothorax. Alsever’s solution (NaCl2 47, trisodium citrate- 8¢, citric acid 0.55 g
mi?, D-glucose 20.5g) was used as an anticoagulant. Equal ratio ofcaagulant and
haemolymph were mixed, from that gbwere used for THC (Total Haemocytes Count) anslys
and NBT (Nitroblue tetrazolium) assay. Totally LdQvere centrifuged at 10000 g for 10 min at
4°C and the supernatant was used to measure twabfmxidase (PO) activity and lysozyme
activity.

Total haemocytes count

Equally diluted haemolymph was further diluted wehual ratio of anticoagulant. Then, the
THC in the diluted haemolymph were immediately deiaed using a Neubauer
haemocytometer. THC on the heamocytometer werenad$einder Light microscope (Magnius
MLX) and counted in all 4 squares by adaptatiorootine method.

Haemocyte count = N x D/A x 10 x 16ells mI*
(where, N = total number of cells counted; D = tidn of haemolymph; A = total area counted

(in mnT); 10 = factor to convert area to volume (in pBs@ming a chamber of 0.1 mm depth;
10° = factor to convert count per pl to count per ifitiir).
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Total phenoloxidase (PO) activity

Total phenoloxidase activity was determined by gsinDihydroxyphenylalanine (L-DOPA)
(Perazzolo and Barracco, 1997). Briefly, 10®f centrifuged haemolymph was mixed with 50
ul PBS solution and 50 pl of enzyme inducer trygsinMedia, 1 mg mf) and incubated for 15
min at 25°C in 96-microliter plates (flat bottomet) controls, trypsin and serum were replaced
by PBS. After incubation, 100 pl of a L-DOPA sotuti(10mg 1mt) were added to that mixture
and incubated for 10 min at 25°C. Then the sammeswead at 490nm using a VERSAmax
tunable microplate reader (Associates of Cape @adrporated, East Falmouth, MA, USA)
[19].

Reduction of NBT by haemocytes

To determine the amount of superoxide anion theattah of nitroblue tetrazolium (NBT) by
haemocytes (Respiratory burst activity) was meas[2@]. Haemolymph (100 ul) was placed in
a microplate and incubated for 30 min at room tenaippee. The supernatant was discarded and
50 ul of 0.3% NBT were added and incubated fora2 foom temperature. The supernatant was
again discarded, and the haemocytes were fixed 20th ul of absolute ethanol. Haemocytes
were washed twice with 200 pl 70% methanol anddfgt The formazan deposits generated
were dissolved in 120 pl 2 M KOH and 140ul dimetsiyffoxide (DMSO) and optical density at
620 nm was recorded using a microtiter plate re@dERSAmax tunable microplate reader).

L ysozyme activity

Lysozyme activity was measured by the modified métlof Minagawa [21}et al In this
turbidometric assay, 0.03% lyophilizéicrococcus lysodeikticus in PBS was used as substrate.
Ten microlitres of haemolymph was added to 250fagterial suspension in duplicate wells of
a microtitre plate and the reduction in absorbaatc#90 nm was determined after every minutes
(1, 2, 3, 4 and 5) of incubation at°@2using a microtiter plate reader (VERSAmax tunable
microplate reader). One unit of lysozyme activitgsadefined as a reduction in absorbance of
0.001 per min.

Challenge with Vibrio parahaemolyticus

In the present study, the isolated bacterial pagh&fjorio parahaemolyticus (VP1) was used as

a test organism. Lyophilized VP1 strain was usethis study .The bacterial strain VP1 was
subcultured and centrifuged at 10000 g for 10 nesdt 4°C. The supernatant were discarded
and the bacterial pellet was washed three timesresuspended in phosphate buffered saline
(PBS) at pH 7.4. The OD of the solution was adpiste0.5 at 456 nm which corresponded to
1x 10 cells mi*. After plant extract treatment, shrimp were ingect(50 pl) with
V.parahaemolyticus (no 1) (1x10 cells mI*) on 6" day.

RESULTS

The lmmunomodulatory activity-lmmunological parameters

Total haemocytes count

After 24 h of experiment diet, slightly increaseell ccount of all experimental shrimp was
observed except control. (Figure 1) After 48 h¢heas a gradual increase in cell count based on
concentration wise and control showed normal aaiin¢. Highest cell count was observed in G3
as 9.2 x10cell mr*and lower was observed in G1 as ~ 1.1">cHll mr™,
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Total phenoloxidase (PO) activity

There was a significant increase in group G2 an@&f@&3 24 h of fed diet experiment. The plant
extraction concentration in fed diet there wereradgally increased in the entire three groups.
After 48 h of fed diet maximum activity was obsetva G3 group and minimum in G1 group
(Figure 2).

Reduction of NBT by haemocytes

During the initial period and after 24 h of expeeimh diet, normal level of NBT (respiratory
burst activity) activity were observed. After 48 MBT activity was gradually increased in all
groups. After 72 h, G1 and G2 were significantlgreased and G3 was slightly decreased.
Maximum NBT activity was observed on 120 h of feagheriment in G3 group and minimum in
G1 group. G1 and G3 showed similarly NBT activitigemm compared with control and G1 group
(Figure 3).

L ysozyme activity

There is no significant change in lysozyme actiwls observed in all experimental groups after
24 h. After 48 h, slight increase was observedlligmups (Figure 4). After 96 h significant
increased was observed in all the experimentahghin response to fed diet concentration
maximum lysozyme activity was observed in groupa33375 U mt min and minimum was
observed in G1 as 340 U frhin™.

Cumulative survival rate

After fed diet experiment shrimp were challengehwitparahaemolyticus and observed for the
survival rate and after 24h of challenge test, erpent group showed 90% survival and control
80% survival were observed .After 72 h 50 % of staMwas observed in control. After 168 h of
experimental studies 60% of survival was obsenredil Group and 70% of survival was
observed in G2 and G3, control shrimp 20% of suwivas observed (Figure 5).

DISCUSSION

Crustaceans have only a non-specific innate immaseonse and no long memory, which
results in the inability of shrimp to protect itsEbm infection with its immune system [22].

Earlier reports revealed that the extracted comgsuwrere responsible for antibacterial activity
which may be extracted by low polarity solventheatthan by solvents with high polarity such
as water. Other alternative feed additives thatprament disease and enhance growth have been
used to replace drug such as antibiotic in aquatL2] [24]. Recently, the so-called natural
and phytogenic extracts have gained interests éir thtilization to improve immunity and
disease resistance of farmed fish or shellfish.

Immunostimulants are the substances that can eahthecnon-specific defence mechanism in
shrimp and provide resistance against pathogenganism. Protective effects of various
immunostimulants have been reported against WSSYéction, for example, oral
administrationof peptidoglycan or lipopolysaccharid Penaeus japonicus[25] andf3 1-3 glucan

in Penaeus monodon [26] [27]. Shrimp hemocyanin was also shown to bithantiviral activity
against a variety of viruses including DNA and RNikuses [28]. Mortality was reduced by a
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synthetic antibacterial peptide froMytilus galloprovincialis in WSSV infected palaemonid
shrimp[29]. Herbal immunostimulants fro@yanodon dactylon, Aegle marmelos, Tinospora
cordifolia, Picrorhiza kurooa andEclipta alba were found to be effective against WSSV [30].

The haemocyte count varies among crustacean species and is kima affected by a variety
of factors such as infection and environmentalssti@1]. Persson [32] et al. demonstrated a
decrease in the haemocyte numbers of crayfish hafh@ parasitic fungusAphanomyces
astaci). Maeda [33] et al. have observed a decline ialtbaemocyte count (THC) in shrimp
infected with penaeid rod shaped DNA viNigparahaemolyticus andV. harveyi also decreased
the THC in white shrimpLitopenaeus vannamei [34]. Several studies have demonstrated that the
use of immunostimulants alone [35] [36hd to enhanced resistance to bacterial diseases i
shrimp. In the present study, THC in experimentansp was estimated. In that, G3 group with
1% of plant extract fed shrimp showed maximum celint and minimum was observed in G1

group.

Secombes and Olivier [3pfoposed that the release of superoxide anion plggar peroxide, and
hypochlorous acid (HOCI) into the phagosome andaegtlular space during the respiratory
burst is considered to be one of the most impomaathanisms involved in the bactericidal
activity of macrophages. Siwicki [3&t al. reported that oral administration of levastes
increased the phagocytic index of phagocytic cédditionally, it was reported that feeding
yeast productdacro Gard, Candida utilis, Saccharomyces cerevisiae) gave rise to an enhanced
phagocytic activity of blood leukocytes in rainbdwut. A wide variety of standard dietary
ingredients reported to affect immune responsess well known that fish and shellfish treated
with immunostimulants showed increased phagocy@siwell as respiratory burst activity [39]
[40] [41].

In this experiment after 48 h, NBT activity was dpally increased in all groups. After 72 h, G1
and G2 were significantly increased and G3 wastliglecreased. Maximum NBT activity was
observed on 120 h of feed experiment in G3 group @mimum in G1 group. G1 and G3
showed similarly NBT activity when compared withnéml and G1. Since superoxide anion
(O2-) is the first product to be released from themagory burst, the measurement of superoxide
anion has been accepted as a precise way for nnegsespiratory burst. Similar results in-O
production were observed for shrimp haemocytesutited with Zymosarj42] or with B-
glucan[43].

The role of phenoloxidase in self-defense systemsea cucumber may not be as critical as in
crustaceans and insects. Lysosomal enzymes patgdip the destruction of external substances
in sea cucumber [44]. Regarding humoral defenceham@sms, the measurement of PO activity
has been proposed as a procedure to evaluate thenienresponse of shrimps [45]. The
activation of proPO system by microbial cell watismponents such g1, 3-glucans from
fungi and lipopolysaccharides (LPS) from Gram-negabacteria has been demonstrated in
several crustaceans species [46].

Lai [47] et al. stated that the phenoloxidasevagtiof L. vannamei was able to be activated by

the leaf and twig hot-water extracts Gf kanekirae in agreement with thén vitro studies
showed that laminarin and sodium alginate isol&tesh brown seaweeds, has been reported to
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increase the activity of the proPO system of pehahrimp[48]. It is considered that hot-water
extracts ofC. kanekirae can be used as an immunostimulant in shrimp éeetthe improvement
of shrimp immunity and disease resistance.

Lysozyme is a fish defense element, which caussis lgf bacteria and activation of the
complement system and phagocytes by acting as wppt#]. Elevated lysozyme activity was
noted on 20, 25 and 30 days after feeding Jian ¢a€). and large yellow croaker,
Pseudosciaena crocea [51] with traditional Chinese medicine (TCM) formulatédom
Astragalus root Radix astragalin seu heydsari) and Chinese Angelica rooR.( angelicae
sinensis) at a ratio of 5:1 (w/w). lI©reochromis niloticus fed with 0.1 and 0.5% Astragalus radix
root for 1 week, lysozyme activity was enhanced.[BRetary L-ascorbic administration at 288
mg kg* and dietary vitamin E administration at 100 mg' kor 8 weeks have been reported to
increase alternative complement and lysozyme &gtiaf juvenile grouperEpinephelus
malabaricus [53]. Sea bas®icentrarchus labrax which had been fed a diet containing sodium
alginate from brown algakaminaria digitata and Ascofillum nodosum after 15 days showed
increased alternative complement and lysozymeigacibp4].

In the present study, After 48 h, exiguously inseeavas observed in all groups. After 96 h,
significant increase was observed in all the expenital shrimp in response to fed diet
concentration maximum lysozyme activity was obseriregroup G3 as 375 U thimin™ and
minimum was observed in G1 as 340 U'mlin® Moreover the increased lysozyme activity can
early produce good non specific immune respolrsehis present study, total phenoloxidase
activity for 1% of P4 plant powder showed two fadtivities than control shrimp. However
moderate activity was observed in 0.5 and 1% aitglawder.

Figure 1: Total haemocytes count
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Figure 2: Total Phenoloxidase activity
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Figure3: Respiratory burst activity-NBT
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Figure 4: Lysozyme activity
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Figure5: Cumulativesurvival rate
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CONCLUSION

In this present study reveals t@ardiospermum halicacubum plant extract shows good immune

stimulatory activity against shrimp and showed g@odvival rate after challenge with VP1.

Further characterization and purification of plamtract and it could be a superior applicant for
the development of good immune stimulatory agemihéiaquaculture industry.
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