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ABSTRACT: The effect of oral administration of Vibrio bacterin and yeast glucan to black tiger shrimp, Penacs
maonogdon was studied. Vibriocidal activity was detectable in hemolymph and hemocyte lysate. The activity
peaked at 48 h post treatment but persisted even at 72 h. Generation of reactive oxygen species in hemocytes
could be detected by nitroblue tetrazolium (NBT) assay. Enhanced phenol oxidase activity was observed in
hemocytes of treated shrimp. When a combination of bacterin and glucan was administered, the response was
much higher compared to individual treatments. The results suggest that immunostimulation of shrimp can be
achieved through oral administration of a combination of Vibrio bacterin and yeast glucan.
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INTRODUCTION

Shrimp aquaculture has been facing serious disease prob-
lems and therefore, several investigators have considered the
possibility for immunoprophylaxis. Itami et al. (1989) noted
that immumsed shrimps (Penaews japonicus) were better
protected against challenge. Adams (1991) observed that
bactericidins and other humoral factors were induced in P
monadon following treatment with vibrio bacterin. Sung et
al. (1991) reported that P monodon larvae treated with Vi-
brio bacterin grew faster. Induction of resistance in P
monodon against challenge by Fibrio vilnificus after treat-
ment with beta-glucan was reported by Sung et al. (1994).
They further noted that beta-glucans stimulated
phencloxidase activity in hemocytes of P monodon. Acti-
vation of hemocytes as indicated by increased respiratory
burst activity following treatment with beta-glucans has been
recorded by Song and Hsieh (1994). Enhancement of the
pro-phenel oxidase system (proPO) in hemocytes by treat-
ment with beta-glucans was observed by Sung etal. (1994).
However, most of these reports examined the response after
treatment by immersion or njection. The preferred route of
delivery in aquaculture systems would be the oral route. Fur-
ther, interactions between immunestimulants have not been
examined. In this study the response of black tiger shrimp,
Penaeus monoadon to  oral admimistration of
immunostimulants was evaluated and the combmed effect
of bacterin and glucan was also investigated.

MATERIALS AND METHODS
Shrimp
Healthy P monodon weighing 22-27 g were obtained
trom local farms. They were mamntamned in 300 | tanks con-

taining 150 | sea water and fed with commercial diet at 4%
body weight three times a day.

Treatment with immunostimulants and
assessment of immune response

Fibrio bacterin contained heat killed cells of ¥ harveyi
(local strain, 1solated from morbund shrimp) at a density of
10%ml. Yeast B-1,3 glucan was a product obtained from
Mangalore Biotech Laboratory. Immunostimulants were
added to the feed at following levels before feeding: bac-
terin, 5, 10, 15 and 20%; glucan, 0.1, 0.2, 0.3 and 0.4%. The
following combinations of bacterin + glucan were also tried
D 5+40.1, 10+0.2, 15+0.3 and 2040.4%. Diet containing
imnuumostimulants was given at the rate of 4% body weight
for three successive feedings in one day at the start of the
tests. Thereafter, normal diet was given. At 24,48 and 72 h
after feeding with immunostimulant containing diet, the im-
mune response was assayed. For immunological assays,
hemalymph was collected from the sixth abdoninal segment
using a 26 gauge needle on a 2 ml syringe containing 0.2 ml
anticoagulant (0.0l M Tris - HCL, 0.25 M sucrose, 0.1 M
sodium citrate, pH 7.6). The hemolymph was centrifuged at
300xg for 10 min at 4°C and the supernatant was used as
plasma supernatant (PS). The pellet was resuspended in
Hanks Balanced salt solution (HBSS). Hemocyte ly=ate
supernatant (HLS) was prepared by a modification of the
protocol described by Sung et al. {1994). The hemocytes
were washed in HBSS (instead of cacodylate buffer) and
lysed by sonication.

Wibriocidal activity was measured by modification of pro-
cedure of Adams (1991). Briefly, ¥ harvewi was cultured
overnight in tryptic soy broth (TSB) at 30°C. Bacteria were
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pelleted by centrifugation, washed in phosphate buffered sa-
line (PBS) and resuspended in it to the original volume. To
100ul PS or HLS, 1yl bacterial suspension was added and
mecubated for 1 h. Senal tenfold dilutions were then prepared
m PBS and plated on tryptic soy agar (TSA). After 24 h at
30°C, colonies were counted. Percentage inhibition was cal-
culated as follows :

% mhibitton =100 - cfo/ml n treated shrimp X 100

cfu/ml in untreated shrimp

Preduction of reactive oxygen species was measured by
nitroblue tetrazolium (NBT) assay described by Song and
Hsieh (1994). Briefly 100ul aliquots of hemocyte suspen-
sion in HBSS were transferred to flat bottom 96 well
microtitre plates and mcubated at 37°C for 30 min. NBT
solution was removed and 100pl methanol was added to each
well. Methanol was removed and wells washed thrice in 70%
methanel, air dried and coated with a selution of 120p] KOH
(2M) and 140pl DMSO to dissolve cytoplasmic
formazan. The optical density was then measured at 630 nm
using a Precision Microplate Reader (Emax, Molecular De-
vice, USA).

Phencloxidase activity was measured as detailed by Sung
et al. (1994 ). HLS (S0ul) was transferred to a flat bottom
microtitre plate and 100pl L-DOPA (3-4 Dihydroxyphenyl
L alanine, 1.6 mg/ml in HBSS) was added. After 10 min,
OD was measured at 490 nm using a microplate reader. Pro-
tein content of HLS was measured by Folin reaction { Lowry
etal. 1951). Units of enzyme activity were calculated based
on the definition that increase in absorbance of 0.001/min/
mg protein was one unit (Soderhall & Unestam 1979). All
experiments were repeated thrice and mean values are pre-
sented. Friedman's non-parametric test {Weber 1973) was
used to analyse the statistical significance of the results.

RESULTS AND DISCUSSION

Results in Table 1 show that vibriocidal activity was in-
duced in the plasma and hemocyte fractions of P monodon
treated orally with vibrio bacterin. Peak response was re-
corded at 48 h after treatment and the activity persisted even
at 72 h. A maximum of 85.8% nhibition was recorded in the
plasma of shnmp groups fed at 20% level. The maximum
mhibition in hemocyte fractions was 79.2% in groups fed at
10% bactern. Even at 72 h after treatment, there was more
than 75% inhibition in all batches. Induction of bactericidal
activity i P mronodon following bacterin treatment has been

Table 1. Vibriocidal activity i plasma and
hemocytes of P monodon fed with
Vibrio bacterin at different levels.

Percentage inhibition of Fibrio harvey

Treatment Plasma Hemocyte lysate
(% bacterin) supernatant
24h  48h  72h 24h  48h  72h
5.0 701 BDE  The 655 Tes TS
100 695 B29 BIER 672 792 T9.0
15.0 7:0  B4% BZE Tol  TRT Tel
20.0 719 B3R B3AS 685 769  Ted

reported by Adams (199 1) whe administered bacterin by im-
mersion and injection and by Sung et al. {1996) who admin-
istered bacterin by immersion. The results presented here
show that admimstration of Fibrio bacterin through feed 1s
also effective in inducing vibriocidal activity in P monodon
and that the activity persists for over 72h after treatment.

Treatment of P monodon with yeast glucan at different
levels also induced wvibriocidal activity in plasma and
hemogyte fractions (Table 2). Peak activity was noted at 48h
and maximum activity was recorded in the groups treated
with 0.4% glucan. Only marginally lgher activity (75% n-
libition) was noted in the hemocyte lysate fraction when
compared to plasma (72.2 % inhibition). Results of Sung et
al. (1996) indicated that the treatment of P mronadan with
glucan by immersion brought about induction of anti-bacte-
nial activity i the plasma which could be recorded up to 24
h. Results presented here show that vibriocidal activity was
detectable in both the plasma and the hemocyte fractions of
P monodon treated with the glucan by the oral route and
that the activity persisted for more than 72 h.

Table 2. Vibriocidal activity in plasma and
hemocytes of P. monodon fed with
glucan at different levels.

Percentage inhibition of Vibrio harveyi

Treatment Plasma Hemocyte lysate
(% bacterin) supernatant
24h  48h  72h  24h  48h  72h
0.1 552 o678  o6bl o608 691 a78
0.2 602 662 659 633 709 701
0.3 588 TL1 6B2 642 TIO GBS
0.4 619 722 679 632 750 693

Itami et al. (1994 ) suggested that oral administration of
beta glucan enhanced disease resistance of Kuruma prawn,
P japonicus. They noted high phageeytic activity mn the
hemocytes of P japonicus treated with 0.01% glucan for 3
days or 0.005% glucan for 10 days. Results of the present
study indicate that oral admimstration of 0.1% glucan for
one day can induce vibriocidal activity in both hemocytes as
well as plazma.

Results mn Table 3 indicate the combined effect of bac-
terin and glucan. It can be seen that in combination, the ac-
trvaty 1s significantly (p < 0.05) enhanced. Over 90% inhibi-
tion was noticed i all batches at 48h and even at 72h, over
83% inlibition was still recorded. This suggested that the
bacterin and glucan combination was more effective than
either of the components used individually.

Generation of reactive oxygen species as indicated by
NBT assay has been used by a few investigators to measure
mmmunostimulation in shrimp. Song and Hsieh ( 1994) used
the NBT assay to study the effect of treating shrimp
hemeocytes with glucan in vifre. Sung et al. (1996) noted
enhanced production of reactive oxygen (3,7) in shrimp
treated by immersion with the Fitwio bactern and glucan.
However, they noted that levels dropped to baseline levels
within 12 h. In the present study, treatment was by the oral
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Table 3. Vibriocidal activity in plasma and
hemocytes of P. monadon fed with a
combination of the Fibrio bacterin and
yeast glucan.

Treatment Percentage inhibition of Fibrio harvey

(% bacterin Plasma Hemocyte lysate
+ % glucan) supernatant
24h  48h  72h  24h  48h  T2Zh
5.040.1 775 %06 BT4 TR 900 B3
10,0402 800 929 B74 BOE 927 B48
15.040.3 TRl 924  B3E 7T 927 B3l
20404 T4 HLE B3l Th4 920  RTS

route and an enhanced response was observed in all groups,
with a peak at 48 h (Table 4). Maximum response was noted
at 5% bacterin and 0.2% glucan when they were used sepa-
rately. Enhanced levels persisted even at 72h after the treat-
ment. The longer duration of the response than that reported
by Sung et al. (1996) could have been due to differences in
the concentration of immunostimulants and/or the route of
administration. Results in Table 4 further show that the treat-
ment with a combination of 10% bacterin and 0.2% glucan
resulted m much higher levels compared to individual
immunostimulants. These observations show a partially ad-
ditive effect in stimulating the generation of reactive oxygen
in hemocytes.

Table 4. Respiratory burst activity
in hemocytes of P. morodon
measured by NBT assay
after feeding with or
without immuno-stimulants.

ODyz0 at time post-treatment

Treatment 24h 48h 72h
il 0.5 0.5 0.5
Bacterin

5% 1.1 2.2 1.9
10% 1.1 2.2 1.6
15% Lé& 2.2 1.8
20% 1.4 1.2 1.8
Glucan

0.1% 0.8 1.2 1.1
0.2% L1 L4 12
0.3% 1.2 1.4 1.4
0.4% 1.1 1.5 1.4
Bacterin+Glucan

540.1% 1.4 2.5 1.8
104+0.2% L5 2.8 2.0
15+0.3% 2.1 2.7 2.1
2040 4% 12 2.6 2.0

The pro-phenol oxidase (proPO) system has been con-
sidered to play an important role in the defence system of
crustaceans (Soderhill & Cerenius 1992). Activation of the
proP( system (measured in terms of the phenol oxidase ac-
tivity) has been used by some nvestigators to measure
immunostimulation in shrimp (Sung et al. 1994 1996). The
results in Table 5 show significant enhancement (p < 0.05)
m PO activity in the hemocytes from all the treated batches.

Peak activity in all the cases occurred 48h after treatment
and the elevated levels persisted up to 72h after treatment.
In the case of the bacterin treatment, highest activity (33.4u/
min‘mg protein) was in the groups treated with 15% bac-
terin. Even at 72h after treatment, activity in this batch was
L0 times greater than that of the untreated control. Glucan
treatment also brought about increased PO activity and the
highest activity (21.56 w/min‘mg protein) was noticed with
0.2% glucan. In general, the activity elicited by the glucan

ras lower than that elicited by Fibrio bacterin. Sung et al.
(1996) recorded PO activity in shrimp hemocytes treated by
mmmersion with the Fibwio bacterin and glucan. They noted
peak activity 3 h after treatment and a drop by 24 h. We
found that treatment by the oral route resulted in a prolonged
enhancement of PO activity. Further, our results showed that
bacterin and the glucan in combination were most effective
i eliciting PO activity. The highest level of 48.78 wimin/mg
protein was obtained with 15% bacterin + 0.3% glucan. In
these treatment groups the PO activity was higher than that
of the untreated controls by a factor of 14, even 72 h after
treatment.

Table 5. Phencl oxidase activity in
hemecytes of P monodon after
feeding with or without imnwmne-
stimulants.

Phenol oxidase activity
{uw/min/mg protein)

Treatment 24h 48h 72h
MNone 3.53 3,66 3.13
Bacterin

5% 22.21 2533 22.62
10% 28,65 3241 011
15% 2871 3338 all2
20% 26.69 3274 30.47
Glucan

0.1% 12.98 17.12 13.93
0.2% 13.65 21.56 17.34
0.3% 12.71 19.18 5.23
0.4% 13.93 19.91 17.31
Bacterin+Glucan

S 4+0.1% 336 38.49 3718
100,205 3746 46,51 43,46
154+0.53% 3&le 48.78 44.39
204H0.4% 36.93 4765 43.56

The results of this study show that immunostimulation
of shrimp, P monodon, 15 possible through oral administra-
tion of Fibrio bacterin and the yeast glucan. The results also
demonstrate that a combination of these two
immunestimulants 1s much more effective than either of them
used individually.
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