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SUMMARY

The effect of different daily feeding frequencies
of one time (1X), 2 times (2 X) and 4 times (4 X)
on total leucocytes, differential leucocytic counts,
phagocytic assay, total proteins, albumin, globu-
lin, Al/GI ratio and antibody titers before and af-
ter immunization by intraperitoneally injection
(IP) of formalin killed Yersinia ruckri vaccine
were studied as well as histopathological chang-
es. The results proved that (2 X) feeding frequen-
¢y causes a marked immunopotentiating effects
more than (1X) or (4X) feeding frequencies as
well as control groups (1% feeding rates) after IP
vaccinations. The immunopotentiating effects of
feeding frequencies covered both, the humoral
and the cell-mediated immunity response and a
marked rise in the antibody titers at day 28 after
vaccinatton which reached to (8.0 + 0.0) in (2X)
feeding frequencies after IP. vaccination , com-

pared to the vaccinated control group (4.5 + 0.5;
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9.0 £ 0.0 and 7.0 £ 0.5) in (1X) time feeding fre-
quency, (2X) and (4X) times respectively. Also,
lymphocytes, phagocytic assay, total protein and
globulin obtained from fish, fed with 2 % feeding
rates as well as control ones specially at 2X and
4X frequencies were significantly increased than
fish fed with 1% feeding rate in all its treatinents,
The relative survival percentages after IP. vacci-
nation was 60 %, 50 % in 2 % feeding rates and
control groups respectively during 2 X fecding
frequencies, compared to the control group where
itwas 23 %, 30% and 30 % in 1 X,2 X and 4 X
respectively.

INTRODUCTION

A poor growth rate implies that the immunc re-
sponsiveness would be markedly impaired (Peters
and Hong, 1985). Few studies, however, have

been concerned with the effect of nutrients and



feeding regime on the immune response. A die-
tary defects or deficiency lead to immunosuppres-
ston in fish (Soltan et al., 2000).

iie, there is an urgent need to look for diseases
preventive measures 1o promote sustainable cul-
ture of Marone labrax. In order to reduce the risk
of disease, the level of resistance to infection in
the cultured organisms should be increased by se-
lective feeding program for higher disease resis-
tance (Khalil et al., 2001). Few data are available
on the effects of feeding frequencies on the im-
mune response of Marone labrax (Shimeno et al.,
1997). The shortage of literature concerning the
effect of these factors on the immunity enforcea
us to study their effects on leucocytic counts,
phagocytic assay, total protein, globulin in Ma-
rone labrax, as well as their effects on the immune

response to Yersinia ruckeri vaccine.

MATERIALS AND METHODS

Experimental fish and facilities: A total number
of 450 Marone labrax fingerlings ( provided by
special farms in El- Kaseern K.S.A) with a mean
wcight of 30 g were stocked in 18 experimental
units of 160 liter capacity containing dechlori-
nated filtered tap water at a temperature of 28.6 -
29.9°C, pH 6.96 - 7.3, dissolved oxygen 4.5 - 6.4
mg/L, salinities 38 - 38.2 ppt, unionized ammo-
nia (NH3) 0.09 - 0.03 mg/L and nitrite (NO2)
0.08 - 0.25 mg/L. Each experimental unit was

provided with aeration.
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Experimental design: Three feeding frequencies
of one time (1 x), two times (2 x) and four times
(4 x) daily will be used as treatments in this study.
feeding frequency is the number of fecdihgs will

be given daily.

The fish were divided into 3 cqual.treatmenls
combinations of the two factors (2% and 1% feed-
ing rates) and (1% act as control) with each treal-
ment replicated three times (1x, 2x and 3x feeding
frequiencies) for a total of 225 fingerlings, where-
as 225 fingerlings divided into 9 cqual groups (25
Marone labrax each) and kept as control in the
treatmenlts (satiation group). The feed used i the
experiment contained 48 % protein. The size of
the feed to be used ranges from .00 to 2.00 mm
in crumble form.

Histopathological examination: Fish samples
from, kidney , liver, spleen and intestine were col-
lected for histopathological sections which were
stained by hematoxyline and eosin (H & E) ac-
cording to the method described by (Roberts,
1989).

Blood samples: At the end of the Ist, 20d, 310
4th week of the experimental period (28 days), a
whole blood was collected on anticoagulant
(0.1m! of heparin solution / | ml blood) for deter-
mination of total leucocytic count and differential
leucocytic counts according to (Ellis, 1977) as
well as determination of phagocytic assay accord-

ing to (Kawahara et al., 1991}. The blood scrum



was separated by centrifugation for measuring to-
1al proteins and albumin were determined accord-
ing to (Doumas et al., 1981), while serum globu-
lin was calculated as the difference between total

protein and albumin (Coles, 1974).

Determination of phagocytic activity and phag-
ocytic index; '

Phagocytic activity was determined according to
Kawahara et al. (1991).

Phagocytic activity (PA) = Percentage of phagocytic cells containing yeast ceils.

Number of yeast cells phagocytized

Phagocytic index (PI} =
Number of phagocytic cells

Antibody titration against Yersinia ruckeri
bacterin and challenge test:

Detection of immune response to Yersinia ruckeri
was evaluated by micro-agglutination (MA) test.
Agglutination titers were expressed as Log2 of
the highest serum dilution still giving a clear ag-

glutination according to(Eurell et al., 1979).

A virulent strain of Y. Ruckeri (Kindly provided
by Fish disease and hygiene dep. Fac. Of vet.
Med. Alex. Univ.) was inactivated by formalir
according to (Sakai et al., 1984). The inactivated
Y. Ruckeri was tested for safety and sterility ac-
cording to (Anderson et al., 1970). After the anti-
body titration the survival fish were IP challenged
with 0.1 ml / fish containing 9 X 107 cells of the
virulent Y. Ruckeri after 28 days from vaccina-

tion. Daily morbidity and mortality were recorded

Vaccinated mortality %

Relative protection level (RPL) = X100

Control mortality

Statistical analysis:- Statistical analysis of the ob-
tained data was performed using the Statistical
Analysis System (SAS, 1987).

RESULTS

The results of the effect of different feeding fre-
quencies (on¢ time, two time and four times dai- |
ly) on the immune status of Marone Labrax fin-
gerlings cultured in 38-38.2 ppt, saline water was
evaluated by measuring the total leucocytes, diffc-
rential leucocytic counts (Table, 1), phagocytic
assay (Table, 2) and amounts of giobulin (Tablc,
3) as well as immunopotentiating effect on the an-
tibody production accompanied by the calculation
of relative survival percentage (Table 4 & 5). *No
significant differences of total leucocytes in Con-
trol {1 % feeding rate) supplementeci groups in all
feeding frequencies was observed (table, 'l). Also,
from Table (1), noted that significant differences
1 X,2X and 4 X

feeding frequency supplemented groups allover

in total leucocytes between

the period of experiment (4 weeks). Total leucoc-
ytes were observed in lower count in all rcpiica.te_s
of control group (1 % feeding rate) than in 2 %
feeding rate replicates specially at the end of the
experiment. *From Table (1), it is:clcar that the
number of lymphocytes were very decreased in 1

% feeding rate supplemented group if compared
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with 2 % feeding rate supplemented groups in ail
types of feeding frequencies all over the periods
of experiments. On the other hand, the monocyto-
penia appeared only in 1 X feeding frequencies
accompanied with 4 feeding frequencies and ac-
companied with 2 feeding frequencies (Table,
1).The results of phagocytic activity and phago-
cytic index of this study are presented in (Table 2,
Fig.1). From the results it can be notice that the
phagocytioc activity (PA) and phagocytic index
(P1) was significantly decreased after 3 weeks in
contro! (1 % feeding rate supplemented groups),
but these assay was significantly increased in 2 %
feeding rates supplemented groups in all its repli-
cates allover the periods of experiment. Moreo-
ver, the PA and PI appeared in high level in all
replicates of 2 % feeding rate if compared to con-
trol group (1 % feeding rate) which came in sec-
ond rank. The total proteins (TP) and globulin es-
pecially in the last 3-weeks of 2 and 4 times
frequencies of 2 % feeding rate supplemented
groups were significantly increased compared to
control (1 % feeding rate) in its all feeding fre-
quencies ( 1 X, 2 X and 4 X). Table (3), showed
no significant differences of TP and globulin in
control (1 % feeding rate) in its feeding frequen-
cies which came in the second rank. Moreover,
the results revealed that hypoalbuminaemia in all
treatments of control (1% feeding rate) and 2, 4
times feeding frequencies than in 2 % feeding
rate supplemented groups. It is worthy to note that

the hypoglobulinaemia was reported in control (!

% feeding rate) supplemented group in all ils
feeding frequencies. Injection vaccination intra-
peritoneally (IP) in all groups of study have a sig-
nificant immunopotentiating effect on the anti-
body production of Marone labrax . The antibody
respense in fish supplemented by 2 % feeding ra-
tio accompanied by 2 X and 4 X feeding frequen-
cies was (7.5 £ 0.5) and (8.0 % 0.0) respectively .
In the control group (I % feeding rate) supple-
mented group, the IP application of Yérsinia ruck-
eri vaccine elicited lowest mean of antibody titers
(3.5%0.5,3540.0and 4.0+ 0.5)in 1 X, 2 X and
4 X feeding frequencies, respectively. (Table, 4).

The results indicated that the low feeding rate of
fish reduced the level of antibody titers compared
to fish supplemented by high feeding rate. Moreo-
ver, the results revealed that the 2 X and 4 X feed-
ing supplemented groups were able to respond
with level of antibodies titers after immunization
with Yersinia ruckeri bacterin higher than all ex-

perimental groups.

The results of the challenge test in immunized cx-
perimental fish as well as the control one after IP
injection with 0.2 ml (approximately 108 cells) of
Yersinia ruckeri are shown in (Table 5). After
one-week post-injection mortality rates of 80 %
and 100 % were observed in the case of groups of
fish supplemented with control (1 % feeding rate)
in both vaccinated and non-vaccinated treatments,

respectively in all types of feeding frequencies. 1

is worthy to note that the mortality rates were
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lable ¢!y

T Lymphocyius Monocy tes Leutocvies (White Blood cel’s X 107
Feeding | Feeding e - = LI H :
rate frequencies 1¥ Week ™ Week | 3 Week AT Week 1" Weeh T 2™ Week | 3 Week 7 Week | 1T Week Wchk 3 Week | 4% Week |
T ! R Be Bc Bh
Aa Ba . Ba i Ba Bb Bh Cb Cc e T e
X 50.2:098 | 5242099 | $43£003 | 542:091 ¢ 313007 | 28007 | 33009 | 22<0.07 24'78‘0" 36'0110" '5'35‘0" 34'38‘0'2 |
‘ . Be Be Ab A
Aa " Ba - Ba Ba Bb Ab Aa Ab 27 Ta
% x 493:092 | S1640.95 | 515094 | 5212093 | 35:007 | 38:006 | S3:0.09 | 41:006 27'3;0'2 e 32";*0" 39'33*0'2
. . . Ab Aa Aa A
Aa Ba Ba Ca Ce Be Bb Ce 9 | tgans - "
x 50.6:091 | 5272093 | 5134076 | 5262091 | 295006 | 28:007 | 37047 | 27202 32'7|*°" -‘6'73'0'- 33-05*0" “'36*0'“
X Aa Cb Ca Ca Ce Bb Bb Bb Be Bb Bb b
47912 | 41093 | 454134 | 4672132 | 176008 | 332000 | 43:000 | 37:008 | 23:071 | 252068 | 26:0.59 | 27:0.63
Be At Ab
. Ab Az Ap Aa. Bc Ab Bb Ad. Bd
1% x 5206081 | 5808 | $97:033 | 612075 | 3005 | 45005 | 37:006 | 532007 | 26053 | 2ow04 | 309+03 | 36540
Satiationt (Conurol) 6 1 i
Be Be Ab Bb
Ab Bb Ba Ba Ab Aa Bb Bc
« 487:091 | 4835083 | 543:039 | 632091 | 4005 | 47005 | 4:003 | 33:002 25'36*0'5 23'21*0'5 33-6]*0'5 33'23*0'5
- —
Table (2):
" Feeding rate Feeding Phagocytic activity Phagocytic index
frequencies ™ T yeek 79 Week | ¥ Week | ._ 4" Week 1* Week % Week.. 3 Week 4" Week
Ac Ac 8b Ab Ab Ab Aa As
1X 25.66£1.09 | 280051 | 32.66:062 | 33.662083 137.3320.42 141£0.53 158.330.78 153.3320.78
Ac Ac Bb Ab Ac Ac Aa Ab
2% X 25665105 | 28.33:091 | 3133:086 | 34.3320.32 139:0.53 143.330.62 168091 155.66+0.67
Ad Ac Aa Ab Bd Ab A Ab
3X 22332102 | 290:046 | 37.0:047 35.0£0.62 118662045 15120.43 166.3320.53 156.6640.57
Ca Ca Da Da Da Ea Da Ea
1X 15224123 | 16012107 | 1433123 | 1522012 8124113 86.3320.95 79:093 §3.3320.96
% As Ba Ca Ca Aa Ba Ba Ba
S11i;;1°ion 2X 21.2:0.72 223:266 | 212:094 2232043 1325031 132.3320.27 12262051 126+0.36
! Aa Aa Ba Ba Ba Ba Ba Ca
X | 237089 | 266=093 | 293:091 2912086 | 121334059 130.3340.98 121.33:0.83 119.7:0.92
; ! :
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Table (31 .
Feeding rate Feeding Totat protein { g%) Albumin i Globulin
frequencies | 2 3 4 I 2 3 T 2 3 4
Ba Aa Ca Ba A2 Ba Aa Aa Cd Be Ce Ch
1X 494+01 | 4954014 | 532015 | 515013 | 3.82:080 | 351019 | 3712090 | 3.26£080 | 1.1620.15 | 1442012 | 1412013 | 1.89:0.12
2
Ab Ab Aa Aa Ba Ba : Ba Bh Be Be Ab Aa
2% 2X 504200 | 53354013 } 578017 1 5931012 | 3712080 | 3612015 | 3052014 | 2962015 § E43R01) | 1742013 | 2632012 | 2.97+0.14
3
Ab Aa Aa Aa Ba Ca Ba Bb Ac Ac Ab Aa
31X 584400 | 594003 | 6265012 | 633003 | 3.12:080 | 3254018 | 3114049 | 2.8620.17 | 2.7240.13 | 2652014 | 3.1520.13 | 3.47:0.12
2
Ba Ba Ca Ca Aa Aa Aa Ag Eb Eb Eb Fb
1X 402400 | 4131015 ) 42540 4.30.17 4801 | 411005 § 396011 | 389091 | 04400 1 03001 | 0.29:000 ] 041x002
- 7 - - : . - . -

1% Bb Ba Ca Ca Aa Aa As Az Dd Dd Ce De
Satiation X 466£0.1 | 4782011 | 4.74=0.15 49013 395£031 | 3.91£0.50 1 3.65¢0.90 | 3.62:080 | 0.7120.12 | 0.87:0.11 | 1142012 | 1.28+09
{Control) 4 :

Bb Ab Ba Ba Aa Aa Aa Aa Ba Ch Cb Cb
4X 489:0.5 | 491003 ¢ 53004 | 5052005 | 3960.17 ¢ 39:0.45 | 3832017 | 3.68+0.17 | [9340.11 | 1011015 | 1340.14 | 1474015
A . :

1 % feeding ratio - 2 % feeding ratio 1X = One time/day 2X =Onetime/day 3X = One time/day

Means with different letiers in the same column differ significanly al (P < 0.05).
Values receiving the same superscript are statistically not significant ¢ P > 0.05).
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* Table (4): Antibody titers (Log 2) in different vaccinated groups (Means + Standafd error).

. Feedin Week post-vaccination
Feeding rates frcquenfy 1 5 P 3 1
X C Dd Ce Bb
2.5:0.0 254800 [ 3.5¢0.5 4.5+0.5
R Cd Ce Ce - Ab
2% 2X 2500 | 3.0600 | 3.5¢00 5.0£0.5
X Bd Be Be Ab
3.0+0.0 4,000 | 4.5+0.0 6.5+0.5
1 X Ce Cb Cb Cb
1% 2.5¢0.0 3.060.0 | 3.00.5 3405
Satiation 2X Ac Ac Ab - S Ab
4.5£0.5 5005 | 6.0£05 |- - 65405
(Control) A Ab | Ab | Az
4X 4000 | 50800 | 55:05 | 60:00
Table (5): ,
Feedin Survs Mortali Relative
Feeding rate freiue Treatments | Dead ur;nva 03:‘ ity Protection
‘ level R.P. L
ney
1X "] Non-vaccinated | 27 3 90 t0
Vaccinated 15 15 50 50
1, X Non-vaccinated | 27 3 9. . . 10
A Vaccinated 12 18 40 7 60
4x | Non-vaccinated | 21 9 0.1 30
- Vaccinated 18 12 60 40 |
1X Non-vaccinated | 27 3 9" 10
l-% Vaccinated 21 9 1 30
Sastiation X Non-vaccinated | 24 6 80 ) 20
L(Comrol) Vaccinated d 15 15 50 50
X Non-vaccinated [ 27 | 3 90 10
Vaccinated 18 12 60 40
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very low in 2 % feeding rate supplemented groups
compared to 1 % feeding rate supplemented
groups in all treated groups, whereas , the mortali-
ties in vaccinated groups were 50 % , 40 % and
60 % in 2 % feeding rate and in 1 X, 2 X and 4 X
respectively. The results of relative level of pro-
tection (RLP) afforded by injected bacterin re-
vealed that RLP values of 60, 50 and 50 were
achieved in the case of 2 % feeding rate and 2 X
feeding frequencies , 2 % feeding rate and 1 X
feeding frequency supplemented groups respec-
tively. On the other hand, the RLP value reached
to 50 in the case of control and 2 X feeding fre-
quencies. The clinical signs due to bacterial injec-
tion in control fish appeared in the form of hemor-
rhage, ulceration and congestion of the dorsal
musculature (Fig.2,3). Histopathologically the
haemopiotic organs mainly affected especially
the spleen and kidney showing hyperactivation of
melanomacrophage centers and haemopiosis of
hemopiotic cells especially in groups supplement-
ed with 2% feeding rates ( Fig.4,5 and 6).

DISCUSSION

Specific immunity is based on cell-mediated reac-
tions and on the secretion of antibody molecules
by B-cells (Manning, 1994). Teleost immuno-
globulins (IgS) have been shown against fish
pathogens in aquaculture are based on the secre-
tion of antigen-specific Ig, and this process is
studied extensively in the light of protocol by

means of vaccination strategies (Riley et al.,

1996). In the present study, the results revealed
that the 2 % feeding rate accompanied by 2X
feeding frequencies potentiates the immune re-
sponse stronger than control (1 % feeding rates)
supplemented groups. The immunoptentiating ef-
fects of feeding rates and frequencies cover both
the humoral and cell-mediated immune response.
2 % feeding rate and control combination by 2X
feeding frequencies increased total leucocytes,
lymphocytes and phagocytic assay in tested fish.
One possible explanation for these results that in-
creased feeding rates and feeding frequencies may
lead to increase growth performance such as spe-
cific growth rates, good feed conversion and high
survival rate (Shimeno et al., 1997). As it has
been shown previously in fish from growth pro-
motion which reflect on activation of immune
memory and macrophages by lymphokines which
exist in fish and play an important part in the cell-
mediated immunity as stated by (Safinaz et al,,
2002). Interestingly, by examination of phagocy-
tosis in groups supplemented by 1 % feeding rate
(control), it was noticed that the ready to engulf
the particles of Candida albicans but failed to do
s0. These results may suggest stress effects of low
feeding rates on Marone labrax which leads to in-
creased levels of serum cortisol. The increase of
cortisol levels may lead in turm to suppression of
phagocytosis processes . This suppression may be
mediated directly via the corticosteroid receptors
on macrophages or indirectly through the en-
hanced production of certain factors by the mac-

rophages themselves which suppress the secretion
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of other macrophage products (Jain, 1993). The
present findings show an increase in the total pro-
tein and globulins in the same groups above men-
tioned (2 % feeding rates and control with 2X fre-
quencies) these results may be a sequalla of
improvement of growth, compared to a decrease
of these parameters in other groups (1 % and 4 %
feeding rates). In the present work, the results
cleared that increase in antibody titers in fish sup-
plemented by 2 % and satiation feeding rates
more than 1 % and 2X, 4X feeding frequencies
more than 1X as well as a relative level of protec-
tion (RLP) induced by injected bacterein. This
may be due to increase number of lymphocytes or
decrease according to treatment which reflection
on the antibody production and RLP by decrease
or increase. The low feeding rate 1 % decreased
phagocytic activity, antibody titers, total protein,
globulin and relative level of protection may be
attributed to generalized stress response which
lead to increased pituitary-internal activity (We-
pener et al,, 1992), and secretion of corticoster-
oids (Eltis, 1981). The reduction of globulin lev-
els in comparison with 2 % feeding rate and
control groups suggests that feeding rate could
produce stress in fishes, which leads to increase
of infections due to immunosuppression effects.
The same conclusion was reported by (Khalil,
1988) especially in toxicity conditions. Permma-
nent stress includes impaired globulin formation
and depressed interferon production, which play

an important role in decreasing the resistance of

fish to various bacterial, parasitic and viral diseas-
es (Wedenyer, 1970). Promising positive results
were obtained. Both the phagocytic assay and
globulin were almost equal to those in 2 % and
control feeding rate accompanied by 2 X feeding
frequencies groups. The same results were also
recorded in the case of antibody titers and relative
level of protection. A possible explanation for
these encouraging results is that both feeding rate
and feeding frequencies improved the physiologi-
cal function of fish and immune response, which
in turn increased the ability of supplemented fish
to resist the stress effect of different environmen-
tal condition. The clinical signs are mainly due to
the effect of bacterial endotoxines and the septice-
mia which was induced. The histopathological al-
terations are due to the effect of feeding rates
which increase the immune status of fish against
disease conditions { El-Gamal 2005). The results
suggest that the most suitable feeding regime for
cultured Marone labrax under hypersaline condi-
tion is 2 % feeding rate or control accompanied
by two times feeding frequencies due to a good
defense strategy leading to a reduction in disease
prevalence and a great control of the a sympto-

matic carriers after an outbreak.
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Tables & Figures

A-List of tables

Table (1): Effect of feeding rate and feeding fre-
quencies on blood cells " differential leu-
cocytic counts, total leucocytic counts”
of (Marone labrax) (Means + S.E.).

Table (2). Effect of feeding rate and feeding fre-
quencies on phagocytic assay in (Marone
labrax.) (Means + S.E.).

Table (3): Effect of feeding rate and feeding fre-
quencies on total protein, albumin, glob-
ulin in (Marone labrax.) (Means £ S.E.).

Table (4): Antibody titers (Log 2) in different ex-
perimental groups (Means + S.E).

Table (5): Effect of feeding rate and feeding fre-
quencies on protection of (Marone la-
brax.) against a virulent strain of Yersi-
nia ruckeri (Means * S.E.) (n = 30).

B-List of figures:-

Figure |: Blood film of Marone labrax In group
supplemented with 2 % feeding rate and
2 X feeding frequency showing large
number of Candida albicans engulfed by
phagocytic cells .

Figure 2: Marone labrax supplemented with 1 %

feeding rate and 4 X feeding frequencies

showing: higher degree of hemorrhagic
patches over the dorsal musculature and
hemorrhagic ulceration at caudal pedun-
cle after challenge with virulent strain of
Yersinia ruckeri to determine its protec-
tion level.

Figure 3: Marone labrax Supplemented with 2 %
feeding rate and 2 X feeding frequencies
after challenge with virulent strain of
Yersinia ruckeri showing: congestion of
the dorsal musculature.

Figure 4: Spleen of Marone labrax Supplemented
with 2 % feeding rate and 2 X feeding
frequencies after Vaccination with strain
of Yersinia ruckeri showing: hemopoie-
sis(small-arrows)and-hyperactivation-of
melanomacrophage centers (big arrow).
H,E. (X 250).

Figure 5: Anterior kidney of Marone labrax Sup-
plemented with 2 % feeding rate and 4 X
feeding frequencies after Vaccination
with strain of Yersinia ruckeri showing:
moderate sinusoidal hemopoiesis (ar-
rows). H, E. ( X 160).

Figure 6: Spleen of Marone labrax Suppilemented
with 2 % feeding rate and 2 X feeding
frequencies after challenge with virulent
strain of Yersinia ruckeri showing:

Marked enlargement of the melanomac-

rophage centers. H, E. (X 160).
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