Vet.Med.].,Giza. Vol.55, No.3. (2007); 687-717.

EFFECT OF CONFINEMENT STRESS ON BEHAVIOUR,
PERFORMANCE, CLINICOPATHOLOGICAL AND
HISTOPATHOLOGICAL ALTERATIONS OF NILE TILAPIA
CHALLENGED WITH AEROMONAS HYDROPHILA WITH REGARD
TO THE BLUE LIGHT AS STRESS INHIBITOR

MAHMOUD, A.M*., ABEER H. ABD EL RAZEK**, NASHWA, A. ABU-AITA***
*Dept. of Pathology, **Dept. of Vet. hygiene and Management,

***Dept. of Clinical Pathology - Faculty of Vet. Med., Cairo Uni., Giza, Egypt

Received: 16.5.2007.
Accepted: 28.5.2007.

SUMMARY

The present study was carried out-to assess the ef-
fects of blue light as antistressor and its effect on
susceptibility of Nile tilapia (Oreochromis niloti-
cus) to Aeromonas hydrophila (A. hydrophila) in-
fection. A total number of (120) O. niloticus was
divided into 3 experimental groups (4C fish /
group). Group 1 (G), was exposed to normal day
light and considered as control group. Group 2
(G,), was exposed to blue light. Group 3 (Gjy),
was exposed to white light (fluorescent illumina-
tion). After 15 days of light exposure, fish in
groups 2 and 3 were confined inte small area and
then challenged with A. hydrophila infection. The
obtained data revealed that during exposure to
blue light, the fish of (G;) recorded significant
lower proportion in behavioural parameters in-
cluding factors of fright behaviour "creeping,

oblique plan position and air-gulping” than those

of (G3). On the other hand, (G;) showed lower
behaviour alterations for fright behaviour during
confinement and infection than those of (Gj3).
Contrarily, it also had significantly higher propor-
tions of aggressive behaviour during exposure to
light, confinement and infection than (G;). SO
blue light improved behaviour and fish become
more comfortable in (G,) than (G3) . Moreover,
fish of (G,) showed higher significant growth per-
formance during exposure to blue light and little
reduction in growth performance during exposure

to both confinement and infection than those of

* (Gj3). The clinicopathological studies revealed sig-
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nificant increase in the stress response indicators
after exposure to confinement stress in (Gs).
Marked elevation in the serum cortisol, glucose
levels and significant leukocytosis associated with
heterophilia and lymphopenia was observed in
(G3). On the other hand, non significant changes

were observed in the measured stress paramelers



in group (G ;) which exposed to the blue light.
Exposure of stressed fish to A. hydrophila infec-
tion induced significant leukocytosis with hetero-
philia, monocytosis and lymphopenia in both
(G,&G3). Analysis of serum biochemical constit-
uents showed significant elevation in ALT, AST,
BUN, creatinine and glucose while significant re-
duction in the total proteins, albumen and globu-
lin was achieved. These changes were more pro-
nounced and early detected in A. hydrophila
infected stressed fish exposed to white light com-
pared to those exposed to blue light. From patho-
logical point of view, fish group which exposed to
blue light and infection revealed early positive
immune response “activation of melanomacro-
phage center of spleen” but with time dependent
adverse pathological lesions. The lesions were no-
ticed in spleen and gills after 2 wecks. Regenera-
tion of the most observed lesions were detected
after 4 weeks. On the other hand, the fish group
exposed to white light and infection showed more
advanced lesions including diffuse necrosis in he-
patic tissue with additional changes in the kid-
neys. So, the blue light has a protective effect

aganist stress in Nile tilapia.

INTRODUCTION

Stress is one of the most important factors that af-
fects the health of fish especially in intensive cul-
ture system {Wedemyer 1997, Maule 1994 and
Raheyshyam et al., 1993). Fish intensification un-

der culture practices resulted in decrease of com-

fortable space area required for fish. Thus, fish in
aquacultures are confined in narrow spaces along
the time of rearing. This confinement stress con-
tributes to physiological changes and exacerbates
susceptibility to infection and initiate different
pathological alterations (Roberts, 1989). An im-
munosuppression and disease outbreak in teleosts
fish is usually accompanied with stressors in
aquaculture (Moberg and Mench 2000, Roberts
1989, and Wechsler et al., 1986). Motile aero-
moonas infection in fish is a classic example of a
stress-born disease (Nooga, 1996). It is a gram-
negative enterobacterium widely distributed in
aquatic environment (Hazen et al., 1978., Holmes
et al., 1996 and Massa et al., 2001) and it has long
been known as a pathogen of different aquatic or-
ganisms including fish (Austin and Adams 1996.,
Cunningham et al., 1996 and Ogara et al., 1998).
Also, this bacterial species has been reported to
cause a wide variety of human infections (Alt-
wegg and Geiss, 1989, Janda and Duffey, 1988
and Janda, 1991). Tissue alterations due to Aero-
monas hydrophila infection was recorded in dif-
ferent organs including hepatic tissue, spleen,
gills and kidneys (Roberts, 1998).

Fish responses to stress and infection are mediat-
ed through neuronal and endocrine pathways,
known as the primary response. These in turn can
influence secondary physiological features and
tertiary a whole fish performance (Pickering,
1981). If the stressor is sever or long standing, the
fish no longer able to cope with and enter a mala-

daptive state leading to sever alteration in its,
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performance, clinicopathological conditions as
well as increased susceptibility to infection or
possibly death (Barton et al., 2002). For instance,
stress induces variations in fish behaviour (Petrell
and Ang 2001 and Almazn-Reuda et al., 2004)
and decreases growth rate (Volpato and Fer-
nandes, 1994). The effect of environmental colour
on animal physiology and behaviour is a develop-
ing field. In fish, some studies have shown that
environmental color affects schooling, fright reac-
tion (Loukashkin and Grant 1959) and aggressive
behaviour (Volpato, 2000) on the other hand, it
affects growth (Dowing and Litvak 2000, and
Head and Milson, 2000}, food conversion rate
(Papotsoglou et al., 2000) and stress (Volpato and
Barreto, 2001).

On the level of clinical pathology, there are many
indicators for stress response. Fish blood, it's he-
matological and biochemical parameters appear to
be suitable means to indicate environmental influ-
1997).

Changes in serum constituents have been proved

ences and stress (Wendeleger-Bonga,

to be a useful indicator in diagnosis of stress and
disease process (Aldrin et al., 1982). Typical pri-
mary response used for evaluating stress in fish
includes determining circulating levels of cortisol
and to a lesser extent, catecholamines. Secondry
responses include measurable changes in blood
glucose. (Barton et al., 2002). Moreover, hemato-
logical variables are considered good stress indi-
cators in fish. (Ellis, 1981).

The concomitant relationship between stress and
infection have been demonstrated for decades so,
one of the most important goals of a fish keepers
is to remove source of stresses whenever possible.
Many trials were implemented to minimize stress
factors in aquacultures, despite this; very few
studies have been devoted to understanding the
effects of background or light color on fish biolo-
gy. On the other hand, some studies showed im-
provement of stressed fish after exposure to spe-
cific light regimens (Volpato and Barreto, 2001).
From biological point of view, the visual environ-
ment of fish is blue, green or near infrared (Le-
vine and MacNichol, 1982) and histologically fish
have cone cells which make them able to discrim-
inate colors (Nicol, 1963) and subsequently it
could be have a positive effect against stress and
infection. And thus, the present study was aimed
to investigate the effect of blue light as stress in-
hibitor during confinement and susceptibility of
Nile tilapia to A. hydrophila infection through
evaluating the performance, behaviour, clinico-
pathological changes as well as histopathological

alterations.
MATERIAL AND METHODS

Material

Experimental fish:

A total number of 120 apparently healthy Oreoch-
romis niloticus fish with an average body weight

of about 55 g were purchased from El-Wafaa fish
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farm (Giza, Egypt) and transported in large oxy-
genated plastic bags. Fish were maintained on
standard fish diet (3%/ Kg B.W. daily) at the Pa-
thology department, Faculty of Veterinary Medi--
cine, Cairo University (Giza, Egypt). After adap-
tation period of one week, fish were divided into
3 experimental groups (40 fish/group). The fish
biomass was 16.6gL-land each group was indi-
vidually placed into a fish aquarium containing
dechlorinated tap water (1 x0.3 x 0.5 meter aquar-
ium). The water was changed one time / week and
the average water temperature was 22 * 3°C and
the PH was in the range of 7.2 - 8.2,

Experimental design:

Fishes within treatment groups were treated as
follow :

Groupl (G;) exposed to normal day light and
considered as control.Group 2 (G;) exposed to
blue light (color was imposed by covering the flu-
orescent illumination by blue cellophane paper).
Group 3 (G3) was exposed to white fluorescent il-
lumination. After 15 days of light exposure, fish
in groups 2 & 3 were confined into small area in
plastic bags measured 25 x 40 cm contained the
same water of the aquarium (less than 10% of to-
tal aquarium volume) for & hours. After confine-
ment period, fish were exposed to infection by A.
hydrophila, The broth culture of A. hydrophila
was diluted in 0.85% sterile saline and added to
the water in aquaria to give a final concentration

5.2x 106 viable cells/ml according to Ventura and

Grizzle, (1987). A . hydrophila isolate wag, ; kindly
.

supplied from bacteriology departl%ent, Animal

4

Health Research institute - Giza - Egypt.

Sampling:
Five fish were sampled each time for the follow-

ing:

Blood samples:

Two blood samples were collected from caudal
vertebral vein of each fish. The first one was col-
lected into clean dry tube by a needie and syringe
moisted with EDTA solution (10%) (disodium
salt of ethylenediamine tetra-acetic acid) and used
for hematological studies (Feldman et al., 2000).
The second sample was collected into plain cen-
trifuge tube for serum preparation and used for bi-
ochemical studies. The samples were collected at
the end of confinement stress period for measur-
ing the stress markers and then weekly for 4 con-
secutive weeks after A. hydrophila infection for

hematological and biochemical analysis.

Tissue samples

Tissue samples were collected from gills, liver,
spleen and kidneys after confinement stress and
weekly after A. hydrophila infection for 4 weeks.
The tissue samples were preserved in 10% buf-
fered neutral formalin and used for histopatholog-

ical examination.

Methods:

1-Behavi Land ; fies:
1.1-Behavioural measurement:

The behaviour was measured by using scan sam-

pling (instantaneous sampling) according to
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(Volpato et al., 2003). Fish was observed for 3
days/ week for 1 hr. / day. Behavioural observa-
tion was 10 minutes / group at 1 minute intervals.
Observations were at 9.00 A.M. for (30 min.) and
at 13.00 P.M. (30 min.).

a- Fright behaviour:

The detailed definition and description of be-

havioural elements have been published by

(Csanyi et al., 1985, a, b). Briefly, we recorded

the following elements:

1- Creeping (CRE):
The fish is propelled forward only by pecto-
ral fin fanning, al} other fins are closed, pec-
toral fins beat very quickly.

2- Oblique plan position (OBQ)
The body axis of the immobile fish is in-
clined 20-40° from the horizontal plan, the
dorsal, caudal& anal fins are closed and the
pectoral fins are quickly fanned as in
(CRE).

3- Air-gulping :(A-G)
Being an anabantoid fish. Fish from time to
time swim to the surface and gulp air.

b- Aggressive behaviour: was defined according

to (Giaquinto and volpato (1997)

The following parameters representative the

aggressive behaviour and was measured total-

ly:

1- Approach: Swam closed to each other (de-
crease distance between 2 fish)

2- Rebuff: Mouth fighting and ramming.

3- Chase: One fish bit the flank of other fish.

4- Flee: Rapid movement that increase distance
between 2 fish.

1-2- Body weight gain and growth perfor-
mance: Performance of fish was calculated ac-
cording to EL-Kholy et al., 2003.

1- Total weight gain (g/fish) = Final weight (g) -
Initial weight (g).

2- Average daily gain (ADG).

ADG (g/ffish/day) =
period,day)

3- Relative growth rate (RGR%)

RGR% = (total weight gain, g/ initial weight,
x100

4- Feed conversion ratio (FCR).

(total weight gain,g/

FCR = Feed consumed, g / weight gain,g

- Clinj ic di
2.1- Hematological studies:
Total leukocytic count was done as described
by Stoskopf (1993) using hemocytometer
counting chamber and Nati-Herrik solution.
Stained blood films were prepared and abso-
lute count of different leukocytes cells was cal-
culated (Thrall, 2004).

2.2- Biochemical studies:

Serum was separated for determination of the: fol-
lowing parameters, serum cortisol by radioimmu-
noassay (Rosalki, 1998), total proteins according
to the biuret method after Weicheselbaun (1964),
serum albumin after Dumas and Biggs (1972)

and serum globulin which was calculated by
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subtracting the obtained values of albumin from
values of total proteins. Alanine (ALT) and aspar-
tate (AST) amino transferases activities were per-
formed according to the Reitman and Frankel
(1957) method. Blood urea nitrogen was deter-
mined by an enzymatic method after Patton and
Grauch (1977), serum creatinine according to Fa-
biny and Eringhausen (1971) and glucose (Trind-
er, 1959). Serum biochemical parameters were as-
sayed using commercial diagnostic kits supplied
by Stanbio-Laboratory, USA.

3. Hi thological studies:
Tissue samples from gills, liver, spleen and kid-
neys were preserved in 10% neutral buffered for-
malin, washed in tap water, dehydrated in ascend-
ing concentration of alcohol and cleared in
xylene. After blocking using soft paraffin, serial
sections of 4 | thickness were done. The sections
were stained using routine hematoxylin and eosin
(H&E) stain (Bancroft et al., 1996).

¢ Statistical analvsis:
The system used for behavioural and performance
assessment in this experiment was SPSS (statisti-
cal package of social science) version 12 for win-
dows 2003. LSD at p < 0.05 was used for compar-
ison between different groups within different
treatments. For clinicopathological assessment,
data were compared across groups using analysis
of variance (ANOVA). Data were expressed as
mean + S.D. Levels of significance of P <0.05

were chosen to identify the significant differences
(Snedecor and Cochran, 1982).

RESULTS AND DISCUSSION

Stressors in aquaculture are unavoidable and
cause many harmful effects. Depression of the de-
fense system is one of the important effects of the
fish's response to the stressors that resulted in in-
crease the incidence of disease and mortality
(Barton and Iwama, 1991 and Wendelaar Bonga,
1997). The present work was designed to investi-
gate the efficiency of blue light as stress inhibitor
and its effect on susceptibility of Nile tilapia to A.
hydrophila infection.

Regarding the effect of stress on behaviour and
performance of fish, fish behaviour under cul-
ture conditions holds important information for
aquaculturist (Mcfarlane et al., 2004). Most physi-
ological, environmental changes and handling
process can induce variations in fish behaviour
(Almazn-Reuda et al., 2004). Measuring the be-
havioural response have become potential alterna-

tive for assessing stress, and diseases (Kane et al.,
2004).

The conditions that inducing behaviour differing
from the standard pattern of species may be sup-
posed to be stressor, thus indicating that behavi-
ours are reliable indicators of stress in fish

(Schreck, 1990). Our experiment, was chosen to
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record fright behaviour "creeping, oblique plan
position and air-gulping” as they are easily distin-
guishable -motor patterns that consistently ap-
pears in novel situation (Gervai and C. sanyi,
1986, Gerlai and C. sanyi, 1990 and Gerlai and C.
sanyi 1994).

Analysis of these fright behaviour as affected by
exposure to different light, confinement and
A hydrophila infection are shown in table (1). It
was noticed that over all mean of proportion of
fish of (G,) at exposure to light had significantly
(P < 0.05) lower proportions of creeping, oblique
plan position and air-gulping than those of (Gj),
where the over all values for creeping, oblique
plan position and air-gulping were (27.2 £ 12.36,
14.08 + 15.29 and 0.13 + 0.35, respectively) for
(G,) while they were (31.05 + 12.40, 41.08 £
31.03 and 4.35 * 3.85) for (G3). Contrarily to re-
sults of exposure to light, the overall mean of pro-
portion of fish of (G,) had non significantly (P <
0.05) higher than fish of (G,) during exposure to
confinement and significantly (P < 0.05) higher
during A. hydrophila infection. Meanwhile the
fish of (G,) showed lower behaviour alterations
for creeping, oblique plan position and air-
gulping than those fish of {G3) (Table 1) where
over all values for creeping, oblique plan position
and air-gulping were (36.65 * 0.50,45.38 + 16.91
and 10.15 £ 1.88) during confinement and (48.06
+ 2.41,47.05 + 0.50 and 18.65 + 0.90) during in-
fection for (G4) while they were (63.34 + 22.05,
61.75 + 9.32 and 50.25 + 0.50) during confine-

ment and (54.05 £ 0.50, 55.25 + 16.91 and 35.34
* 22.05) during infection for (G3) for the same
parameters respectively (Table 1).

These results are agreeable with those recorded
by Moborg and Mench (2000), Barton, (2002)
and Volpato et al., (2004) who found that the ap-
plication of blue color in Nile tilapia improved
fish behaviour although mechanisms involved are
not completely understood. On the other hand,
Volpato and Barreto (2001) found that most envi-
ronmental changes, handling process and expo-
sure to infection induce variation in fish behavi-
our (Lain Barber, 2007). Israeli and Kimmei
(1996) and Petrell and Ang, (2001) indicated that
the blue environment in Nile tilapia had a role in
suppression of stress.

Therefore, as behavioural and physiological
measures are welfare indicators and as the blue
light improved the behaviour by lowering fear re-
sponse of fish so the blue light had a protective
role against stress and consequently improve fish

welfare.

Results of aggressive behaviour are demonstrated
in table (2). Data analysis revealed that, aggres-
sive behaviour of fish of (G;) showed over all
mean of proportions significantly higher during
exposure to light (39.2 + 32.4), during confine-
ment (23 £ 16.6), and at exposure to A. hydrophi-
la infection (15.3 & 13.8) than fish of (G3) that re-
corded (20 £ 18.3, 0.25 £ 0.05 and 9.5 = 17) for
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the same treatments respectively (Table 2).

These results are agreed with Fanta (1995)
who argued that a blue background increases
aggression in the Nile tilapia and he suggested
that this color is not adequate for holding contain-
ers for this species. Volpato (2000) studied the ef-
fects of light color on matrinxa, Brycon Cephalus
and he found that this fish was more aggressive
under green light and this finding supporting that
this increased intraspecific aggression imply that
these fish were unstressed. Volpato and Barreto
(2001) found that intraspecific aggression in ter-
ritorial species is a natural behaviour expected to
be expressed when the fish are adjusted to their
environment and concluded that the blue back-
ground increased this intraspecific aggression in
the Nile tilapia and stressors might decrease this
intra specific aggression and so that the fish were
more comfortable. Therefore, the blue light pro-
vides the Nile tilapia with adjusted and comforta-
ble environment énd so we reinforce that the blue

light improve welfare of such species.

Growth performance of the Nile tilapia as affect-
ed by environmental color is shown in table (3).
The results revealed that blue color had signifi-
cantly (P < 0.05) a positive effect on growth per-
formance of the Nile tilapia. Where (G,) showed
higher significantly overall mean of the body
weight (73.00 + 2.9), total weight gain (11.5), av-
erage daily gain (1.62 * 0.23), relative growth

rate (19.17 + 1.04) and feed conversion ratio

(1.19 £ 0.31) than fish of (G3) that recorded (62,
95+3.2,55,079+0.89,9.72+088 and 2.12 +
0.48 for the same parameters respectively. (Table
3).

These results are in agreement with those ob-
tained by Hinshaw (1986), Head and Malison
(2000) who found that environmental grey color
had positive effects on growth and feeding con-
version rate in yellow prech. Papotsoglou et al.,
(2000) studied the effects of different colors of
tanks on growth performance of scaled carp (Cy-
prinus carpio) and found that white adapted carp
showed the highest specific growth rate and low-
est feed conversion, whereas the black adapted
carp cxhibited the opposite pattern. Voipato
(2000) recorded that matrinxa, Brycon Cephalus

grew almost three time under green light.

The superiority of (G,) in improving growth pa-
rameters may lead us to believe that the applica-
tion of blue color provides the tilapia with more
adjusted environment and so fish are more com-
fortable and fish grew almost more under their fa-

vourite color.

The performance of the Nile tilapia under con-
finement is shown in table (4). The obtained data
indicated that, although fish of (G,) and (G3) are
exposed to reduction in body weight and feed
conversion rate in comparison to fish of (G,) but
the reduction level in (G,) was lower than that of
(G3). The overall mean of the body weight and
feed conversion for (G3) were (75 £ 4.2 and -1.45
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+0.13) and (61.4 £ 5.2 and -2.2 £ 0.59) for (G5),
while were (67 £ 4.00 and 1.80 + 0.08) for (G,),
respectively. ‘

These results may suggeSt that the response of the
Nile tilapia to confinement stress held in the blue
environment, showing little reduction in growth
parameters in comparison to that tilapia exposed

to white color.

These results support the view of Volpato and
Barreto (2001), who found that the environmental
blue light has a protective role in the Nile tilapia
against confinement stress than other color. Aupe-
rin et al., (1997), recorded that confinement stress
reduced the level of grdwth hormone which had
non linear correlation with growth rate in
N.tilapia. Dver et al., (2004) recorded that, cap-
ture and confinement of wild tuna in sea-cages re-
sulted in significant decrease in insulin like
growth factor which was related to growth rate
and also found that handling and isolation of sil-
ver perch (Bidyanus bidyanus) led to gradual de-
cline in tnsulin growth factor I and so growth was
reduced. Gunther et al., (2004) found that stress
factor caused a notable worsening of both growth

rate and feed utilization.

The effect of A. hydrophila infection on perfor-
mance parameters for fish is shown in table (5).
Data analysis revealed that, there are significant
reduction in growth performance for both (Gj;)

and (G3) and also reduction levels are more in

(Gy) than (Gj). The fish of (G;) showed lower
significantly overall mean of the body weight (66
1 3.15), total weight gain (-5), average daily gain
(-0.35 £.0.18), relative growth rate (-5.43 1 0.87)
and feed conversion ratio (-2.5 * 0.74), while
(G3) were (50.50 t 2.65, -6, -0.32 £ 0.12, -6.95 +
1.57 and -3.08 + 0.6) for the same parameters re-
spectively (Table 3).

These results are agreed with Harms et al., (2003)
who found that infected stripped bass (Morone
saxatilis) with Mycobacterium marinum showing
lower significantly expression of transforming
growth factor beta (T.G.F. beta) which was relat-

ed to growth than uninfected control.

The clinicopathological studies revealed signifi-
cant increase in the stress indicators after expo-
sure of fish to (6) hours confinement stress (Table
6). There was a marked elevation in the serum
cortisol and glucose levels at the end of confine-
ment stress period in the group of fish that main-
tained under white light (G3). Moreover, signifi-
cant leukocytosis associated with heterophilia and
lymphopenia were observed in this group com-
pared with control group. On the other hand, con-
finement stress induced non significant changes in
the measured stress parameters in the group of
fish which exposed to the blue light (G,) compar-
ing with the control group. Exposure to stressors
elevates the concentration of cortisol and glucose
as well as induces haematological changes that

prejudice the fish immune system favoring the
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pathogen installation {Yada and Nakanishi, 2002).
Stress triggers a cascade of mechanisms that re-
sulted in endocrine changes in the level of cate-
cholamines and corticosteroids (Barton, 2002).
Increase of plasma cortisol is a primary response
in fish submitted to different kinds of stressors
(Barton and Iwama, 1991 and Wendelaar-Bonga,
1997).

Blood glucose is the secondary response most
used to quantify stress in fish. The observed hy-
perglycemia was reported in several teleosts dur-
ing stress and it is primarily mediated by cate-
cholamines and lately by cortisol (Wendelaar-
Bonga, 1997). Glucocorticoids and catechola-
mines create peripheral insulin resistance and
augment glucogenolysis thereby elevating plasma
glucose (Sumpter, 1997 and Iwama et al., 2006).
Our results are parallel with Carneiro and Urbina-
ti (2002} and Urbinati et al., (2004) who recorded
an increase in the level of blood glucose and corti-

sol in streesed fish.

Hematological parameters are considered good
stress indicators in fish, since catecholamines and
cortisol induce changes in blood cells. The ob-
served leukocytosis with heterophilia and lym-
phopenia could be interpreted as stress resporisaz
following increased corticosteroid level. Corticos—r
teroids decrease stickiness and margination of
neutrophil resulting in their retention in the circu-
lation. Moreover, corticosteroids induce lympho-
cytes apoptosis and altering their patterns of recir-

culation causing lymphopenia (Zink!, 1986). Our

result is supported by Benfey and Biron (2000)
and Ida and Kurogi (2001) who cbserved a de-
crease in lymphocyte and an increase in hetero-

phil number in stressed fish.

Contrarily to our results, Salonius and Iwama
(1993) who observed an increase in the lympho-
cyte percentage in wild and cultivated salmon 4

hours after stress.

The response of fish held in blue environment is
interesting, showing inhibition in the serum corti-
sol and glucose levels and non significant changes
in leukocytic count when compared with control

group. Few studies have been devoted to the ef-

fect of color on fish. Groneveld et al., (1995)

found that the response of the melanin- concen-
trating hormone to background color is not strict-
ly related to the pituitary internal axis in tilapia
fish. However, the present study supports the idea
that color influences this axis, thus may affect dif-

ferent biological system.

The effect of A, hydrophila infection on the leu-
kogram of stressed fish is shown in (Table 7).
Data analysis revealed significant increase in the
total leukocytic count in both group (2&3) com-
pared with control group. This leukocytosis was
accompanied with heterophilia, monocytosis and
lymphopenia from the 15t week post infection till
the end of experimental period in group (3). The
leukogram of A. hydrophila infected stressed fish
in group (2) showed the same pattern of alteration

achieved in (G3) except for lymphopenia which is
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recorded from the 284 week post infection. The
recorded heterophilia and monocytosis may be
attributed to the bacterial infection with A. hydro-
phila to attack and engulf the micro-organism.
Furthermore, heterophilia with lymphopenia
could be interpreted as stress response following
A. hydrophila infection. These results are in
agreement with Stoskopf (1993) who recorded an
increase in the total leukocytic count and differen-
tial count of neutrophils, monocytes and a de-
crease in the lymphocytic count in the blood of
common carp after infection with A. hydrophila

infection.

In the present investigation, it is noticeable that
the lymphocytopenia was detected earlier in
group (3) which exposed to the white light com-
parable with those maintained in blue light. This
finding may be an important link between stress
response and the onset and susceptibility of Nile
tilapia to A.hydrophila infection. Our finding is
agreeable with Wiik et al., (1989) who assumed a
correlation between the reduction of the number
of circulating lymphocyte and susceptibility of

Atlantic salmon to Vibrio salmonicida infection.

Results of biochemical analysis of serum constitu-
ents of stressed fish challenged with A. hydrophi-

la infection are illustrated in Tables (8 and 9).

Analysis of serum proteins (Table 8), revealed a
significant drop in the total proteins concentration

on the 3rd and 4t week post infection in both

group (2&3). The observed hypoproteinemia was
associated with hypoalbuminemia and hypoglobu-
linemia. The hypoglobulinemia may be ascribed
to the decreased circulating immunoglobulins due
to A. hydrophila infection (Evenberg et al., 1986).
This finding is supported by the recorded lympho-
penia in peripheral blood and necrosis of lym-
phoid tissues of spleen in our study. Furthermore,
the hypoalbuminemia and hypogiobulinemia may
be referred to decreased synthesis resulted from
hepatic damage induced by A. hydrophila infec-
tion. Similar results were obtained by Rehulka
(1996) and Yildiz (1998).

Concerning activities of hepatic enzymes, signifi-
cant elevation of alanine amino transferase (ALT)
activity was achieved on the 4th week in both
groups (2&3). Whereas, elevation of aspartate
amino transferase (AST) activity was recorded on
the 2nd and 3vd week post infection in group 3&2
respectively and persisted till the end of the ex-
periment. Such changes reflect hepatic damage in-
duced by A. hydrophila infection. These findings
are in accordance with Brenden and Huizinga
(1986).

In the present investigation, marked elevation was
observed in BUN and serum creatinine concentra-

tion on the 2nd and 3 week in group (3) and (2)

‘respectively till the end of experiments. Elevation

of BUN is more likely associated with gill disease
in most fish as it is predominated over kidney as a

major organ of urea excretion (Stoskopf, 1993).
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This result is supported by the histopathological
alterations of the gills in our study. Meanwhile,
creatinine elevation reflects kidney damage as it
is mainly excreted through kidneys in most fish.
So elevated creatinine level in our study is
assumed to be related to the renal damaged in-
duced by A. hydrophila infection. Our results co-
incide with Cipriano (2001) who mentioned that
kidneys are one of the target organs of A. hydro-

phila infection.

Analysis of serum glucose revealed conspicuous
hyperglycemia on 1%t and 2nd week in group (3)
and (2) respectively which continued till the 3rd
week post A. hydrophila infection. While non sig-
nificant changes were obtained on the 4th week.
This hyperglycemia could be referred to the stress
induced by A. hydrophila infection as the in-
creased level of blood glucose considered a good
indicator of stress in fish (Hattingh, 1976).

From the previous results it is clearly obvious that
the clinicopathological alterations were earlier in
the group of fish maintained under white light in
comparable with those exposed to blue light. So,
we could concluded that stressed fish kept in
white light is more susceptible to the A. hydrophi-
la infection comparable with those ¢xposed to
blue light.

The histopathological examination of different
groups revealed the following, in group two (G2)
(exposed to blue light, confinement and infec-

tion), the early pathological alterations were no-

ticed in spleen just after confinement where
marked activation of melano macrophage centers
was noticed (Fig.1a). In such samples, the melan-
ophores were impacted with intense melanin pig-
ments and showed large number of lymphocytes
aggregation. At this time, many melanophores
were also noticed around the sinusoidal capillaries
(Fig.1b). This changes in spleen indicated early
immune response. In this concern, Wolk, 1992
considered the increase in number of melano-
phores in melanomacrophage centers is indication
for stress while Roberts, 1989 considered it as fa-
vorable reaction to compete any bacterial infec-
tion by liberation of free oxygen radicals. Our
pathological findings in this group revealed time
dependent lesions where after one week post in-
fection, areas of necrosis in spleen were noticed
with fragmentation of some melanophores
(Fig.1c). At the time of two weeks post infection,
mild pathological lesions were observed in gills

and liver.

In gills, focal lamellar telangectasis (focal dilation
of branchial blood vessels) was obseved. The te-
langectasis could be a vascular inflammatory re-
sponse of the gill tissue against the infection
(Noga, 1996) or secondary as a result of increased
oxygen demands due to lamellar tissue alterations
(Roberts, 1989). The telangectasis is demonistrat-
ed in (Fig.1d). Many eosinophilic granular cells
(Fig.le) were detected in the area of gill rackers.
The role of the eosinophilic granular cells in tele-
osts tissue reaction is unclear but such cells were

recorded in some chronic lesions in fish and thus
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it could be considered as inflammatory cell (Fer-
guson, 1989). The hepatic tissue showed few me-
lanophores infiltrating the area of hepatopancreas
(Fig.1f).

After 4 weekspost infection, the parenchymatous
organs were apparently normal but, marked me-
lanophores aggregation around the main blood
vessels nourishing spleen (Fig. 1g), the branchial
tissue showed focal areas of hemprrhage at the
base of gill lamellae (Fig..1h).

The induced lesions could be attributed to
A.hydrophila infection. The lesions of this disease
were discussed in detail by many authors (Bach et
al., 1978, Huizinga et al., 1979 and Roberts,
1989). The time dependent lesions could be attrib-
uted to the organ priority to attacking the bacterial
infection. In this concern, Mahmoud, 1996 isolat-
ed A. hydrophila from spleen and kidneys earlier
than any other organ after experimental infection.
Also, Roberts, 1989 explained the early isolation
of A. hydrophila from spleen on the base indicat-
ed that the affinity of haemopoietic tissue to early
attack the microorganisms due to presence of two
main defensive structures in such organs (melano-
macrophage centers and splenic ellipsoids). Spe-
cies variation could be playing a role in target or-
gan susceptibility after experimental A.
hvdrophila infection. Thus, Soliman et al., (1989)
isolated A. hydrophila from all organs in experi-
mentally infected stripped mullet after 24 hours

post infection.

In group three (G3) (exposed to white light, con-
finement and infection), the lesions were more ad-
vanced where after 1 week marked vacuolar de-
generation of hepatocytes was noticed with
mononuclear cells infiltration in hepatic tissue
(Fig..2a). Diffuse necrotic parts were observed.
After two weeks. The area of hepatopancreas
showed marked infiltration with melanophores.
peripancreatic hemorrhage and dilated hepatopor-

tal blood vessels was common (Fig.2b).

After 3 weeks, the changes were noticed in spleen
and liver in the same manner of one week in addi-
tion to marked aggregation of melanophores
around spleen ellipsoids (Fig.2c).

In our concept, the necrotic lesions, hemorrhages

and Jeukocytic infiltration could be aitributed to

_many virulence factors excreted by A. hydrophila

microorganism. Among which, proteolytic en-
zymes and haemlysins (Kimya and Yasuki, 1986.,
Easa et al.,, 1988, and Mahmoud, 1996). The kid-
neys of fish in this group showed peritudular
hemorrhage (Fig. 2d) and vacuolar degeneration
of the tubular epithelium (Fig. 2e). After 4 weeks,

same lesions were noticed as afier 3 weeks.

The histopathological examination indicated that
the lesions of this group (G3) showed more severe
and advanced lesions than in group two. addition-
al renal tissue response was also noticed in this
group. Thus, the exposure of fish to blue light

prior to A. hydrophila infection could reduce the
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Table (1): Proportion of frighting behaviour ( X+LSD) for all treated groups:

Treatment Light After Confinement Infection
Groupe
Gl G2 G3 Gl G2 G3 Gl G2 G3
peterns )
CRE 7 27.2° | 3105 | 3458 | 36.65° | 6334 | 31.05° | 48.06° | 54.05°
£1225 | 21236 | £1240 | 22460 | 2050 | £2205 | 2005 +241 | 2050
OBQ 4250° | 14.08° | 41.08° | 4388 | 4538 | 61.75° | 404° 47.05° | 5525°
£20.58 | 1529 | #1303 | 075 | £i691 | 932 | 2733 +0.05 | 1691
A-G 5.55° 0.13° 4.35° 7.95° 10.15° | 5025° | 845 18.65° | 3534°
+4.12 +0,35 +3.58 | +0.50 188 | 2050 | 986 | 090 | +22.05

Mean within the same column having different superscripts are signiﬁcantly different at (P < 0.05)

CRE: Creeping
0OBQ: Oblique plan position

A-G: Air- gulping
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Table (2): Proportion of aggressive behaviour (-)-(i:LSD) of treated groups during exposure to light, confinement and
A.hydrophila infection.

Treatment Light Confinement Infection

1% week | 2™ week | Overall End of 2 4 Over all
6 hour week week

19.20* | 25.00° | 22.10° 21.00° | 2040° | 22.50° | 21.40°
Gl £14.60 { x15.10 £15.60 +14,70 11,50 | £20.10 | =£16.40
2830° | 50.00° [ 39.20° 23.00° 1870 | 11.90° | 1530
G2 +12.60 | +44.40 | 23240 +16.60 | £19.00 | £17.30 | 13.80
9.90b [ 30.40° { 20.26° 0.25° 830° { 10.70° | 9.50°
G3 +380 | 2200 | 1830 £005 | +16.60 | 21.00 | %17.00

Mean within the same column having different superscripts are significantly different at (P <0.05)

701



Table (3): Performance parameters of treated groups (ii:LSD) during exposure to different light.

Parameters F.B.W. (gm.) T.W.G. (gm.) AD.G. (gm.) RGR. % F.CR.
iod fn week '_ '
1 1 29 [over| 1% | 2™ {Over{ 1" | 2 |Over{ 1® | 2™ JOver{ 1" | 2" |Over
o week { week | all |week w?ek all | week | week | all | week [ week | all | week | week | all
60" § 64° | 62° 0.71°10.59%0.68" 9.11" [ 6.64" | 8.20° 2.16" 262°12.36"
Gl £2.90 1£3.101£3.00( 5 4 | 45 [£0.09)+0.081+0.12 1 £0.93 | +0.69 | +1.80 {+0.50 [+0.31 +0.41
68° | 78° | 73 1.90° | 1.43° ] 1.62° [ 23.64° | 14.70° | 19.17°] 1.00° | 1.37° | 1.19°
G2 £3.10|£2.701£290{ 13 | 10 | 11.5 {£0.09{+0383{0.23 | £1.20 { +0.88 §£1.04 |20.05 {£0.56 {+0.31
60° |65.9°|62.95" 0.86°]0.72° | 0.79° | 11.11°] 833° | 9.72° | 1.75° [2.50° [2.12°
G3 £3.50 [ £2.90 | £320| 6 5 | 5.5 |£0.04{£0.05|+0.89 | £0.93 { +0.83 | +0.88 {20.04 | £0.42 | +0.48

Mean within the same column having different superscripts are significantly different at (P <0.03)
F.B.W.= Final body weight '
T.W.G = Total weight gain

A.D.G.= Average daily gain
R.G.R= Relative growth rate

E.C.R. = Feed conversion ratip
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Table (4): Performance parameters of treated groups(X+1LSD)during confinement.

_— Body weight (gm.)
R.GR F.CR
Before After Over ali
%
confinement | confinement
Group
64.00° 70.00° 67.00° 9.10° 1.80°
Gl +3.10 +2.40 +4,00 £0.84 +0.08
7800° | 72.00° | 75.00° -7.20° -1.45°
G2 +2.70 £3.10 +4.20 +0.90 £0.13
65.90" 57.00° 61.40° -12.07° 2.20°
G3 £2.90 £2.10 £5.20 +0.83 £0.59

Mean within the same column having different superscripﬁ are significantly different at (P <0.05)
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Table (5): Performance parameters of treated groups l(?(;tLSD)during exposure to A.hydrophila infection,

[ Parameters FBW(gm.) T.W.G (gm.) AD.G RGR% F.CR
eriod [ week

2nd | 4th Over 2nd | 4th Over 2nd | 4th Over 2nd | 4th Over | 2nd | 4th | Oyer

Grotps week| week| all | week|week| all | week|week | ai | weekjweek | o f ) k!l al
1a.00- | 80.00° | 77.50° 028 1077 | 0517 ] 71 | 670° | 691 | 230° | 240" | 236°

Gl w360 2410 | 23851 6 | 5 | 55 {041 {2000 |+029 | 2070 | 2080 | 2077 | 20.60 | 5070 | 201
68.0° | 64.00° | 66.00° 0.09° 1 51° [.035° ] 5.10° | -5.70° | -5.43 |-2.10° ] -2.90° | -2.50°

G2 3,00 12320 { 4315 -6 | 4 § -5 }20081}009]+0.18} 2080 | 0.9 | 20.87 | £0.59 | 0.7 | £0.74
52.0° | 49.00° } 50.50° 022° [ -041° 1 -0.32° | 830" | -5.60° | -6.95 [ -3.11°] -3.06° | -3.08°

G3 33102220 L 22651 -8 | -5 | -6 | 2007 (2008|2012 2090 | 2078 | +1.57 | 2069 { £0.74 | 20.66

Mean within the same column having different superscripts are significantly different at (P <0.05)
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Table (5): Performance parameters of treated groups ((X+1.SD)during exposure to A.Aydrophila infection.

Parameters FBW (gm.) T.W.G (gm.) ADG RGR% F.CR
eriod in week
2nd | 4th Over 2nd | 4th Over 20d | 4th Over nd | ath Over 2nd | 4th | Oyer
Groups week| week| all | week|week] all | weekjweek | 1 | week|week | .y week| week | all
v § 80.00° | 77.50° 020 [ 677 | 051 | 7a0 | 670 | 691 | 230" | 240° | 236°
Gl 2360 {2400 ) #3851 6 | S | 55 {2041 (2009 {029 070 | 0.89 | £0.77 | 20.60 | £0.70 | £0.61
68.0° 164.00° | 66.00° 0.19° ] 51° 035" 5.00° | -5.70° § -5.43 |-2.00° ] -2.90° | -2.50°
G2 £3.00 [£320 [ #3105 | 6 | -4 | -5 |+0.08 | £0.09 | +0.18 | £0.80 | 0.9 | 20.87 | 0.59 | +0.77 | +0.74
52.0° | 49.00° | 50.50° 022° 10417 10327 | 830" | -5.60° | -6.95 | -3.11°] -3.06° { -3.08
G3 £300 {2220 | 265 | 8 ) -5 | -6 | +0.07 { 2008 | 0.12 | £0.90 | 20.78 | £1.57 | £0.69 | £0.74 | +0.66

Mean within the same column having different superscripts are significantly different at (P <0.05)
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Table (8): Effect of blue light exposure on Protein profile of stressed Nile

tilapia (Oreochromis niloticus) challenged with A. hydrophila.

K}

weeks | Groups Total proteins Albumin Globulin AIG
(g/d]) (g/dD (g/d) (Ratio)
G(l) | 3712039° | 17720.14° | 19420.18" | 08220.17°
1 G(2) | 336:£030* | 1.63£0.12° | 1.73£045" | 09410.16%
G(3) | 2862034 | 1.65£0.13° | 1.22£0.36* | 1.41x024°
G{l) | 374:046% | 1.82£0.09* | 1.92+060* | 1.00+0.09
2 G2} | 3464043 | 1622008 | 1.83£037% [ 0.90+0.07°
G.(3) | 320£026% | 1.55+023* | 1.65=0.13* | 0.94+008"
G(l) | 3.89:025* | 1.87x0.10" | 202£0.15* | 092+0.03°
3 G() | 256£008° | 123£026° | 133£033% | 093+042°
G(3) - | 230£015° { 1.10£025° | 1.20£0.15° | 0.94+0.34"
G(l) | 3842039" | 1.78£0.05* | 206£004* | 088+0.18°
4 G(2) ]276£034° | 1.17£020° | 1.59£0.05% | 0.75+041°
G(3) |237+028° | 1.03+0.19° | 134£0.05° | 0.76+0.09*
Values represent means 1 SD

*® Values with different letters at the same column are significantly different at p< 0.05
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Table (9): Effect of blue light exposure on on some serum biochemical parameters of
stressed Nile tilapia (Oreochromis niloticus) challenged with A. hydrophila.

weeks Groups N ALT AST BUN Creatinier Glucose
(IU/L) Au/L) (mg/dl) (mg/dL) (mg/dl)
G.(1) 14.97+275° [ 40.45+£1.50% ] 6.17+040° | 098+0.13* | 36.65£1.78"
1 G.(2) 14.81+245° | 3837+1.57% | 579+0.60° | 0.88+0.08" | 40.68+3.62%
G.(3) 1532299 | 41,79+227* | 6.83+ 0.46° 0.93 + 0.08*° 45.16+2.90°
G(1) 1522195 36.45+2.42% | 6.37+027°% | 1.05+013% | 38.19+0.80°
2 G.(2) 1473255713875 £3.15% | 6732025 | 1.17+£025% | 432921.55°
G.(3) 1560+3.00% | 44.11+ 3.18* | 7.55+0.53% | 1.67+0.13* | 57.15+2.40°
G.(1) 16.68£235% | 43.37+3.23° | 6.36+0.39° | 0.97+0.13% | 42.02+£3.07°
3 G.(2) 1666+ 0.97* | 54.33+2.78% | 7.832020° { 1.77+025° | 5727+2.72"
G.(3) 17.73+£1.38° [ 68.18+2.65% | 8.03+0.09* | 2.08+034" | 76.00=4.05°
G.(1) 18.68+0.39° | 44.2+£0.92° | 6.40+£045° | 0.87+0.03° | 5125+3.59°
4 G.(2) 22,16+ 093°]51.57+1.85°) 8.05:£0.18% | 1.80+020" | 50.40%223"
G.(3) 27.83% 1.10° | 70.78+2.87" | 879026 | 2.02+043" | 5234%3.00°

Values represent.means +SD
**Values with different letters at the same column are significantly different at p< 0.05
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Fig.1: Tissue samples of group two (O.niloticus exposed to blue light, confinement and
infection showing;:
a- Spleen showing marked activation of melanomacrophage centers
(H&E stain x 200)
b- Spleen showing melanophores agpregation around cllipsoidal eapillaries
(HE&E stain x 100)
¢~ Spleen showing area of necrosis (arrow) and fragmented melanophores,
(H&E stain x 200) ;
d- Gills showing focal lamellar telangectasis. (H&E stain x 200)
e~ Gills showing cosinophilic granular cells aggregation in gill rackers.
(H&E stain x 200)
f- Liver showing large number of melanophores in the arca of hepatopancreas.
(H&E stain x 400)
g~ Spleen showing marked aggregation of melanophores around the main splenic blood
vessels, (HEE stain x 40)
h- Gills showing focal arce of hemorrhage at the base of gill lamellac. (H&E stain x200)
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Fig.2:

a- Liver of Q.rilotfcns from group 2 (exposcd to white light) showing mononuclear cells
infiltration. (H&E stain x 200)

b- Liver of Quuifoticus from group 2 showing melanophores aggregation in
hepatopancreas and peripancreatic hemorrhage (arrow).
(HEE stain x 200)

c- Spleen of O.nifoticus from group 2 showing melanophores aggregation around the
blood capillaries of splenic ellipsoids. (H&E stain x 40)

d- Kidney of O.nlloticus from group 2 showing peritubular hemorrhage.

(HE&E stain x 400)

e- Kidney of O.rriloticus from group 2 showing wvacuolar ﬂﬂgﬂl‘lﬂ'ﬂ.ﬁﬂli of tubular
epithelium. (H&E stain x 400}

= Spleen of control group (without treatment) showing normal structure.

(HEE stain x 400)

B Kidi =+ of ~antral group (without treatment) showing normal structure,

(HE&E stain x 100)

h- Liver of control group (without treatment) showing normal structure,

(HEF stain x 200}

.
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induced lesion. This result was go parallel with
the findings of Volpato and Barreto, 2001 who in-
dicated preventive effect of blue light on stress
conditions in Nile tilapia. The control group (Gy)
showed no obvious pathologoical lesions in dif-
ferent organs (Fig. 2f, 2g&2h).

Our studies clarified that blue light has a preven-
tive effect of stress in Nile tilapia. It improves the
fish welfare by lowering fear response and in-
creasing growth performance. Moreover, blue
light exposure reduces the clinicopathological and
pathological alterations induced by A. hydrophila
infection in stressed Nile tilapia. So, it recom-
mended to be used in interior aguarium, wall of

indoor fish production and during transportation.
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