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SUMMARY

Two experiments were conducted in this study to determine the effect of
ascorbic acid level on the growth performance and pathology of tilapia fish
subjected to bacterial infection. Purified diets with six levels (0, 50, 150,
250, 500 & 1000 mg/kg) of supplemental L-ascorbic acid (AA) were
pelleted and fed to tilapia fish (20 g) for 12 weeks in each experiment. /n
the first experiment:- The growth rate of fish fed AA free diet was
significantly (P<0.05) lower than those fed on dietary supplemented
ascorbic acid. Approximately, 50 mg AA/kg diet was sufficient to prevent
the appearance of deficiency symptoms, while a level of 150 mg AA/kg
diet significantly (P<0.05) improved final body weight, feed conversion,
specific growth rate and protein efficiency ratio. Increasing AA level in the
diets significantly (P<0.05) increase the crude protein content of the body,
on the contrary to fat content which decreased by the increase of AA level.
Maximum mortality was recorded with fish fed on the AA free diet with
haemorrhage at the mouth and deformities. The AA contents of the body
tissues increased significantly (P<0.05) with increasing AA level up to 500
mg/kg diet. The highest tissue concentration of AA was recorded at the
level of 500 mg/ kg diet and storage was found to be maximal in the spleen
followed by liver, muscle and kidney. /n the second experiment:- Tilapia
fish were fed purified diets containing AA ranging from O (free diet) to
1000 mg/kg until the external signs of deficiency were seen in fish fed AA
free diet. At this time, resistance to bacterial infection (Pseudomonas
fluorescens) was assessed for fish from the various dietary treatments.
Mortality rates of fish experimentally infected with P, fluorescens decreased
with increasing the dietary AA doses, ranging from 90% for fish fed the
AA-free diet to 10% for fish fed 1000mg AA/kg diet. The haematological
parameters were improved and the pathological lesions of bacterial infection
were minimized gradually with increasing the ascorbic acid concentration in
the diets.
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INTRODUCTION

Ascorbic acid is an indespensable nutrient required to maintain the
physiological processes of different animals including fish (Tolbert, 1979).
Fish such as salmon, catfish, trout, carp, tilapia and probably others have
not the ability to synthesize ascorbic acid due to absence of the enzyme L-
gulanolactone oxidase responsible for synthesis of vit.C (Chatterjee, 1978),
but are dependent upon a dietary source of vit.C (Fenster, 1987;
Dabrowski, 1990). These kinds of fish were shown to develop specific
avitaminosis C symptoms such as lordosis and scoliosis with resultant high
mortality. It has been established that supplementing fish feed with vit.C is
essential to avoid such lesions, but it was also of benefit in the resistance to
bacterial or viral infections (Hornig et al., 1984). Ascorbic acid is essential
for maximum rate of immune responses, and has a role in detoxification of
various xenobiotics (Lovell, 1989). The requirement of vit.C was based on
the promise that the dietary intake sufficient to promote maximum liver
tissue storage should satisfy tissue demands of the vitamin for maximum
growth, resistance to disease and normal stress encountered in the
environment (Halver, 1979). Hilton et al. (1978) found that 20 mg of
vit. C/kg diet was sufficient for normal growth in rainbow trout, but
40mg/kg was necessary to prevent gross deficiency signs. Li & Lovell
(1984) found similar results with channel catfish. Many abnormalities such
as spinal deformities, growth retardation, mouth haemorrhage, gill
hyperplasia, anorexia, caudal fin erosion, exophthalmia and high mortality
were observed in fish fed diets containing none or only a low dose of vit.C
(Soliman et al., 1986 and Grant et al., 1989). Of all essential micronutrients,
vit.C has generated the greatest interest with regard to its interactions with
defensive mechanisms and the immune system which include antibacterial
and antiviral effects (Beisel, 1982). Essential nutrients, such as vitamins (C
& E) may affect not only humoral and cell mediated immune response, but
also several nonspecific humoral factors, such as lysozymes or hormones
which regulate the immune response (Weber, 1997). Vit.C have been
shown to affect immunity and disease resistance in salmonids (Paterson et
al,, 1985; Blazer and Wolke, 1984) as well as channel catfish (Durve and
Lovell, 1982; Li and Lovell, 1985). However, relatively little is known
about the relationship between vit.C and disease resistance in tilapia fish.

The purpose of this study was to determine the relationships
between dietary levels of vit.C and growth performance, tissue storage of
vit.C, pathology and disease resistance to bacterial infections in tilapia fish.
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MATERIALS and METHODS

A- Fish and management:-

Tilapia fish fingerlings (O.niloticus) were obtained from Aquatic
Animal Research Unit ,Fac.of Vet.Med.,Assiut Univ. ,which supposed to be
free from diseases, and with an average initial weight and length 20+0.10g
& 10.80+0.10cm, respectively. The fish were divided into equal groups (20
fish per each group) and distributed to the experimental glass aquaria. Each
aquarium was aerated and contained dechlorinated tap water. The water
temperature, dissolved oxygen and pH of water were measured and found
to be 26 °C+ 1°C ,3.8mg/L and 7.2 respectively. To minimize stress of
handling ,fish from each aquarium were weighed and the total length of
each fish was measured at the beginning and end of the study.

B- Ascorbic acid :-
The L-ascorbic acid was purchased from Nasr Chemical Company.

C-Experimental diets:-

All the experimental diets were intended to be isonitrogenous
(32.00% protein) and isocaloric (3.14 Kcal/g digestible energy) and were
formulated to satisfy the requirement of tilapia fingerlings (NRC, 1993).
The chemical composition of the experimental diets are shown in table (1).

Six experimental diets were assigned composed of the basal diet
plus 0, 50, 150, 250, 500, 1000mg vit.C/Kg diet. The amount of ascorbic
acid (AA) was substituted with the equal amount of wheat bran in the basal
diet.

In preparing the diets ,dry ingredients were first ground to small
particle size in a mill and were thoroughly mixed ,combined with water in
mixer, pelleted by forcing through 4mm holes and dried at room
temperature. The pellets were sealed in plastic bags and frozen immediately
to minimize oxidative loss of ascorbic acid. The diets were stored at -23°C
and periodically one week diet of each was transferred to a refrigerator 4°C
and held prior to feeding. Previous analysis showed that there was
approximately a 5% loss of ascorbic acid per 10 wk under this storage
condition (Lim & Lovell, 1978).

After 15 days adaptation period, fish were fed to satiation on the
experimental diets (two meals per day at 08.00 and 17.00 h).

D- Pseudomonas fluorescens isolate:-

A well identified Pseudomonas fluorescens bacterial isolate, isolated

from naturally infected O.niloticus was kindly supplied by the Aquatic
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Animal Research Unit. The isolate was propagated in Brain heart infusion
agar media to be used in the experimental infections at a final dilution of
172x 108 ml (Total bacterial count).
E- Experimental designs:-
Two separate experiments were conducted in this study.
1- First experiment:-

Six groups of fish were used in this experiment (1st, 2nd, 3rd, 4th,
5th, & 6th group). Each group was fed on one of the different experimental
diets which contain 0, 50, 150, 250, 500 & 1000 mg ascorbic acid / kg diet
respectively. Fish were visually checked periodically for the deficiency
symptoms of vit.C and spinal deformities. At the end of the experiment (12
weeks), fish were weighed, feed intake was recorded. Mortality was also
recorded from the start of the exp. The fish were then sacrificed for further
studies.

2-Second experiment :-

Another six groups of fish were used in this experiment ( 1st, 2nd,
3rd, 4th, 5th, & 6th group) and fed on the experimental diets as in exp. L

After 10 weeks of feeding, when clinical signs of deficiency of vit.C
were seen in 30% of fish group fed on the vit.C free diet (1st group), fish
from each dietary treatment were inoculated intra-peritonealy with 0.05ml
of Pseudomonas broth culture.

After infection, all fish were returned to rearing aquaria and
mortalities were recorded. After 2 weeks of infection, approximately 2ml of
blood was drawn from the caudal vein of the fish of each group for
determination of some haematological parameters (Coles, 1986). At the end
of the experiment (12 weeks), fish were sacrificed and tissue speciemens
were taken for histopathology.

F- Analytical techniques:-

Dry matter ,crude protein ,ether extract and ash contents of the fish
tissues were performed according to AOAC (1984). Tissue vit.C
concentration were measured after Schuep et al. (1984).

G- Pathological examination:-

Speciemens from liver, spleen, testes and intestine were taken from
sacrificed fish of the second experiment. The speciemens were fixed in
neutral buffer formalin. The fixed samples were dehydrated in alcohols,
processed and embedded in paraffin blocks. Sections of 5-7 micron were
prepared, stained with haematoxylin and eosin (Bancroft and Stevens,
1993), and then examined under light microscope.
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H- Haematological examination:-
Blood samples were collected from the sacrificed fish at the end of
the experiment. The samples were used for the detection of :-
1-Total  erythrocytic and leucocytic count/mm3 blood using
Haemocytometer.
2-Differential leucocytic count on blood film stained with wrights stain.
I-Statistical analysis:-

Statistical comparisons were made using a one-way analysis of
variance (ANOVA). Mean differences between treatments were tested for
significance (P<0.05) by Duncan's multiple range test (1955). Standard
errors (+SE) were calculated to indicate the range of means tested.

RESULTS

A- First experiment:-
1- Growth performance and tissue vit.C storage:-
All the data of this experiment are summarized in the Tables (2-7).
B-Second experiment :-

1-Gross lesions :-

Small haemorrhagic skin lesions, peritoneal peticheal haemorrhages,
enlargement and paleness of the liver and ascitis were seen in some cases in
addition to symptoms of vit.C deficiency, especially at the 1st group (0
vit.C level). These lesions and symptoms were minimized in 2nd, 3rd
groups and sporadically seen in 5th and 6th groups.

2- Histopathology:-
a-Liver:-

In the 1Ist group (0 vit.C level), there were diffuse fatty change in
the hepatocytes (Fig. 1). This hepatic lesion was minimized in the groups
which fed on the diets with high levels of vit. C, while it was focally
scattered (Fig.2) in the 2nd and 3rd groups (50, 150 mg vit.C). In the 4th
group (250 mg vit.C), there were a mild hydropic degeneration of
hepatocytes (Fig. 3). The 5th & 6th groups (500 & 1000 mg vit.C) showed
more or less normal histological structure of the liver (Fig. 4).

b-Spleen :-

Exhuastion of lymphocytic elements was the predominent lesions in
the spleen, specially in the 1st group. The splenic tissue appeared as a mesh
of reticular fibers denuded from lymphocytic elements. The melonocytes in
melano-macrophage center were rupture (Fig.5). In the 2nd and 3rd groups,
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the exhuastion was minimized (Fig. 6). In the 5th & 6th groups, the spleen
appear more or less normal (Fig.7 & 8).

c-Intestine :-

The intestine in the first three groups showed necrosis and
desquamation of the epithelium at the tips of the villi (Fig. 9), while this
changed was completely disappeared and the intestine appeared normally in
the last three groups (Fig. 10). -

d-Testes:-

Degeneration and necrobiosis in spermatogenic cells were seen in
the semineferous tubules of the testes in the 1st group (Fig., 11). The
spermatogenesis were gradually appeared in the groups which fed on high
levels of vit.C (Fig. 12).

3- Haematology:-

The haematological parameters were improved by the
supplementation of ascorbic acid in the diets. This was manifested by
increasing in the number of total erythrocytic and leucocytic count. There
was a relative increase in the percentage of lymphocyte and monocyte with
decrease in the percentage of heterophil cells in peripheral blood (Table,8).

DISCUSSION

1- The first experiment:-

The signs of ascorbic acid deficiency which showed on the group of
fish fed on the ascorbic acid free diet during 12 weeks characterized by
scoliosis, lordosis, haemorrhage at the base of mouth, fins, operculum and
anus, in addition to anorexia. These symptoms were found in other species
of fish as salmon and trout (Halver et al.,1969; Hilton et al., 1978 & Sato et
al. 1983), tilapia fish (Halver, 1979; Stickney et al., 1984 & Soliman et al,
1986), channel catfish (Wilson and Poe,1973; Andrew and Murai, 1974, Lim
and Lovell, 1978), major carp (Agrawal & Mahajan, 1980), common carp
(Dabrowski et al.,1988). Scoliosis appeared in fish in 1-3 weeks in
tryptophan free diet and in 5-6 weeks in ascorbic acid free diet
(Lovell,1984). Halver et al. (1969) showed extensive haemorrhage in
conjunction with the distortion in salmon, but in tilapia at tropical
temperature where the onset of the clinical signs was earlier, the
haemorrhage was not a necessary concomitant (Soliman et al.,1985).

Maximum mortality was observed in the fish group fed on the AA
free diet (Table, 2). The observed high mortality rate in fish fed AA free diet
agreed with the observations of Navarre& Halver (1989) with rainbow
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trout and Al-Amoudi et al. (1992) with tilapia fish. Deformities were
identified visually at the end of the first experiment in 50% of the fish fed
the AA free diet. Most common symptoms were scoliosis, a lateral
curvature of the spinal column. Many fish showed lordosis, with or without
scoliosis, which was most commonly characterized by a large hump.
Condition factors (C.F) of the fish ranged from 1.81 (250mg AA)to 2.17
(free AA diet). This agreed with that found by Poston (1967) in trout fish,
where there was an increase in the condition factor in the fish fed on AA
free diet as a result of hump formation.

Body weight of fish fed the ascorbic acid free diet was significantly
(P<0.05) lower than those of fish fed a dietary supplement of ascorbic acid
(Table, 3 ). The highest growth rate was recorded with fish group fed on
diet containing 150mg of AA/Kg. This result came in agreement with that
reported by Al-Amoudi et al. (1992) and Jauncey & Ross (1982) for tilapia.
There was no significant difference (P>0.05) in the body weight or feed
conversion between fish groups fed on the diets containing 150 or 1000mg
of AA/Kg diet. The improved growth performance due to ascorbic acid may
be attributed to improvement of fish wiability, optimization of feed
conversion and the utilization of nutrients which led to significant higher
growth rate as reported by Kitamura et al. (1965). Fenster ( 1987) reported
that AA was found to be involved in biochemical reactions of practically all
groups of nutrients and had a sparing effect on various B-vitamins and
vit.E, so, sufficient AA in the diet not only improves the viability of young
fish but also significantly raises growth rate, optimizes feed conversion and
the utilization of nutrients.

This study showed that dietary AA level of 50mg AA/Kg was
sufficient to prevent appearance of deficiency symptoms, while 150mg
AA/Kg was required for maximum growth in tilapia fish. Similar
conclusions have been obtained with rainbow trout (Hilton et al., 1978;
Sato et al., 1978), common carp (Ikeda & Sato,1964) and channel catfish
(Murai et al., 1978; LI & Lovell, 1985).

Fish group fed on diet deficient in AA showed reduced growth,
drop in feed intake and poor feed utilization as found by other fish species;
rainbow trout ( Hilton et al.,1977), channel catfish (Lovell,1973; Wilson &
Poe, 1973, Andrews& Murai, 1974; Miyazaki et al., 1985; Gatlin &
Wilson,1986), Indian carp (Mahajan & Agrawal, 1980, Agrawal &
Mahajan, 1980). The growth inhibition observed in response to AA
deficiency is partially due to anorexia and diminished activity as found by
Soliman et al. (1986) with O.niloticus.
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Dry matter contents of the whole body of fish flactuated irrespective
of dietary AA ranging from 27 to 32%. However, protein and ash contents
significantly increased (P<0.05) and fat content flactuated with the
increasing level of AA in the diets as shown in Table (4). High levels of
plasma triglycerides and cholesterol was found in salmon fish fed on free
dietary AA as reported by John et al. (1979).

The lowest value of protein efficiency ratio (PER), protein
productive value (PPV), apparent protein digestibility, dry matter retention
and apparent dry matter digestibility were recorded with fish group fed on
AA free diet (Table, 5). These parameters were increased to reach its
maximum at 1000 mg AA supplementation with the exception of PER
which reached its highest level at 150 mg AA supplementation.

Ascorbic acid is widely distributed throughout the tissues, both in
animals capable of synthesizing AA as well as in those dependent on an
adequate amount of AA in the diet. The accumulation of AA was found to
be maximal in the spleen followed by liver, muscle and kidney (Table,6).
Spleen had the highest concentration of AA which ranged from 12.5 to
81.4mg/100g. In studies of various Indian carp, the highest level of AA was
found in spleen, followed by the kidney, gonads and liver. Liver is the
storage organ and its AA concentration was reported to be a good index of
the vitamin status in rainbow trout (Hilton et al., 1977, Skelbaek et al.,
1990), channel catfish (Lim & Lovell, 1978) and Tilapia (Al-Amoudi et al.,
1992). For tilapia, Al-Amoudi et al. (1992) showed the signs of AA
deficiency at 10mg/100g liver. The AA contents of muscles have a definite
correlation with the dietary AA, but the amount of AA was lower than that
in other organs such as spleen and liver. The reason may be the activeness
of the muscle; AA in muscle may be in the consumable form, which is
readily available for physiological activities as found by Jauncey et al
(1985) and AL-Amoudi et al. (1992). Halver (1989) recommended the use
of liver ascorbate concentration as a clinical assessment of vit.C status in
fish. However, the highest tissue concentration of AA was recorded with
500mg AA/Kg, which may reflect the storage capacity of the organs.

2- The second experiment:-

After 2 weeks post-infection, 90% of the infected fish fed the AA
free diet were dead (Table, 7). Mortality rates were lower gradually with
increasing of ascorbic acid concentration in the diets till reach 10% in fish
group fed on 1000 mg AA/Kg diet. Similar result was obtained by Wahli et
al. (1986) with rainbow trout infected by icthyophthirius multifiliis and
supplemented with a megadose of vit.C (5000 mg/kg diet).
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The results of pathological examination was cleared that addition of
the AA to the diet was minimize the pathological lesions of the infection in
the examined organs (liver, spleen, intestine and testis). This results were
agreement with Liu et al (1989) and Durve & Lovell (1982), they
concluded that addition of AA to the diet of catfish were enhance the
disease resistance against the bacterial pathogens. The previous results also
clarified that, there were relative increase in the lymphocytic and monocytic
cell percentage in the circulation as well as improvement in the lymphocytic
population of the spleen in the fish groups fed on the diets supplemented
with higher doses of vit.C. This well indicating an enhancement of the
immunological status with addition of vit.C to the diets. Similar results were
obtained in catfish and rainbow trout fed on diets supplemented with vit.C
(Verlhac & Gaboudan, 1990; Li & Lovell, 1985).

The data presented indicate that vit.C has an important influence on
tilapia defense mechanisms. Ascorbic acid supplementation enhance
resistance of tilapia fish to pseudomonas infection.

In conclusion, commercial feed ingredients are almost completely
devoid of vit.C, so the vitamin must be supplemented into the practical
feeds for normal growth, and to increase the disease resistance and enhance
the immune response of the tilapia fish against the bacterial pathogens.
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LIST OF FIGURES

Fig.1:- Liver showing diffuse fatty change of the hepatocyte (H&E, 10x25).

Fig.2:- Liver showing fatty degeneration of the hepatocyte (H&E, 10x25).

Fig.3:-Liver showing granular degeneration and swelling of the hepatocytes
(H&E,10x25).

Fig.4:- Liver from the fish in the 6th group, showing more or less normal
histological appearance (H&E,10x25).

Fig.5:- Spleen showing severe exhaustion of the lymphocyte. The splenic
tissue appear as a mesh of reticular fibre denuded from lymphocyte
(H&E, 10x10).

Fig.6:- Spleen showing moderate exhaustion of the lymphocyte (H&E,
10x10).

Fig.7:- Spleen from the fish in the 5th group showing increase population
of the lymphocyte (H&E, 10x10).

Fig.8:- Spleen from the fish in the 6th group showing normal histological
appearance (H&E, 10x10).

Fig.9:- Intestine showing necrosis and desqumation of the epithelium in the
tips of the villi (H&E, 10x10).

Fig.10:- Intestine from the fish in the 6th group showing normal
histological patterns (H&E, 10x25).

Fig.11:- Testis showing degeneration and necrosis of spermatogenic cells in
the semineferous tubules (H&E, 10x25).

Fig.12:-Testis showing focal degeneration in the spermatogenic cell (F) in
the semineferous tubules (H&E, 10x25).
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Table 1: Composition of the basal diet used in the study.

Ingredients %
Physical comp.:
Fish meal 24
Soybean oil meal 32
Corn, ground 35
Wheat bran 3
Fish oil 3
Vitamin mixture* 1
Mineral mixture** 2
Chemical comp.:
Protein (%) 32.10
Digestible energy (Kcal/Kg diet) 3147

*Vit.mix.(without vit.C): each 100g contain: 1000,000 IU vit.A; 0.25g thiamine chloride; 0.25g
vit.B2; 0.20g vit.B6; 0.50mg cyanocobalamine; 0.50g Ca pantothenate; 75mg folic acid; 0.20g
menadione, 0.25g para-aminobenzoic acid; 10g inositol, 1g niacin; 30mg biotine, 20g choline
chloride.

**Min.mix.(mg/Kg): 62 manganese; 24.8 zinc; 12.4 iron; 6.2 copper; 1.9 iodine; 0.3 cobalt; 155.1
calcium.

Table 2: Deformities and mortality percentages of tilapia fingerlings fed on
different dietary ascorbic acid levels (in first experiment).

Dietary AA (mg/Kg) | Physical deformity | spinal deformity | mortality

% %o Yo

0 50 20 45

50 7 0 5

150 5 0 3

250 9 0 i

500 6 0 5

1000 3 0 3
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