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ABSTRACT

P I ile tilapia (Oreochromis niloticus) was injected intraperitoneally

with types A, D and A+D of Clostridium perfringens under

controlled  laboratory  conditions. The  biochemical and
haematological analyses were carried out on the 3", 7" and 14" days
post injection. The obtained results showed that:

1.

1o

Ul

Clinically, the infected fish showed loss of appetite, sluggish and
erratic swimming, loss of equilibrium and listless. At the site of
injection. there was brownish caseous material which easily
separated from the muscle. Gills were congesied. [nternally, the
organs were friable and had a generalized hyperemic appearance.
Histopathologically. the striated muscle, at the site of injection
showed edema and necrosis with leucocytic infiltration. The gills
showed sloughing of secondary lamellae and desquamation of the
epithelial covering of secondary lamellae.

Significantly decreased numbers of erythrocytes were detected
after injection with C. perfringens type A or D at all periods.
Sporadically significant decreases in haemoglobin and haematocrit
were found. Other haematological indices such as mean
corpuscular volume (MCV), mean corpuscular haemoglobin
(MCH) and mean corpuscular haemoglobin concentration
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(MCHC) revealed inconsistent fluctuations.

4. The leucocytes were decreased significantly in fish infected with C.
perfringens types D and A+D on the 7" and 14" days respectively.

5. Plasma and muscle total proieins showed a significant decrease
whereas liver 1oial proteins recorded a significant increase in
comparison with the corresponding control values.

6. Plasma glucose was significantly increased in fish injected with C.
perfringens type D at all periods, but significantly decreased with
the combination of A+D. |

7. Plasma total lipids were significantly decreased in fishes injected
with C. perfringens type D as well as with the combination of
A+D.,

8. Plasma alkaline phosphatase activity significantly decreased in all
groups at all periods studied.

9. A general tendency of a significant decrease was observed in
plasma aspartate aminotransferase (AST) activity paralleled with
an increase in alanine aminotransferase (ALT) activity after
injection with the two strains of C. perfiringens or their
combination. There were some changes following this trend with
respect to liver AST and muscle ALT.

In' conclusion. Closiridium perfringens bacteria caused a high
mortality rate among the cultured fish, while the drastic effect of the
mild bacteria infection was inflected more on the fish physiological
status and as a consequence decreases the farm production. Either
mild or severe bacterial infection should receive an immediate eye of
inspection.

INTRODUCTION

In the past. diagnostic laboratories did not normally use
anaerobic methods. Therefore. it was unlikely that isolation of an
offending anaerobic pathogen would ever be achieved. Consequently.
the cause of disease might have not been recognized or it could have
been attributed to aecrobic secondary invaders (Austin and Austin.
1993).

Clostridia occur commonly where oxvgen levels are restricted
in soil. sewage. marine sediment. decaying vegeTable and animal
products. They are numerous in the intestinal tract of man and
animals. Some are opportunist pathogens of man and animals.
causing wound and soft tissue infection and food poisoning and their
pathogenicity' are associated with potent exotoxins (Inglis er al..
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1993). Clostridium perfringens continues to be a common cause of
tood-borne disease. It produces an enterotoxin which is released upon
Ivsis ot the vegetauve cell during sporulation in the intestinal tract
(Schalch e¢r «f.. 1999). The health hazards produced as arasult of
consumption of contaminated fish with C. perfringens were reviewed
by Panebianco er af. (1993} Nieweolak and Tucholski (1993, 2000,,)
and El-Deeb (1998). C. perfringens causes clinical signs of
gastroenteritis. which often resolve within 24 hours with minimal or
no treatment (Stoskopf. 1993).

In Egypt. El-Ged ef al. {1985) recorded the presence of C.
perfringens in diseased Nile cattish Clarias gariepinus in a higher
incidence (45 %) than apparently healthy ones (16 %). Abd El-
Rahman et al. (1989) found that the incidence of C. perfringens in
examined Oreochromis niloticus was 68, 76 and 20 % in gills. surface
and muscles respectively. Enany er af. (1989) subjected O. niluticus.
Clarias guriepinus and Mugil cephalus to anaerobic bacteriological
examinations. They reported that C. perfringens type D was the most
common isolates in the examined fish with incidence of 2.7, 3.7 and
2.0 % respectively. Rizkalla er ¢f. (1999) dealt with the isolation of C.
perfringens from apparent healthy Clarias gariepinus from Mariut
Lake. All fish revealed the presence of non toxogenic strains of C.
perfringens in both intestinal and muscle samples.

Tilapia is possibly the most important freshwater aquaculture
species worldwide. The increasing scale of production demands new
accurate and efficient tools to screen and monitor the health status of
these fish. Histology-based monitoring is time-consuming, and cannot
detect disease until . moderate- tissue damage is apparent. The
evaluation of blood chemistry parameters in animals is a routine and
important tool in clinical practices. This simple approach can provide
essential information on the physiological status of the animal:
therefore “help the biologists to make proper decisions. So. the aims of
the present study are : (1) isolation, identification and typing of C.
perfringens among 0. niloticus. (2) assessment of the temporal
changes in selected haematological and biochemical parameters in
blood, plasma. liver and muscle after administration of C. perfringens
to O. niloticus (i.e. how to identify the chemistry profile pattern
associated with a diseased state) and (3) assessment of changes in the
histopathology of the muscle, liver, spleen, kidney and gills after 3, 7
and 14 days of injection of C. perfringens.
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MATERIAL AND METHODS

Clostridium perfringens isolation and preparation:

Sixteen apparently healthy Nile tilapia (Oreochromis
niloticus) were brought from Giza market, Cairo and subjected to
bacteriological examination immediately. Samples from the intestine
were collected from each fish and inoculated in one tube of sterile
freshly prepared thioglycolate broth and incubated anaerobically for
24-48 hours at 37 °C using GS pack anaerobic Jar. A loopfull from
the tube was streaked on to the surface of 10 % sheep blood agar with
neomycin sulphate (200 pg/ml) for isolation of Clostridium
perfringens. All plates were incubated anaerobically for 24 hours
(Willis, 1977). All suspected colonies were isolated and identified
microscopically using Gram stain (Quinn ef al.. 1994). Identification
of toxin was carried out according to Sterns and Batty (1975). The
positive toxogenic strain for C. perfringens types A has been purified
by reinoculation onto one tube of sterile freshly prepared cooked meat
broth, which has been boiled and cooled before. and incubated
anaerobically for 24-48 hours at 37 °C. Gram stain was made for
assurance of the culwre purification. The whole culture was then
centrifuged at 3000 r.p.m. for 15 minutes. The supernataht was
discarded and the sediment was streaked on to sheep blood agar (10
%) with neomycin sulphate 200 pg/ml and incubated anaerobically
for 24 hours at 37 °C. The pure and well isolated colontes were
picked up. resuspended in 0.5 % formal saline, adjusted and
compared with the turbidity of Mc farland tube No. 1 "approx. 300
million of C. perfringes cell/ml" (Quinn e/ al.. 1994). The same
procedures were used with C. perfringes type D.

Experimental design:

Male Nile tilapia "Q. niloticus” with an average weight 50-60
g were obtained from the Central Laboratory for Aquaculture
Research. Abbassa. Sharkia. Fish were acclimated in indoor tanks for
2 weeks -and then randomly distributed in glass aquaria-of 80 liter
capacity at a rate of 10 fish/aquarium. The aquaria were supplied with
aerated water and temperature was kept at 2521 °C. Fish were fed on
fish pellet diet {32 % CP)at arate of 3 % of their live body weight
twice daily. A semi-dynamic method for removal of excreta was used
every dav by siphoning a portion of water from the aquarium and
replacing it by an equal volume of fresh water.

After the acclimatization period. fish were classified into four
groups (each group contains 6 aquaria). The first group was imjected
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intraperitoneally with 3.3 ml sterile saline as a control. The second
group was injected intraperitoneally with 0.3 ml ot the culture of .
perfringens 1ype A (3X10 cell'mi). The third group was injected
intraperitoneally with 0.3 ml of the culture of C. perfringeny type D
(3X10" celiyml). The fourth group was injected intraperitoneally with
a mixture- of the two culwres. 0.13 ml of type A and 0.15 ml of tvpe
D. Fish were sampled 3 times (after 3. 7 and 4 days of injection).
Each time consisted of 2 replicate aquaria.

Clinical and post-mortent examinations:

The fish were observed for the signs of disease over the
period of experiment. The clinical and post-mortem examinations of
fish were carried out according to Lucky (1977).

Physiological parameters:

Blood samples were taken from the caudal vein of non
anaesthetized fish by a sterile syringe containing EDTA as an
anticoagulant. A portion of each blood sample was used for
erythrocyte count and leucocyte count {Dacie and Lewis 1984).
haemoglobin content (Vankampen, 1961) and haematocrit value
(Britton. 1963). MCV. MCH and MCHC were calculated using the
formulae mentioned by Dacie and Lewis (1984). The other blood
portion was centrifuged and the non haemolyzed plasma was stored in
a deep freezer at-20 °C pending biochemical analyses.

Tissue samples from the white dorsal muscle and liver were
excised for the determination of protein content and enzyme
activities. Plasma and tissue protein content was determined by Biuret
method (Wootton, 1964). Enzyme activities were measured
colorimetrically using kits supplied by Diamond Diagnostics. AST
and ALT were determined according to Reitman and Franke! (1957)
and alkaline phosphatase (ALP) according to Rec (1972). Plasma
glucose concentration was measured according to Trinder (1969)
using Boehring Mannheium kits and total lipids were determined
colorimetrically using kits supplied by El Nasr Pharmaceutical
Chemical Co. (Joseph ef al., 1972).

Histopathological examination:

For histopathological examination, tissue specimens from
muscle, kver, spleen. kidney and gills were fixed in 10 % phosphate
buffered formalin and 5 micron-thick paraffin sections were prepared
and stained with hematoxylin and eosin (H & E) and examined
microscopically (Roberts, 1989).

Statistical analysis:
The results were statistically analyzed (mean, standard
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deviation, t-test and F-test) using the different equations
recommended by Hill (1977).

RESULTS

Pathological findings:

Clinically, the injected Oreochromis niloticus with toxogenic
Clostridia showed loss of appetite, sluggish and erratic swimming.
loss of equilibrium. listless and the fish activity was reduced as
manifested by loss of any reflex action. At the site of injection, there
was brownish caseous material which easily separated from the
muscle, whereas gills were congested. Internally, the organs were
friable and had generalized hyperemic appearance. The liver was
often mottled with hemorrhage and had over distended gall bladder
with bile. The kidneys and spleen were swollen and congested. The
abdominal cavity usually contained yellowish turbid fluid.

Figures from 1 to 10 illustrate the pathological changes of
different tissues and organs in the experiments. The striated muscles.
at the site of injection (Fig. 1) showed edema and necrosis (n) with
leucocytic infiltration (y). The gills (Fig. 2) showed sloughing of
secondary lamella (sl) and desquamation of epithelial covering of
secondary lamella. Edema. congestion (c). hemorrhage (h) and
leucocytic infiltration were detected in the gill arch (Fig. 3). Fatty
changes were evident in the liver (v) (Fig. 4). The blood sinusoids
and the central vein were congested (c) with thickening of the wall of
blood wvessels (Fig. 6). Leucocytic infiltration was noticed. The
kidneys showed hyaline droplet degeneration (hy) and degenerative
changes in the renal tubules (Fig. 7). Hyaline casts inside the lumina
of the renal tubules were observed with hemorrhage of peritubular
blood vessels. Thickening of renal capsule (1) (Fig. 8) and
proliferaticn of fibrous tissue (f) (Fig. 9) were also noticed. The
spleen revealed proliferation of melanomacrophage center (m) (Fig.
10). :
Haematological findings:

These findings are summarized in Table 1. After 3 davs of
infection of Q. niloticus with Clostridium perfringens types A. D or a
mixture of the 2 tvpes. the ervthrocytic counts (RBCs) and
haemoglobhin concentrations (Hb) recorded significantly lower values
than those of the control fish. Haematocrit value (Hct) showed a
significant’ reduction with twpe D only. In the same trend.
significantly lower values of RBCs were detected in fishes infected
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with tyvpes A and D after 7 and 14 days of injection as compared with
the control value. Also Hb contents and Het values of fishes intected
with tvpe A showed significantly lower values after 7 davs. The
significant reduction of Hb {tvpe D) and of Hct (type A+D) was
recorded in fishes after 14 days ot injection. There were significant
(P<0.05) effects due to infection with different tvpes of (.
perfringens on the Hb contents of tishes at the three periods studied.
whereas RBCs were significantly (P<0.01) atfected by C. ;Jw_'ﬂ'indgens
on the 3 and 14" days and Het values were reduced on the 3% day
(P<0.05). No Etfect of time was not significant with regard to RBCs
and Hct except for the Hb content of fishes infected with type D
(P<0.01).

. Significantly higher values of MCV were detected in tishes
infected with C. perfringens type D at the three periods studied and
type A after both 3 and 14 days of injection as compared with the
control values. whereas such a reduction was found only after |4
days in fishes injected with type A+D (Table 1). Also.the MCH
values™increased significantly in fishes injected with type D after 3
and 7 days of injection and with type A after 14 days as compared
with the corresponding control values. On the other hand, MCHC
values decreased significantly in fishes injected with types A and D
after 3 and 14 days of injection respectively. The effect of types of C.
perfringens infection on haematological indices were significantly
(P<0.05) demonstrated in MCV after 3 and 14 days of infection and
in MCH after 7 days. Significant (P<0.05) time effect was found in
the MCV of fishes infected with type A.

The total leucocytic count (WBCs) decreased significantly in
fishes injected with C. perfringens type D after 7 and 14 days and
with a mixture of types A+D after 14 days only. The F test shows that
there were no differences among means of groups treated with
different strains. Asignificant (P<0.05) time effect was recorded in
the control, type D and A+D groups (Table 1).

Biochemical findings:

Table 2 shows that plasma total protein and total lipid
concentrations decreased significantly in fishes infected with C.
perfringens type D at the three periods studied and type A+D after 3
and 7 days (for total proteins) and after 7 and 14 days (for total
lipids). Plasma glucose concentrations showed significantly higher
values than the control groups in fishes injected with C. perfringens
type D at the three periods studied, whereas glucose decreased

-5

significantly after 3 and 14 days post injection with a mixture of C,
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perfringens types A+D.

Both plasma AST and alkaline phosphatase (ALP) activities
showed significantly lower values in fishes infected with type A, D or
their combination at the three periods studied than the control ones.
The exception of that was the AST activity in fishes after 14 days of
injection with type A where no significant effect was found (Table 2).
On the contrary, ALT activity showed significantly higher values
after 3 days in fishes injected with C. perfringens type A+D; after 7
days with types A and D and afier 14 days with the three types of C.
perfringens than the control groups.

It is obvious that significant changes were detected in
response to infections with different types of C. perfringens on the
studied plasma parameters except on the plasma total proteins after 7
and 14 days. Effect of time was significant in plasma total proteins of
fishes infected with C. perfringens type D; glucose and AST with
type A+D; glucose of the control group and ALT and ALP of the
control and fish groups infected with C. perfringens types A and D
{Table 2).

The biochemical changes occurred in liver are presented in
Table 3. Total proteins significantly increased in fishes injected with
C. perfringens type A (on day 3); type D (ondays 7 and 14) and
types A+D (after 14 days). Differences among means of groups
treated with different strains were significant (P<0.05) or day 7 cnly.
Significant (P<0.05) time effect was detected in fishes injected with
C. perfringens types D and A+D. Liver AST activities were
significantly decreased in fishes injected with C. perfiingens types A
(after 7 and 14 days): D (after 7 days) and A+D (after 3 days).
whereas AST significantly increased in fishes injected with C.
perfiringens types A+D after 7 and 14 days of injection. A significant
increase in liver ALT activities was observed in fishes injected with
the three types of treatments after 3 days and with types A+D after 7
and 14 days. A significant (P<0.01) decrease was detected in the fish
group injected with €. perfringens tvpe A after 14 days, Both liver
AST and ALT activities were significantly influenced by the tyvpe of
C. perfringens infection in the three periods studied except AST after
3 dayvs. Time cffect was significant in AST activity of control group
and fishes injected with (. perfringens tvpes A+Dandin ALT in
fishes injected with the three tyvpes of treatments.

The biochemical changes occurred in muscles are presented in
Table 4. Total proteins significantly decreased in fishes infected with
C. perfringens type A at the three periads studied: type D afier 7 and
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4 days and types A—D after 3 and 7 days post injection. Influence of
(. perfringens strains on muscle total protein was signiticantly
detected at the three periods. Time effect was significant (P<0.03) in
groups infected with C. perfringens types D and A+D. Both muscle
AST and. ALT activities were significantly decreased in fishes
injected with C. perfringens type A after 3 and 7 days and tvpe D
after 14 days. A similar signiticant decrease was observed in fishes
infected with C. perfringens type A+D after 7and 14 days in AST
and after 3 daysin ALT. On the other hand. higher ALT values than
those of the control were recorded in fishes injected with C
perfringens types D and A+D after 3 and 14 days respectively. A
significant effect of C. perfringens strains was detected for both
muscle AST and ALT activities at the three periods except for ALT
activity after 7 days. The effect of time was significant for the AST
activity (P<0.05) in the fish groups infected with C. perfringens types
A and D and in ALT activity (P<0.01) in the fish group infected with
C. perfringens type D as well as in the control group.

DISCUSSION

McKeon er «f. (2000) mentioned that C. perfiingens is present
in all tilapia commercial systems indicating fecal contamination.
Moreover, it was considered likely that Clostridia become established
in the mud and bottom living invertebrates in trout ponds (Huss ¢f al..
1974). Clostridial microorganisms are considered among the most
important species that cause a large scale spoilage of fish and fishery
products as they are present in the skin, gills. and intestine of nearly
caught fish and may be picked up adventitiously during handling
(Hibbs et al., 1991). In the present work, the signs and postmortem
lesions in the injected fish with toxogenic clostridia showed loss of
equilibrium, sluggish swimming and generalized hyperemic
appearance of the internal organs. These alterations were in harmony
with those found by Can and Taylor (1982); El-Ged ef al. (1985);
Panebianco e @/. (1993); Austin and Austin (1993) and Rizkalla er al.
(1999). In the natural environment, the fish need to feed repeatedly on
toxic material before eventually succumbing to the disease {Can and
Taylor. 1982).

Concerning the Histopathological studies, our observation
showed that degeneration, congestion, edema, leucocytic infiltration
and necrosis were observed in the tissue specimens collected from
different organs. Such findings are in concurrence with those
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reported by El-Ged eral. (1985); Roberts (1989) and Rizkalla et al.
(1999).

Rizkalla and Tanios (1994) recorded that haemograms and
blood indices of tilapia showed a2 pronounced variation under
different rearing conditions. Snieszko (1958) mentioned that the
presence of anaerobic microorganisms in fish may invade the tissues
causing pathogenic conditions when fish were injured or their
resistances were lowered by adverse environmental conditions. Qur
haematological results tabulated in Table (1) declared significantly
lower values of RBCs. Hb and Hct in O. niloticus injected with
different types of C. perjringens compared to the control group. El-
Deeb (1998) mentioned that, regardless of type of C. perfringens
infection, RBCs, Hb and Hct of catfish Clarias gariepinus
insignificantly decreased from the first week to the third week. RBCs.
Hb and Hct appeared significantly higher after infection with C.
perfringens type A and type D when compared to those of the control.
Also. Rizkalla er al. (1999), working on wild Clarias gariepinus
collected from Mariut lake. detected significantly lower values of Hct
in fishes their intestine contained positive non-toxogenic C,
perfringens compared to the negative ones. The significantly higher
values of MCV observed in this study (Table 1) are contradigtory to
the results of El-Deeb (1998) and Rizkalla er af. (1999) on Clarius
gariepinus. El-Deeb (1998) did not find significant differencesin
MCYV between fish infected with types A or D and the control gioup.
This author found that infection with type A C. perfringens produced
significantly higher MCH and MCHC values than those of the control
or the group infected with type D, whereas the latter two groups were
not statistically different from each other. The present results on O
niloticus align with those which revealed a significant increase in
MCH. however for (. niloticus injected with C. perfringens type D
rather than type A (Table 1). where type A was insignificantly
different from the control group. except after 14 days of infection.
MCHC in our study recorded significantly lower values in two cases
(type A after 3 days and type D after 14 days). but the other cases
were nol significant (Table 1}. The common agreement between this
study and that of El-Deeb (1998) is reflecied by the fact that there
were no significant differences in MCV. MCH and MCHC in
correlation to the time of infection. Coles (1986) reported that MCV.
MCH and MCHC are corpuscular indices that have particular
importance in most animals in differentiating between types of
anaemia and can be used in diagnosis and therapy. The present study
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indicated that the fish were sutfering trom haemolvtic anaemia after
infection with C. perpringens.

The decline in RBCs. Hb and Het of O. nitoricus observed in
the present study after injection with difterent types ot C. perfringens
aligns with the effects of other pathogens that intect difterent fish
species. For example: infection of O. niloticus with Flexibacter
colummaris. Psceudomonas  flunoreescence. Flavobacierinm and
Yersinia ruckeri (Marzouk. 1991: Husien and Elias. 2000 : Husien
and Younis. 2000): deromonus bacteria infecting sand gobies
“Oxyeleotris  murmoratus. Channa  punctatus and  rainbow trout
“Oncorhynchus mykiss™ (Charnchit, 1985; Pradhan and Pal. 1995 ;
Ehulka er al.. 1998): cyanobacterial water blooms infecting juvenile
carp “Cyprinus carpio” (Kopp and Hetesa, 2000). infection of
rainbow trout 0. mykiss” with Campylobacter cryaerophila and
Arcobacter cryuerophilus (Aydin er al.. 2000, 2002): hybrid tilapia
infected with Swreptococcus spp. (Bunch and Bejerano, 1997):
juvenile spring Chinook salmen “Oncorhynchus tshawytscha”™
infected with Renibacterium salmoninarum (Mesa et al.. 2000) and
sheatfish ~Sifurus glanis™ infected with Edwardsiella tarda (Caruso et
al., 2002). Also Pearson er al. (1994) and Rauthan er «l. (1995).
working on hybrid Clarias and hill stream fish respectively. obtained
results that support our results. where MCYV increased and MCHC
decreased with jaundice disease and trypanosomal infection
respectively. Haematological examination of chronic aflatoxicated O.
niloticus (Essa. 1993) and O. aureus (Rizkalla et al.. 1997) revealed
significantly decreased values of RBCs, Hb and Hect.

The influence of C. perfringens infection on total leucocytic
count of-O. niloticus was clear in fish injected with type D where it
decreased after 7 and 14 days of injection (Table 1). This result is in
contrast to that of El-Deeb (1998). This author reported that WBCs
count increased significantly after infection with C. perfringens type
A when compared to infection with type D, but the difference was not
significant from the control. He also mentioned that regardless of the
type of infection, WBCs appeared to decrease insignificantly from the
1 week to the 3 week. The work of Charnchit (1985) supports-our
result where injection of sand gobies {Oxyeleotris marmoratus)
intraperitoneally with a moderate or large numbers of Aeromonas
hydrophila lowered total leucocytes counts in comparison with the
controls at 48 hours while WBCs, one week after challenge Javenese
carp (Puntius gonionotus) with A. hydrophila, were not significantly
different from the control (Shariff et al., 2001). Husien and Younis
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(2000) reported lower WBCs count in Nile tilapia “O. nifoficus”™
intramuscularly injected with Yersinia ruckeri. Also. Caruso et al.
(2002) reported an increase in leucocrit in the unstressed juvenile
sheatfish after intraperitoneal injection of Edwardsiella tarda.
whereas stressed fish showed significantly decreased values. Essa
(1993) on O. niloticus and Rizkalla er al. (1997) on O. aureus
recorded a significant decrease in WBCs when fed crude aflatoxin-
contaminated diet. Roberts (198%) suggested that the underlying
reason for the previous findings is that bacterial infection causes
destruction of haematopoietic tissue in the kidney and spleen and
subsequently decreases blood cell production. It is likely that the
hazardous impact of bacterial infection substantial stress which is
reflected passively on the haematological parameters.

Normal plasma total protein concentrations of O. niloticus in
our study (Table 2)recorded lower values than those reported in the
same species by different authors: 5.3 and 4.1 g/dl for male and
female respectively (Terao and Ogawa. 1984); 3.40 g/d] (Hussein es
al., 1996); 4.60 g/dl (Yavuzcan Yildiz er al.. 1997) and 3.68 g/dl
(Chen ef al..2003). Upon injection with C. perfringens. plasma total
proteins were significantly reduced with types D and A+D (Table 2).
Similarly. a statistically significant fall occurred in plasma total
proteins of sand gobies. rainbow trout and O. niloticus infected with
Aeromonas hydrophila (Charnchit. 1985; Ehulka er a/.. 1998 ; El-
Ashram. 2002); rainbow trout naturally infected with Campylobucter
cryaerophila (Aydin ef al., 2000); juvenile carp exposed to the
cvanobacterial water blooms (Kopp and Hetesa. 2000) and
nephrocalcinosis-affected Nile tilapia obtained from Lake Nasser
(Chen er al.. 2003). The common cause of decreased plasma proteins
is a decline in hepatic protein synthesis either a result of liver function
impairment or because the amino acid building blocks of proteins are
not available because of malnutrition and poor amino acid intestinal
absorption. However. in this study. there was an increase in hepatic
proteins content with a decrease in muscle proteins. so it seems that
excessive muscle prolein breakdown provided an amino acids flow 1o
the liver to svnthesize proteins. The decrease in plasma proteins.
which are svnthesized in the liver. is likely due 10 an increase in the
permeability  of glomerular capillaries leading to loss of plasma
prateins in urine (proteinurea). The amount of protein excreted in
urine exceeds the rale of hepatic synthesis in case of endotoxin-
induced nephrosis.
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The signiticant tall of plasma total  proteins due w0 C
perfringens infection was also detected in muscle total proteins
(Table 4. The metabolic pathways of fish can be severely altered by
a variety ot biological. chemical and physiological factor. which
could be assessed throughout several biochemical procedures. Many
workers studied the influence ot toxicant on total protein content of
fish. Verma and Tonk (1983} observed a decrease in muscle protein
content of mercury-exposed fish "Nowuprerus notopterus”: common
carp "Cyprinus carpio” and in Nile catfish "Clarias luzera” exposed
to iron (Haggag er al.. 1993) and C. carpio exposed to cadmium
(Shalaby. 1997). The reduction in muscle protein may be attributed to
the great energy demands imposed on fish during the periods of
infection-induced stress. Under those circumstances. stress hormones.
particularly cortisol, stimulate the breakdown of protein molecules
and their amino acid constituents are used for gluconeogenesis or
deamination and their hydrocarbon skeletons are oxidized in
exergonic reactions. A sustained portion of the released energy is
used for tissue repair and to affset the cellular damage that occurred
in the tissue of toxicated fish.

The obtained results {Table 3) indicated that hepatic total
protein increased following infection with C. perfringens. Similar
results were obtained by (Abd El-Tawwab ¢ ¢f.. 2001) who recorded
a significant increase in liver total protein in Nile tilapia (. niloticus)
exposed to sublethal concentration of inorganic mercury. Also
Shalaby (1997) recorded a significant increase in liver total protein in
common carp (Cyprinus carpio) exposed to Cu, Cd and Zn. It could
be suggested that fish exposed to toxicant might compensate for
possible protein loss by increasing hepatic protein synthesis which
depends mainly on the influx of amino acids resulting from excessive
muscle protein catabolism. i

In the present study. infection of O. niloticus with C.
perfringens showed a significant decrease in plasma total lipids
(Table 2). This reduction is in agreement with the studies of Gluth
and Hanke (1983) on Oreochromis aureus and in Clarias gariepinus
exposed to copper and lead and with Haggag er af. (1993)on C.
gariepinus and Cyprinus carpio exposed to a sublethal concentration
of iron. Abu El-Ella (1996) reported a decrease in serum and muscle
total lipids in grass carp exposed to cadmium. The author attributed
this decrease to the great demand of energy for confronting the stress.
This assumption is highly supported by Abbas (1998). Also El-Sayed
et al. (1996) illustrated that the decrease in the body proteins and
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lipids in appropriate habitats was a direct indicator of utilization of
body protein and/or fat in energy production to meet the increase in
physiclogical demands.

Normal plasma glucose level of O. niloficus in the present
study (Table 2) showed lower values than that recorded on the same
species by Terao and Ogawa (1984) <408 and 197 mg/d] for male and
female réspectively” and Chenefal. (2003) “85.4 mg/dl” and in the
same level *52.33 mg/d]” as reported by Hussein er al. {(1996).
Following infection with C. perfringens, plasma glucose showed
sighificant elevation and depression in fish injected with types D and
A+D respectively, whereas plasma total lipid levels decreased
significantly in fish injected with both types D and A+D (Table 2).
Depressed levels of plasma glucose in fish have been reported by
others assessing the physiological effects of various pathogens (Mesa
et al.. 1999, 2000 : Aydin e/ al.. 2000) indicating that the disease is
stressful particularly during the later stages (Mesa et al., 2000), and
are probably due to excessive use of this energy substrate to help
combat the infection (Mesa et «l.. 1998). On the other hand.
Charnchit (1985) and Bury e al. (1996) found that exposure of sand
gobies and brown trout to Aeromonas hydrophila and cyanobacteria
Microcystis aeruginosa respectively raised plasma glucose levels. So.
abnormal variation in plasma glucose levels, at both high and low
extremes. may reflect severe disturbance of carbohydrate metabolism
in the fish (Brown era!l., 1987). Also Palti et al. (1999) revealed that
glucose concentration of Oreochromis aureus and Q. mossambzcm
showed significant fluctuations in response to stress.

The fall of plasma and muscle total proteins. plasma glucose
and total lipids and the rise of liver total protein in fish injected with
different  types of C. perfringens may be interpreted
histopathologically by the presence of fatty livers in these fish.

Control values of plasma AST obtained in the present study
(Table 2) are in the middle between that obtained by Hrubec er 4.
(2000) from hybrid tilapia "102 U/L" and Chen er al. (2003) from O.
miforicus "278 U/L". It is reported that plasma and hepatic AST and
ALT activities of the continucus-fed hybrid tilapia were lower than
those of the meal-fed fish (Yen and Shyan. 1999) and the activities of
these enzymes in liver and muscle Q. mossambica were significantly
altered throughout the stressful situations (Rani er «f.. 2001). In the
present study. infection of (. nilaticus with C. perfringens caused a
significantly decreased activity of plasma. liver and muscle AST
concomitant with a significant increase activity of plasma and liver
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ALT, while muscle ALT showed inconsistent fluctuations (Tables 2 -
4). Kotak er al. (1994); Bury er al. (1997) and Kopp and Hetesa
(2000) reported that exposure of rainbow trout, brown trout and
juvenile carp to the liver toxin cyanobacterial caused a dramatic
increase in the enzymes ALT and AST released into the bloodsiream
(an indication of severe liver trauma). Rizkalla er a/. (2003) observed
an increase in plasma ALT and AST of Clarias gariepinus resulting
from liver injury caused by antibiotics and ALT was more sensitive 1o
antibiotic administration. Siau and Ip (1987) mentioned-that AST was
at least eight times more active than ALT in the liver of different fish
species. ALT activity declined significantly with a ckange in diet
from a camivorous (high protein) diet in juveniles to an omnivorous
(lower protein) diet in adult fish as in tilapia fish (Gallagher ¢r al.,
2001). Changes in AST and ALT due to injection of C. perfiringens;
in addition to the significant decrease in plasma ALP in all injected
types of C. perfringens in the three periods of the present
investigation (Table 2) revealed that the dose used in the present
study was too low and not sufficient to cause substantial liver
damage. Young ef al. (1994) reported that elevated ALP level isa
consistent feature of the moribund condition in striped bass and high
ALP levels may reflect the degree of tissue damage seen in liver,
kidney and intestine of moribund striped bass. Also'Rizkalla er o/,
(2003) mentioned that the elevated plasma ALP activity in Clarias
gariepinus treated with three antibiotics corresponded to an
inflammatory reaction of the bile ducts.

From the present study. it is concluded that the virulent
bacteria cause a high mortality rate among the cultured fish while the
drastic effect of the mild bacteria is inflected more on the fish
physiological status and as a consequence decreases the farm
production. Either mild or severe bacterial infection should receive an
immediate eye of inspection.
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Table (1):

infected Oreochromis niloticus after

Mean =

Standard deviation of erythrocytic count (RBCs).
haemoglobin content (Hb), haematocrit value (Hct), mean corpuscular
volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular
haemoglobin concentration (MCHCY) and total leucocytic count (WBCs) in
blood of control and Clostridium perfringens (types A, D and A+D)

-~

3, 7 and 14 days of intraperitoneal

injection.
Exposure period (davs) | .
:‘i';ir treatment 3 7 - 14 1 lsf“
Mean =S.D. Mean = 5.D. Mean =S.D. )
— Contro! 1330 0.134 1.684  0.192 1822 0.298 N.S.
s & | Cpera | 0870 03297 | 1105 028077 | 1328 01917 | N
=& C.perffD | 0830 0.114 1.020 0329 0962 0.0707 | NS
=% | _CpefA+D | 0.977  0.068" 1.513  0.458 1,610 0.302 N.S.
~ »sF -lest 0.01 N.S. 0.01
Control 7.397  0.943 8213 0.734 2312  1.268 NS
= | Copefa | 4920 1966 5060 131377 | 8.023  1.629 NS,
£ | CpertD | 4330 02747 | 1001 2267 5043 017 | 001
~ | C.perf, A+D | 4.367 1.583" 7432 1.824 7.840  1.734 N.S.
2 F-1es 0.05 0.05 . 0.05
Centrol 12.67  2.582 1234 2491 1223 1.323 N.S.
- C. perf. A 13.67  2.733 8600 1.8557 | 1220 2227 NS
= C. perf. D 8.50  2.665 11.67  2.80S 1133 4.274 N.S.
C.perf A+D | 1042  (.492 10.00  3.347 9.333  1.633" N.S.
2:F-test 0.05 N.S. N.S.
Control 9500 1.648 7345  1.453 6.779  0.562 N.S.
>~ C. perf. A 16.64  3.202° 7939 1.393 9.405 2344 .05
¢ E C. per/. D 1329 2.582 11.95 34907 | 11.84 4.612° N.S.
<= CoperfAtD | 1071 0956 7.228  3.420 585 0.837 N.S.
.,F-1esi 0.05 N.S. 0.05
Control 3473 2.107 49.18  6.090 5148 4197 NS,
=~ | CoperiA | 3777 1465 | 4673 9482 50.20  6.319° NS,
= 2| cCpefD 7113 16.40° 1049 3726 | 5362 8330 N.S.
C.perf. A<D | 4452  14.89 51.73 2381 49.83  13.28 N.S.
2F -lest N.S. 0.05 N.S.
Control 3914 10.64 68.50  12.00 7624 7.96] N.S.
[ C. perf, A 3522 85327 60.22 1536 6873 24.12 NS
S Copert. D | 3631 2236 88.29  24.81 4937 15077 NS
=7 | CperrA-D]| 3239  l6.80 77.75  20.28 8374 2188 NS,
~sI7tesl N.S. N.S. NS,
_ Control 3267 0.677 8.581  0.663 1450 4.570 .05
v E C. perf A 54000 1.239 7.800  2.635 10,47 5.06) NS
= £ C. pers. D 3.667  (LBR2 5183 10997 | &30 16577 0.0%
=2 | CperfA-D| 5333 1.294 7.017 1700 8911  0.8637 (.03
2 P NS. NS, NS,

Number of fish in each time and group =6

Significant in comparison with the control: * P < 0.05. ** P < 0.01 and ***

P < 0.00}

N.S.: Not significant
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Table (2); Mean =

torzal

Standard deviation of plasma twtal proteins (TP). glucose.

lipids

(TL).

aspartate

aminorransferase (AST).

alanine

aminotransferase {ALT) and alkaline phosphatase {ALP}activities in
controf and  Clostridium perfringens (tvpes A. D and A=D) intected
Orevchromis  niloticus  after 3. 7 and 14 days of intraperitoneal

injection,

r pare Exposure p:riod(da\sj ;L i
meter treatment 3 ] 14 L st |
Meun =5.D. 1 Mean =S.D. Mean =S5.0. | !

Control 1.647 02001 | 2439 0378 1743 0.643 NS

= | C.pers A 1.557  0.369 2,273 0.882 1497 0.336 NS

EZ | Coef D 0953 047977 f 1723 05090 ] 06930 0.105 .03

= | C.pert. A=D (0.867 04117 1.187°  0.5617 1.367 0306 | N5

. Fl-test 0.05 N.S. N.S.

- | Controf 5240 4774 5979 1.223 5142 4112 0.05
2= | Coperf A 64.16 1306 5410 1019 58.32  9.416 NS
58 | CpersiD 7023 829577 | 8841 24357 | 76535 8355 | NS
w2 | Coperf, AxD 3778 421277 | 3900 10.54 42.69  6.343° 0.03

Lo F-test 0.04 0.03 0.01
Control 9,685  1.694 9.712  0.600 10.67  1.666 NS
- | C.perf A 12,21 3.602 10.51 1810 11.9) 1.684 N.S.
=3, | CperfD 6.509 13067 | 63552 18237 | 47335 095177 | NS
~ | C.perf. A+D 8.822 1.675 5427 1.307777 | 7480 1.9937 N.S.
- F-lest 0.05 0.01 0.01 |
Contral ™ 1457  18.68 1600  4.063 128.7 1546 NS
5 | Coperf A 1033 1813 126.5  32.57 1129 2282 N.S.
235 1 CperfD 6641 19.127° | 9113 143077 | 89.48  10.867 N.S.
= | C perf A+D 71435 154377 | 191722 2001377 | 4115 7.036 0.01
.F-test 0.01 0.05 0.01
Control 16.67 2250 18.69 2.017 1023 0.896 0.01
_ =~ | CperfA 15.27  3.048 3017 250777 | 1527 1.3697 0.01
= S | C.perfD 1533 0.186 3820 653777 [ 1417 0723 | 0.0l
= | C. perf. A+D 2633 6.088° 17.00  2.869 201,70 2250 N.S.
. Fdtest 0.05 0.01 0.01
Control 87.26 12,62 8348 9.848 4363 4873 0.01
. = | Cperf A 5530 12927 7210  4.601° 3270 8.597 0.04
—E S | CopertD 49.08 080977 | 3051 699477 | 2727 37257 | 0.0
= | C.perf. A+D .19 49747 27.87 1242777 | 2061 374977 NS,
2 F -1est 0.01 0.01 0.01 i

Number of fish in each time and group =6

N.S.: Not significant
Significant in comparison with the control: * P <0.05, ** P <0.01 and ***
P < (.00l
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Tabie (3): Mean =
aminotransferase (AST) and alanine aminotransferase (ALT) activities in
control and Clostridium perfringens (types A, D and A-+D) infected
Oreochromis niloticus after 3, 7 and 14 days of intraperitoneal iniection.

Standard deviation of liver total

proteins {TP). aspartate

Exposure period (davs 1
r};i:: ireatment 3 7 14 1s§“ )
Mean = S.D. Mean = S.D. Mean =85.D. test
Controi 9467 2.686 1119 0.786 13.28  1.912 N.S.
= | C-perfA 1229 1.556 1252 2.030 223 2.701 N.S.
2 | C.perf/ D 1042 1.845 16.14 1967 | 1557  1.563" 0.03
ZE | CperfAa+D | 8733 1.878 10.97  3.120 2130 8.240° 0.05
. F-test N.S. 0.05 N.S.
Control 1226 1447 186.1  3.119 1411 16.07 0.01
_ o | CperfA 141.8 2248 120.4 i3.l9:: 1206 1431 N.S.
©3 [ CperfD 107.1 2177, 108.0 2873 | 1245+ 11.63 N.S.
= | C.perf, A*D | 1015 17.10 309.3 4540 166.5 1826 0.01
~:F-lest N.S. 0.0} 0.05
Control 23.00 4.419 2155 4.400 2147 1.529 N.S.
. 5 | Coperfa 31.26 4.305:_ 1779  4.499 17.83  1.819" 0.05
=3 | CpufD 3413 3.780° | 24.93 4419 | 2253 4741 0.05
~ | Cperf A-D | 3510 4.929 5003 12354 28.53  5.532 (.05
2 -lest 0.05 001 ~ 0.05

Number of fish in each time and greup = 6

N.S.: Not significant

Significant in comparison with the control: * P <0.05.**P<0.0] and *** P <

0.001

Table (4). Mean

Oreoclromis niloticus after 3. 7 and 14 days of intraperitoneal injecti

-
g

Standard deviation of muscle 1otal proteins (TP). aspartale
aminotransferase (AST) and alanine aminotransferase (ALT) activities in
control and Closiridium  perfringens {types A. D and A-D) infected

on,

Para- Exposure period {dayvs) -
meter ireatment 3 7 14 rest
Mean . =S.D. Mean = 5.D, Mean = 5.D.
Contro} 8913 1178 | 6963 0.948 7437 1.931 N.S.
= | Coperf. A 4513 116477 | 4993 063177 | 4.553  0.5307 N.S.
=2 | C.perf. D 7993 1.763 4430 0.52177 | 4357 0581 0.05
E {CoperfA=D | 4463 061477 | 4050  0.22077 | 5760  (.769 0.05
- -test 0.01 0.01 0.05 ]
Control 2208 2837 2280  17.28 2314 213 N.S.
g | Cperoa | dend 24017 1893 17.337 ) 2338 2325 ] 003
v = 1 Coper). D 2164 18.36 2300 15.86 1646 2242 0,05
= 1 CopertA=D | 2007 2434 183.4 86307 | 2000 6059 NS
.o 1081 0.5 i 0.05 0.0
Comrol 1235 1.004 9231  0.283 7.853  0.504 0.01
= [ Coperf A TR07 13907 7.620 1498 9.333 2387 NS,
== | Cper.D 2547 6.54977 12,64 4733 4533 0696 T
S= L CoperfA-D | TRIZ 207477 10,35 2218 1202 28427 NS
et (LU} l N.S. b0y i ‘

Number of fish in each time and group = 6

N.S.: Not significant

Significant in comparison with the control: * P <0.05.** P < (.01
and "= P < 0.001
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EXPLANATION OF FIGURES

Fig. (11 Muscles showing edema. necrosis and leucocytic infiitration.
H & E stain (x 150).

Fig, (2): Gills showing sloughing of secondary lamelia (SI) and
- desquamation of epithelial covering. H & E stain (x 150).

Fig. (3). Gill arch showing congestion (C). hemorrhage (h) and
edema. H & E stain (x 150).

Fig. (4): High power of Fig. (3) showing intact eryvthrocytes {er). H &

E stain (x 300).
Fig. (3): Liver showing fatty changes (V). H & E stain (x 600).
Fig. (6): Liver showing congestion (C) and thickening of blood vessel

—

Fig

Fig.

Fig

Fig

wall and leucocytic infiltration. H & E stain (x 600).
. (7): Kidney showing hyaline casts (hy) and degenerative changes
in the renal tubules. H & E stain (x 150).
(8): Kidney showing thickening of renal capsule (t), hemorrhage
and hyaline droplets degeneration. H & E stain (x 150).
. (9): High power of Fig. (8) showing fibrous tissue protiteration
of renal capsules (f). H & E stain (x 600).
. (10): Spleen showing proliferation of melanomacrophage center.
H & E stain (x 150).
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