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SUMMARY mosomal aberrations were observed as bieak,

fragement, deletion, end to end, endomitosis and
This investigation presents the results of acute  centromeric attcnuation. The total aberrations
toxicity in Clarias gariepinus (C. gariepinus) ex-  were significantly inzreased in all nitrite-treated
posed to median lcthal dcse of nitrite (58 mg/L)  fish compared with controls. Addition of sodium
for 1, 2 and 4 days. The 96 hr LCsq of nitrite for  chloride (25 mg sod. chloride / 1 mg nitrite) or
C. gariepinus was determined. Behavioural transferring of [ish to freshwater after 24 hr of
changes, as well as the dcvelopihg lesions in ni-  exposure treat methemoglobinemia. Hemoglebin
trite-treated fish were recorded. Hematological  content and methemoglobin percent of recovered
changes and chromosomal aberrations induced  fish in both treatments returned nearly to the nor-

were also observed. The resulis revealed that, the  mal level within 24 hr post treatraent.

nitrite-treated fish developed a significant de-
crease in erythrocyte population, total leukocyte  INTRODUCTION

count, hem\atocrite value and hemoglobin con-

teut. The percent of methemoglobin was highly  Nitrite toxicity became widely recognized as a,
significant increased in all nitrite-treated groups ~ common problem in pond rearing of salmonids
compared with controls. Serum cortisol was sig-  (Lewis and Morris, 1986) and of catfi.sh (Tucker
nificantly higher in nitritc-treated fish for 4 days et al., 1989). Nitrite is an intermzdiate product of

compared with control. Different types of chro- nitrification, denitrification and transformation of
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ammonium salts to nitrite and nitrate (Arrignon,
1999) and is considered one of the most impor-
tant inorganic nutrients often recorded at higher
level in intensively rearing facilities. The toxic
level of nitrite developed in cultured ponds with
excess fertilization (Hargreaves, 1998); sudden
massive death of planktons (Soderberg, 1995); in-
sufficient, inefficient and malfunctioning biofil-
tration system (Michael et al., 1999) and high
stocking and feeding rates (Schwedler and John-
son, 2000). Toxicity is primarily due to nitrite
ability to oxidize the iron in the hemoglobin from
a ferrous to a ferric state forming methemoglobin
(Grant et al., [1987) which is not capable of carry-
ing oxygen leading to functional hypoxia (To-
masso, 1994 a). Methemoglobinemia (brown
blood disease) is considered an important signs of
nitrite poisoning and has been observed in Clarias
lazera (Hilmy et al., 1987 and Mohamed and Sa-
leh, 1996), Ictalurus furcatus (Schoore et al.,
1995); Anguilla anguilla (Kamestra et al., 1996)
and Oreochromis nloticus (Galal, 1999 and At-
wood et al., 2001 a). There is no or even very lit-
tle available literature about genotoxic effect of
nitrite in fish. Sodium nitrite has been shown to
be mutagenic and induces chromosomal aberra-
tions in bone marrow of adult albino rats and in
liver cells of transplacentally exposed embryos
(El-Naha; et al., 1984). Also, invitro studies re-
vealed that nitrite has a mutagenic effect in ham-
ster cells (Tsuda and Kato, 1977) and peripheral
blood Iymphocytes in children (Tsezou et al.,

1996). The present work was planned to deter-
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mine the 96 hour L.Cs of nitrite for C. gariepinus
as well as to high lights its adverse impact on fish
behaviour, some hematological parameters, serum
cotrisol and frequency of chromosomal aberra-
tions caused by acute nitrite toxicity. Also, appli-
cation of sodium chloride and freshwater as a
treatment trials for methemoglobinemia have

been taken in qonsidcration.
MATERIALS AND METHODS

Fish:

A total number of 131 clinically normal males C.
gariepinus weighted 160 + 10 g were obtained
from a private fish farm at Kaluobia Governorate.
The fish were transported in large tanks to the
Wetlab at Fac. of Vet. Med., Moshtohor where
they were kept in glass aquaria for 7 days at 24 +
1°C to be acclimated to lab conditions prior to the
experiment. They received commercial pellets ac-
cording to Eurell et al. (1978). The fish were di-
vided into 18 groups, the first nine groups each of
7 fish, while the second 6 groups each of 6 fish
and the last four groups each of 8 fish. Fish excre-
ta and unecaten food were aspirated regularly. The
fish were fasted two days prior and during the pe-
riod of experiment to avoid the undesirable effect

of excreta and feed (Halte, 1980).

Aquaria used:
Clean glass aquaria were used for holding fish
during the experimental period. Each aquarium

measured 1 x 0.5 x 0.5 m, supplied with dechiori-
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nated tap water (Innes, 1966) and ~ufficient aera-
ior= (Rena, ltaly) to maintain an adequate water

aeration.

Chemicals used:
Sodwm aitrite (Technolab Lab Chemicals) is
use.3 to produce the required concentration of ni-

trite,

Sodium chloride (Almania Company for Chemi-

cals) is used for treatment of nitrite toxicity.

Experimental design:

(1) Determination of 96 hr LCjs of nitrite:
Nine groups of fish each of 7 fish were used,
the first 8 groups were exposed to 10, 20, 30,
<3, 50, 60, 70 and 80 mg/L nitrite respectively,
while the remaining 9th group was left as non-
exposed control. The number of dead fish in
each group was counted at 96 hr post expo-
sure. Daily water change and reconstitution of
nitrite levels were carried out. The 96 hr LCs
value of nitrite was estimated as described by

Sprague (1969).

(2) Acute toxicity:
For studying the acute nitrite toxicity, four
groups of fish were used each of 6 fish. The
fish were exposed to the 96 hr LCgq of nitrite
(Espey, 2601). The first 3 group were exposed
to 58 mg/L nitrite for 1, 2 and 4 days respec-
tively, while the fish in the 4th group was used
as control. A constant nitrite concentration
was maintained through daily water change

and reconstitution of nitrite levels.

vet.Med.d.,Giza.Vol.53,No. 1(2005)

Clinical examination:

‘The exposed and contro! fish were subjected to
clinical examination as described hy Amlacker
(1970). The behavioural changes as well as le-
sions observed in nitrite-treated fish were record-
ed.

Hematological changes:

For hematological examination, blood samples
were taken in heparinized tubes from caudal
veins of 6 fish per each group pre-exposure and
on days 1, 2 and 4 post exposure to nitrite as de-
scribed by McKnight (1966). The number of
erythrocytes and leukocytes were counted accord-
ing to Lehmann and Sturenberg (1974). The he-
mogiobin content and hematocrit value were
determined as mentioned by Michael (1993). The
methemoglobin as a percent of total hemoglobin
was determined by reading at 630 mp on scan-
ning spectrophotometery according to Lewis et
al. (2001). Moreover, serum cortisol was also es-
timated by using immuno radiometric assay

(IRMA) according to Wilson and Miles (1977).

Cytogenetic examination:

For studying the developed chromosornal aberra-
tions, all fish in each groups were sacrificed pre-
and on Ist,"2nd and 4th days post eXposure.
Three hours before sacrificing, the fish were in-
jected intraperitonialy with 0.05% colchicines in
a dose of 1 ml per 100 g of fish. Squash tech-
niques from kidneys tissue were used for prepara-

tions of metaphases spread as described by
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Al-Sabti et al. (1983). For every fish at least 50
metaphase spreads were examined and the chro-

mosomal aberrations were recorded.

(3) Treatment trials of methemoglobinemia:
For studying the effectiveness of sodium chlo-
ride in treatment of nitrite toxicity four groups
each of 8 fish were used. The fish in the first
group were used as a control. The fish in the
second group were exposed to 58 mg/L nitrite
along the time of expcriment. The fish in the
3rd group were exposed to nitrite (58 mg/L)
for 24 hr then received sodium chloride in a
rate of 25 mg to each 1 mg nitrite (Welborn
and Schwedler, 1980). While, the fish of the

4th group were exposed to 58 mg / L nitrite for

24 hr then were transferred into nitrite free.

. freshwater (Huey et al.. 1980). All treated and
control groups were observed for 7 days. Be-
havioural changes and mortality rate were re-
corded. Blood samples were taken from con-
-trol as well as treated groups after exposure for
24 hr to nitrite only, nitrite sodium chloride
mixture and fresh water for estimation of hem-
atocrite %, RBCs and WBCs counts, hemoglo-
bin and methemoglobin % as previously de-
scribed. Statistical analysis of data was

followed using students “t” test according to

Snedecor and Cochran (1967).
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RESULTS AND DISCUSSIONS

Determination of 96 hr LCsq:

In the present study, the 96 hr LCsq of nitrite for
C. gariepinus was 58 mg/L nitrite. These obser-
vations were nearly similar to those recorded by

Galal (1999) who found that 96 hr LCs for ni-

trite in O. niloticus was 60 mg/L. The obtained

level was high'er than that observed by Hilmy et
al. (1987) who recorded that 96 hr median toler-

ance limit of nitrite was 28 and 32 mg/L for 65

and 166 g Clarias lazera. On the other hand, the

96 hr LCsq value of nitrite for green sunfish and
blue gill bass were 160.4 and 9.9 mg/L, respec-

tively (Tomasso, 1986); yellow perch, Perca fia-

vescens was 12.8 + 1.6 mg/L (Espey, 2001), O.

niloticus was 81 mg/L. (Atwood et al., 2001a) and

Sunonthern flounder was 72.5 mg/L (Atwood et

al., '2001b). The difference in LCsg value may be
attributed to fish species, rate of nitrite uptake and’
activity of methemoglobin reductase enzymc

(Stoskopf, 1993) as well as size variance (Bartlett
and Neumann, -1998).

Acute toxicity of nitrite:

Behavioural abnormalities:

The results revealed that, the fish exposed to the
median lethal dose (58 mg/L) of nitritc showed
abnormal swimming behaviour as surface swim-
ming, gasping- and hanging vertically in water
then become less active and of pale gray colour.
Finally the fish became motionless and lied on

the bottom. These findings arc more or less simi-
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iar to those 0b§efv¢d by Hilmy et al (1987) and
Mohamed and Saleh (1996). In the same respect
sirntlar findings were aiso recorded by Almendras
(1987), Robert et al. (1997) and Pullium et al.
(1999). Signs of asphyxia observed on exposed
fisi» may be attributed to reduction of the oxygen
cairying capacity of the blood, by oxidizing the
- heiroglobin and reduction of the oxygen affinity
induced by nitrite (Williams et al., 1993), Lesions
developed were clear in 96 hr treated group in-
cluding, excess mucus allover the skin, eroded
fins, wide open mouth in one dead fish, dark
brown blood and brown coloration of gills and all
intcrnal organs. These observations were partially
in agreement with that observed by Hilmy et al.
(19¢7) and Mohamed and Saleh (1996) in C.
lazera and by Galal (1999) in O. niloticus. More-
over, the lesions observed in this study were also
more or less similar to those reported by Stoskopf
(1993); Noga (1996) and Williams et al. (1997).
Brown coloration of thc internal organs and
blood may be due to conversion of hemoglobin
to methemoglobin  causing hemolytic anemia
that acquire a reddish brown color to plasma
(Williams and Eddy, 1988).

Heinatological changes:

As shown in.Table (1), thc present investigation.

revealed a -significant decrease in erythrocytes

number (RVBC\s) in_treated fish particularly at 4

days post-exposure. The total leucocytic count :

(WBCs) was significantly decrease in exposed

fish particularly at 2nd day of exposure. Hema-

e
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tocrit value in ali treated groups was significantly

decreased than in control fish. These observations
were nearly agreed with that reporied by Badawi
(1995), ‘Mohamed and Saleh (1995), Galal (11-999)
and Pratap et al. (2004). On the other hand, Woo
and Chiu (1995) recorded non significant changes
in hematocrit value and red blood celis count in

sea bass exposed to high nitritec concentration.

Hemoglobin concentration was significantly de-
creased in treated fish compared with control
group. Methemoglobin as a percent of total he-
moglobin was significantly increased in trcated
fish and the maximum level (78.52 + 1.94) was
recorded at 4 day post exposure. These results
were similar with that recorded by Hilmy et al.
{1987) and Mohamed and Saleh (1996) in C. laz-
cra, by Badawi (1995) and Atwood et al. (2001a)
in O. niloticus, by Duncan et al. (1999) in Ama-
zonian catfish, by Grosell and Jensen (2000) in
Platichthys flesus and by Huertas ct al. (2002) in
Siberian sturgeon Acipenser baeri. The percent of
methemoglobiﬁ recorded in this investig;;tion was
lower than that detected by Wellborn and
Schwedlar (1980) and Huertas et al. (2002) and
higher than-that observed by Duncan et al. (1999)
and Grosell and Jensen (2000). This may be due
to difference in fish size (Barteltt and Neumann,
1998) and fish species (Schoore et al., 1995). The
control fish were found to have a measurable per-
cent of methemoglobin (11.31 + 0.66%) this duc
to normal autoxidation of oxyhemolobin to meth-

emoglobin (Jensen, 2001).
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Serum cortisol was significantly increased in fish
exposed to nitrite for 4 days (16.22 + 0.3 ug/dL)
than in control group (8.36 £ 0.3 ug/dl). This
finding came in accordance with that recorded by
Tomasso (1994b) and Carballo et al. (1995) who
described that exposure of fish to high nitrite lev-
el stimulate the release of cortisol into the blood
circulation. The higher level of cortisol induced
during acute nitrite toxicity may disturb the im-
mune defense mechanism. This opinion was sup-
ported by the findings of Noga (1996), Robert et
al. (1998) and Pullium et al. (1999) who revealed

that fish exposed to high concentration of nitrites
developed outbreak of columnaris disease and

streptococcosis.

Cytogentic changes:

As presented in Table (2), examination of meta-
phase spread from the anterior kidney cells of C.
gariepinus revealed that nitrite toxicity induced
different types of chromosomal aberration such
as break, fragment, deletion, end to end, endo-
mitosis and centromeric attenuations. The total

aberrations were significantly increased in all

Table (1): Selected hematological parameters and serum cortisol of C. gariepinus

exposed to 58 mg/L nitrite.

Days post-exposure
Control
Parameters M + SE M £ SE M + SE. M + SE
, One day 2 days 4 days
Erythrocytes (106/mm3) 257+ 1.76 £ .65+ .63+
0.035 0.036*** 0.35%** 0.038***
Total leukocytes (104/mm3) 1.34 + 099 + 0.89 + 092 +
: 0.02 0.04%** 0.02%** 0.03%**
Hemoglobin (mg/dL) 6.75+ 5.02 4,75 1 4.50 £
0.17 0.16* 0.19%** 0.19%**
Hematocrit (%) 32.17 % 2342 & 2042 205+
0.55 0.43*** 0.18%** 0.46%**
Methemoglobin (%) 11.31 £ 68.77 70.76 78.52 &
0.66 3, 75%%* 0.94*** 1.94%**
N
Serum cortisol (ug/dL) 8.36+ -- -~ 16.22 +
0.30 0. 3%**%

* Significant at P > 0.05
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** Significant at P > 0.01

*** Significant at P > 0.001
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nitrite-treated fish particularly at 20d apd 4th
days post-exposure compared with control group.
Fragments (Fig. 1Bf) werc non significantly in-
creased at 18t and Z‘l@_days post-¢xposure, but

significantly increased in fish exposed for 4 days.

Deletions (Fig. 1Bd) were significantly increased

it
i

in & exposed fish particularly at 4 day of expo-
surc. Centromeric attenuations (Fig. 1Bc) were
non significantly increased in all exposed groups
compared with control. End to end associations
(Fig. 1C) were significantly increased at first day
and highly significant increase at 4 days post-
exposure. Endomitosis type of aberrations (Fig.
2E) were significantly increased at 1St day and
very highly significant increase in fish exposed

for 4 days. Breaks (Fig. 2D) were non significant-

ly increased in nitrite-treated group at 1st and
2ad day, but were highly significant increased in
fish at 4 day post-exposure. These observation
were supported by the findings of El-Nahas et al.
(1984) who found that sodium nitrite resulted in
chromatid break gab, centric fusion and dicentric
types of aberrations in bone marrow cells of adult
temale rats and liver cells of transplacentally ex-
posed embryo. Moreover, the results were in con-
sistent with in vivo studies indicating that nitrite
induced chromosomal aberrations in.male rat,
mice and rabbit (Luca et al., 1987) and in germ
cells of male mice (Alavantic et al. 1988). The
recorded higher frequency of total chromosomal
-aberrations in the exposed group may attributed .

to the direct exposure to nitrite.

Table (2): Chromosomal aberrations in C. gariepinus exposed to 58 mg/L nitrite.

Chromosomal aberrations
Time of Total
exposure | No. of fish No.of |Fragment | Deletion | CEMTOMENC |pn 16 end [Endomitosis| Break |chromosomal
examined altenuation )
| per group cells M+SE | MtSE M + SE Mt SE M+SE | MxSE | aberrations
"M %SE
Pre- 6 300 | 00.50%-| 033+ .33+ 0.00t | 0.17% 133+ | 367+
. 2xposure - k031 0.19 0.45 0.00 0.15 0.38 0.87
: “control” ‘ . :
One day 6 300° 00.50+ 2.0+ 2,17 1.17& 1.00x 1.33% 8.33+
Post- 0.20 0.53* 0.44 - 0.44%* - 0.33* 0.38 0.99**
cxposure
2 days N6 300 001.33% | 3.00+ i.50% 1.67% 2.83+ 2,17+ 12.50+
post- 0.45 0.75%* 0.39 0.38** Q.44 x%* 0.44 1.02%**
exposure
N Tty T i
4 days 6 300 3.17+ 433+ 2.67% 3.5 3.67+ 4,17+ 21.67+
post- 0.96*% 7| 0.56*** 0.65 - $Q.5TRF* [ Qap5%** 0.86%% | .6 %*xx
exposure

* Significant at P > Q.05

Vet.Med.J. . Giza. Vol 53,No. 1(2005)

** Significant at P > 0.01

**x Significant at P > 0.001
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C C

Fig. (1): Metaphase spread from anterior kidney cells of C. gariepinus exposed

to nitrite showing, fragment (B f) deletion (B d) and centromeric at-

tenuation (B ¢) and end to end (C) (arrow).
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Fig. (2): Metaphase spread from anterior kidney cells of C. garipeinus exposed

to nitrite showing: break (D) (arrow) and endomitosis (E).
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Treatment trials of methemoglobinemia:

The present investigation revealed that, addition
of 25 mg NaCl for each 1 mg nitrite after 24 hr
from start of exposutre-to- 58 mg/L. nitrite has
proven to be an effective. method for treatment of
methemoglobinemia and .could prevent: mortali-
ties. Hemoglobin and methemoglobin % (6.37 *
0.09 mg/dL and 11.5 + 0.83%, respectively) were
returned nearly to the normal levels after 24 hr
from beginning of treatment. Morcover, hemato-
crite % (28.83 = 1.4%), RBCs (2.12 £ 0.08 x 109/
mm3), WBCs (1.25 £ 0.04% x 104 /mm?) of the
sodium chloride-treated group were also im-
proved. While, fish exposed for 58 mg/L nitrite
allover the experimental period showed typical
sigr.s of methemolobinemia with mortality rate of
87.5%. These observations ncarly agreed with
‘that recorded by Wellborn and Schwedler (1980),
Hilmy et al. (1987), Tuker et al. (1989), Mo-
hamed and Saleh (1996) and Atwood et al.
(2001a). These findings may be attributed to that
“the chloride ions competitively inhibits the nitrite
" uptake across the gills thus allowing the enzyme
reductase system in RBCs to convert methemog-
lohin back t© hemoglobin (Hilmy et al., 1987).
Also. the increase in the number of RBCs after
addition of NaCl in this study elevated the total
hemoglobin content. The addition of chloride to
freshwater reduced the accumulation of nitrite in
plasma (Weirich et al., 1993) and the loss of plas-
ma nitrite is closely followed by disappearance of
methemoglobin but plasma nitrate level decrcase

more quickly than methemogiobin (Schoore et

Vet.Med. J. Giza.Vol.53,No. 1(2005)

a]k., 1995). In_addili{m, the results of the prcs)e:n‘l"
study showed that, fish transferred afier 24 hr of
cxposure o {reshwater had normul behaviour,
and their hemoglobin and metheinog!obin % (0.3
+ 0.06 mg/dl and 11.4 = 0.18%, respectively)
nearly return to the normal level. Mmcéver, hem-
atocrite % (26.98 + 0.12%), RBCs (2.01 + 0.06 x
i06/mm3) and WBCs (1.09 + 0.025 x 104/mm3)
of the freshwater-treated fish were elevated. The
obtained results were similar with that recorded
by Huey ct al. (1980); Almendras {1987), Mo-
hamed and Saleh (1996) and Galal (1999) they
showed, recovery of nitrite poisonced fish and
their mcthemoglobin returned near the normal
level within 24 hr after transferring ol fish to ni-

trite free water.

In conclusion, nitrite. is a potential mutagenic

chemical agent as indicated by high frequency of

total chromosomal aberrations and it may have
unmunosuppresive effect through elevation of
serum cortisol. Also, it induce'd“mclherﬁbglobinc-
mia and changes in alimost all the hematological
pzu‘umeiers. Thercfore, special arrangement must
be nceded for the management of this in organic
nutrient in fish rearing facilities cspecially with

intensive culturing system.
REFERENCES

Alavantic, D.; Sunjevaric, [; Pecevsk, J.: Bozin, D.; Cerov-
ic. G. (1988) In vivo genotoxicity ol nitrates and ni-
trites in germ cells ol male mice. 1, Bvidence for gona-
dal exposure and Jach.-of  heritable cffects. Mutation

Research, 204: 2: 689-095.

91



Almendras, .J. M. E. (1987): Acute nitrite toxicity and me-
themoglobinemia in Juvenile milk fish, Chanos chanos.
Aquaculture 61: 33-40,

Al-Sabti, K.; Fijan, N. and Kurelee, B. (1983): A simplc
and fast tecnique for chromosome preparalion in the
fish. Vel. Arh, 54: 83-89.

Amlacker, E. (1970): Textbook of Fish Diseases. TFE.S.
Publication New Jersy, U.S.A. pp. 117-135.

Arrignon. 1. (1999): Management of [reshwater fisheries
A.A. Blakema/ Rotterdam / Brookficld.

Atwood, L.; Fontenot, G.; Tomasso, R. and Isely, 1. (2001
a): Toxicity of nitritc to Nile Tilapia: Effect of fish size
and environmental chloride. Aquaculturc: Book of Ab-
stract - 143- N Parker-coliscura -Louisiana stat-
University Baton-Rouge-1.. 70803-USA- World Aqua-
culture Society 2001 30.

Atwood, L.; Tomasso, R. and Smith, J. (2001b): Effcct of
salinity on nitrite toxicity to southern [lounderParalich-
thys lelhostigma. Aquaculture: Book of Abstract-143-
JMParker-cc-iseum-Loulsiana  stat-University Baton-
Rouge-LA. 70803-USA-World Aquaculture  Society
2001 31.

Badawi, M.F.M. (1995): Elfcet of briel exposure of Tilapia
Nilotica to a lethal concentration of nitritc on hematolo-
gy and survival. The New Egyptian Journal of Medi-
cine. 12 (3): 522 - 524.

Barteli, F. and Neumann, D. (1998): Sensitivity ol brown
trout alevins (Salmq trutta L) to nitrite at different chlo-
ride concentrations. Bull. Environ. Contain, and Toxi-
col. 60 (2): 340 -346.

Carballo, M.; Munoz, M.J.; Cuellar, M. and Tarazona, J.V.
(1995): Effect of water borne copper, cyanide, ammonia

and nitrite on stress parameters and changes in suscepli-

92

bility to saprolegniosis in rainbow rout (Oncorhynchus
raykiss). Appl. Environ. Microbiol. 61 (6):-2108-2112.

Duncan, W. P.; Paula-da-Silva, M. N. and Almeida-Val;
M. F (1999): Effects of nitrites on hematology and
metabolic parameters of an Amazonian catfish, Holos- '
ternum lititorale (callich hyidac). Special adaptations of
tropical [ish Nelson, J. (ed.) Mi ckinley, D. (cd.) 1999
PP. 29-35.

El-Nahas, S.m.; Globus, M. and Vcthamany-Globus. S.
(1984): Chromosomal aberrations nduced by sodium ni-
tritc in bonc marrovs of adult rats and liver cells of
transplacentally exposcd embryos. J. Toxicol and Envi-
ron. Health. 13 (4-6): 643-648.

Espey, J. L. (2001): Acute toxicity ol ammonia and nitrite
to juvcnile yellow perch Perca Flavescens. Aquacul-
turc: Book ol Abstrat - 143- JM Parker-coliscum-
Louisiana sl:\l—Univcrskv-Balon-Rougc-l;A. 70803-
USA-World Aquaculture Society 2001,

Eurell, T.E.; Lewis, S.D. and Grumbles, L.C. (1978): Com-
parison of selected diagnostic tests for detection of Acr-
omonas septicaemia in fish. Am. J. vet. Res., 39 (8):
1384-1386. -

Galal, C. Aya (1999): Clinical investigation oi‘ nitrite poi-
soning in Tilapia. M.V.Sc. Thesis Fish Discases. Fac.
Vet. Med., Assiut University. ’

Grant, R.B.; Arng, R.S. and Adalberio, L.V. (1987): Stud-
ics on the influence of nitritc on methemogiobin forma-
tion on Anazounian fishes. Comparative Biochemists
and Physiology. 86 (2): 449 - 456.

Grosell, M. and Jensen, E.B. (2000): Uptake and cffcets of
nitritc in the marine teleost lish Platichthys  flesus.

Aquatic roxicology. 50 (1-2): 97-107.

Vet.Med.J..Giza.Vol.53,No. 1(2005}



Haudie, H. (1986): Effcet of aluninuim in Laud, acid water on
mctabolic rate, bicod gas tension and ionic status in the
rainbow trout. 1. Fish, Biol., 29: 187-198.

Hargreaves, J.A. (1998): Nitrogen biogcochemistry of
aquacuitlure ponds. Aquaculture. 166 (3-4): 181-212.
Hitny, A. M., El-Domiaty N. A. and Wershana, K. (1987):
Acute and chronic toxicity-of nitrite to Clarias lazera.
Comparative Biochemistry and physiology 86 (2): 247 -

253.

Huertas, M.; Gisbert, E. Rodriguez, A. Cardona, 1..; WHlot,
P. and Gastello-orvay, F. (2002): Acute cxposurc-of Si-
berian sturgeon (Acipenser bacri, Brandt), ycarlings to
nitritc medium-lethal concentration {(LCgq) determina-
tion, hematological changes and nitrite accumulation in
sclected tissues. Aquat. Toxicol. 37 (4): 257-266.

Hucy, D.; Simco, B. and Gisswell, D. (1980): Nitrite in-
duced mcethemoglobin forination in channcl catfish.
Trans. Am. Fish. Soc. 109 (5): 558-562.

Innes, W.T. (1966): Exotic aquariutn fish. 19th Ed., Inoc.,
NewJersy, 530 P.

Jensen, F. B. (2001): Comparative analysis ol autoxidation
ol hemoglobin. J. Exp. Biol. 204 (pt | 1): 2029-2033.
Kamestra, A.; Span, J. A. and Van Weerd, J. H.. (1996):

The acute toxicity and sublethul effects of nitrite on
growth and feed uiilization of Luropean cel. Anguilla
" anguilla (1). Aquaculture Rescarch 27: 903 <911,

Lehmann, J. and Swurenberg, 151, (1974): Hacmatologisch-
Serologische substrat untersuchungen an der regen bo-
gen forelle (Salmogidiiert Rich). 1.G. Wasser Und Ab-
wasscr, \53 (154): 132-144.

Lewis, S.M.; Barbara, J.B. and Imelda, B. (2001): Dacic
and Lewis Practical haematology 9th Edition. London
Edinburgh. New York Philadelphia. Toronto.

Lewis, W.M. and Morris, D.P. (1986): Toxicity of nitrite to

fish: a review Transactions of the Ar crican fisherics

Vei.Med.d.,Giza.V01.53.No. 1(2005)

Society TS, 183-195,

iLuca, D Luca, Vo Cotor, FooRaileanu, Lo {19873 Invivoe
;mdvin witro cytegerciic damage induced by sodium ni-
trite. Mutation. Rescacch. 189 (3): 333-339.

Mckniglﬁ, LM, (1966); A hematological study on the
mountain white fish (Proscopwm wiliiamson). Fish Res.
Ed. Canada. 23: 45-04.

Michacl, K.S. (1993): Fish Mcdicine, Copy-right (C), 1993
by W.B. Sounders Company, Chapter, (9) p. 113131,
Michacl. P.; Masser, J.R. and Losordo, T.M. (1999): Recir-
culating aquaculture tank production system. Manage-
ment of recirculating system. Southern Ragional Aqua-

culture center Publication No. 452.

Mohamed, W .F. and Salch, G. (1996): Studics on influence
ol nitrite pollution ol Nile catfish health and some phys-
iological changes. Zagazig Veterinary Journal. 24 (1):
27-34.

Noga, EJ. (1956): Fish Discascs: Diagnosis and 'Treat-
ment. C opyright 1996 by Mosby-Ycar Book, Inc. St
Louis, No. 367p. 123,

Pratap, C;I_).; Subanna, A.; Joy, K.J. and Basanta. K.D.
(2004): ElTect of sublethal nitrite on sclected hacmato-
logical parameters in fingerling catla (Hamilton). Aqua-
culture Res., 35, 874,

Pullium, 1.K.: Dillchay. D).L.; Webb. S0 (1999): High mor-

(Danio

tality in Zebraflsh rerio). Contemp. Tropics.

Lab. Animal Scicnee. 38 (3): SO-83.

Robert, D.M., Groshy, D.M. and Brunson, M.W. (1997):
Nitrite in Fish Ponds South Regional  Aquaculture cen-
ter. SRAC. Publication No. 462,

Robert, D.M.; Thune, R.L.; Hawke, 1.P. and Camus, A.C.
(1998): Columnaris Discase: A bacterial infection
causcd by Flavobacterium colununare. SRAC. Publica-

tion No. 479,

<o}
W



Schoore, J. E.; Simco, B. A., and Davis, K. B. (1995): Re-
sponse of blue catfish and channel catfish (o environ-
mental nitrite. Journal of the aquatic Animal Healthy 7:
304-311.

Schwedler, T.E. and Johnson, S.K. (2000): Responsiblc
carc and health maintenance of fish in commercial
aquaculture. Animal welfare information center Bulle-
tin, 10(3-4): 1-16.

Snedecor, G.W. and Cochran (1967): Statistical methods.
6!l Bd. Towa, State Univ. Press. Ames.. lowa, USA.
Soderberg, R. W. (1995): Flowing water culture. Lewis

publishers, Florida, PP:97-109.

Sprague, 1.B. (1969): Mcasurcment of pollutant toxicity to
fish [. Bioassay methods for acute toxicity. Water Res.
3: 793-821.

Stoskopf, M. I7, (1993): Environments and discase of camp,
KCL, and Gold Fish. Pages 454-461. In M. K. Stoskopl,
Editor. Fish Medicine. W B. Sounders, Company Phila-
dclphia, London 82 pp.

Tomasso, J. (1986): Comparative toxicity of nitrite to fresh
waler aquat. Toxicol. 8 (2): 129-137.

Tomasso, J.R. {(1994a): Toxicity of nitrogenous wastes 10
aquaculture animals. Rev. Fish Sci., 2 (4): 291-314.

Tomasso, J.R. (1994b): Comparative inhibition of nitritc
toxicity by chloride in teinporate freshwater and curyha-
linc fishes. Canada Fish Physiology Association 1994
pp. 239-242.

Tsczou, A.; Kitsiou-Tzeli, S.; Galla, A.; Gourgiotis, D.; Pa-
page})rgiou. J.; Mitrou, S.; Molybdas, P.A. and Sinano-
tis, C. (1996): High nitratc content in drinking water:
cytogentic effects in exposed children. Arch. Environ.

Health. 5 (6): 458-461.

94

Tsuda, H. and Kato, K. (1977): High raie of endoreduplu-
cations and chromosomal aberrations in hamster cells .
treated with sodium nitrite in vitro. Mutat. Res. 50: 69-
74.

Tucker, C.S.; Francis-Floyd, R. and Beleau, M. H. (198%):
Nilrilc-induccd ancmia in channe! carfish, ferdurn
punctatus, Rafmesque. Bulletin of Environmental Con-
tamination and Toxicology. 43: 295-301.

Weirich, C.R.; Tomasso. J.R. and Smith, T.1J. (1993):
Toxicity of ammonia and nitrite to sunshinc bass in se-
lected environments. Aquat. Anim. Health. 5 (1): 64-72.

Wellborn, T.L. and Schwedler, T.E. (1980): New trecatimen(
for brown bluod discasc in catfish. For-Fish-Farmers. P
3.

Williams, E. and Eddy, I°.B. (1988): Anion lrz\‘nsporl. chilo-
ride ecll number and nitritc-induced methacmoglogi-
nacmia in rainbow wrout (Safmo gairdner) and carp
(Cyprinus carpiol). Aquat. Toxicol. 13, 29.

Williams, E.; Glass, M. and Hersler. N. (1993): Effcet of
nitrite induced methaemoglobinacmia on oxygen aflini-
ty of carp blood, Environ. Biol. Fishes. 37, 407,

Williams, E.M,; Nelson, [, and Heisler, A. (1997): Cardic-
respiratory function in carp exposed lo environmentsl
nitrite. J. of Fish Biology. 50: 137-129. 4 :

Wilson, M.A. and Miles, L.E. (1977): Radioimmunoassay
of cortisone; In Hand book of Radioimmunoassay, [
Ed. G.E. Abraham Ed. M. Dekker. Inc., New York. Pp
88-115. )

Woo, N.Y.S. and Chiu, S.F. (1993): The offect of b
cxposurc on hematological parameters and bliod respie-
atory properties in sea bass Lates calcarifer. Enviros.

Toxicol. and Water Quality. 10: 259-266.

Vet.Med.J.,Giza.Vol.53,No. 1(2005}



