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Ambient Ammonia Stress and Extent of Recovery
in Fry of Fish Cyprinus Carpio Through Study of

Certain Metabolic Aspects
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ABSTRACT

Ammonia toxicity in lakes, ponds results due to draining of excess toxicants and pollutants from agriculture
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and industries. In the present study Fry of Cyprinus carpio weighing about 260+5mg and 1.840.5cm length
were selected. Temperature and pH were maintained throughout the experimentation. Toxicity test were conducted using Ammonia
solution. The LC50was found to be 13.8 mg/L. 1/6th of the LC50 concentration i.e., 2.3 ppm was selected as sub lethal concentration
and fishes were exposed to 14 days to this concentration. Later they were kept in ammonia free water for 14 days to study the extent of
recovery from ammonia stress by fish fry. In order to understand the effect of ammonia stress and impact of recovery on the detoxifica-
tion aspect of the fry, activity levels of Glutamatedehydrogenase (GDH), Glutamine synthetase (GS), Glutathione-S-transferases (GST),
Glutathione peroxidise (GPx) enzyme levels were estimated in the whole animal.

INTRODUCTION

The aquatic environment is very important because it is a store
house and resource of variety of fishes. Presently aquatic pol-
lution has because a series problem. It has been estimated that
about 70,000 manmade chemicals are in our day to day use.
The chemical have contributed a lot to the “Green revolution”,
but their deleterious effect on various ecosystems cannot be ig-
nored (Das, 1991; Comoglio et al., 2005).

Ammonia occurs in natural water in un-ionized (NH,) and ion-
ized (NH,*) forms and can be a serious toxicant to fishes and
other aquatic species. It enters water systems from several
sources including industrial wastes, sewage effluent, agricultur-
al input and animal feed lots. It is also a metabolic by product of
fish. The accumulation of ammonia in water used for intensive
fish culture is a potential problem because it is toxic to fish. Most
nitrogen in feeds and fertilizers that is not converted to fish
flesh enters the water as ammonia, either by direct excretion
from fish or by bacterial action on wastes. Ammonia concentra-
tions can increase rapidly when water exchange rates are low
(Randall and Tsui, 2002; H.H. Abbas., 2006). The present study
is to examine the relationship of the metabolites and enzymes
involved in the mechanism of Glutamate in Fry on exposure to
ambient ammonia solution.

MATERIAL AND METHODS

Fry of Cyprinus carpio weighing about 260+20mg and
1.8+0.5cm length were selected and maintained in the labora-
tory. Temperature and pH were maintained throughout the
experimentation. Toxicity test were conducted using Ammonia
Solution. The LC,, was selected, i.e., 13.8mg/L. 1/6" of the LC,,
concentration namely 2.3 ppm was selected as sub lethal con-
centration and fishes were exposed to 14 days to this concen-
tration. After 14 days exposure to the test chemical, the fishes
were transferred to normal tap water for 14 days recovery for
further study. The control, experimental and 14 days recovery
fry was collected and stored in deep freezer at -20°C and used
for biochemical analysis. The whole animal was used for experi-
mentation due to its small size.

Glutamate dehydrogenase (GDH) activity was estimated by
the method of Lee and Lardy (1965) with slight modification
of Prameelamma et al. (1975). Glutamine synthetase activity
was assayed by the method of Wu Chung (1963). Glutathione
peroxidase(GPx) was estimated by Flohe and Gunzler (1984)
method, Glutathione-S- transferases (GST) was estimated by
Habig et al. (1974) method, the proteins was assayed by the
method of Lowry et al., (1951) . The results were subjected to
statistical analysis.

RESULTS
In the present study, in the fry tissue of Cyprinus carpio Glu-
tamate dehydrogenase (GDH), glutamine synthetase(GS), Glu-

tathione-S-transferases (GST) and Glutathione peroxidase(GPx)
were estimated in control, ammonia exposure and recovery for
14 days (Table 1).

Ambient ammonia exposure for 14 days has shown an increase
in GDH (+43.78%), GS (+44.9%), GST (+39.4%) and decrease
of GPx (-39.9%) activities in fry tissue when compared to con-
trol. In the 14 days recovery experimental, a decrement levels in
GDH (-1.65%), GS (-1.80%), GST(-0.64%) and increment in GPx
(+1.47%), activities in fry tissue over the control was observed.

Table 1: Changes in the enzyme levels of Glutamate dehy-
drogenase (GDH), glutamine synthetase(GS), Glutathione-
S-transferases (GST) and Glutathione peroxidase(GPx)in
fry of Cyprinus carpio exposed tol14 days ammonia and
recovery period.

Name of the parameters Control  [Ammonia gé}cgsgiy

&DH 0.4167 0.2850
ean .

SD 02898 1200367 |+0.02588

% change over control - (43.78) (-1.65)

1(\;/1S 0.6667 0.4517
ean . .

SD 04000¢  |£0.0216  |£0.0299

% change over control - (44.9) (-1.80)

GST

Mean 0.5833 0.4150

SD 04183, |20.0301 |+0.0301

% change over control - (39.44) (-0.64)

1(\;/11:)X 0.2033 0.3333
ean . .

SD 08383, |50.03933 |+0.0427

% change over control - (-39.9) (-1.47)

All values are Significant P<0.05 levels.

Units:

GDH-(pmoles of formazon formed/mg protein/hour)

GS- (1 moles of Glutamylhydroximate formed / mg of tissue /
hour)

GST-(umoles of Thio ether formed/mg protein/hour)

GPx-(1 moles of NADPH Oxidized /mg protein/min)

DISCUSSION

GDH is a mitochondrial enzyme, catalyzes the oxidative deami-
nation of glutamate generating a-ketoglutarate, an important
intermediate of the Krebs cycle. The GDH activity in the present
study exhibited enhancement in fry tissue of Cyprinus carpio,
suggesting a need for a-ketoglutarate. The regulatory role of the
enzyme observed in animal models in checking the deamination
process was reported.(Reddy and Venugopal, 1990; Nagender
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Reddy etal, 1991 and David, 1995). Stimulated GDH activity un-
der ammonia stress suggests the need for a- ketoglutarate in
the TCA cycle for the liberation of energy (Nagender Reddy et
al,, 1991).

Glutamine synthetase is predominantly localized in astrocytes
of intact brain physiology and plays a vital role in the W-amida-
tion of glutamate to form glutamine. Elevation in the activity of
glutamine synthetase in general depicts greater mobilization of
glutamate for the synthesis of glutamine. In the present study
glutamine synthetase activities was found to increase in the fry
tissues of Cyprinus carpio exposed with ammonia. This indi-
cates high mobilization of glutamate to form glutamine (Krebs,
1935). Similar results were observed in the fish walking cat fish
Clarias betrachus under hyper ammonia stress (Nirmalenduet
al,, 2002; Zaiba Y Kharbaliet al., 2005).

Glutathione-S-Transferase is a group of multifunctional proteins
involved in the detoxification of a wide spectrum of compounds
(Jackogy, 1980). Glutathione-S-Transferases are involved in the
initiation of repair of not only lipid peroxides to less reactive
alcohols but also of direct damage since it substrates include
DNA hydroperoxides (Tan et al., 1988). In the present study glu-
tamine -S-Transferase activities was found to increase in the fry
tissues of Cyprinus carpio exposed with ammonia.

Glutathione peroxidase (GPx) is located in both mitochondria
and cytosol. Glutathione peroxidase system acts against oxida-
tive stress in the tissues (Ji et al, 1998). It has a much affinity
for H,0, at low concentration compared with Catalase. Thus,
when cellular levels of H,0, are low Glutathione peroxidase is
more active than CAT in converting H,0, from the cell (Power
et al,, 1999).In the present study GPx activity has shown a sig-
nificant decline in ammonia exposed fry of Cyprinus carpio. The
decreased GPx activity could be due to a decrease in reduced
Glutathione (GSH) concentration as a result of excessive free
radical production from ammonia intoxication which can leads
to an increase the oxidative stress.

In present investigation, results of the acute ammonia stress in
fry of Cyprinus carpio showed many changes. The activity levels
of GDH, GS, and GST enzymes were found to increase with GPx
enzyme gave a decrease during acute ammonia stress and the
extent of changes were minimal during recovery period sug-
gesting that there is a improvement in the fry. The values of the
selected biochemical parameters are also nearer to the normal
levels. During recovery period the reversal of stress conditions
might have occurred and the fry requires might have been meta-
bolically recovered from the stress conditions.
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