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Nitrogen metabolism is one of the major pathways
of energy supply in all animals. Dietary intake of
proteins by animals provides amino acids in excess of the
amount required for protein synthesis. Therefore, excess
of amino acids which cannot be stored as proteins, as can
be carbohydrates as glycogen and lipids as fat, are
metabolized. They are deaminated releasing ammonia and the
carbon residues which are either oxidized via the TCA cycle
for energy production or wused in gluconeogenesis or
lipogenesis. Ammonia is highly toxic and cannot be stored
in the body even in 1low concentrations (Smith, 1929;
Jackson et al, 1986; Cooper and Plum, 1987; Campbell,
1991).

Ammonia toxicity to fish has been primarily attributed
to the un-ionized form (NH,) with the ionized form (NH,")
being relatively 1less toxic (EIFAC, 1970; Alabaster and
Lloyd, 1982; Erickson, 1985; WHO, 1986; Hickey and Vikers,
1994). The proportion of un-ionized ammonia increases with
increase in pH and temperature (Emerson et al, 1975).
Acute ammonia toxicity includes decrease in oxygen carrying
capacity of haemoglobin (Sousa and Meade, 1977), increased
oxygen consumption, respiratory rate and heart beat (Smart,
1978; Chen and Nan, 1993), disturbances of ionic balance
and acid-base balance (Maetz, 1973; Cameron and Heisler,
1983; Cameron, 1986; Paley et al, 1993; Wajsbrot et al,
1993) in fish. Acute toxicity of un-ionized ammonia to
mysids and larval inland silversides was influenced by pH

and salinity in a species specific manner (Miller et al,
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1990). Sousa and Meade (1977) proposed that the mechanism
of ammonia toxicity involved stimulation of glycolysis by
the ammonium ion (NH,") and the simultaneous suppression of
the Krebs cycle due to the depletion of %-ketoglutarate
which removes ammonia by amination to form first glutamate
and then glutamine. These two concurrent actions would
result in an increase of acidic metabolites from glycolysis
and early Krebs cycle and would lower blood pH due to
accumulation of pyruvate and lactate (Campbell,‘l99l). The
resulting acidemia would shift the oxygen dissociation
curve (Bohr effect) to reduce maximal oxygen saturation of
haemoglobin and cause death by suffocation. The toxic
action of ammonia might also involve an osmoregulatory
disturbance in channel catfish (Tomasso et al, 1980) as it
has been reported to increase the permeability of tissue to
water (Dennis, 1966; Lloyd and Orr, 1969). The uncoupling
of oxidative phosphorylation by NH,* ion as suggested by
Smart (1978) could be another adverse effect of ammonia to
inhibit ATP production. Ammonia also affects the membrane
potential and excitability of neurons (Cooper and Plum,
1987). Due to these wide ranging toxic effects , ammonia
is either immediately excreted out or converted to some
less toxic substances such as urea or uric acid for
temporary storage in vivo.

In teleosts, ammonia usually is excreted out to the
ambient water medium by diffusion through the gills
(Smith, 1929; Forster and Goldstein, 1969; Watts and Watts,‘

1974; Kormanik and Cameron, 1981; Evans and Cameron, 1986;
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Campbell, 1991; Wood,1993). In terrestrial animals,
ammonia in wvivo 1is converted either to urea or to some
other compounds, which are excreted out mainly through
urine utilizing lesser amount of water (Cohen, 1976;
Hoar,1983; Campbell, 1991; Wood, 1993; Anderson, 1994a).
Insoluble uric acid is found to be the excretory product of
those animals where conservation of metabolic water is
highly essential due to their arid environment ( Hoar,
1983; Nener, 1988; Powers-Lee and Meister, l98§; Campbell,
1991; Wood, 1993).

Based on the type of primary nitrogenous excretory

products, animals have been classified into three different

groups :

(i) Ammoniotelic : Animals which excrete ammonia as
the major excretory product as in most aquatic
animals.

(ii) Ureotelic : Animals which excrete urea as the
major excretory product as in mammals and
amphibians.

(iii) Uricotelic : Animals which excrete uric acid as

the major excretory product as in insects, birds
and reptiles.

However, not all animals fall neatly into one category
or another because many exhibit mixed patterns of nitrogen
excretion, depending upon their physiological and
environmental conditions. Amphibians, which can live 1in
land as well as in water, excrete both ammonia and urea.

They are ammoniotelic in water and ureotelic on land.
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Tadpoles change from being ammoniotelic during early stages
of development to ureotelic during later stages of
development.

Ammonia has many advantages as a nitrogen excretory
product. There 1is no expenditure of energy for the
conversion of protein nitrogen to ammonia. Instead, some
of the reactions involved in the formation of ammonia such
-as deamination of glutamate through glutamate dehydrogenase
ultimately produce energy (Bessman and Pal, 1976). Due to
its small size, high solubility in water and higher
partition coefficient, ammonia 1is easily eliminated by
diffusion (Forster and Goldstein; 1969). Evans and Cameron
(1986) have demonstrated the ability of NH,” to exchange
with Na' absorption by the gills of freshwater fish. In
freshwater fishes the exchange of NH,” for Na' serves the
dual purpose of elimination of nitrogenous waste product

NH,' and absorption of Na' from the external water medium.

Ammonia can be formed by several
pathways namely via deamination of amino acids, amides,
purines, pyrimidines and hexosamines and through trans-
‘deamination of amino acids (Cohen and Brown, 1960; Walton-

and Cowey, 1977, 1982; Randall and Wright, 1987).

Transdeamination : The amino group from most of the amino

acids with the exception of histidine, serine, cysteine,
is transferred to another keto acid forming a new amino

acid. The dissociated amino group tends to be channelized
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directly or indirectly through the formation of glutamate.
Glutamate undergoes oxidative deamination catalyzed by
glutamate dehydrogenase (GDH) to form ammonia and «-keto-

glutarate (Krebs et al, 1978). The overall reaction in the

liberation of ammonia from amino acids via glutamate
formation is known as transdeamination (Braunstein, 1939)
which may be summarized in the following reaction
NAD' NADH + H*
GDH
Glutamate «~-Ketoglutarate + Ammonia

ransaminas

L
%X-keto acid Amino acid

Transdeamination has been reported as the major
pathway for ammoniogenesis in the 1liver of freshwater
teleosts (Janssens, 1964;Campbellet al 1983; Campbell,

1991), and in the mudskippers, Boleopthalmus boddaerti and

Periopthalmodon schlosseri (Chew and Ip, 1987).

Deamination : Van Slyke et al (1943) showed that glutamine,

an amide, helps for temporary storage and transport of
ammonia in animals. Glutamine 1is deaminated through
hydrolytic removal of secondary amino group by the enzyme
glutaminase which is found either as phosphate dependent

(PDG) or phosphate independent (PIG) forms.



Glutamine

Nucleodeamination :

deamination of nucleosides

Y

Glutaminase
(PDG/PIG)

Glutamate

Nucleodeaminases catalyse the

and nucleotides to 1liberate

ammonia (Cohen and Brown, 1960).
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Hydrolysis of particularly AMP could be ultimately utilized

for deamination of. . amino acids as follows :






