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ABSTRACT
It is well-known that fishes excrete ammonia as their major nitrogenous waste product. However, if they are kept in a water-restricted condition for a certain period of time, they may switch over to urea excretion. In the present study, it was tried to ascertain if in Heteropneustes fossilis ureogenesis is of any importance to avoid accumulation of toxic ammonia under water-restricted condition.  A total of hundred fishes were collected for the experiment. Excretory urea and ammonia were estimated in the water of the aquarium and arginase activity was measured in the hepatic tissue. During the experimental period, excretory ammonia in Heteropneustes fossilis was found to be decreasing as compared to excretory urea which showed a gradual increase during the experimental period. A high degree of correlation with r (coefficient of correlation) above 0.9 is observed between excretory ammonia and urea in Heteropneustes fossilis. However, a moderate degree of correlation is observed between the activity of arginase and excretory ammonia and urea. 
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INTRODUCTION
The dynamic state of metabolism with its highly organized regulatory mechanisms is the vital biochemical characteristic of “normal” living matter. Many refinements of this normal metabolism are developed as to cope with differently hostile environment. To maintain a proper homeostasis, elimination of nitrogen is a must for all aquatic organisms. Many, if not most aquatic organisms, particularly those in freshwater, having sufficient source of water, excrete ammonia in water. In any event, ammonia must be dealt quickly because of its toxicity. 
Organisms with less freshwater available, such as some marine organisms and all terrestrial organisms often invest some energy to convert the ammonia into urea, which is less toxic, has two nitrogen atoms and therefore takes less water to excrete. Ammonia is generated in the liver and excreted through branchial surface and renal routes. Innocuous urea is derived through hepatic uricolysis or argininolysis and voided through kidney, gill, skin or faeces (Mommsen and Walsh, 2005). Sometimes conditions like exposure to exogenous ammonia, water limitations, or alkaline conditions hamper the release of ammonia. In such conditions, some teleosts detoxify ammonia through synthesis of urea by urea cycle in liver (Mommsen and Walsh, 2005). Anderson et al. (2005) reported an increased concentration of plasma and hepatic urea with salinity and suggested a direct correlation between hepatic productions of urea with osmoregulatory strategy of Carcharhinus leucas, a euryhaline elasmobranch. Ip et al. (2004) suggested postprandial increase in nitrogenous excretion and urea synthesis in the giant mudskipper, Periophthalmodon schlosseri.  Chew et al. (2003) reported urea synthesis in the African lungfish, Protopterus dolloi. Lindley et al. (1999) studied muscle as the primary site of urea cycle enzyme activity in an alkaline lake adapted Tilapia, Oreochromis alcalicus grahami.  Chadwick et al. (1999) reported the excretion of nitrogen and expression of urea cycle enzymes in the Atlantic cod (Gadus morhua l.). Dkhar et al. (1991) studied the sub cellular localization of different urea cycle enzymes in the liver and kidney of a freshwater air-breathing teleost Heteropneustes fossilis. In 2007, Monzani and Moraes reported the activities of urea cycle enzymes during the ontogenic development of the teleost pacu (Piaractus mesopotamicus). Rice and Stokes (1974) detected arginase in larval trout. Rainbow trout fingerlings are also reported to have full complement of liver urea cycle enzymes (Chiu et al., 1986). Arginase is thought to be directly involved in urea synthesis via the degradation of dietary arginine (Cvancara, 1969; Wright, 1993).
All the above mentioned works suggested the possible involvement of Arginase in excretion of urea in different fishes. Keeping this in mind the present work is designed to establish the involvement of arginase in the formation of urea in the experimental Heteropneustes fossilis.

MATERIAL AND METHODS
Specimen: Heteropneustes fossilis were collected from a local pond and were kept in the aquarium for acclimatization.

Method: Total hundred fishes were collected. Those hundred fishes were divided in ten sets, each set comprising ten fishes. Every day, one fish from one aquarium was sacrificed for the experiment. The experiment was continued till tenth day. Enzyme activity was measured in the liver tissue of the freshly killed fishes of normal and experimental group.

Processing of the collected sample: The water of the aquarium was used for excretory ammonia and urea analysis. The liver tissue from the normal and experimental fishes was weighed and homogenized using distilled water. The homogenized tissue was centrifuged and the supernatant was used for enzyme assay.

Estimation of ammonia and urea: Ammonia was estimated by following the method of Anken and Schiphorst. Urea was estimated by following Crest Biosystem’s Modified Berthelot method by Fawcett and Scott.

Estimation of arginase: Arginase acrtivity of hepatic tissue is carried out according to the method of Marsh et al. (1965).

RESULTS
Table 1: Presenting the significance of difference in the mean values of excretory ammonia (mg/dl) between normal control and experimental Heteropneustes fossilis.
	
	1st  Day
	2nd   Day
	3rd  Day
	4th  Day
	5th  Day
	6th  Day
	7th  Day
	8th  Day
	9th  Day
	10th  Day

	T
	7.57
	5.21
	8.52
	6.92
	5.31
	6.04
	3.92
	2.26
	0.77
	1.15

	P
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.05
	>0.05
	>0.05



Table 2: Presenting the significance of difference in the mean values of excretory urea (mg/dl) between normal control and experimental Heteropneustes fossilis.
	
	1st  Day
	2nd   Day
	3rd  Day
	4th  Day
	5th  Day
	6th  Day
	7th  Day
	8th  Day
	9th  Day
	10th  Day

	T
	28.46
	46.51
	17.82
	49.61
	29.62
	13.49
	70.89
	74.65
	71.74
	148.06

	P
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01



Table 3: Presenting the significance of difference in the mean values of hepatic arginase activity (U/mg) between normal control and experimental Heteropneustes fossilis.
	
	1st  Day
	2nd   Day
	3rd  Day
	4th  Day
	5th  Day
	6th  Day
	7th  Day
	8th  Day
	9th  Day
	10th  Day

	T
	2.91
	0.66
	1.78
	0.33
	0.55
	0.45
	1.71
	2.29
	0.52
	0.44

	P
	<0.01
	>0.05
	<0.05
	>0.05
	>0.05
	>0.05
	>0.05
	<0.05
	>0.05
	>0.05



DISCUSSION
In fish the general mode of nitrogen excretion is in the form of ammonia, diffusing directly to the environmental aquatic media without causing any alteration in the acid-base character of the tissues. 
Fish ammonia poisoning typically results in growth reduction, tissue damage, anemia, oxidative stress (X.Z. Qi et al.), immunosuppression (A.E. Todgham et al. 2001), apoptosis (R.B. Caldwell et al. 2015) and gut microbial community alter (T.C. Clark et al. 2019). In fact, the strategies used by different fish to defend against ammonia toxicity are not exactly the same. Most fish are ammoniotelic, excreting their excess nitrogenous wastes primarily as ammonia into their surrounding waters, whereas some fish are ureotelic, producing urea via the urea cycle and excreting ≥50% of their nitrogenous waste as urea. Previous studies found that ammonia detoxification of crucian carp and rainbow trout Oncorhynchus mykiss mainly depends on glutamine synthesis, but yellow catfish is capable of detoxify ammonia through the urea cycle. The urea cycle is a series of biochemical reactions that convert ammonia into urea, includes five key enzymes, such as carbamoylphosphate synthetase (CPS), ornithine carbamoyltransferase (OTC), argininosuccinate synthetase (ASS), argininosuccinate lyase (ASL) and arginase (ARG). In mammals, as the key enzyme of urea cycle, arginase has attracted much attention. However, the importance of arginase in fish during ammonia detoxification has not been reported.
Adult fish mainly rely on their gills to excrete ammonia, thus they do not need to consume much adenosine triphosphate (ATP) for the urea cycle, but the enzymes involved in the urea cycle show relatively high activities during fish early development period (Wright, 2011).
In marine elasmobranchs (Casey and Anderson, 1985) and most ammoniotelic teleosts (Steele et. al. 2005) arginase activity is mitochondrial. However, cytosolic and mitochondrial arginases were reported in some fresh water and marine fishes. Felskie et al., 1998 studied the subcellular localization of different urea cycle enzymes in freshwater nonureogenic fishes, three adult teleosts (common carp, Cyprinus carpio; goldfish, Carassius auratus; channel catfish, Ictalurus punctatus) and a holostean fish (bowfin, Amia calva) and reported that arginase activity is mostly mitochondrial (84–98%). In lungfishes arginase was reported to be cytosolic in liver (Janssens & Cohen, 1966).
Saha et al. (2003) reported that under some circumstances as stress or enhanced ammonia level in the surrounding, some fishes change their nitrogen excretion mechanism by forming urea as the end product for nitrogen excretion. With the determination of nitrogen excretion of ammonia and urea and their relationship with hepatic glutamate dehydrogenase (GLDH), Choudhury et al. (2014) observed that excretory ammonia and urea are interrelated with each other (r=0.9362) and the relationship with glutamate dehydrogenase is quite pronounced in Heteropneustes fossilis.
In the present study, it is tried to ascertain that Heteropneustes fossilis is one among those teleost fishes where urea cycle enzyme arginase plays an important role to synthesise urea from ammonia.  In contrast to differences in degree of relationship between excretory ammonia and urea in the experimental fish species a very high degree of correlation with r above 0.9 is observed between excretory ammonia and urea in the fish species (Fig.1).

The trend of decreasing excretory ammonia in the experimental Heteropneustes fossilis is highly correlative with duration i.e. r = 0.9545 signifying a persistent and definite decrease in ammonia excretion with increase in duration of experiment (Fig. 2). The trend of ureotelism in the fish, as studied with excretory urea as the index, is observed as gradual and persistent increase in excretory urea with increasing duration of the experimental period with fairly high degree of correlation i.e. r = 0.9368 (Fig. 2). 


Arginase, being an active urea cycle enzyme, showed its remarkable presence in the experimental Heteroneustes fossilis and it is clearly evident by the high degree of correlation (r = 0.7151) it showed with the gradual increase in duration of the experiment (Fig. 3)

In Heteropneustes fossilis a fairly high degree of correlation (r = 0.6003) is found to exist between the ureotelic enzyme arginase and excretory urea which may indicate a relatively higher degree of ureotelic response (Fig. 5). However, the correlation between the enzyme arginase and excretory ammonia is not so pronounced (r = 0.4614) (Fig. 4).


Heteropneustes fossilis, being a freshwater fish, is expected to excrete ammonia as its chief nitrogenous waste product. But as the fishes were kept in a water-restricted condition, ammonia might have accumulated in the body, prompting the fishes to opt for its conversion to urea. Presence of arginase in the hepatic tissues of the experimental fishes and subsequent increase in the formation of urea explains the high correlation of r = 0.6003 (Fig. 5) between excretory urea and hepatic arginase. This pattern of changes in nitrogen excretion strongly suggests that the fish turned totally towards ureotelism from ammoniotelism during exposure to higher ambient ammonia. This has been possible mainly because this fish has an efficient urea-producing ability via the functional urea cycle with relatively high levels of activity of all the key urea cycle enzymes in hepatic as well as in some extrahepatic tissues. The findings of the present study may suggest ureotelism as the possible strategy of survival in Heteropneustes fossilis, living in a water-restricted condition.
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Fig 2: Presenting the percentage deviation of excretory ammonia and urea from the mean values of normal control (mg/dl) in Heteropneustes fossilis. 
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Fig. 3 : Presenting the percentage deviation of hepatic arginase activity from the mean values of normal control in Heteropneustes fossilis.
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Fig.4 : Presenting the correlation between the mean values of excretory ammonia (mg/dl) and hepatic arginase (U/mg) in Heteropneustes fossilis.
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Fig. 5: Presenting the correlation between the mean values of excretory urea (mg/dl) and hepatic arginase (U/mg) in Heteropneustes fossilis.
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Fig. 1 : Presenting the correlation between the mean values of excretory  ammonia (mg/dl) and excretory urea (mg/dl) in Heteropneustes fossilis.
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