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Abstract

The pattern of changes of activity of the urea cycle enzymes and the rate of urea-N excretion were studied in the
perfused liver of an Indian air-breathing ureogenic walking catarias batrachusThe liver was perfused with
different concentrations of NACI for a period of 60 min to determine the role of ammonia for stimulation of
hepatic ureogenesis and the threshold level of ammonia loading needed to cause such stimulation. Both the urea-N
excretion and the ammonia uptake by the perfused liver were found to be a saturable process. Ammonia accu-
mulated significantly in the liver infused with 1.26moles g liver-1 min~1 of NH4Cl, followed by a maximum
accumulation of about 28 Amoles g wet wt! with the infusion of 5.08:moles g liver! min—1. The Vmax of

the urea-N excretion (0.4Zmol g liver 1 min—1) was obtained with the addition of 5.¢g8noles g liver! min—?1

of NH4Cl. Both the tissue and the specific activity of the urea cycle enzymes, except ornithine transcarbamylase
and arginase, were stimulated significantly with the infusion of either 1.25 or/mfdes g liver! min—1 of

NH4Cl. Maximum stimulation of tissue activity of carbamoyl phosphate synthetase (about 120%) was seen with the
infusion of 5.08xmol g liver 1 min—1, and for argininosuccinate synthetase (about 135%), and argininosuccinate
lyase (about 50%) with the infusion of 10.8dmol g liver 1 min—! of NH4CI. Higher accumulation of ammonia

of about 10—15:mol g wet wt from the physiological level in the perfused liver while infusing with MH was
suggested to be one of the major causes of stimulation of ureogenesis. The presence of such physiological adaptive
strategy is probably necessary in this unique group of air-breathing walking catfish to survive under hyper-ammonia
stress in their normal habitat or while living outside water or while burrowing inside mud.

Introduction ambient ammonia or aerial exposure, fish can hardly

excrete ammonia, and toxic ammonia is concentrated
Nitrogen metabolism is considered as one of the in blood and body tissues. Fishes are generally known
most sensitive physiological systems showing adap- to tolerate relatively higher accumulation of ammonia
tive changes in response to environmental variations. than mammals. Plasma total ammonia @\H NHj{)
Accordingly, the nature of nitrogen excretory prod- normally remains between 0.05 to 2 mM in most
ucts in animals has changed with the evolution of teleost fishes (Campbell and Anderson 1991; Wood
vertebrates from water to the land habitat (Campell 1993). In contrast, blood ammonia levels greater than
1991; Wright 1995). Most teleostean fishes excrete 0.05 mM can be toxic to the central nervous system
ammonia as the major nitrogenous end product in re- of most mammals (Meijer et al. 1990). It is, there-
sponse to their aquatic habitat (Randall and Wright fore, interesting to study the different mechanism(s)
1987; Campbell 1991; Wood 1993; Saha and Ratha of management of accumulated ammonia especially in
1998). However, in special circumstances such as high
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those teleosts that are faced regularly with ammonia Saha et al. 1995; Ratha et al. 1995). The present

loading situations in normal part of their life cycle. study was undertaken to find out the role of urea cycle
Although the majority of teleost fishes are am- for conversion of accumulated ammoniato urea under

moniotelic, urea also constitutes about 10-30% of hyper-ammoniastress especially in the liver (most ure-

the total nitrogenous wastes in most species studiedogenic tissue) of another unique amphibious fish from

(Wood 1993; Saha and Ratha 1998). However, the India, the walking catfisC. batrachus)y infusing

sources of urea in teleosts and the involvement of the different concentrations of NACI, and determining

ornithine-urea cycle (hereafter referred to as urea cy- the level of ammonia accumulation needed to cause

cle) is still not very clear. A few species of teleost fish, the stimulation of ureogenesis.

such as the alkaline lake-adapted tilafaeochromis

alcalicus grahami(Randall et al. 1989), the ma-

rine toadfishesDpsanus tandOpsanus betédRead Materials and methods

1971; Mommsen and Walsh 1989), and some Indian

air-breathing teleosts (Saha and Ratha 1987,1989),Animals

have the enzymes required for a functional urea cy-

cle. Accordingly, interests in the study of the urea The fish,Clarias batrachusweighing 50-80 g body

cycle, the expression of the urea cycle during early Wt (both sexes), were purchased from commercial

embryonic developmental stages, regulation of expres- sources and acclimatized in the laboratory for 4—

sion of the urea cycle enzymes, and nitrogen excretion 6 weeks at about 38C with 12 h:12 h light and dark

patterns under different environmental constraints in Period before being used for experiments. Minced

different teleosts have recently increased. pork liver and rice bran (5% of the body wt) was given
Several species of freshwater air-breathing teleosts s food, and the water, which was collected from a

exist in the Indian subcontinent. They usually inhabit Natural stream, was changed on alternate days.

stagnant, slow flowing swampy water bodies or wet

lands, that are usually unhabitable to purely aquatic Liver perfusion technique

fishes such as carps. These swamps, which are often _ _ . .

covered with macrovegetation such as water hyacinth, The f|s_h were decapitated before_ operation for_Ilv_er

are characterized by a low dissolved oxygen, more perfu5|o_n. legrs were perfgsed via the pqrtal Veln in

free carbon dioxide and high ammonia levels (for re- a_non-CIrcuIatlng manner with haemoglobln.-free me-

view, see Saha and Ratha 1998). During summer, dia as u;ed by French et al. (1981) and with cer.tam

when the swamps dry up, they face more adverse moqmcatlpns made by Saha et aI._ (1995). The_ IS0

ecological conditions and most of the air-breathing t°f?'° media (2_65 mOsmaft, determmed by freezing

fishes burrow inside mud to avoid total dehydration. point depression method) contained 119 mM NaCl,

Two of these air-breathing species, the singhi cat- 5 mM KCl, 0.35 mM NgHPGQj, 0.44 mM KHPQ;,

fish (Heteropneustes fossilisnd the walking catfish 0_'81 'rPhM Mggq an? 1.25 mM C;‘QI ai/laLbalsic solu- q
(Clarias batrachu} have been reported to tolerate t2|onM Le me h|_um aD.Sf? contained 5 m -9 ufcosel an
and survive well at a very high concentrations (up to mM L-ornithine. . erent concentrfatlons ofNg .
50-75 mM) of ammonium chloride (Saha and Ratha (0'05_2 mM) were infused along W_'th the perfusion
1986, 1990, 1994, unpublished observations by SahamEdIa to study t,h? effect of ammonia on the urea cy-
and Das), and this tolerance limit of external ammo- cle enzymes activity, its accumulation rate and also its

nia has been found to be much higher than any Otherconversion to urea in the perfused liver. The medium
teleost fish (Olson and Fromm 1971; Thurston et al. was gas_sed with £0CO; (99:1, VIV) bef_ore |m_‘u§|1ng
1981; Dabrowska and Wlasow 1986), including mud- into the liver at a flow rate of 4-5 ml g livet min~2.

skippers (lwata 1988) reported to date. Although the Tpte pH of .the rrlr(;dium was alwaysf mr?intainc?d at 7.5
presence of a functional urea cycle was reported in arter gassing. e temperature of the medium was

some of these amphibious fish species from the In- 30 °C. The effluent coming out of the perfused liver

dian subcontinent (Saha and Ratha 1987, 1989), theVas collected through a _Caf‘”“'a inserted at th_e su-
possibility of the regulation of ureogenesis under en- perior vena C(j:ava a,t\lz min intervals for analysis of
vironmental constraints was not studied in any of these amE‘_nonla an ureaf— ' d for 20 min with the standard
species except, the singhi catfigH. (fossili§ under IVETS Were periused for 26 min wi € standar

hyper-ammonia stress (Saha and Ratha 1990 1994isotonic medium, followed by infusion of ammonium



chloride for 60 min. Immediately after 60 min of infu-
sion of NHsCl, the perfused liver was removed from
the body, plunged into liquid nitrogen and stored at
—60°C until used for measurement of the urea cycle
enzymes activity and the tissue ammonia level. An-
other set of liver was perfused with isotonic solution
containing only 5 mM glucose and 2 mM ornithine for
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enzymes was stopped by adding 10% PCA in 1:0.5
ratio after a specific time of reaction, and centrifuged
to precipitate out the protein. Citrulline formed in
the case of CPS and OTC, citrulline used in the case
of ASS, and urea formed in the case of ASL and
ARG were measured colorimetrically in the super-
natant (Moore and Kauffman 1970) and expressed as

80 min and treated as control. All the enzyme assays enzyme activity. All the enzyme assays were carried
and tissue ammonia estimation were completed within out at 30°C. One unit of enzyme activity was de-

2-3 days of preserving the tissue.

Estimations

Concentrations of ammonia and urea-N in the efflu-

ent were measured enzymatically (Kun and Kearney

1974), the details of which were mentioned earlier by
Saha et al. (1995). The effluent collected at different
time intervals was deproteinized first by adding20

of 2 M perchloric acid (PCA) to each 1 ml sample,
centrifuged to precipitate out the protein and the su-
pernatant was neutralized later by adding.2@f 2N

NaOH to each tube before the measurement of ammo-

nia and urea-N. Ammonia level in the perfused liver

fined as that amount that catalyzeg thol of product
formed or substrate used per h at°@0 The enzyme
activity was expressed as both tissue (U g wet wt of
tissue'!) and specific (U mg proteint) activity. Pro-
tein was estimated following the method of Lowry
et al. (1951) using crystalline bovine serum albumin
as the standard.

Data collected from three to four replicates were
statistically analysed and presented as meg®EM.
Comparison of the paired mean values was made using
Student'st-test (Croxton et al. 1982) an8 > 0.05
was taken as non-significant.

Chemicals

was also measured by the same enzymatic method as
mentioned above after processing the tissue (Saha andAll enzymes, co-enzymes, substrates, CTB and

Ratha 1989).

Enzyme assay

A ten percent homogenate (w/v) of the liver tissue was
prepared in 0.1% cetyltrimethyl ammonium bromide
(CTB) for assaying the activities of the urea cycle

enzymes (Brown and Cohen 1959). The homogenate

was centrifuged at 600 g at 0+ 2 °C for 15 min.

bovine serum albumin were obtained either from
Sigma Chemical Co. (St. Louis, USA) or Boehringer
Mannheim (Mannheim, Germany), and other chem-
icals used were of analytical grades obtained from
indigenous sources. Deionized double-glass-distilled
water was used in all preparations.

Results

The supernatant was used for enzyme assays. The five

enzymes of the urea cycle such as carbamoyl phos-
phate synthetase (CPS), ornithine transcarbamylas

(OTC), argininosuccinate synthetase (ASS), argini-
nosuccinate lyase (ASL) and arginase (ARG) were

e

Changes of ammonia level in the liver perfused with
different concentrations of NA€CI

The changes in ammonia level in the liver perfused

assayed following the method mentioned earlier in de- \yith different concentrations of N4CI are shown in

tail (Saha et al. 1995). This time, however, an extra
1 mM of uridine-B-triphosphate (UTP) was added in

the reaction mixture for the assay of urea synthesis-

related CPS activity mainly to inhibit the pyrimidine
synthesis-related CPS Il activity which might inter-

Table 1. No significant increase of ammonia level in
the perfused liver was observed until increased the ad-
dition of 1.25umol g liver't min~1 of NH4CI. The
ammonia level in the liver raised from 7.64 to about
28.5 umol g wet wt't of liver with the infusion of

fere in the assay method. It should be noted that the 5 9g,,mol g liver-! min—1 of NH4Cl, followed by no
assay method used here for CPS activity does not f ther increase at a higher rate of infusion.

distinguish between the two different forms of urea

and N-acetyl-L-glutamate-dependent, mitochondrial)
and CPS Il (glutamine- and N-acetyl-L-glutamate-
dependent, mitochondrial). The reaction for all the

The rate of urea-N released into the effluent by the
perfused liver while infusing NELCI at different rates
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Table 1. Alteration of ammonia levelmol g wet wt'1) in the perfused liver
of C. batrachusinfused with different concentrations of MEIl. Values are

expressed as meanSEM (n = 3-4)

Ammonia infusion rate

Ammonia level in the perfused liverp

(umol g liver T min=1)  (umol g wet wr 1)
0 (control) 764+ 0.75
0.4+ 0.04 884+ 0.66 (16) N.S.
0.85+0.09 1045+ 0.82 (37) N.S.
1254011 1450+ 1.02 (90) <0.05
2.32+0.26 2005+ 1.85 (162) <0.001
5.08£0.38 2845+ 2.24 (272) <0.001
10.81+0.81 2865+ 2.55 (275) <0.001

Per cent increase of ammonia level with relation to control are given in paren-
theses. NHCI infusion at the rate of %umol g liver—1 min—1 corresponds to

1 mM of NH4CI. N.S. — not significant.
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Figure 1. Urea-N excretion gmol g liver 1 min—1) in the effluent

by the perfused liver of. batrachusnfused with different concen-
trations of NH,Cl. Values were obtained between 50 and 60 min of
infusion when the urea-N excretion already reached a steady state
and are plotted as meah SEM (n = 3-4). NH;Cl infusion of

5 umol g liver 1 min—1 corresponds to 1 mM of NiCI.

was found to be a saturable process (Figure 1). Ini-
tially at a lower rate of infusion of NKLCI, that is, up
to 1.25umol g liver ! min—1, about 40-50% of the
total ammonia taken up by the liver was converted to
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Figure 2. Ammonia uptake gmol g liver-t min—1) by the per-
fused liver ofC. batrachusnfused with different concentrations of
NH4Cl. Values were obtained between 50 and 60 min of infusion
when the ammoina uptake already reached a steady state and are

plotted as meas- SEM (n = 3-4). NH,Cl infusion of 5umol g
liver—1 min—1 corresponds to 1 mM of NiCI.

nia that was coming out into the effluent from the
total ammonia infused in the liver, is shown in Fig-
ure 2. Initially up to the addition of 1.2xmol g

liver—t min—1, about 50-70% of the total ammonia

urea-N. Hence, the rate of urea-N excreted increasedinfused were taken up by the liver. At higher rates of

with the increase of infusion of ammonium chloride
until it reached a Vmax of 0.4&mol g liver* min—1
with the infusion rate of 5.0&mol g liver 1 min~—1,
followed by no further increase of urea-N excretion at
a still higher infusion rate.

Uptake of ammonia by the perfused liver

The uptake of ammonia by the perfused liver, which
was calculated by subtracting the amount of ammo-

ammonia addition, the percentage uptake of ammonia
gradually decreased. The rate of uptake of ammonia
also appeared to be a saturable process reaching a
Vmax of 1.34umol g liver' min—1 with the infu-

sion of 10.81umol g liver ! min—1 of NH4CI for

60 min (Figure 2). However, the Vmax of urea-N ex-
cretion was only 0.4zmol g liver* min— indicating

that the rate of uptake of ammonia was higher (about
3 fold) than the rate of urea-N excretion.



307

‘aseulble —

oYV pue seefjibewoggy ‘aselayluAs areuldonsoululbre — SSY ‘asejAwregledsuel] aulyliuio — D10 ‘aselayiuAs areydsoyd [Aoweqred — sS4 ‘Ajaadadsal ‘G00°0>
pue T0°0>‘50"0¥e Juedlubls sanjea d :,pue ¢ ‘LG9 U Jad pasn ajessqns 1o pawo} 1onpoud Jo [PRBzAlered ey Junole syl Se paulap sem AlAloe swAzus jo Jun T

CYFGVS LECTFBLEY Il 0F88T V9FETST HI0F6T ov9F9EST <¢20F0LC ZTT FEBIC @@0FTIT0 ¢90+F658 T80 F180T
8V FGIG vec Fe0vy T OFV8T »9F8OVT HIO0F6T 98FSBYT VEOQOF8LC SVYT F9¢TC €00 FIT0 qlL0F898 8€'0F+80'S
TOFTrS 16T FGPEY T 0FS8T w8F9LYT IOF6T ¢LFVCST VvPOFTPSC SPIF9CTC L0000 F800 ¢SS0 FSP9 9¢'0F¢ce?C
L'SF VIV T6T FS¥6E TOFVYT VITFV2CT olO0FST oI 9FEOET 8Z0FLSC CCTF¢8TC +000FL900 9S°0+F899 TTO0FSCT
CYF LY veZFeeETy 800FCTT S9FEL6 800F80 SVvFEVL Z€0F9TC CSTF9.8T #00'0 ¥G00 t¥'0F6Ct 600 FS80
V'S F ey C1¢FSE0F VYTOFECT <LFED0T T0F+80 ¢9+8%99 SP0FEEC TTTFV06T SGO00+F8Y00 TEOFLZ6E (1onu09) 0
olloads anssi| oyoads anssi| ooads anssi| olyoads anssi| ol1oads anssiL (;_uiw ;_1an B jow)
odv sy SSY 210 SdO 9jel uoisnjul eluowwy

(p—€ = ¥) WIZePW se passaldxa ate sanjeA "|3FN J0 Suoieuadu0d JUBIBYIP
Uum pasnjusnyoesreqolani| pasnpiad au ur sawAzua 91940 eain ay} Jo Auanoe (y1sioid B spun) oyads ayy pue (piam B spun) anssi sy ul sebueyd ‘g ajgeL



308

Pattern of changes of activity of urea cycle enzymes in detoxification of ammonia. The results obtained in the

the perfused liver

present study clearly indicated that the higher accumu-
lation of ammonia could be one of the major factors

Pattern of changes of both the tissue and the specificfor the stimulation of ureogenesis at least in the liver

activity of the urea cycle enzymes in the liver infused
with different concentrations of NACI are shown in
Table 2. At lower rates of ammonium chloride infu-
sion, that is, up to 1.2mol g livert min—1, no
significant increase of the tissue activity of any of the

of this catfish. No significant increase in the ammonia
level was observed in the perfused liver at a lower rate
of NH4Cl infusion (up to 0.85:mol g livert min—1)

for 60 min (Table 1). The excretion of ammonia into
the effluent while infusing N&ICI at a lower rate was

urea cycle enzymes were observed except for ASS, thegiso found to be less (about 30% out of the total in-

activity of which increased significantlyp( < 0.05)
even at 1.25umol g livert min~! of NH4Cl in-
fusion. Significant stimulation of tissue activities of
other urea cycle enzymes were seen from 28Dl g
liver—1 min—?1 of infusion. The activity of CPS was
stimulated maximally from 32 + 0.31 to 868 +
0.71 U g wet wt'! with the addition of 5.0:mol g
liver—1 min—1 of NH4Cl, and for ASS and ASL, from
65.8 + 6.2 to 1536 + 6.4 and from 108 + 7.2 to
1513+ 6.9 U g wet wt 1, respectively, with the ad-
dition of 10.81umol g liver- min—! of NH4CI. The
activities of CPS, ASS and ASL increased maximally
by 121%, 133% and 51%, respectively. However, the
tissue activities of OTC and ARG did not show any
significant change in all the concentrations of A
infused.

Significant stimulation of the specific activity
was also observed for ASS from 1.2dmol ¢
liver—1 min~1 of NH4CI addition, and for CPS and
ASL, it was from 2.32umol g liver 1 min—! onwards
(Table 2). The specific activities rose maximally from
0.048 &+ 0.005 to 011 + 0.02 for CPS, B1+ 0.1
to 194 + 0.12 for ASS and from 23 + 0.14 to
1.88 4+ 0.09 U mg protein! for ASL. The specific
activities of CPS, ASS and ASL increased maximally
by 129%, 140% and 53%, respectively. Like the tissue
activity, the specific activities of OTC and ARG also
did not change in any of the concentrations of JQH
infused.

Discussion

The liver of C. batrachushas been reported to be the
major ureogenic tissue for conversion of ammonia to

fused), indicating that most of the ammonia infused
into the liver was either converted to urea-N and/or
to some non-essential amino acids (not determined in
the present study). Further, out of the total ammonia
taken up by the perfused liver at a lower rate (up to
1.25umol g liver- min—1) only about 40 to 50% was
converted to urea-N causing any significant change
of activity of the urea cycle enzymes except for ASS
(Table 2). The normal physiological level of activity
of the urea cycle enzymes in the liver of this ure-
ogenic teleost, possibly along with other detoxification
pathways, might be sufficient to detoxify most of the
ammonia that was taken up by the perfused liver caus-
ing any change of ammonia levialvivo. Recently, the
conversion of some part of accumulated ammonia to
various non-essential amino acids under high ammo-
nia load in the perfused liver has also been reported
in this walking catfish (Saha et al. 1999b). The maxi-
mum accumulation of ammonia of about 2énol g

wet wt1 of tissue was observed with 5.Q8mol g
liver—1 min—! of NH4Cl infusion with no further in-
crease in ammonia level in the liver at a higher rate of
ammonia addition (Table 1). It is, therefore, evident
from this perfusion experiment that the accumulation
of ammonia in the liver is a saturable process.

Both the urea-N excretion rate (Figure 1) and
the rate of uptake of ammonia (Figure 2) by the
perfused liver were also found to be a saturable
process. The Vmax of urea-N excretion (O@mol g
liver—t min—!) was obtained with the addition of
5.08 umol g livert min~! of NH4CIl. At a still
higher rate of ammonia addition the urea-N excretion
rate became independent of ammonia (substrate) load,
while the Vmax of ammonia uptake (1.34mol g
liver—t min—1) was obtained at a still higher rate of

urea (Saha and Ratha 1989; Saha et al. 1999a) as inNH,CI addition (10.8umol g liver min~1). It may
other ureotelic mammals and amphibia. Thus, instead gq happen that initially at a lower ammonia load, it is

of exposing the whole fish in higher ambientammonia,
the liver of this walking catfish was directly loaded
with different concentrations of NACI for 60 min

by the perfusion technique to find out its role in the

the induced urea cycle which is mainly responsible for
the detoxification of ammonia, whereas, at a higher
ammonia load other detoxification pathways are also
actively involved in the detoxification process in addi-
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tion to the induced urea cycle. It has been shown that It is difficult to explain the mechanism of stimu-
some extrahepatic tissues of this fish are also known lation of ureogenesis in the walking catfish with the
to possess the activity of all or some of the urea cycle available data. We may, however, hypothesize the
enzymes (Saha and Ratha 1989; Saha et al. 1999a). l{possible mechanism(s) of stimulation of ureogenesis
is, therefore, not possible to predict from this experi- under hyper-ammonia stress; one of which could be
ment what would be the Vmax of urea-N excretion by the more synthesis of N-acetyl glutamate (NAG) (al-
the whole animal under higher ammonia load except losteric regulator) under hyper-ammonia stress, which

the Vmax of urea-N excretion by the perfused liver.
Significant stimulation of activity (both tissue and
specific) of the urea cycle enzymes except for OTC
and ARG was seen with the addition of NWEl at the
rate of 2.32umol g livert min~!, which was ac-
companied by the rise of tissue ammonia level from
7.644+ 0.75 to 2005+ 1.85 umol g wet wt™t within
60 min of infusion (Tables 1 and 2). Although the
level of ammonia in the liver increased further at a
still higher rate of NHCI infusion, it did not cause
any change of activity of the urea cycle enzymes ex-
cept for CPS, whose activity increased till the addition
of 5.08 umol g liver' min~ of NH4CI (Table 2).

can regulate at least the two urea cycle-related CPS,
CPS | and lll, as has been shown in rat liver (Lund
and Wiggins 1984), and more recently in the toadfish
(O. betg during confined (stress) condition (Julsrud
et al. 1998). Recently, the presence of both the urea
cycle-related CPSs, CPS I-like and CPS IIl (most
predominant in teleost species) have been reported
in the walking catfish (Saha et al. 1999a). But the
assay method used here for CPS activity does not dis-
tinguish between these two different types of CPSs.
Therefore, it is not possible at present to identify
whether both the CPSs or only one type was induced
in the perfused liver under higher ammonia load. An-

Therefore, these results indicated that an increase ofother possible mechanism could be the activation of

10-15umol g wet wt'! of hepatic ammonia from

pre-existing inactive enzymes serving ammonia as a

its physiological level is possibly necessary to achieve regulatory molecule. The third possibility could be the

any significant and/or maximum stimulation of activ-
ity of the urea cycle enzymes in this walking catfish.

increase in the concentration of urea cycle enzymes
under higher ammonia load. However, it seems un-

Whereas, in the case of singhi catfish an increase of likely that the regulation at the transcriptional level

3-5umol g wet wt'! in the hepatic tissue was suf-
ficient to cause any significant change of activity of

would occur within 60 min of ammonia loading. The
physiological level of activity of OTC and ARG as

the urea cycle enzymes (Saha et al. 1995). In the casesuch is high in this fish and even the highest ammonia

of ureotelic alkaline-lake Magadi tilapia, a 3 fold in-

load in the perfused liver possibly did not have any

crease of urea excretion was reported on exposure tostimulatory effect on these two enzymes of the urea

0.5 mM NHyClI, without causing any significant in-

duction of the urea cycle and some other ammonia

detoxifying enzymes (Wood et al. 1989; Walsh et al.
1993). In this case, possibly the accumulation of am-
moniain vivo might not have reached the threshold
level to cause any significant induction of the urea cy-

cycle for enhanced ureogenesis.

Increase of pH in the external water was reported
to stimulate the ureogenesis in Lahontan cutthroat,
Onchorhynchus clarki hensha@Vilkie et al. 1993),
in tilapia, Oreochromis nilotica(Wright 1993), and
in rainbow trout,Onchorhynchus mykig¥Vilkie and

cle enzymes activity, as has been noticed in the liver of Wood 1991). However, in the present study, while per-

C. batrachusnfused with a lower rate of NikCI. The
increase in the rate of urea-N by the perfused liver of
the walking catfish at a lower rate of NBI infusion
and by the tilapia (whole fish) exposed to NE were

fusing the liver of walking catfish, the pH of the media
containing different concentrations of MBI were
kept constant (pH 7.5). Therefore, the stimulation of
ureogenesis under higherammoniaload noticed herein

mainly because of high physiological activity of the cannot be considered the effect of pH change of the
urea cycle enzymes. In contrast, when a purely am- media. But, the intracellular pHi rising because of
moniotelic teleost, the largemouth basdigropterus intracellular ammonia penetration was not taken into
salmoide} where the levels of activity of various urea accountin the present study and this might be another
cycle enzymes are very low, was exposed to 0.25 and or an additional cause of induction of ureogenesis. In
1 mM of NH4Cl, neither the change of urea-N excre- ureogenic toadfishQ. betastimulation of ureogenesis
tion nor any change of urea cycle enzymes activity was was also reported while exposing to higher ambient
observed (Kong et al. 1998). ammonia and also to exposure to air for extended pe-
riods of time (Walsh et al. 1994), and the reason of



310

this stimulation was concluded later to be due to stress

related secretion of cortisol (Hopkins et al. 1995).
In our walking catfish, however, it is evident from

with reference to its high ammonia tolerance. Comp. Biochem.
Physiol. 91A: 499-508.

Janssens, P.A. 1972. The influence of ammonia on the transition to
ureotelism inXenopus laevisl. Exp. Zool. 182: 357-366.

the perfusion experiment that higher ammonia load in janssens, P.A. and Cohen, P.P. 1968. Biosynthesis of urea in the aes-

the liver beyond a threshold level can cause stimula-
tion of ureogenesis via the induced urea cycle. Such
ammonia-induced ureogenesis has also been reportecfUI
in ureotelic amphibians (Balinsky et al. 1961; Janssens

tivating African lungfish and irXenopus laevisinder conditions

of water shortage. Comp. Biochem. Physiol. 24: 887-898.

srud, E.A., Walsh, P.J. and Anderson, P.M. 1998. N-acetyl-L-
glutamate and the urea cycle in gulf toadfi€ipéanus befeand
other fish. Archiv. Biochem. Biophys. 350: 55-60.

and Cohen 1968; Janssens 1972). Presence of suclfong, H., Edberg, D.D., Korte, J.J., Salo, W.L., Wright, P.A.

physiological adaptive strategy is probably necessary

in this unique group of air-breathing walking catfish
to survive under hyper-ammonia stress in their nor-
mal habitat or while living outside water or while
burrowing inside mud.
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