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Summary: Glutamate dehydrcgenase (GDH) and the transaminases namely aspartate aminotransferase

(AAT) and alanine aminotransferase (AIAT) were estimated in the muscle. liver. kidney, and brain

of control and ammonium acetate administered frogs. The results indicated tissue specific responses

during induced ammonolOxemia. The inherent endogenous ammonia production decreased in all

the tissues. 2-Keto glutarate production appears to be the other main adaptive feature as a result of

slightly stepped up tra sdeamination patterns.
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INTRODUCTION

glutamate dehydrogenase

ammonia toxicity

Hyperammonemia is a general condition since It IS a consistent factor in a variety
of metabolic maladies such as hypoxic hypoxia (13). hypoglycemia (6). hyper capnic
acidosis (3.4). cerebral ischemia (7). and floroacetate poisoning (14). A role of ammonia
in all these disorders has. therefore. been implicated and hence investigations are necessary
in the direction of elucidating the mechanism of hyperammonemia.

The glutamate-ammonia system (1) is the main process invol'Ved in the detoxication

of ammonia during ammonia toxicity. Nevertheless. a metabolic situation is considered
to arise in vivo where. 'some of the factors like relatlve levels of nucleotides and removal

of reaction products favours glutamate oxidation' being catalysed by GDH (16).

The relationship between glutamate-ammonia system and glutamate oxidative
deamination. therefore. requires the evaluation of induced ammonia toxicity effect on
transdeamination patterns. since this two-phased reaction is involved in the production

of glutamate by aminotransferases and subsequent deamination of glutamate by GDH

to yield ammonia and 2-keto glutarate_
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Procurement maintenance of frogs and the standardisation of the dosage of
ammonium acetate to induce hyperammonemia were described already (9). Control
batch of animals received 1.1 ml of physiological saline while test batch of animals
received 11.45 m mole of ammonium acetate/kg body weight intraperitoneally. One
hour after the administration of saline and ammonium acetate the animals were sacrificed
and muscle. liver, kidney and brain were isolated in cold and 10% homagenates were
prepared in cold 0.25 M sucrose and distilled water separately. The homogenates were
centrifuged at 4000 rpm for 10 min and the cell-free extract of sucrose was utilized in
the assay of aminotransferases (11) and GDH (5) while distilled water extract was utilized
in determining ammonia (17) and glutamine (18) contents. The protein in the enzyme
source was determined by Lowry et al. (8) methGd.

RESULTS

The AIAT, AAT activities increased in all the tissues of experimental animals
except that brain AAT decreased (Table I). The increase was relatively more in kidney
in contrast with other tissues. The GDH activity was also increased in all the tissues of
experimental samples except in liver. Ammonia content in all the tissues decreased.

Biocherf1lcal
component

AAT

AIAT

GDH

TABLE I : Changes in some of the biochemical components in different
tissues of frog during induced ammonia toxicity.

Muscle Liver Kidney Brain

ContrCI 32 16 22 33 18 39 37.91

±0.68 %1 70 ±0.78 ±l.EO
Experi men ta I 37 07 2596 27.13 30 20

±2 39 ±2 50 ±O 61 ±3 60
% difference 15 3 16 2 459 -204
·t·test P<O 025 P<001 P<O 001 P<O 025

Control 30.93 17.31 33.35 32 19

±390 ±1.50 ±1.74 ±064
Experirnental 35.89 19 73 44 37 40 70

±2 97 ±2.42 ±215 ±2 75

% difference 161 140 330 265
·t'test P<O.Ol P<01 P<OOl P<O.Ol

Control 034 3.95 3.42 o 55

±O08 ±O 12 ±O 12 ±001
Expenrnenta! ° 41 2.96 4.42 077

±002 ±059 ±035 ±0.07

% difference 226 24.9 29.3 390
·t· test NS P<Ol P<0.005 P<O 005

Values are rneand::SD of 8 observations. AAT and .4IAT are expressed as Iimoles or pyruvale/mg protein/h.
GDH is expressed as Iimoles of formazan/mg protein/h.



Volume 28
Number 2

Glutamine content also decreased in all the tissues except muscle while all
ammonia content (excreted) in the ambient medium was observed (Table II).

TABLE II : Ammonia and glutamine contents in different tissues of frog and
ambient medium under ammonia toxicity.

Biochemical Ambient Muscle Liver
component medium

ContrOl o 5 3 4 4 2 5 5 5 3

±0.02 ±O 06 ±O 07 ±O 97 ±O 37
AMMONIA Experimental 7 1 1.4 2 3 2 7 1.4

±1 35 ±O 2 ±O 22 ±O 2 ±O 5
% difference 1466.7 -60 3 --44 2 -51.8 -745
't' test P<:O.OOl P<O.OOl P<O 001 P<O 001 P<O 001

Control Not 33 23 4 9 7 8 1
detected ±0.81 ±2 75 ,±1 32 ±O 80

GLUTAMINE Experimenta I 3 8 5 1 8 7 7 °
±O 46 ±1 82 ±1 32 ±2 4

% difference 16 2 --78 4 -9 8 -138
·t· test ~iS P<O 001 P<O 01 P<:O 01

Values are mean±SD of 8 observations. Values are expressed as !J.moles/gm. wet/wt. of tissue while in
ambient medium as !J.moles/l00 ml of the medium.

DISCUSSION

An inc~eased activity levels of AAT and AIAT was observed in all the tissues
except brain AAT after ammonium acetate administration. Similar reports in other animals
agree with the present findings (10. 12. 15). Elevated AAT and AIAT activity levels
suggest an increased formation of oxaloacetate. pyruvate and glutamate. In the case
of brain. AAT activity registered significant fall suggesting non-availability of substrate.
perhaps. depletion of 2-keto glutarate for other transamination reactions. An assay of
GDH levels was also done in order to understand the utilisation of glutamate during the
ammonia toxicity. The GDH activity showed an increase in all the tissues except liver.
As liver is the main centre for ammonia removal. further !=roduction of ammonia through
deamination of glutamate by GDH would have been ,:;revented for the already existing
high ammonia levels. Hence. a decreased GDH activity was observed. In confirmation.
Dikshitulu (2) also reported an increased Km and lesser affinity of the GDH towards the
substrate in cell free extracts of goat liver during in vitro ammonia toxicity. While in the
other tissues. since the GDH activity was elevated. the slightly stepr::ed up oxidative
deamination of glutamate bringing about 2- keto glutarate and amrno!lia would have
occurred. The stepped up GDH activity observed in the present study did not bring
about increased formation of ammonia. since the ammonia levels were found to decrease
in all the tissues. In fact. the GDH activity was increased. while ammonia levels were
decreased suggesting that there might be the removal of ammonia through other ways.
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The exact pathway of ammonia can be given only by levels of glutamic acid and glutamine

synthetase and needs further work which is under investigation. But the glutamine levels
except muscle showed a decrease. Probably the excess ammonia to some extent was
excreted into the ambient medium as an immediate response to ammonia toxicity. In

accordance. the ammonia content in the ambient medium showed an increase.

The overall changes observed in AIAT. AAT. GOH. ammonia end glutamine levels
after the ammonium acetate administration would suggest that transdeamination reactions
continue to operate slightly increased. but not vigorously facilitating the formAtion of 2­
k to glutarate. A clear picture however is still essential with regard to the exact ways of
disposal of excessive ammonia. the mechanism of its action and tissue specific res~onses

and retention capabilities to ammonia load.

REFERENCES

1. Benz,. G.. E. Arregoni. P. Strada. O. Pastories. R.F. Villa and A Agnate. /v'retabc/ism and cerebra! energy
state: Effect of acute hyperammonemla in beagle dog. Biochem. Pharmacaf.. 26(2e) : 2397-2404, 1977.

2. Dikshitulu A V. PhD thesis of SV University. Tirupati entitled' Some aspects of enzyme regUlation in goat liver
homogenates with special reference to ammonia metabolism. 1974.

3 Fol bergrover. J.I/.. Macmillan a d SieEIQ. B.K. The effect of hvpercapnic acidosis upon some glycolytic and
krebs cycle associ ted i tE<mediates in the rat brain. J. Neurochem. 19 : 2507-2517,1972.

4. Kazbm i• H.. N.S. ShOre. V.E. Shah ard D.C. Shannon. Brain organic buffers in respiratory acidosis and alkalosis.
J. Appf. Physlof.• 34 : 478-82. 1973.

5. Lee, Y.L. and H.A. Lardy. Infuence of thyroid hOrmones on L-glycerophosphate dehydrogenase and other
dehvdrogenases In vanous organs of rat. J. Biof. Chem., 240 : 1427-1430. 1957.

6. Le.."is. '....0., B.L Ljunggrw. K. Nor"berg and B.K. Siesjo. Chargos in carbohydrate substrates. aminoacids
and ammonia in lhe brain during insulin induced hypoglycemia. J. Neurochem. 23 : 659-671. 1974.

7. Ljunggren. B. H. Schultz and B.K. Seisl'"' Cfla"ges in the energy stale and acid base parameters of the rat
brain during complete ecmpresslon ischemia. Brain Res.. 73 : 277-289.1974.

8. Lcwry. O.H., N.J. Rosebrough. A.L Farr and R.J. Randall Protein moasurument with the FOlin phenol reagent.
J. Biof. Chem.. 193 : 265-275. 1951.

9. Neeraja. P and K.S. Swami. Induced tr,-nsient hyperammonemia in Rana hexadactvfa Wltll re-ference to the
ammonia and urea excretion. fnd. J. PhyslOf. Pharmac., 27(2) : 123-128. 1983.

10. Pellak. V. E. H. MallenheimE·r. H DeBruin and K.J. Wc·imann Experimental metabc lie acidosis Tho enzymic
basis of ammoma produ tlon in the dcg kidney. J, Cf:n. fnvest .. 44(2) : 169-181. 1965.

11. Reitm'ln. S. and S. Frankol. A cr 10rimE·tric method for the determination of serum glutamic oxaloacotica and
glutamic pyruvIc transamina~es. Am. J. Cfin. Pathof.. 28 : 55-63, 1957.

~ 2. Sadasivudu. B.. T. Indiru rdO and C.R.K Murthy. Acute metabolic effects of ammonia in mouse brain. Neuro­
chern. Re'i.. 2(6) : 639-655. 1977.

13. Seisjo. B.K. and L. Niels n. The irfluerce of arterial hypoxemia upon lahlle phosptlates and upon extracellular
and intrace lular lactate and p\.ruvate concentrations in the rat brain. Scand. J. Cfm. Lab. Invesr.. 27 : 83-96,
1971.

14. ws. J.K. and WE S one Free amino acids and related compounds in brain and oth&r tissues. Effects of
convulsant drugs. Prog. Bram.· Res., 16 : 135 1 3. 1965.

15. TEws, J.K.. S.H. Carter P.O. Rca ard W.E. Stone Free amll'o aCids and related cempounds in dog brain-
Post mcrtem and aroxlc charqE-s. c·ffects of amm nium c1110nde infUSion a d levels during se;zurGs induced by
p,ao 1O>:ln ard by pentylenE-terazcle. J. NEurochem, 10 : 641-655.1963.

16. Walter. MJ ard C.B. Ccw'V Aspeits cf i;mmonl;;~ 'ne£is in ,aln ow trout Safmus galfdue". Camp. Biochem.
Physiol.. 578 : 143-14~. 1977.

17. Ward, J.~,~. Jr...'\ Reger, R A. Md~abb and F.~;I. Anre 1\llc N bb. The ff c s of changes in dietary protein
and water avJllabll,t on urln2ry n:trl9 compounds lIthe Roost€'r G ffus domestlcus I. Urine flow and the
excretion of uric acid and amn.onla COflp. Icchr-n. Physiof.. 51A : 1 L5-1 69. 1975.

18. W,lcC'x. p.E In "I'vlethcds In en7YITlclogy", eds CoIO\<\'llk. SP. and N.O. Kaplan. Vol XI, 63-65. 1967.


